
Tongue Cooling during Drinking: A Regulator 
Water Intake in Rats 

Abstract. Rats that had been deprived of water for 23?/2 
with water for 30 minutes per day. As the temperature of ti 
from 12? to 36?C (body temperature), the total water i 
increased 71 percent. Tongue cooling during drinking appea 
in anticipation of extracellular hydration. 

When a thirsty rat is given water, 
drinking subsides before extracellular 
fluid volume and osmolarity return to 
levels obtained when water is freely 
available (1). This inhibition of water 
intake before extracellular rehydration 
suggests a form of phase advance feed- 
back in which a peripheral signal that 
anticipates extracellular rehydration is 
utilized to prevent excessive water in- 
take. Many animals, including humans 
and rats, lack water-sensitive taste re- 
ceptors (2). The absence of specific 
water-sensitive taste receptors implies 
that other receptors mediate the periph- 
eral detection of water and the periph- 
eral metering of water intake. The 
tongue contains receptors that are spe- 
cifically sensitive to changes in temper- 
ature (3). We have demonstrated that 
tongue cooling during drinking inhibits 
drinking in anticipation of extracellular 
hydration. 

Eight female albino rats were de- 
prived of water for 23/2 hours. Food 
was available freely in the home cages 
but not in the testing cages. Water was 
available 30 minutes per day and was 
delivered from insulated inverted bot- 
tles. Oversize glass sipper tubes were 
used to facilitate heat conduction be- 
tween bottle and sipper tube. Ice in 
the bottle maintained the temperature 
of cold water, while an external elec- 
tric heater maintained the warm tem- 
peratures. All temperatures reported 
were measured with a thermistor at 
the aperture of the sipper tube. After 
stabilization of daily 30-minute intake 
of water with room-temperature tap 
water, six temperatures of tap water 
were presented, one per day in counter- 
balanced order-12?, 24? (room tem- 
perature), 30?, 36? (body tempera- 
ture), 420, and 48?C (approximate pain 
threshold) (all + 1 ?C). 

Mean intakes of water for a 30- 
minute period for each temperature, 
pooled across subjects, are presented 
in Fig. 1. A clear relation between 
water consumption and water tempera- 
ture is evident. When compared to the 
intake of water at 24?C (room tem- 
perature), the rats drank significantly 
less 120C water, while consuming 
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of and signals satiation. Air licking, as 
a form of tongue cooling (6), has also 
been shown to temporarily inhibit water 
intake in rats (7). Water at body tem- 

hours were presented perature could cool the tongue, if at 
he water was increased all, only by evaporation. The intake of 
intake for 30 minutes body-temperature water is therefore 
irs to suppress drinking relatively devoid of tongue-cooling 

stimuli, and more sustained water in- 
take occurs. The suppression of water 

re water at 300, 360 consumption that does occur when the 
ure), and 42?C (P < water is at body temperature (36?C) 
iey U test). Peak mean would appear to be due to factors other 
s obtained at 36?C. At than tongue cooling. These other fac- 
temperature of 48?C, tors may include oropharyngeal pres- 
I to be the pain thresh- sure receptors, feedback from licking or 
iption fell significantly swallowing, gastric factors, extracel- 
s (P < .05). The overall lular fluid volume, or osmotic changes. 
irve was the same for The decease in water intake that occurs 
)wever, the temperature when the water is above body tempera- 
num water intake oc- ture appears to be due to the stimula- 
)etween animals, peak tion of heat or pain receptors, or both. 
ging from 300 to 42?C. Mendelson and Chillag (6) have re- 
.r, the possibility of an ported that thirsty rats lick cold metal 
/een the taste of the and have suggested that tongue cool- 
o mineral content, and ing serves two functions: water detec- 
ire arose. There are tion and an immediate reward for lick- 

that maximum taste ing. The relative rewarding effects of 
olutes is at body tem- drinking water at different temperatures 
)s accounting for our is not known, but from Mendelson and 
6?C tap water (5). To Chillag's finding one might expect that 
sibility, additional data drinking cool water is more rewarding 
by presenting distilled than drinking body-temperature water. 
it subjects. The broken Why, then, did the rats in the present 
ows mean water intake study drink less of the cool water? 
er at temperatures of Perhaps the greater satiating capacity 
)?C. No differences be- of cool water more than compensates 
tap water and distilled for its greater reward value in determin- 
I at these temperatures. ing levels of water intake. 
)n between water tem- A precautionary implication of these 
water intake is not data is that they can be used in studies 
taste of dissolved min- in which water is used as a reinforcer. 

Typically, in such studies, water-de- 
est that tongue cooling prived animals are given free access to 
iter satiation. Water be- water for some measured period of 
rature cools the tongue time each day. If this water is taken 

directly from the tap, water tempera- 
tures and therefore water intake will 
vary, daily and seasonally, thus produc- 

/ater i\ ing undesirable fluctuations in depriva- 
tion state and performance. 

/ 7,,\ Evolution has, it appears, favored 
the development of temperature-based 
water regulation. The advantage of 
such a mechanism to the wild rat, and 
perhaps to primordial man as well, is 
that water needs tend to correlate with 
the temperature of the environment, 
that is, they tend to be greater in warm 
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tion, intemperate intake of cold water 
tter intake (-+ standard 

sr afuntio-n otaer in cold weather might seriously depress ) as a function of water 
8). Water was available body temperature. 
per day. Data for tap In cold weather water at cold ambi- 
d water are presented. ent temperature cools the tongue a 
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great deal, thereby suppressing water 
intake. In warm weather water at warm 
ambient temperatures cools the tongue 
very little. As a result, tongue cooling 
during 'drinking adjusts water intake 
to meet water needs. 
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The sperm specific isozyme of lactate 
dehydrogenase (LDH-X) is the tetra- 
meric product of a gene that is active 

only during the primary spermatocyte 
stage of spermatogenesis. A homoge- 
neous crystalline preparation of this 

isozyme has been obtained from mouse 
testes and used to induce antibody 
formation in rabbits (1). Purity of the 

antigen preparation was established by 
disc-gel electrophoresis, analytical ul- 

tracentrifugation, and immunochemical 

analysis. Thus, we have available a 

potentially useful means of developing 
information on the relation between a 

specific, and, more importantly, a well- 
defined component of the sperm and 
the process of reproduction. Of partic- 
ular interest is the area of immuno- 

reproduction. There have been many 
attempts to influence fertility and to 

identify immunological causes of in- 

fertility by sensitization of both males 
and females against sperm and testes ex- 
tracts (2). Results obtained from such 
studies have been variable and inter- 
pretations have been conjectural, in 

part, certainly, because of the com- 

plexity of the antigenic material. In this 

report we present evidence that a 

specific antiserum to a chemically de- 
fined antigen-that is, LDH-X-can 
reduce fertility in females. 

Purification of LDH-X and induction 
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in rabbits of antibody specific to it have 
been described (1). In our work, the 
complement in the antiserum was inac- 
tivated by heating at 56?C for 30 min- 
utes before injection. For most of the 
experiments 6- to 8-week-old female 
mice were used from a random-bred 
Swiss Webster strain maintained in our 

laboratory during the past several years. 
In each experimental trial the same 

proven fertile males were used to 
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Fig. 1. Effect of antiserum to LDH-X on 
pregnancy rate in mice. The numbers of 
animals in each treatment group were as 
follows: days 1 to 4, 67 CS and 81 AS; 
days 4 to 7, 72 CS and 72 AS; days 7 to 
10, 97 CS and 96 AS; and days 10 to 13, 
10 CS and 10 AS. 
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fertilize females receiving antiserum 
(AS) or control serum (CS). Females 
were placed in a breeding cage during 
proestrus, and mating was evidenced by 
the presence of copulation plugs. In- 
jections were made subcutaneously with 
0.1 ml of serum. Each female re- 
ceived one injection per day during 
days 1 to 4, 4 to 7, 7 to 10, or 10 to 13 
after coitus. Pregnancy was determined 
either by examining the uterus or al- 
lowing parturition to occur. All animals 
were caged under a 12-hour daily arti- 
ficial light regimen and maintained on a 
diet of Purina chow with free access to 
water. 

That postcoital treatment of mice 
with antiserum depresses the percentage 
of pregnancies is shown by the data in 
Fig. 1. The effect of the antiserum ap- 
pears to be most pronounced when in- 
jected on days 1 to 4, and nearly as 
effective in terminating pregnancy 
when used on days 4 to 7 after mating. 
The phenomenon appears to be all or 
none in a given animal, since AS- 
treated mice which remained pregnant 
delivered normal litters, comparable in 
size to the controls. The antiserum 
also suppressed pregnancy when in- 
jected on days 7 to 10 and apparently 
was relatively ineffective after day 10 
following coitus (Fig. 1). 

There are several important con- 
trols in the experimental design which 
are not apparent from the data in Fig. 
1 and which should be noted here. Anti- 
serums were obtained from eight rab- 
bits immunized with the same antigen 
preparation. At least two different anti- 
serum preparations were used for each 
of the treatment periods during these 
studies, and control serum was ob- 
tained from the same rabbits before 
their immunization. In all of the test 

matings, proven fertile males and 
females were used. There were 67 

percent successful pregnancies recorded 
in the total of 246 control animals. In 
one treatment group of nine animals 
(day 1 to 4 after coitus), not included 
in Table 1, serum absorbed with anti- 

gen was injected, and 78 percent of 
these animals remained pregnant. This 
result confirms the conclusion that 

pregnancy suppression was due specifi- 
cally to the LDH-X antibody. 

Injection schedules were established 
in the experimental protocol to cover 
the pregnancy stages of oviducal pas- 
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sage of fertilized ova (days 1 to 4 after 
coitus), implantation (days 4 to 7 after 
coitus), and postimplantational devel- 

opment. From the results of these treat- 
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Pregnancy Suppression by an Antiserum 

to the Sperm Specific Lactate Dehydrogenase 

Abstract. An antiserum induced against the isozyme of lactate dehydrogenase 
(LDH-X) that is unique to spermatozoa reduced significantly the number of 
pregnancies in mice treated at varying times after they had mated. This effect 
of the antiserum occurred both prior to and following implantation. The fecun- 

dity of treated animals appeared to be normal in subsequent matings. 
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