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Abstract. The purpose of the experiment was to inap an area invol- 
ved in the regulation of food and water intake within the region of the 
lateral hypothalamus (LH), the adjacent subthalamus and antero-ven- 
tral midbrain. The strategy was to make a series of electsolytic lesions, 
varying in size and localization and to correlate the size of the damage 
to particular structures occupying the region with the presence and in- 
tensity of ingestive disturbances. The highest correlation was found be- 
tween the presence and duration of aphagia and adipsia and the size of 
damage to the tuberal part of LH. Even large lesions localized anteriorly 
or posteriorly to this region gave only moderate ingestive deficits. Sur- 
prisingly, total or almost total disruption of the nigro-striatal bundle 
at  the level of the anterior or posterior LH evoked only slight, if any, 
disturbances in food and water ingestion. No correlation was found be- 
tween the duration 01 aphagia and adipsia and the size of damage to zona 
incerta, fields of Forel, capsula interna, leinniscus medialis, ventral teg- 
mental area and substantia nigra. Our results did not confirm pharmaco- 
logical data concerning dopamine depletion-induced aphagia and adipsia. 
I t  seems that the role of the nigro-striatal system for LH ingestive lm- 
pairments is still to be cleared up. 



INTRODUCTION 

Bilateral destruction of the lateral hypothalamus (LH) produces se- 
vere syndrome in which the cardial symptoms consist of impairments 
in food and water ingestion, taking the form of complete aphagia and 
adipsia when lesions are large enough (2, 40). Anatomically, the lateral 
hypothalamus is an extremely complex structure. It contains a t  least 50 
ascending and descending fiber systems, as well as a number of neurons 
of diverse connectivity (17, 24, 44). After 39 years of iqvestigatiw i t  is 
still uncertain which morphological components of LH are responsible 
for ingestive disturbances following its destruction. The very first con- 
cept of feeding and drinking centers located within LH (2, 20, 41) was 
in the 1970 s substituted by the idea that many symptoms of LH syn- 
drome, including aphagia and adipsia, result from a disruption of the 
nigro-striatal dopaminergic fibers ascending from the midbrain to the 
prosencephalon via the medial forebrain bundle (43). A bulk of expe- 
rimental data was gathered in support of this view (4, 6, 14 - 16, 25, 
26, 35, 37, 48, 49). 

The involvement of neurons intrinsic to LH is, however, still under 
consideration. Electrophysiological studies showed that LH neurons res- 
pond to the sensory (32) and metabolic (27) features of food as well as 
to stimuli associated with cellular (28) and extracellular (11, 38, 39) de- 
hydration. Selective destruction of LH neuronal somata by means of 
kainic (9, 36, 46) and ibotenic (47) acids produces ingestive abnormalities 
resembling the effects of electrolytic lesions. On the other hand, there 
are studies which question the importance of the nigral dopaminergic 
neurons for eating and drinking (10, 12). Only a slight reduction of food 
and water intake during the immediate postoperative period, and no 
change in body weight, were found after virtually complete radio-fre- 
quency lesions of the pars compacta of the substantia nigra. Therefore 
the problem of localization of ingestive functions within the LH is still 
open to investigation. 

The purpose of the present experiment was to map an area involved 
in the regulation of food and water intake within the region of the la- 
teral hypothalamus, subthalamus and adjacent antero-ventral midbrain. 
The strategy was to make a series of electrolytic lesions varying in size 
and localization and to correlate the size of the damage ti, particular 
structures occupying the region with the presence and intensity of in- 
gestive disturbances resulting from the lesion. 

MATERIAL AND METHODS 

The experiment was carried out on 153 male Long Evans rats weigh- 
ing 230-460 g an the day of surgery. The animals were housed in indi- 



kidual home cages in an artificially maintained 12 : 12 hours illumination 
cycle. 139 rats were subjected to bilateral, electrolytic brain lesions (es- 
rerlmental group). Sham operation was performed in 14 animals (control 
group). Brain lesions were made according to the standard stereotaxic 
technique using stainless steel electrodes of 0.3 rnln in diameter insu- 
latcd on the entire length with the exception of the flat C U ~  tip. Ouring 
sham operation the skull bones were exposed, holes were drilled in the 
:lrull, but no electrode was lowered into the brain. All surgeries were 
performed under Nembural anesthesia (20 mglkg). 

Because the strategy of the experiment was to make the series of 
overlapping lesions along the whole body of the lateral hypothalamus and 
the adjacent structures, stereotaxic coordinates of the electrodes differ- 
cd in particular animals and ranged from 1.3 to 3.0 mm posterior to the 
bregma; 1.3 - 1.8 mm lateral to the midline; 8.4 - 9.1 mrn below the skull 
surface (with lambda 1 mm below bregma). The antero-posterior (AP) 
distribution of the electrodes' placen~ents was as follows: anterior LH 
(AP 1.3), n = 6 ;  tuberal LEI (AP 1.4 - 2.0)' n = 41; posterior LH and/or 
anterior midbrain (AP 2.1 - 3.0), n - 68. In 24 rats electrodes were 
airned ai  the subthalamic region (above the tuberal and posterior LI-I). 
Lesions were performed by passing 1.0 - 2.0 mA anodal current for 
10 - 15 S. 

For 3 - 10 days before the surgery and during the entire pastlesion 
period food and water intake and body weight were ineasured for each 
animal daily. Always at the same time (10 : 00 a.m.) a weighed portion 
(70 g) of rat chow pellets was placed in a metal feeder in the animal 
cage. Next day, the pieces of food that fell onto the tray beneth the cage, 
and uneaten pellets within the cage, were weighed (care was taken they 
were properly dryed) and substracted from the total weight of pellets 
given the day before, in order to determine 24 h food intake. VJater (60 
ml) was available in calibrated glass-drinking tubes. 

The rats which were aphagic and adipsic or extremely hypophagic 
and hypodipsic for more than 2 days were artificially fed and watered 
once or twice daily by means of a gastric tube. 

Ingestive disturbances in particular subjects were quantitatively cha- 
racterized by a number of days of aphagia and adipsia an,dor hypopha- 
gla and hypodipsia, maximal loss of body weight (expressed in a percent 
of preoperative weight) and by duration of body weight loss (in days). 
"\Tost of the rats were tested daily until the recovery of feeding and 
drinking to preoperative values. Animals which developed the most se- 
vere ingestive disturbances (aphagia, andlor adipsia for longer than 8 days) 
were sacrified shortly after they started to gain weight because they 
wcre not expected to recover completely within a reasonable time in- 
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tended for this kind of experiment (according to Teitelbaum and Epstein 
(40) feeding disturbances may last even for 80 days after LH damage 
and drinking may not recover completely up to 500th postlesion day). 

After completion of the experiment the rats were treated with an 
overdose of ether, brains were removed from the skull and stored in 
100/o formalin. They were transferred to 30°/o sucrose solution 48 h be- 
fore histological preparation. Brain sections 30 pm thick were cut using 
a frozen tissue technique. The sections were stained with cresyl violet 
for cell bodies according to Nissl method. The exact location and the ex- 
tent of the damage were determined under a light microscope. The le- 
sions were superimposed on plates taken from the stereotaxic atlas by 
Konig and Klippel (13). Localization of the lesions within the nigro-stria- 
tal dopaminergic system and dorsal noradrenergic bundle were assessed 
on the basis of atlases by Ungerstedt (42) and Palkowitz and Jacobowitz 
(29, 30). The topography of mezo-limbic pathways was taken from data 
given by Simon et al. (34). 

The extent of the damage to the particular structure was considered 
to be small (+) when at  least 75O/o of th,e volume of the structure was 
spared by the lesion; medium-sized when 25 - 50°/o (t +) of the structure 
was destroyed, and large when 50 - 75 (+ + +) or 75 - 100010 (4- + + +) 
of the total structure was destroyed. 

Numbers indicating percentage of the volume of the given structure 
destroyed by the lesion were taken for analysis of correlation between 
the size of damage and the duration of aphagia and adipsia. 

RESULTS 

Control group 

In the sham operated group (n = 14) the unspecific effect of surgery 
on food and water intake and body weight was evaluated. Decrease in 
food intake, in comparison to the preoperative baseline, was observed 
during 1 - 5 days (most frequently during 2 days) immediately following 
the surgery, one day aphagia was found in 2 rats. Acute reduction of 
food consumption (to less than 10 g daily) never exceeded the first post- 
operative day. Water intake was diminished for 0 - 3 days (usually 1 day); 
total adipsia never occurred. Maximal loss of body weight in particular 
subjects ranged from 0 to 8% (usually l0/o). Body weight gradually de- 
creased during 0 - 7 days (most frequently 1 - 3 days). 

On the basis of the data gathered in the control rats, every decline 
in food and water intake exceeding 5 and 4 days respectively found in 
the experimental group, was regarded as a specific effect of the brain 
lesion. 



Experimental group 

Daily food intake and body weight. Out of 139 rats subjected to brain 
lesions, impairments in food intake of different intensity were found in 
81 animals. In the remaining 58 rats, a decrease in daily food consump- 
tion did not exceed the changes found in the control group. Out of 81 
disturbed rats, 65 were used for the mapping study. The rest was discar- 

TABLE I 
Frequency of damage to the particular diencephalic and mesencephalic structures in rats showing 

impairments in daily food intake (+) and in animals undisturbed (--) after LH lesions 

1 I I bilateral unilateral / given arca 

Lateral hypothalamus + 14 (21.5) 12 (18.4) 2 (3.1) 51 (78.5) 
(anterior) - 2 (4.2) 2 ( 4 . 2 )  0 46 (95.8) 

- 
Lateral hypothalamus + 42 (64.6) 31 (47.7) 11 (16.9) 23 (35.4) 
(tuberal) - 

- 
13 (27.1) 10 (20.8) 3 (6.3) 35 (72.9) 

Lateral hypothalamus f 45 (69.2) 34 (52.3) 11 (16.9) 20 (30.8) 
(posterior) - 23 (47.9) 21 (43.8) 2 (4.2) 25 (52.1) 

-- 

I Number 
Number (and %) of animals bearing 1 (and %) 

damage to the given area of aninlals 

total -- including lesions 
mage to the 

Brain region 

Zona incerta -1- 54 (83.1) 36 (55.4) 18 (27.7) 11 (16.9) 
- 

- 34 (70.8) 17 (35.4) 17 (35.4) 14 (29.2) -- 
Fields of Forel + 40 (61.5) 26 (40.0) 14 (21.5) 25 (38.5) 

- 17 (35.4) 12 (25.0) 5 (10.4) 31 (64.6) 

Subthalamic nucleus + 31 (47.7) 14 (21.5) 17 (26.2) 34 (52.3) 
- I1 (22.9) 5 (10.4) 6 (12.5) 37 (77.1) 

In~pairn~ents 
in daily 

Capsilia interna andlor i- 34 (52.3) 17 (26.2) 17 (26.2) 
cerebral peduncle -- 20 (41.7) 

-- 
8 (16.7) 12 (25.0) 

Lern~iiscus niedialis f 26 (40.0) 17 (26.2) 9 (13.9) 
-. 19 (39.6) 14 (29.2) 5 (10.4) 

-- 
Substantia nigra -t 14(21.5) 9(13.9) 5 (7.6) 

- 14 (29.2) 6 (12.5) 8 (16.7) 

/ food intake 

-- 
Nigo-striatal system: + 61 (93.8) 51 (78.5) 10 (15.3) 
pars con~pacta of the - 36 (75.0) 28 (58.3) 8 (16.7) 
substantia nigra and 
N-S bundle 

Ventral tegmental area f 15 (23.0) 10 (15.3) 5 (7.6) 50 (76.9) 
- 

-- 
11 (22.9) 9 (18.7) 2 (4.2) 37 (77.1) 

-- 

Mezo-limbic system : + 63 (%.9) 58 (89.3) 5 (7.6) 2 (3.1) 
VTA, ventral and rile- -- 38 (79.2) 32 (66.7) 6 (12.5) 10 (20.8) 
dial mcro-limbic path- 
ways -- 



ded, either because of developing dysfunctions of the gastro-intestinal 
tract, which by themselves influenced the food intake on or because of 
a diff~culty in getting the good quality histological verification (e.g. in 
cases when rats died during the night, which made a quick fixation of 
the brain impossible). 

Depending on the parameters of the lesions various degrees of di- 
sturbances in food intake were found in different animals. 13 rats were 
only hypophagic (6 - 18 days po~stoperatively), in 10 - one day aphagia 
was followed by a period of hypophagia. 2 - 12 day total aphagia was 
found in 42 rats, which was followed by a period of decreased food in- 
take, the duration of which had not been determined for the most distur- 

Anatomical verification of the lesions and feedins and drinking deficits in the example rats (n - 23) chosen from 
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LEG !, - -- 
KJ 531 
-- 
Ko 516 

1:u 51 8 
-. -- 

Kd 549 -- 
It' 105 

~ E G  30- 
- 

K o  521 
- -- 

KO 512 
- -  

KO 515 

Ko 513 

Tuberal 
(A 4890-41 10) 

Posterior 
(A 3990.2790) 



bed animals because of its expected permanence. In those animals in 
which the number of days of aphagia as well as hypophagia was counted, 
unexpectedly no correlation was found between the duration of both 
stages of LH syndrome (r - 0.15). 

Decrease in body weight was coinpatible with the intensity of inge- 
stive impairments, and ranged, in particular subjects, from 8 to 30°/a of 
the preoperative value. Duration of body weight loss ranged from 3 - 12 
da j~s  (under tube feeding in the most disturbed animals). 

-1nulysis of lesions in disturbed animals and correlation between aphu- 
gin and the brain damage. Lesions were localized along the entire length 
of the ventro-lateral diencephalon from the preoptic area to the mammil- 

the group showing ingcstibe disturbances afler the b~ain  damage (R, right hemisph-riae; L, left hemispheriae) 

- - .- -- 

Midbr,iin i Ascending pathways I I 
- - -- I Lemnisrus D;ys of I Days of 

peduncle Nigre-striai-1 bundle Mezo-limbic aphagia 1 adipsia 

Subatan- pathways (vcntzal (hypo- / (hypo- 
mrdial) phrgin) dipsia) I nart vart I I I 



TABLE 111 

Anatomical verification of thc lesions in the example rats (n - 17) 

I Lateral hypothalamus 1 Subthalamus 

Rat No. 

EEG 45 -- 
EEG 29 

EEG 16 
. 

EEG 27 

Anterior 
(A 6360-5150) 

I<o 523 -- 
H 27 

KO 525 - - -- 
... 

IP 17 

EEG 8 

Posterior 
(A 3990-2790) 

Tuberal 
(A 4890-4110) 

I I -- 
BEG 22 I -  

-- - I-++ +++ I 

lary region, and in some animals, in the antero-ventral part of the mid- 
brain tegmentum. Out of 65 rats of this group, in 58 (82.2°/~) lesions 
involved the LH either unilaterally (7 rats; 10.8°/c) or bilaterally (51 
rats; 78.40/0). Seven animals had lesions entirely outside LH in the zo~na 
incerta (2), o r  in the midbrain (5). Table I summarizes the frequency of 
damage to the particular di- and mesencephalic structures. Besides LH, 
the most frequently lesioned structures were: the zona incerta (83.1°/a 
of rats), nigro-striatal (93.8I0/o) and mezo-limbic (96.g0/o) systems. 

In particular subjects lesions of LH could have involved its ante- 
rior, tubcral or posterior part, two of these regions o r  the entire length 
of LH. At the given level of the antero-posterior axis, lesions could have 
damaged only a small part up to the total of the medio-lateral dimention 
of the area. The same concerns other structures under consideration. 

Table I1 specifies the presence and size of lesions of particular brain 
structures in 23 disturbed animals, representing the main types of brain 
damage together with resulting feeding and drinking impairments. For- 

'Ona of 
Subthalamic 

nucleus 



undisturbed after brain damage (R,  right Iiemispheriae; L, left hemispheriae) 
. 
~-p -. 

Midbrain I Ascending pathways 

I I I ( diencephalic part 1 midbrain part I medial) 

/ Lemniscus --...-.-. 
peduncle Nigro-striatal bundle 

Substanti. / Ventral teg- / medialis I (medid par,) / -- 
nigra mental area 1 

mations which were damaged only occasionally (e.g. thalarnic nuclei, dor- 
sal noradrenergic bundle, red nucleus, praetectal area) were omitted in 
the table. Lesions of the fornix column are not shown because their ir- 
relevance for ingestive disturbances has already been proved earlier (23). 

Generally, in a group of animals showing one-day aphagia or only 
hypophagia, small lesions within the postero-lateral LH which encroached 
upon the adjacent subthalamic structures prevailed. Tuberal part of LH 
was damaged in 9 rats, but the lesions were either unilateral or bilate- 
rally small (not exceeding 50°/o of the frontal section of the area). In 
2 animals extensive damage involved the anterior part of LH. Extrahy- 
pothalamically, lesions partially destroyed the posterior subthalamus 
and/or the anterior midbrain. Damage to the nigro-striatal system diffe- 
red greatly in particular rats, ranging from total sparing to almost total 
disruption of the nigro-striatal bundle at the level of the anterior LH. 
The mezo-limbic pathways were disrupted in the vast majority of rats, 
although the degree of damage differed in particular subjects. In general, 

Mezo-limbic 
pathways 

(ventral and 



lesions in rats shoving only a slight decrease in food intake were net  
distinctly different from t h o s ~  of undisturbed animals (Table 111). 

The a.nimals showing 2 day or longer aphagia usually bore lesion.; 
of the tuberal par'i of LH (level of the ventro-m~dial nucleus). In cases 
of 2 - 8 day aphagia (followed by 4 - 14 day hypophagia) lesions were 
bilateral and ranged from ~~cdium-sized to large (Table 11). Frequently 
they were accompanied by large darnage to the ps ter ior  LH, son~cti - 

mes encroaching upon the anterior midbrain. This group also contained 
the rats with lesions placed exclusively within the midbrain, where they 
involved part. of substantia nigra, ventral tegmental area, medial lem. 
niscus and cerebral peduncle. Damage to the nigro-striatal system ia 
the 2 - 8 day aphagia group was usuaily bilateral and large, frequently 
dissecting the flbers of the nigro-striatal bundle. In some animals, how- 
ever. only unjlatsral or small lezions of this system were found. Me- 
20-limbic pathways were also disrupted, although to a different d e g r e ~ ,  
in all the animals of this grocp. 

In the animals suffcring from the longest aphagia (9 - 12 days), bila- 
teral lesions of the LH regio-1 were very large (e,g. Fig. I ) ,  and in the 
majority of cases they destroyed LH tissue at all levels of its rosiro- 
caudal axis. Ir, the latero--medial dimention, destruction was frequently 
total o r  almost total. The lesions also involved large parts of the neigh- 
boring subthalanlic structures. There was no damage to the midbrair,, in 
this group of animals. The nigro-striatal bundle as well as the mezo-lirn- 
bic pathways were totally disrupted in the vast majority of animals. 

On the basis of correlation analysis, the highest relation (r = 0.52; 
p < 0.001) was found between the presence of feeding disturlsances and 
the presence of lesion within the tuberal part of LH. Analogous values 
for the posterior LII and the entire LH (nondivided) were 0.22 and 0.36 
respectively. The highest probability of receiving at least 2 day apha- 
gia, was connected with symmetrical LH lesions, a t  the level of t h ~  
ventro-medial nucleus, which damaged bilaterally not less than 50°/o 
of the volume of the tissue. Duration of aphagia was positively correla- 
ted (r = 0.67; p < 0.002) with the size of the damage to this region. 
It is interesting to note that the lesions, even large, placed in the 2nte- 
rior or posterior IAII never gave an abolition of the feeding behavior as 
profound as those of the tuberal part. Anterior LH lesions were found 
only in few animals, posterior LH damage was frequent in disturbed 
as well as in undisturbed rats. The value of the correlation coefficient 
between the size of the posterior LH damage and duration of aphagia 
was only 0.35. 

Relatively high correlation (r = 0.64; p < 0.001) was found between 
the size of the damage to the whole LH (nondivided) and a number of 





Fig. 1. Photographs of the coronal sections through anterior (A) and tuberal (B-D) LH in example 
rat (KO 512) belonging to the group with the largest LH lesions (damage to the posterior LH is not 

shown). Boundaries of the lesions are marked by arrows. 



days of aphagia. This reflects the fact that the longest aphagia (exceed- 
ing 8 days) accompanied, in the majority 01 cases, the lesions involvirig 
all thrce levels of the antero-posterior axis of LH. 

The nigro-striatal systelil was damaged in 93.S0/o of disturbed and 
in 75.0°/o of undisturbed rats. The correlation coefficient between the 
presence of the lesion within this system and the presence of feeding 
disturbanres was only 0.37. Higher correlation ( r  = 0.60; p < 0.001) 
was follnd between the size of the lesion to the nigro-striatal Eundle and 
the dluration of aphagia. The bundle was totally, or almost totally dis- 
rupted at  the dienccphalic level in rats with longest lasting aphqgia 
(Table 11). It should be pointed out, however that total or almost total 
d lsrupt io~ of the bundle either anteriorly or posteriorly to the tubera1 
region gave only small, if any, reduction of food intalre (e.g. rats EEG 
44 on Table I1 and Ko 525 on Tablc 111). This finding may question the 
importance of the ascending dopaminergic pathways for the feeding 
behavior. N~verthcless, the lesions localized mainly within the midbrain, 
which damaged remarkable parts of the substantia nigra, pars compacta 
and disrupted about 50°/o of the nigro-striatal bundle a t  its most poste- 
rior level, produced relatively long lasting aphagia (e.g. rat IP  105, 
'Fable 11). Four types of disruption of the nigro-striatal bundle found in 
the experimental rats are shown in Fig. 2. 

The rnezo-limbic pathways (mainly ventral and intermediate paths 
according to the nomericlature of Simon et  al. (27)) were lesioned in 
96.CI0/(v of disturbed, and in 79.2O/o of undisturbed rats. The correlation 
between the size of the mezo-limbic pathways damage and the duration 
of aphagia was 0.50 ( p <  0.001). Si~lce the mezo-lirnbic fibers are spread 
almost throughout the whole LH area, they are disrupted in a close pro- 
portion to the size of LH damage. 

No m a r k ~ d  correlation was found between the duration of aphagia 
and the sizc of lesions of the zona incerta ( r  = 0.16), fields of Fore1 
( 1  - 8.351, internal eapsula (r = 0.35), medial lemniscus (r = 0.03) and 
t h ~  ventral tegmental area (r = -0.07). 

A?~alysis  of d a m a g z  in undisturbed animals. Out of 52 rats in which 
feeding disturbances did not exceed those in the control group, in  10 
histological verification revealed no brain damage (probably because of 
the failure of lesion maker). The results obtained from these rats provide 
the s ~ p p o r t  for our criterion of distingushing the effects of brain darna- 
ge from the unspecific disturbances resulting from the surgery. 

Out of the remaining 48 animals, 28 bore lesions within LH, in 20-le- 
sicns were localized entirely outside LH, and involved the prosencepha- 
lic structures (2 rats), zona incerta a t  the level of the midbrain (6 rats), 
the midbrain area comprising the substantia nigra, ventral tegnlentaI 





Fig. 2. Localization of example lesions (rats EEG 44, KO 522, KO 525 and KO 512) 
in relation to the course of the nigro-striatal bundle a t  the level of the anterior 
(A), tuberal (B), posterior (C) and all three levels (D) of the antero-posterior axis 
of LH. Horizontally striped bars, localization of the lesion; vertically striped bars, 
the course of the nigro-striatal bundle; chequered bars, superposition of the lesion 

and the course of the nigro-striatal bundle. 



area, zona incerta, medial lemniscus and cerebral peduncle (10 rats) and 
thalamic nuclei (2 rats). 

LH damage could have been localized at any of the main three levels 
of its antero-posterior axis (anterior, tuberal or posterior) and could in- 
volve one or two of these levels. Most frequently the lesions of different 
size (destroying from only a small part up to almost total area ir, the 
n~edio-lateral dimension) were placed within the posterior LH. In the 
majority of cases they were bilateral. Damage to the tuberal partlof Lli ,  
if present, was either unilateral or bilaterally small (not exceeding 50°,'$ 
of the medio-lateral dimension of the area). Two rats had lesions within 
the anterior LH, in one of them the destruction involved up to 75O/u of 
the area. 

The nigro-strialal system was lesioned in 75O/o of the'rats from this 
group (in 58.3O/a bilaterally). In the majority of cases the damage was 
situated at the level of caudal LH, or the anterior midbrain. The size of 
the disruption of the nigro-striatal bundle ranged from a small one up 
to 100°/o of the area occupied by its fibers. 'Che mezo-limbic pathways 
were damaged in the majority of animals although not extensively. Table 
I11 shows anatomical verifi~ati~on of 17 undisturbed animals representing 
the above described types of brain damage. The frequency of lesions 
for the particular structures was specified in Table 1. 

Daily water intalce. Decrease in water ingestion exceeding unspecific 
effects of the surgery, was found in 102 rats from this group. In the 
remaining 37 animals adipsia did not occur and hypodipsia did not last 
longer than 4 days. Out of the unldisturbed animals, in 10 rats the histc- 
logical verification did not reveal any brain damage, and 27 rats were 
found to bear the lesion. For reasons mentioned earlier, histological ana- 
lysis was performed on 85 out of the total number of subjects showing 
drinking impairments. 

Depending on the parameters of the lesions, various degrees of &- 
sturbances in water intake were found in different animals. 24 rats were 
only hypodipsic (for 5 - 22 days), in 18 otners - one day adipsia was fol- 
lowed by a period of hypodipsia. In 43 rats 2 - 14 day total adipsia oc- 
cured. Similarly to feeding disturbances, no correlation was found be- 
tween the duration of adipsia and duration of hypodipsia (r = 0.06). 

Analysis of lesions i n  disturbed animals and correlation be tween  
adipsia and the brain damage. Anatomical localization of lesions as well 
as the correlation between the degree of damage to particular structures 
and the duration of drinking deficits, were generally similar to relations 
described for impairments in food intake. Drinking behavior, however, 
appeared to be more sensitive to brain damage and the decrease in water 
ingestion was also found in rats undisturbed in their daily food intake. 



TAULE 1V 
Fr~quency of dainage to the particular diencephalic and mesencephalic structures in rats showing 

impairments in daily water intakc (+) and in aninia!~ undisiirrbed (---) after LH lesions 

Brain region 1 in daily 1 I I 
/ Impairments 

water intake ~nrludlng lesions 
tot21 - - _ -  - 

I 
--- -- / bilate~al unilateral / I -- _- - - 

Nun~ber  (and :'{,) of animals bearing 
damage to tile given area 

without 
darnage to 

Nuniber 
(and ?h) 

of animals 

the given 
area 

Zona inccrta + 70 (82.4) 44 (51.8) 26 (30.6) 15 (17.6) 
- 18 (66.7) 9 (33.3) 9 (33.3) 

- - -- .. . . - - .. - 
9 (33.3) 

Fields of Forel -I- 48 (56.5) 31 (36.5) 17 (20.0) 37 (33.5) 
- 

~ - -. - -. -- 
9 (33.3) '7 (25.9) 2 (7.4) 18 (66.7) 

. -- 
SuS:halaniic nucleus 4- 39 (45.9) 19 (22.3) 20 (23.6) 46 (54.1) 

- 3 (11.1) 0 3 (11.1) 24 (88.9) 
-- - - .- . - - 

Capsula interna andlor 4- 43 (20.6) 20 (23.6) 23 (27.0) 42 (49.4) 
ce cbral peduncle -. 10 (37.0) 5 (18.5) 5 (18.5) 17 (63.0) 
--  -~. -- -~ ---- --- - -- - -- - 
Lcmniscus ~ncdialis i- 40 (47.0) 27 (31.8) 13 (15.2) 45 (53.0) 

--- 
,- ~- - ~ 

4 (14.8) 3 (11.1) 1 (3.7) 23 (85.2) 
-. - -. -. .- - - - -- - - -- - 

Substantia nigra -I 23 (27.0) 13 (15.2) 0 ( I  62 (73.0) 
. - 5 (18.5) 2 (7.4) 3 (11.1) 22 (81.5) 

~ ~ 

Nigro-striatal system: 
p::i.~ co:;ipzcta of the i- 82 (96.5) 65 (76.5) 17 (20.0) 3 (3.5) 
su b:itantia nigra and -- 14 (51.8) 13 (48.1) 1 (3.7) 13 (48.2) 
N-S hundle 

Vci-iral tdgrnental ai ca I- 23 (27.0) 16 (18.8) 7 (8.2) 62 (13.0) 
- 3 (11.1) 3(11.1) 0 

- -- - 
24 (88.9) 
- -- - 

hlc7o-limb~c systcrn. -t 83 (97 7) 75 (38.2) 8 (9.5) 2 (2.3) 
V TA, ventral and me- 18 (66.7) 15 (55.6) 3 ( 1  1.1) 9 (33.3) 
dial mc~o-limbic path- 
Ib'4ys 

- - - - - - - - - - -  - - - - 

Out of 85 rats which showed drinking deficits 70 (82.4Vo) had bilate- 
ral or unilateral lesions within EI-I. In 15 rats (17.6O/o) lesions were lo- 
calized entirely outside LH (13 within the midbrain; 2 - in the subtha- 
larnic region). Similarly to feeding results, other most frequently dama- 
gpd brain areas were: the zona incerta (82.4OIo of cases), the nigro-striatal 



system (96.5O/o of cases), and the mezo-limbic pathways (97.7OIu of cases). 
Table IV shows the frequency of damage to the particular brain struc- 
tures. 

Table I1 presents anatomical verification of the example rats chosen 
in order to show the main types of brain damage together with the dura- 
tion of drinking deficits resulting from the lesions. The highest corre- 
lation between the duration of adipsia and the size of the lesion was 
found for the tuberal region of LH (r = 0.60; p < 0.001) and for the en- 
tire LH, regardless of its subdivisions (r = 0.59; p <  0.001). Analogous 
value for the nigro-striatal bundle was 0.50 (p\( 0.001); for the mezo- 
limbic pathways - 0.45 ( p <  0.001) and for the subthalamic nucleus - 
0.40 (p < 0.001). Little or no relations were found between the number 
of days of adipsia and the size of damage to the posterior LH (r = 0.35), 
fields of Fore1 (r = 0.34), internal capsula (r = 0.35), zona incerta (r = 
0.19), substantia nigra (r = -0.03), and the ventral tegmental area 
(r .= 0.10). 

Moderate drinking disturbances (adipsia 0 - 2 days, hypodipsia 5 - 15 
days) were found in 26 rats, unchanged with respect to their daily food 
consumption. 18 of them had lesions either at the junction of the poste- 
rior LH and the anterior midbrain, usually with an involvement of the 
zona incerta tissue, or entirely within the ventro-lateral midbrain. In 
8 subjects small lesions were spread along different levels of LH. 

Analysis of damage in undisturbed animals. In 14 out of 27 undistur- 
bed animals bearing the brain damage, the lesions involved LH area, 
and in the remaining 13, the lesions were entirely outside the hypotha- 
lamus: in the pr~osencephalic structures (2), midbrain (2), and the poste- 
rior zona incerta (7). The frequency of damage to the particular di- and 
mesencephalic structures in these animals is shown in Table IV. 

DISCUSSION 

The mapping study presented here strongly suggest that the tuberal 
part of the lateral hypothalamus is the most probable morphological 
substratum for feeding and drinking deficits after electrolytic lesions of 
LH. Out of all the analyzed structures, the highest correlation was found 
between the presence and intensity of aphagia and adipsia and the pre- 
sence and size of the lesions within this part of LH. In the majority of 
cases two day or  longer aphagia and adipsia indicated that at least 50°/u 
of the LH tissue at the level of the ventro-medial nucleus was destroyed 
bilaterally. Aphagia andlor adipsia lasting longer than 8 days usually 
followed huge lesions involving all antero-posterior subdivisions of LH, 
as well as a substantial parts of adjacent subthalamic area. The damage 



to LH at the level of the anterior or  posterior hypothalamic nuclei gave 
0 - 1 day aphagia and 0 - 3 day adipsia, followed by a period of hypopha- 
gia and hypodipsia. These results constitute an exact replication of the 
findings published in 1961 by Morgane (21). 

The most interesting part of our data concerns the relation between 
ingestive disturbances and the nigro-striatal system. No marked corre- 
lation was found between the appearance of feeding and drinking defi- 
cits after the lesion, and the presence of damage within the nigro-striatal 
system. The area covered by the nigro-striatal elements was frequently 
damaged in both disturbed and nondisturbed animals. Relatively high 
correlation between the duration of aphagia and adipsia and the size of 
nigro-striatal sytem lesions reflects the fact that the nigro-striatal bundle 
was destroyed in close proportion to the size of LH damage. The same 
concerns the mezo-limbic pathways. Only a slight decrease in food and 
water intake was found in rats with total or almost total disruption of 
the nigro-striatal bundle at  the levels anterior or posterior to the tuberal 
LH. This finding corresponds to the data reported by Hodge and Butcher 
(lo), who did not observe aphagia and adipsia after complete and precise 
radiofrequency lesions of the pars compacta of the substantia nigra. 
Similar results were reported by Konopacki (12). Also Dourish (5) in his 
rewiev of the role of dopamine in thirst and drinking says that although 
ascending dopaminergic pathways may play a part in motor responses 
associated with drinking behavior, the interruption of the nigro-striatd 
axons is not a primary cause of the drinking deficits associated with ex- 
tensive electrolytic lesions of LH. There is, however, a bulk of pharma- 
cological evidence (4, 6, 14 - 16, 25, 26, 35, 37, 48, 49) pointing out to an 
essential role of nigral dopaminergic neurons in the etiology of LH 
aphagia and adipsia. The apparent discrepancy between the results ob- 
tained by means of unspecific lesions and those found in 6-hydroxydo- 
pamine (6-OHDA) studies is difficult to resolve at  present. Hodge and 
Butcher (10) suggest the involvement of an unspecific damage component 
in every intranigral 6-OHDA injection. This does not, however, explain 
ingestive deficits following 6-OHDA injections into the cerebral ven- 
tricles (4, 37, 48, 49). It does not seem likely that the nigro-striatal bun- 
dle is the only one, or even decisive morphological element responsible 
for LH ingestive syndrome. LI-I neuronal somata seem to be by far more 
specifically related to food (27, 32) and water (11, 28, 38, 39) intake. 
However, lateral hypothalamic lesions which do not involve the nigro- 
striatal fibers e.g. by means of kainic (9, 36, 46) or ibotenic (47) acids or 
electrocoagulation of the mid-lateral part of the hypothalamus (21) never 
give as profound and long-lasting disturbances as those involving also 
the course of the nigro-striatal bundle. Our data do not indicate any 
serious role of the nigro-striatal damage in the etiology of LH ingestive 



impairments, nevertheless i t  is hard to ignore extensive pharmacological 
literature concerning dopamine depletion-induced aphagia and adipsia. 
It seems that the real meaning of these pharmacological data is still to 
be cleared up. 

Morphological substrate of drinking deficits closely paralleled those 
of feeding disturbances. High correlation (r = 0.85) was &lso found be- 
tween the duration of aphagia and adipsia. However, drinking appeared 
to be more sensitive to brain damage and moderate decline of water 
intake was found in rats undisturbed in their daily food ingestion. 

Close relationship between food and water intake have been shown 
in many experiments. Usually, manipulations affecting the consumpt- 
ion of one are followed by a parallel change in the intake of the other. 
This also concerns central manipulations. I t  is well established that there 
is extensive overlap between central feeding and drinking elements, 
particularly within he lateral hypothalamic area (e.g. see 22). However, 
Montemurro and Stevenson (19) were able to isolate regions where se- 
lective reduction of water intake was obtained without a simultaneous 
change in food consumption by means of small lesions within the tube- 
ral LH. We found a similar area in the posterior LH and the anterior 
midbrain. Feeding and drinking effects of the brain damage can also 
be differentiated at the level of the preoptic area (1, 21), the zona in- 
certa (45) and some limbic structures (18). Review of data concerning 
ingestive effects of electrical brain stimulation (18, 21) also indicate that 
food intake and water intake are separable anaton~ically. 

Quantitative analysis of our results consisted in correlating the pre- 
sence and intensity of ingestive impairments with the presence and the 
size of the damage to the particular brain structures. The obtained values 
of a correlation coefficient were not high, even though highly significant. 
The values assessed as meaningful oscillated around 0.5 - 0.6. The main 
cause of a relatively low correlation coefficient was a lack of distinctive 
anatomical hfferences between unimpaired animals and those showing 
disturbances of lowest intensity. One may speculate that in the cases of 
small lesions (smaller than 50Ve of the total structure volume) sf the re- 
levant area, the appearance of a disfunction is dctermined rather indi- 
vidually than anatomically. Several studies (3, 7, 8, 31, 33) showed that 
the physiological status of the animal at  the time of lesion, greatly in- 
fluences the course of the LH syndrome. Genetical factors can not be 
excluded either. 

From the clinical point of view, it may be interesting to note that 
there was no correlation between the duration of the acute stage of LH 
ingestive syndrome (aphagia and adipsia) and the total duration of di- 
sturbances. Similar lack of correlation was found in the case of LII 



catalepsy (unpublished data). Since we did not measure the total duration 
of the impairments in the most disturbed animals, the above finding 
concerns at  least an incomplete LH damage. Our results indicate that 
the acute stage of LH syndrome is determined anatomically. One may 
speculate that the total duration of a dysfunction may also depend on 
other factors. 

The authors are grateful to Professolr Olgierd Narkiewicz for his valuable ad- 
vice during elaboration of the present data. We would like to thank Miss Monika 
Trzciliska for language corrections and Mrs Malgorzata Maliszewska for typing the 
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