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deprived of water. 

The possible role of the renin-angio- 
tensin system in thirst was first sug- 
gested by Fitzsimons (1), who showed 
that drinking was increased in rats sub- 
jected to partial aortic constriction and 
that the response was attenuated by 
nephrectomy. Later, others demon- 
strated that both intravenous and intra- 
cranial administration of renin or angio- 
tensin II provoke thirst (2). 

Even though exogenous angiotensin II 
clearly stimulates thirst, it is not known 
whether this hormone plays any physi- 
ological role in drinking. Some workers 
have proposed that drinking induced by 
angiotensin is a pharmacological effect 
rather than a physiological one (3). In 
previous experiments we found that 
single intraventricular injections of the 
blocking agent P-1 13 (sarLalaa-angioten- 
sin II, where sar is sarcosine and ala is 
alanine) of angiotensin II attenuated 
drinking in water-deprived rats (4). How- 
ever, the procedure we used to adminis- 
ter a bolus of P-1 13 to the animals 1 to 2 
minutes prior to the drinking test may 
have obscured the results. The experi- 
ments presented here were designed to 
test in a more controlled manner the hy- 
pothesis that endogenous angiotensin 
plays a role in thirst. 

We used 52 male Sprague-Dawley 
rats, each weighing 300 to 400 g. They 
were fed on rat food (Teklad) containing 
1 percent NaCl, and water was freely 
available. The rats were housed individ- 
ually and exposed to photoperiods of 12 
hours of light and 12 hours of darkness. 
Stereotaxic techniques were used on 
anesthetized animals to fix a 22-gauge 
guide tube over the right lateral ven- 
tricle, 0.5 to 1 mm anterior to the inter- 
ventricular foramen (5). The end of the 
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guide was 1 to 2 mm above the ventricle. 
During the 6 to 10 days between surgery 
and experimentation, the rats were con- 
ditioned at least five times to the type of 
handling to which they would be ex- 
posed on the day of the experiment: they 
were removed from their cages, re- 
strained manually, and weighed; the pro- 
tective rubber cap above the guide tube 
was removed and replaced, and then the 
rats were returned to their cages. 

Water intake (from Richter tubes) and 
weight gain (measured daily for 2 or 3 
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Fig. 1. The results of experiment A, showing 
the cumulative water intake of rats deprived 
of water for 30 hours and then given access to 
water. Infusions into the lateral ventricle (3.3 
,ul/min) of artificial cerebrospinal fluid with or 
without P-l 113 (20 ng/l,d) began 30 minutes 
before the rats were given access to water 
and continued during the 30-minute test 
period. Values are means ? standard error 
(N = 4). 
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days prior to experimentation) were used 
as crude indices of general recovery 
from surgery and of normal appetitive 
behavior. No animal was studied which 
was drinking less than 20 ml per day or 
was not gaining weight. Animals were 
grouped so that their water intakes 24 
hours prior to the test were similar in the 
control and experimental groups. 

At 0800 hours on the day prior to ex- 
periments A and B, water tubes were re- 
moved from the cages. The next after- 
noon each rat was removed from its cage 
and a 27-gauge needle connected to Tef- 
lon tubing was inserted through the guide 
tube into the right lateral ventricle. The 
animal was then returned to its cage and 
the tubing (previously filled with in- 
fusate) was connected to a Braun-Mel- 
sungen syiringe pump set to deliver 3.3 
,ul per minute. Usually, three control and 
three experimental animals were infused 
simultaneously. The infusate was either 
artificial cerebrospinal fluid (Na+, 150 
mM; Cl-, 133 mM; K+, 3.1 mM; Ca2+, 
1.2 mM; Mg2+, I mM; HCO,-, 24.5 
mM; phosphate, 0.5 mM; glucose, 50 
mg/100 ml) or artificial cerebrospinal fluid 
containing 20 ng/p.l of P- 13. 

After 30 minutes (experiment A) or 75 
minutes (experiment B) of infusion, wa- 
ter tubes were returned to the cage (1400 
hours); the associated disturbance 
aroused the rats. Over the next 30 min- 
utes, during which the ventricular in- 
fusions continued, we measured water 
intake at 5-minute intervals to the near- 
est 0.5 ml. Thereafter, methylene blue 
(0.2 percent) in artificial cerebrospinal 
fluid was infused intraventricularly for 10 
to 15 minutes. The animals were then 
killed and perfused intravascularly with 
saline followed by formalin-saline. The 
next morning, the brains were sectioned 
and examined for ventricular staining. 
Data from any animal not stained in the 
right lateral, third, and fourth ventricles 
were excluded from the results. 

In experiment C we evaluated the ef- 
fect of P-113 on another appetitive be- 
havior, food intake. Twenty-four rats 
were fasted for 30 hours; thereafter they 
were infused (exactly as in experiment 
B). After 75 minutes of infusion, water 
tubes were removed and food was pre- 
sented to the animals for a 10-minute test 
period during which the infusion was 
continued. Thereafter, each rat was 
killed and treated as in experiments A 
and B. In addition, the amount of food 
eaten was determined by emptying the 

days prior to experimentation) were used 
as crude indices of general recovery 
from surgery and of normal appetitive 
behavior. No animal was studied which 
was drinking less than 20 ml per day or 
was not gaining weight. Animals were 
grouped so that their water intakes 24 
hours prior to the test were similar in the 
control and experimental groups. 

At 0800 hours on the day prior to ex- 
periments A and B, water tubes were re- 
moved from the cages. The next after- 
noon each rat was removed from its cage 
and a 27-gauge needle connected to Tef- 
lon tubing was inserted through the guide 
tube into the right lateral ventricle. The 
animal was then returned to its cage and 
the tubing (previously filled with in- 
fusate) was connected to a Braun-Mel- 
sungen syiringe pump set to deliver 3.3 
,ul per minute. Usually, three control and 
three experimental animals were infused 
simultaneously. The infusate was either 
artificial cerebrospinal fluid (Na+, 150 
mM; Cl-, 133 mM; K+, 3.1 mM; Ca2+, 
1.2 mM; Mg2+, I mM; HCO,-, 24.5 
mM; phosphate, 0.5 mM; glucose, 50 
mg/100 ml) or artificial cerebrospinal fluid 
containing 20 ng/p.l of P- 13. 

After 30 minutes (experiment A) or 75 
minutes (experiment B) of infusion, wa- 
ter tubes were returned to the cage (1400 
hours); the associated disturbance 
aroused the rats. Over the next 30 min- 
utes, during which the ventricular in- 
fusions continued, we measured water 
intake at 5-minute intervals to the near- 
est 0.5 ml. Thereafter, methylene blue 
(0.2 percent) in artificial cerebrospinal 
fluid was infused intraventricularly for 10 
to 15 minutes. The animals were then 
killed and perfused intravascularly with 
saline followed by formalin-saline. The 
next morning, the brains were sectioned 
and examined for ventricular staining. 
Data from any animal not stained in the 
right lateral, third, and fourth ventricles 
were excluded from the results. 

In experiment C we evaluated the ef- 
fect of P-113 on another appetitive be- 
havior, food intake. Twenty-four rats 
were fasted for 30 hours; thereafter they 
were infused (exactly as in experiment 
B). After 75 minutes of infusion, water 
tubes were removed and food was pre- 
sented to the animals for a 10-minute test 
period during which the infusion was 
continued. Thereafter, each rat was 
killed and treated as in experiments A 
and B. In addition, the amount of food 
eaten was determined by emptying the 
stomach and upper duodenum and 
drying and weighing the contents. 

Figure 1 shows the results for experi- 
ment A. It is evident that P-113 amplified 
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Angiotensin: Physiological Role in 

Water-Deprivation-Induced Thirst of Rats 

Abstract. Cerebroventricular infusion of P-113, the blocking agent of angiotensin 
II, into rats for 75 minutes prior to their being allowed to drink, significantly attenu- 
ated their water intake when they had been deprived of water for 30 hours. However, 
a similar infusion had no effect on the food intake in rats fasted for 30 hours. The 
results indicate a physiological role for angiotensin II in the drinking response of rats 
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the drinking response to water depriva- 
tion; at all time intervals, the rats receiv- 
ing P-113 drank significantly more water 
than did the control rats. In experiment 
B (Fig. 2), the same concentration of P- 
113 was infused for 75 minutes before the 
presentation of water. We hoped, by 
means of the longer infusion, to avoid 
the agonist action of P-113 and uncover 
any antagonist effect. Figure 2 shows 
that P-113 attenuated the drinking re- 
sponses of all except two of the rats (up- 
per two solid lines, Fig. 2) which ap- 
peared to be stimulated to drink. At the 
end of 30 minutes these two rats drank 
almost twice the average of control rats 
(P = 0.7). The other experimental rats 
either drank nothing for the entire exper- 
imental period or drank only afer a 
delay of 10 to 25 minutes. A x2 analysis 
showed that the differences in drinking 
responses between the two groups were 
statistically significant for all but the 30- 
minute time interval; P values for the 5-, 
10-, 15-, 20-, and 30-minute periods 
were, respectively, .002, .002, .005, .02, 

and .09. This analysis included the two 
rats in which P-113 appeared to have an 
agonist action. 

These data demonstrate that, during 
short exposures (30 minutes), P-113 acts 
as an agonist of the drinking response to 
water deprivation, whereas it is antago- 
nistic after longer periods; a similar time 
dependency for the intraventricular or 
intravenous effect of P-113 on exoge- 
nously administered renin or angiotensin 
has been demonstrated (6). 

The results from experiment C (fast- 
ing) (Table 1) shows that P-113 did not 
alter the rats' ingestive response to a 30- 
hour fast, indicating that the depression 
of the drinking response was not due to 
some general depression of appetitive 
behavior. Moreover, a comparison of the 
eating and 10-minute drinking responses 
during P-113 infusion shows them to be 
significantly different, x2 = 9.6, P < .01. 
These data are consistent with three oth- 
er reports (one on sheep and two on rats) 
indicating that intraventricular infusions 
of P-1 13 sufficient to block the dipsogen- 

Table 1. Effect of intraventricular infusion of P-113 on 10-minute food intake after a 30-hour 
fast. The data, which are expressed as means ? standard error (N = 10), were not significant 
when examined by the X2 test or Student's t-test. 

Ratio of animals 
eating to animals Amount Latency 

Group given access eaten (g)* untileating 

________________ ~to food__(seconds) to food 

Controls 10/12 0.231 + .124 108 + 46.3 
P-113 10/12 0.227 + .072 114 + 55.5 

*In eight animals fasted for 30 hours and then not allowed to eat, the average weight of the dried stomach 
contents was 0.026 ? .005, that is, about 10 percent of that measured in animals that ate. 

Fig. 2. The results of 
experiment B, which 
was similar to experi- 
ment A except that 
the cerebroventricu- 
lar infusions began 75 
minutes before the 
rats were given ac- 
cess to water. Each 
line represents the cu- 
mulative water intake 
of one animal infused 
with artificial cere- 
brospinal fluid with 
(experimental) or 
without (control) P- 
113. Of nine control 
animals, all drank im- 
mediately except one. 
Of 11 animals infused 
with P-113, five did 
not drink at all in 30 
minutes, and four 
drank only after a 
delay of 10 or more 
minutes. The individ- 
ual data points in this 
figure are subjected to 
X2 analysis in Table 1. 

172 

E 

CO 

co 

4- 

> 

25 

20 

15 

10 

Time (minutes) 

ic response to intravenously adminis- 
tered angiotensin (7-9) or isoproterenol 
(10) have no effect on either the dipso- 
genic response to hypertonic saline or 
the intake of food (7-10). 

While our study was in progress, two 
other groups reported the failure of in- 
traventricularly administered P-1 13 to 
block the drinking response in goats (11) 
and sheep (9) deprived of water for 24 or 
48 hours. There are several possible 
explanations for these apparently con- 
tradictory results. First, the species are 
different; although dehydration increases 
plasma renin activity in both sheep (12) 
and rats (13), the magnitude of the re- 
sponse tends to be greater in rats, sug- 
gesting that thirst induced by renin-an- 
giotensin might play a greater role in 
rats. Second, it is evident that the ago- 
nist effects of P-113, which vary over the 
period of infusion, may obscure any an- 
tagonist effect. Since the infusions of P- 
113 in sheep (9) and goats (11) began 30 
minutes prior to the presentation of wa- 
ter, the effect should be compared to our 
experiment A. We found P-113 under 
these circumstances to be agonistic rath- 
er than antagonistic to the drinking re- 
sponse. Moreover, it would not be sur- 
prising if it took more than 30 minutes to 
reverse some unknown effect on the cen- 
trol nervous system of angiotensin II 
which may have required up to 30 hours 
for its generation. Differences in the P- 
113 concentration, the relative infusion 
rate, the locus of the infusion needle, and 
the locus of the receptor which responds 
to angiotensin II during dehydration in 
these different experiments might play a 
role in determining whether the concen- 
tration of P-113 at the receptor was ago- 
nistic or antagonistic at the time of the 
test. Another unsuccessful attempt to 
inhibit with intraventricular P-113 the 
thirst induced by changes in the volume 
or osmolality of the body fluids is that of 
Summy-Long and Severs working with 
rats (7). However, these investigators 
administered a bolus of P-113 only 30 
minutes before the drinking test, a period 
which we find yields agonistic effects. 

The dipsogenic response to a subcu- 
taneous injection of isoproterenol in rats 
can be blocked by an intracranial in- 
jection of P-113 (5 .g bolus) (10), and the 
infusion of P-113 (20 ng per kilogram of 
body weight per minute for 60 minutes) 
into the third ventricle of unanesthetized 
dogs also blocks the dipsogenic response 
to the same drug (14). Therefore, it 
seems that the usual effects of isopro- 
terenol on drinking are mediated by a 
central action of angiotensin. However, 
isoproterenol cannot be considered a 
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normal stimulus to thirst, as is the dehy- 
dration used in our experiments. 

Our experiments do not indicate the 
source of the endogenous angiotensin 
blocked by P-113. However, since both 
angiotensin (7) and its analogs (15) in 
plasma can cross portions of the blood- 
brain barrier and gain access to dipso- 
genic sites in the brain, we believe that 
angiotensin from the plasma of the dehy- 
drated rats crossed the blood-brain bar- 
rier, and that this was the source of the 
endogenous angiotensin blocked by the 
intraventricular P- 113. Consistent with 
this hypothesis are the recent findings in 
rats that 24-hour dehydration increases 
the plasma concentration of angiotensin 
2?2 times and that the individual in- 
crements in plasma angiotensin correlate 
positively with water intake (16). 

While it is clear that blocking endoge- 
nously generated angiotensin attenuates 
the thirst induced by water deprivation, 
it is also evident that angiotensin recep- 
tors blocked by P-113 cannot be the sole 
regulators of thirst because most of the 
rats receiving P-113 did finally begin to 
drink; thus, other receptor mechanisms 
are also involved. 

RICHARD L. MALVIN 
DAVID MOUW 

ARTHUR J. VANDER 

Department of Physiology, University 
of Michigan, Ann Arbor 48109 
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Siamese Cats: Abnormal Responses of Retinal Ganglion Cells 

Abstract. Comparison of optic tract recordings in Siamese and ordinary cats re- 
veals that Siamese cats have a significantly lower percentage of Y-cells than of X- 
cells. In addition, Siamese cats show depressed responses to a contrast-reversal 
stimulus, a result that supports the lower spatial contrast sensitivity demonstrated 
behaviorally by these animals. Both physiologicalfindings suggest neurophysiologi- 
cal anomalies in the Siamese retina. 
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It has been well documented that some 
of the retinogeniculate fibers in the Sia- 
mese cat's visual pathway are misrouted 
(1-4). Furthermore, the geniculocortical 
pathway of these animals is also different 
from that of ordinary cats (5-7), and this 
aberrance may involve more than just the 
lateral geniculate nucleus (LGN) and the 
cortex (8). 

The physiological consequences of ab- 
normal projections in the central visual 

Table 1. Relative frequency of X- and Y-units 
in the optic tract of Siamese and ordinary 
cats. Corrected X2 = 19.38; P < .001. 

Siamese Ordinary 
Type of cat cat 

units N Per- N Per- 
cent cent 

X-cells 125 92 57 68 
On-center 85 43 
Off-center 40 14 

Y-cells 11 8 27 32 
On-center 4 9 
Off-center 7 18 

Totals 136 100 84 100 
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Fig. 1. Responses of optic tract fibers in Sia- 
mese (e) and ordinary (o) cats to contrast. Av- 
eraged maximum firing rate (impulses per sec- 
ond) to an edge pattern turned on and off in 
various positions across the receptive field. 
Position 0 indicates the null position for X- 
cells and the equal-response position for Y- 
cells. Contrast of target, 82 percent; back- 
ground luminance, 0.86 cd/m2; I mm = 4.3' 
of arc. 
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pathways of Siamese cats include not on- 
ly suppression of certain inputs (7) but 
also the apparent loss of binocularity in 
cortical neurons (6, 7, 9), in which binoc- 
ular excitation is routinely demonstrated 
in ordinary cats (10). This latter finding 
has been used to explain the apparent 
lack of stereopsis (11), as well as the exis- 
tence of a convergent squint in Siamese 
cats (6). 

Siamese cats display depressed spatial 
contrast sensitivity compared to that in 
ordinary cats (12), a phenomenon which 
implies that the physiological character- 
istics of neurons in the visual system of 
these animals may be different in some 
respects. Since certain properties of reti- 
nal ganglion cells (for example, classifica- 
tion as X- or Y-cells) may be related to 
visual acuity (13, 14), we felt it important 
to begin our studies at the retinal level. 

We have been investigating the re- 
sponses of the Siamese cat's retinal gan- 
glion cell, and now report observations 
on 136 optic tract fibers obtained from 
three Siamese cats and 84 optic tract fi- 
bers obtained from three ordinary cats. 
We have found that (i) the ratio of Y- to 
X-cells in the Siamese cat is significantly 
lower than that in ordinary cats; and (ii) 
the response to contrast in Siamese 
ganglion cells, as measured electro- 
physiologically, is depressed. 

Conventional techniques were used to 
record extracellular action potentials 
friom optic tract fibers. A 3? bipartite field 
whose contrast reversed every 0.5 sec- 
ond was used to classify all of the cells 
into X- and Y-types (15). The same stimu- 
lus configuration, electrodes, and record- 
ing conditions were used in the experi- 
ments on ordinary cats. 

Table I shows the relative numbers of 
X- and Y-cells in Siamese and normal 
cats. Only 8 percent of the Siamese units 
are classified as Y-type compared with 32 
percent of ordinary cat units. This lower 
percentage of Y-units is not specific to 
either on- or off-center cells nor to nor- 
mally routed or misrouted fibers (16). 
Furthermore, more than 90 percent of the 
receptive fields encountered in these ex- 
periments were located no more than 30? 
from the area centralis for both breeds. 
After determining the null position for the 
bipartite field with respect to the recep- 
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