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Lateral Preoptic Lesions in Rats Separate Urge to Drink from 
Amount of Water Drunk 

Abstract. Rats with bilaterally symmetrical lesions in the lateral preoptic area do not 
drink after acute intracellular dehydration, but they drink normally after water 
deprivation. They, like normal rats, also drink more when cellular dehydration is super- 
imposed upon water deprivation. Unlike normal rats, however, rats with lesions in the 
lateral preoptic area do not increase their rate of lever-pressing in response to the com- 
bined stimulus. Thus, the urge to drink can be separated from the amount offluid drunk. 

Dehydrating either the cellular (1) or the 
extracellular (2) body fluid phases induces 
drinking. Drinking in response to cellular 
dehydration terminates upon restoration 
of the cellular fluid deficit (1). Conversely, 
water intake following extracellular dehy- 
dration stops before the deficit is restored 
(2). This is thought to reflect inhibition by 
cellular overhydration, which results be- 
cause approximately 70 percent of the in- 
gested water gains access to the cellular 
phase (3). When cellular and extracellular 
phases are depleted simultaneously, the re- 
sulting water intake is a simple addition of 
the amounts drunk in response to each 
challenge when presented alone (4). Al- 
though additivity of drinking is a robust 
phenomenon, the underlying mechanisms 
are not known. Understanding this phe- 
nomenon is vital for appreciating how be- 
havior contributes to maintenance of nor- 
mal fluid balance. This is especially impor- 
tant when we consider that, under normal 
circumstances of fluid abstinence, water is 
lost from both fluid compartments. 

At least three alternative hypotheses can 
account for drinking additivity. (i) Additiv- 
ity may reflect an augmented urge to drink 
so that more water is needed to quench this 
enhanced thirst. (ii) By virtue of further de- 
hydration of the cellular phase, an inhib- 
itory signal arising from cellular over- 

hydration may be delayed. (iii) There may 
be a tonic inhibition exerted by the non- 
dehydrated cellular phase over thirst sig- 
nals arising from extracellular depletion, 
and dehydrating the cellular phase may re- 
lieve this inhibition. 

These alternatives cannot be assessed in 
normal rats which drink in response to 
both cellular and extracellular dehydration 
and reduce drinking because of cellular 
overhydration before restoration of the ex- 
tracellular phase. Rats with bilaterally 
symmetrical lesions of the lateral preoptic 
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Fig. 1. Amount drunk in 5 hours by rats with 
LPO lesions and controls after the different 
thirst ohalleno,es 

area (LPO), which do not drink in re- 
sponse to cellular dehydration but are 
indistinguishable from normal rats in their 
drinking response to hypovolemia (5), are 
perfectly suited to test these alternatives. 
We report that the amount drunk by rats 
with LPO lesions after water deprivation 
and after water deprivation combined with 
cellular dehydration is the same as in nor- 
mal rats, but the rate at which these brain- 
damaged rats work for water, unlike that 
of normal rats, is not affected by super- 
imposing cellular dehydration upon a pre- 
existing water deprivation deficit. 

Ten adult female Sprague-Dawley rats 
were rendered unresponsive to cellular de- 
hydration by placing bilaterally sym- 
metrical lesions in the LPO (6). These rats 
and an equal number of controls were al- 
lowed to drink for 5 hours after acute cel- 
lular dehydration (intraperitoneal in- 
jections of IM NaCl, I percent of body 
weight), 24 hours of water deprivation, or 
the combined challenge. As seen in Fig. 1, 
rats with LPO lesions, which drank noth- 
ing or very little in response to the purely 
cellular stimulus, drank normally after 
water deprivation and, most important- 
ly, drank as much as normal rats in re- 
sponse to the combined challenge (7). 
These data are not compatible with a theo- 
ry that volume drunk reflects a simple ad- 
dition of individual thirsts. However, the 
results are predicted by an inhibition mod- 
el, and they suggest that removal or delay 
of an inhibitory cellular overhydration sig- 
nal is an adequate explanation for drinking 
additivity. 

Can this reasoning also account for the 
increased rate of operant responding seen 
in normal rats with increased dehydration'? 
If increased lever-pressing reflects either a 
delay of inhibition, resulting from cellular 
overhydration, or a removal of a tonic inhi- 
bition exerted by the cellular phase, then 
the operant rates of rats with LPO lesions 
should increase when a cellular dehy- 
dration challenge is superimposed upon 
water deprivation. On the other hand, if 
the urge to drink mirrors the detection of 
dehydration of each fluid compartment, 
then the combined challenge should pro- 
duce increased response rates in normal 
rats, which can detect cellular dehydration, 
but not in rats with LPO lesions, which 
cannot detect deficits in cellular balance. 

Rats with lesions and controls were 
gradually trained to lever-press on a vari- 
able-interval, 30-second schedule of rein- 
forcement when deprived of water for 24 
hours. The operant task was specifically 
designed to reflect changes in the urge to 
drink independent of satiety and level of 
intake. Sessions were thus short (30 min- 
utes) and reinforcements were small (0.04 
ml); maximum intake per session was lim- 
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Table 1. Mean number of bar presses by rats witfh LPO lesions and normals in the 30-minute test ses- 
sion following the various challenges; N.S., not significant. 

Mean responses per session 

Rats Before cellular After cellular Chang tdep 

dehydration dehydration 

No water deprivation 
Normal 11.9 44.1 270 2.48 < .05 
LPO 104.0 108.5 4.3 0.55 N.S. 

24 hours of water deprivation 
Normal 106.8 172.9 61.9 6.06 < .001 

LPO 234.5 244.6 4.3 1.05 N.S. 

ited to less than 2.5 ml. The operant sensi- 
tivity was determined by testing the rats 
after 0, 9, 24, and 48 hours of deprivation, 
counterbalanced across rats. Deprivation 
significantly affected operant rates in both 
groups [rats with LPO lesions: F = 10.20, 
P < .001; controls: F - 15.33, P < .001; 
one-way repeated measures analysis of 
variance (8, pp. 167-186)]. 

Surprisingly rats with LPO lesions had a 
considerably higher operant rate than con- 
trols when not deprived. This may reflect a 
general increase in arousal and activity in 
these animals (9). It is of particular interest 
here because it allows us to exclude general 
debilitation as a basis for the failure of rats 
with LPO lesions to increase operant rate 
following cellular dehydration, because 
their response rates were as high following 
the combined cellular and deprivation 
challenge as following water deprivation 
alone. 

Operant response rates were then deter- 
mined after 0 or 24 hours of water depriva- 
tion, combined with either acute cellular 
dehydration (injection of IM NaCl, I per- 
cent of body weight) or control injections 
of isotonic NaCl. The control deprivation 
tests were administered first, followed by 
the combined challenges. Although this 
constraint raises the possibility of a trial 
sequence effect, it was more important to 
prevent the operant response from being 
conditioned to the injections per se, which 
would have contaminated baseline re- 
sponse rates (10). 

Rats with LPO lesions, whether de- 
prived of water or not, did not, increase 
their operant rates when challenged with 
additional cellular dehydration (Table 1). 
Specifically, they only emitted four and ten 
more responses per session than in the 
baseline sessions (0 and 24 hours of depri- 
vation, respectively). In contrast, the oper- 
ant rates of normal rats increased by more 
than 270 percent in response to cellular de- 
hydration alone and by more than 60 per- 
cent when cellular dehydration was super- 
imposed on 24 hours of water deprivation. 
Cellular dehydration did not depress the 
operant rates of the brain-damaged rats 
(Table 1). Furthermore, two lines of evi- 

dence indicate that the lack of increase in 
operant rate in these animals cannot be at- 
tributed to a ceiling effect. (i) Imposing cel- 
lular dehydration did not increase operant 
rate in brain-damaged rats not deprived of 
water, even though this rate was less than 
half that obtained after 24 hours of water 
deprivation. (ii) After 48 hours of water 
deprivation, response rate in rats with le- 
sions was 63 percent higher than after 24 
hours of deprivation. Clearly, rats with 
LPO lesions could respond more fre- 
quently. 

These data make clear that, at least in 
the case of drinking behavior, the urge to 
engage in a consummatory act can be di- 
vorced from actual consumption itself. 
Specifically, affect represents a summation 
of thirst afferents; thus, in an animal lack- 
ing the receptor to detect a change in body 
fluid economy, affect is correspondingly di- 
minished. In contrast, the actual amount 
of water drunk in response to the com- 
bined challenge reflects the delay of cellu- 
lar overhydration, is independent of a cel- 
lular thirst mechanism, and is therefore 
not directly related to the urge to drink. 

Additional support for the separation of 
urge to drink from amount drunk is ob- 
tained from the drinking tests. If rate of 
drinking reflects urge and if termination of 
drinking is controlled, in large part, by the 
development of hyposmolality, then the 
following should hold: (i) After water dep- 
rivation alone, normal rats and those with 
LPO lesions should drink equivalent 
amounts by the end of the 5-hour test. This 
was borne out (Fig. 1). (ii) The initial 
drinking rate of deprived normal rats 
should be slightly higher than that of rats 
with LPO lesions because the normal rats 
can detect the modest cellular fluid loss 
that occurs during deprivation. This too 
occurred. Normal rats drank 2.06 ml per 
100 g of body weight while rats with LPO 
lesions drank only 1.47 ml/100 g during 
the initial 15 minutes of drinking. (iii) 
Most important, the drinking rate of nor- 
mal rats should be markedly accelerated 
when cellular dehydration is imposed on 
water deprivation, whereas this manipula- 
tion should not affect the drinking rate of 

rats with LPO lesions. This is precisely 
what happened. Following the combined 
challenge, normal rats drank 3.64 ml/100 
g in the first 15 minutes, an increase of 1.58 
ml/100 g above the amount consumed in 
response to deprivation alone. In contrast, 
rats with LPO lesions drank only 1.52 
ml/ 100 g following the combined challenge 
as compared to 1.47 ml/ 100 g in response 
to deprivation alone (11). 

In summary, we have shown that, in rats 
with LPO lesions, the urge to drink can be 
clearly distinguished from volume intake. 
Because the renal and body fluid dynamics 
of these rats, under the present testing con- 
ditions, were similar to those of normal 
rats (12), we suggest that this distinction 
can be extended to neurologically normal 
rats as well. 

MARTIN H. TEICHER 

ELLIOTT M. BLASS 

Department of Psychology, Johns 
Hopkins University, Baltimore, Maryland 
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Human Y-Chromosome-Specific Reiterated DNA 

Abstract. Radiolabeled reiterated DNA specific for the human Y chromosome has 
been obtained by extensive reassociations between [3H]DNA preparedfrom men and ex- 
cess DNA from women. These highly purified labeled sequences reassociate only with 
DNA from individuals with a Y chromosome. The percentage of Y-chromosome-specific 
DNA isolated from individuals with differing numbers of Y chromosomes is a function 
of the number of Y chromosomes present. The purified Y-chromosome-specific sequences 
may represent between 7 and 1I percent of the human Y chromosome. 

The mechanisms by which the Y 
chromosome engenders maleness are un- 
known. Investigation has been handi- 
capped by the lack of Y-chromosome-spe- 
cific gene assignments. In this report we 
describe the isolation of 3H-labeled re- 
iterated DNA unique to the human Y 
chromosome. 

Whole blood lymphocytes obtained 
from individuals bearing the chromosome 
constitution 46,XX; 46,XY; 47,XYY; or 
48,XYYY were labeled continuously in 
cultures containing [3H]thymidine (1). 
DNA isolated (2) from each of these cul- 
tures was sonicated (3), and reiterated se- 
quences were enriched by reassociation to 
Cot value of 46 (4). The reassociated reit- 
erated sequences, representing 30 to 40 
percent of the genome, were collected on 
hydroxylapatite and subsequently fraction- 
ated by stepwise elution with increasing 
concentrations of phosphate buffer, pH 6.8 
(5). Preliminary experiments indicated 

that the most stable duplexes, that is, those 
eluted by phosphate concentrations be- 
tween 0.25 and 0.3M, were slightly en- 
riched for DNA sequences of the Y 
chromosome. These stable duplexes were 
mixed with a 5000-fold excess of unlabeled 
DNA from a 46,XX woman. The mixture 
was incubated to Cot 460. Those sequences 
failing to reassociate and therefore not 
binding to hydroxylapatite were collected 
and assayed (6) for Y-chromosome-specif- 
ic sequences. For each individual, the per- 
centage of 3H-labeled Y-chromosome-spe- 
cific sequences present in the entire ge- 
nome was calculated as the arithmetic pro- 
duct of the amount of 3H-labeled DNA 
recovered after each step, and the percent 
of the final fraction assayed (6) as Y- 
chromosome-specific (Table 1). As seen, 
this percentage is a linear function of the 
number of Y chromosomes present in each 
subject. Despite low recovery of stable 
duplexes from the DNA of the 46,XY sub- 

ject and consequently a poor fit to linearity 
in this instance, the overall correlation 
coefficient of the regression of the per- 
centage of Y-chromosome-specific DNA 
on Y-chromosome dose is .99. 

These results (Table 1) establish that Y- 
chromosome-specific sequences indeed ex- 
ist. Their further purification was facili- 
tated by an increase in labeling over that 
attainable in lymphocyte culture. This was 
achieved by using the nick translation 
function (7) of DNA polymerase I (Micro- 
coccus luteus) (Miles Laboratories, Inc.) to 
incorporate [3H]TTP (thymidine triphos- 
phate) (New England Nuclear, 40 to 60 
c/mmole) into isolated DNA from a 
47,XYY individual. Prior to labeling, 
reiterated DNA from this subject was pre- 
pared by reassociation to Cot equal to 46. 
Three percent of the genome was isolated 
as stable duplexes by elution with high salt 
from hydroxylapatite and then nick-trans- 
lated. The specific activity of products 
ranged from 5 x IO' to 1 x 108 dpm/Ag. 
The labeled product was reassociated to a 
whole genome Cot of 46. Fifty percent of 
this product formed duplexes, which were 
collected on hydroxylapatite. The eluted 
duplexes were subsequently reassociated 
with a 40,000-fold excess of unlabeled 
DNA from a 46,XX subject. Those se- 
quences which failed to reassociate, that is, 
20 percent of material entering this step, 
were exposed to a second challenge with 
excess DNA from a 46,XX individual. 3H- 
Labeled sequences which again failed to re- 
associate (73 percent of input) were as- 
sayed (6) for Y-chromosome specificity. 
The portion of reiterated labeled DNA 
that remained reassociable was now com- 
pletely specific for the Y chromosome (Fig. 

C 
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Fig. 1. Reassociation curves between a fraction of 3H-labeled DNA 4a) 

from a 47,XYY individual and excess whole genome DNA from various e 
0 sources. The fraction of DNA from the XYY individual represents the ?n 

stable duplexes isolated from hydroxylapatite after reassociation to Cot I 
46 (4), thereafter labeled with [3H]TTP by nick translation (7), and theh a) 

\ A 
twice challenged with excess whole genome DNA from a 46,XX individ- cz o 

260 

ual. The 3H-labeled sequences that twice failed to reassociate when chal- z 50 - X 
lenged were then reassociated, as shown here, with more than a 10,000- 
fold excess of whole genome DNA from 46,XY U-U, 47,XYY A -A, An 46,XX * - individuals, and Escherichia coli V-V. Reassociation of a 
labeled sequences was analyzed radiometrically. Reassociation of the un- a) 
labeled whole genome human DNA, monitored optically at A260, is in- 
dicated by the open symbols: 46,XY El-L], 47,XYY A -A, and 46,XX 
0 -0. The analyses of E. coli DNA at A26o are not shown; it reas- 
sociated to approximately 90 percent with a C t of 4. Reassociation 
conditions were the same as described in (6). 
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