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normal retinotectal pathways. 

A cat raised with the lids of one eye 
sutured together develops severe abnor- 
malities in its geniculocortical system. 
In such a cat, stimulation of the de- 
prived eye drives very few cortical 
neurons (1, 2) or lateral geniculate Y 
cells, although it does drive X cells in 
apparently normal numbers (3). Also, 
the geniculate cells innervated by the 
deprived eye are abnormally small (4, 
5). These deficits are, however, limited 
to the binocular segment of the genic- 
ulocortical system (5, 6). In the mo- 
nocular segment (6), the "deprived" 
geniculate neurons are of normal size 
(5), and the deprived eye drives the 
normal complement of both Y cells (3) 
and, apparently, cortical cells (2). 

Recently, I have shown a correlation 
between these geniculocortical deficits 
and visual behavior in monocularly de- 
prived cats. On a visual perimetry test, 
these cats behave with the deprived eye 
as if they see objects in the monocular 
segment of visual field, but are com- 
pletely blind for the binocular segment 
(7). While this behavior could be pre- 
dicted from the geniculocortical and 
corticotectal deficits, the retinotectal 
pathways of monocularly deprived cats 
seem to develop normally (8, 9). This 
is of considerable interest because nor- 
mally reared cats without visual cortex 
can perform on this perimetry test by 
means of their retinotectal pathways 
(10, 11). Furthermore, such decorticate 
cats apparently see the entire ipsilateral 
hemifield with each eye (11). 

Since the deprived eye has apparently 
normal retinotectal input (8, 9), it might 
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be expected to view the entire 90? of 
ipsilateral hemifield and not just the 
peripheral crescent that represents the 
monocular segment. Wickelgren and 
Sterling (8) provided electrophysiologi- 
cal evidence that in monocularly de- 
prived cats the deprived eye's retinotec- 
tal input is somehow suppressed by the 
abnormal corticotectal pathway, and 
that this suppression is abolished by 
decortication. 

I now describe a behavioral analog 
for the Wickelgren and Sterling data. 
I tested monocularly deprived cats be- 
fore and after visual cortical lesions 
and determined that these lesions sig- 
nificantly improve nonlearned visual 
behavior guided by the deprived eye. 

Three cats were studied, and previous 
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reports provide details on the surgical, 
behavioral, and histological techniques 
(7, 11). At 8 days of age, each cat had 
one eye closed by lid suture, the left 
eye for cat LMD7 and the right eye for 
cats RMD8 and RMD11. At 10 to 12 
months of age all had their eyes opened 
prior to testing. I evaluated their binoc- 
ular and monocular fields of view by 
means of a simple perimetry test (7). In 
brief, the cat fixated on one object while 
a second visual stimulus was introduced 
into a limited portion of the visual field. 
Every 15? sector of the horizontal ex- 
tent of visual field was repeatedly tested 
and the cat's response to the second 
stimulus, orientation or lack of orienta- 
tion to it, determined the extent of 
functional visual field. As a control, the 
level of these orientations for each sec- 
tor was compared to a baseline of 
"spontaneous" orientations in the ab- 
sence of a second stimulus-that is, 
the "blank responses" in (7). In addi- 
tion, the cats were tested for their abili- 
ty to follow moving targets and for 
visual placing responses (7). 

After initial testing, each cat under- 
went decortication (11). Cat LMD7 had 
most of the occipitotemporal cortex bi- 
laterally aspirated, and this included all 
of the visual recipient zones of both the 
lateral geniculate nucleus and also the 
pulvinar and lateral posterior thalamic 
complex (11, 12). In addition, this cat 
had a split of the commissure of the 
superior colliculus to permit visual func- 
tioning of the midbrain (10, 11). Cats 
RMD8 and RMD11 had smaller bi- 
lateral lesions involving mostly just the 
lateral geniculate cortical zone (11, 12) 
(that is, this included all of areas 17 
and 18, and most of area 19). In these 
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Fig. 1. Reconstruction of lesions for cats LMD7 and RMD8. In both, the lateral genic- 
ulate showed retrograde degeneration throughout its extent. The cortical lesion in 
LMD7 involved most of the occipitotemporal cortex, including all known projection 
zones of the lateral geniculate and pulvinar and lateral posterior thalamic complex 
(12). Also in this cat, the commissure of the superior colliculus (CSC) was completely 
transected, except for a few surviving fibers at the extreme anterior and posterior bor- 
ders. For RMD8, dorsally the lesion involved all of the lateral gyrus, and medially 
it involved all cortex superior to the fundus of the splenial sulcus; thus all known 
lateral geniculate recipient zones were ablated, but the visual projections of the pul- 
vinar and lateral posterior complex were largely spared (12). 
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Monocularly Deprived Cats: Improvement of the 

Deprived Eye's Vision by Visual Decortication 

Abstract. Monocularly deprived cats were tested for visual perimetry before and 
after visual cortex lesions. Such a lesion greatly enhances the deprived eye's per- 
formance and impairs that of the nondeprived eye so that the pronounced preop- 
erative interocular asymmetry is lost postoperatively. Apparently this destruction 
of abnormal corticotectal pathways allows the expression of previously suppressed, 
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Fig. 2. Horizontal extent of visual field perimetry for each cat pre- and postoperatively. 
Each cat was tested binocularly (B) and monocularly with the left (L) or right (R) 
eye. The deprived eye is indicated by a circled L or R. The black bars indicate in 
polar coordinates the positive response levels for every 15? sector of visual field, 
and the semicircles show the 100 percent levels. The positive response levels (G per- 
cent) have been normalized against the level of spontaneous turning (B percent) by 
the relationship (G - B)/(100 - B) percent if G > B; the normalized value is zero 
if B > G [for details see (7)]. Every sector (bilaterally) to 120? of the fixation point 
(indicated by a triangle) was tested. The levels marked by asterisks for cat LMD7 
are not significantly higher than the spontaneous turning levels, while all other levels 
are significantly higher (P > .05 and P < .001, respectively, on a chi-square test). (a) 
Preoperative testing. (b) Postoperative testing, following visual decortication. 

cats with the smaller cortical aspiration, 
no collicular commissure split was 
deemed necessary, since such a split 
was not needed to permit visual be- 
havior in normally reared cats with 
similar cortical lesions (10, 11). I am 

retaining cat RMD8 for further be- 
havioral study, but LMD7 and RMD11 
have been killed and their lesions were 

histologically confirmed (see Fig. 1). I 
assume that the lesions of cats RMD8 
and RMD 1 are practically identical, 
both because their postoperative be- 
havior was indistinguishable and also 
because of the excellent visualization 

during surgery of RMD8. 
Figure 2 illustrates the pre- and post- 

operative behavior of all three cats. 

Preoperatively, all showed typical mo- 

nocularly deprived visual perimetry 
(Fig. 2a) (7). The nondeprived eye had 
a normal field of view while that of the 

deprived eye included only the monocu- 
lar segment. After the cortical lesions, 
a dramatic change in perimetry oc- 
curred in all three cats (Fig. 2b). Now 
no qualitative interocular differences 
were detectable, and each eye saw the 
entire ipsilateral hemifield. This repre- 
sents a dramatic improvement in overall 

visually guided behavior for the deprived 
eye. Not only was the extent of field 
doubled for all three cats, but cats 
RMD8 and RMD11 with the deprived 
eye postoperatively had noticeably 
brisker visual following and placing 
responses than they had preoperatively 
(7). That is, they could follow moving 
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objects more consistently and at higher 
speeds, and they more accurately and 

consistently extended their forepaws to 

anticipate contact when lowered toward 
a visible surface. The overall behavior 
of cat LMD7 was qualitatively more 

sluggish with either eye than that of 
RMD8 or RMD11. 

These improved responses for the de- 

prived eye and lack of interocular asym- 
metry were apparent in cats RMD8 
and RMD11 within the first postopera- 
tive week. Cat LMD7, however, was 
blind for 2 to 3 weeks postoperatively, 
and it is interesting that I detected 
visual behavior for its deprived eye sev- 
eral days before I could ascertain any 
for the nondeprived eye. 

In terms of this postoperative time 
course of visually guided behavior, lack 
of interocular asymmetry, size of visual 

fields, and overall briskness of response, 
these monocularly deprived cats were 

indistinguishable postoperatively from 

similarly lesioned, normally reared cats 
that I previously tested and described 
(11). I then suggested that such cats 

probably use retinotectal pathways for 

visually guided behavior, since genic- 
ulocortical pathways are destroyed; 
and that such cats behave on these 
tests as if each eye's temporal retina 
were nonfunctional. This obtains pre- 
sumably because the retinotectal path- 
ways nearly exclusively contain crossed 
nasal retinal fibers (13). The fact that 
normal cats use temporal retina on 
these tests indicates that geniculocortical 

pathways are used, but it cannot be 
determined whether the midbrain also 
normally contributes to this behavior. 
My present data suggest that, at least 
for monocularly deprived cats, genic- 
ulocortical pathways dominate in this 
visual behavior and that retinotectal 
pathways are somehow suppressed. This 
suppression is overcome by eliminating 
the abnormal visual cortex, a phenome- 
non previously demonstrated electro- 
physiologically (8) and now demon- 
strated behaviorally. 

In all three cats the improvement in 
visual behavior for the deprived eyes 
was quite dramatic after visual decorti- 
cation. I emphasize that only non- 
learned visually guided behavior was 
tested, and I did not evaluate such 
behavior as learned visual discrimina- 
tion. Monocularly deprived cats, when 
forced to use their deprived eyes, per- 
form very poorly on pattern discrimina- 
tion (14), and it would be interesting 
to determine whether cortical lesions 
might improve such performance. Of 
course, a cat with a lesion as large as 
that of LMD7 would not be expected 
to perform pattern discriminations (15, 
16), and it is unclear how a normally 
reared cat with a lesion such as those 
of RMD8 and RMDll would perform 
(16, 17). Finally, the minimum cortical 
removal that would improve perimetry 
for the deprived eye has not yet been 
determined. If, for instance, this re- 
moval requires the involvement of only 
area 17, one might anticipate significant 
improvement in visual discrimination of 

patterns by the deprived eye since such 
a cortical removal in normally reared 
cats has little effect on discrimination 
of most tested patterns (16). 
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Aldosterone and other mineralocor- 
ticoids stimulate transepithelial sodium 
transport across the isolated toad uri- 

nary bladder (1). This stimulation is 
characterized by a lag of 30 to 90 
minutes before sodium transport in- 
creases, and by sensitivity to inhibition 
by actinomycin D, puromycin, and 
cycloheximide (2). The stimulation is 
not produced by glucocorticoids (1) 
and can be abolished by spironolac- 
tones which displace aldosterone from 
its nuclear binding sites (3). On the 
basis of these data and by analogy 
with other model systems of steroid 
hormone action, one widely held hy- 
pothesis (4) suggests that aldosterone 
acts within the cell nucleus to induce 
the synthesis of a specific RNA, which 
then codes for the synthesis of a spe- 
cific protein (aldosterone-induced pro- 
tein; AIP). This protein, which may be 
a membrane component, a permease, or 
a carrier molecule, is responsible for 
the increased sodium transport in- 
duced by the hormone. However, there 
has not yet been any direct proof of 
this hypothesis; neither a specific aldos- 
terone-induced RNA (5), nor a specific 
AIP (2, 4) has been demonstrated. This 
report presents evidence from toad 
urinary bladders (i) that aldosterone 
specifically induces the synthesis of a 
low-molecular-weight protein or poly- 
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peptide and (ii) that the production 
of this AIP is correlated with the 
stimulation of sodium transport. 

Female toads (Bufo marinus) were 
obtained from the Dominican Repub- 
lic and maintained on 0.6 percent NaCI 
solution for 48 hours before use. The 

paired, excised hemibladders were 

placed in continuously aerated, doubly 
buffered Ringer solution (DBR; see 
below) at room temperature (22? to 
24?C) for 15 to 30 minutes before 
measurements were begun. The stan- 
dard doubly buffered Ringer solution 
(DBR) consisted of 98.2 mM NaCl, 3.4 
mM KC1, 4.9 mM Na2HPO4, 1.0 mM 
CaC12, 2.5 mM NaHCO., and 5 mM 
dextrose, along with penicillin (50 
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and phenol red (0.01 percent) as pH 
indicator. The pH was 7.9 to 8.1, and 
the osmolality was 210 to 220 millios- 
moles per kilogram. 

A modified Lucite double chamber 
was used for the electrophysiological 
studies (6). One of each pair of hemi- 
bladders was mounted across the en- 
tire chamber, so that a single hemi- 
bladder provided an experimental and 
a control quarter bladder. Each quar- 
ter-bladder isolated its own serosal and 
mucosal compartments (cross-sectional 
areas of 2.3 cm2). The transepithelial 
potential difference and the short-cir- 
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cuit across each quarter-bladder were 
used to measure sodium transport 
(1, 6). After a stable baseline was ob- 
tained (for both potential difference 
and short-circuit current), d-aldoster- 
one (Calbiochem) was added (in a 
methanol carrier) to the serosal medium 
for the experimental quarter-bladder 
(usual final concentration, 10-6M); 
the serosal medium (5 ml) for the con- 
trol quarter-bladder received the same 
volume (10 /Al) of the methanol carrier 
(without aldosterone). (Similar results 
can be obtained with aldosterone con- 
centrations of - 10-7M; a concentra- 
tion > 10-8M is usually needed to 
stimulate short-circuit current.) 

Each hemibladder studied biochem- 
ically was monitored with an electro- 
physiological experiment performed on 
the corresponding hemibladder from 
the same toad, incubated under the 
same experimental and control condi- 
tions. 

After one of each pair of hemiblad- 
ders was removed for the electrophys- 
iological studies described above, the 
corresponding hemibladder was cut 
into two to four parts for biochemical 
studies. Each piece of tissue (wet 
weight, - 80 mg) was incubated at 
24? to 25?C with 2 ml of DBR con- 
taining [:5S]methionine (Amersham/ 
Searle) and the specific additions were 
indicated for each experiment. In most 
studies the standard DBR was modified 
by adding nine or four parts of DBR to 
one part of NaHCO,-free, methionine- 
free, minimal Eagle's medium (MEM; 
Microbiological Associates), and was 
adjusted to pH 7.9 to 8.0 with tris 
buffer. 

After incubation, the epithelial cell 
layer was removed by scraping, washed 
twice with cold DBR, and collected by 
centrifugation at 600g for 1 minute. 
This washed pellet was then resus- 
pended in 1 ml of lysing buffer (pH 
8.5) consisting of 0.1M glycine, 0.1M1 
NaCI, 0.01M EDTA, 0.1 percent sodium 
dodecyl sulfate (SDS), and 0.01M /l- 
mercaptoethanol. The suspension was 
then frozen and thawed successively, 
three times, and dissolved by heating 
at 50?C with agitation for 1 hour, 
and then at 100?C in a water bath 
for 10 to 15 minutes. The solution was 
centrifuged, and the residue was ex- 
tracted twice with lysing buffer at 
100?C. Little residue remained after 
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Aldosterone-Induced Protein in Toad Urinary Bladder 

Abstract. Simultaneous electrophysiological and biochemical experiments 
demonstrated a specific aldosterone-induced protein in paired urinary hemiblad- 
ders isolated from the toad Bufo marinus. Whenever aldosterone stimulated 
short-circuit current, aldosterone specifically increased [3SS]methionine incorpora- 
tion into a low-molecular-weight protein (about 12,000). Comparative studies 
with dexamethasone and insulin and inhibitory studies with spironolactone and 

actinomycin D suggest mineralocorticoid specificity. 
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