
ways in the brainstem which are in- 
volved in central regulation of para- 
sympathetic function. In previous exper- 
iments we found that the response to 
GABA antagonists was not altered by a 
midcollicular transection (7), which sug- 
gests that the mechanisms involved in 
this response are located within the hind- 
brain. Whether GABA is released from 
the terminals of neurons intrinsic to the 
nucleus ambiguus, or from neurons pro- 
jecting to this nucleus from more distant 
sites in the brainstem, it appears likely 
that GABA, by interacting with recep- 
tors on neurons in the nucleus ambiguus, 
may inhibit parasympathetic outflow to 
the heart. 
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In normal cats the orientation prefer- 
ences of single units in visual cortex are 
uniformly distributed (1). Blakemore and 
Cooper reported that rearing animals in 
horizontally or vertically striped cylin- 
ders altered this distribution (2). Most of 
the cells in the visual cortex preferred 
stimuli with the orientation seen during 
rearing. This finding has been replicated 
in both Blakemore's (3) and Pettigrew's 
(4) laboratories, but Stryker and Sherk 
have failed to replicate it (5). Stryker and 
Sherk found a uniform distribution of 
preferred orientations in animals reared 
in striped cylinders. Hirsch and his col- 
leagues have altered the distribution of 
preferred orientations by rearing cats 
wearing striped goggles; one eye saw 
vertical stripes and the other eye saw 
horizontal stripes (6). This procedure 
controlled the orientation preferences of 
cortical cells with great precision so that 
even cells preferring diagonals were ex- 
tremely rare. Stryker et al. (7) confirmed 
and extended this result. 

Because there have been no detailed 
reports comparing cylinder- and goggle- 
reared animals from the same laborato- 
ry, it is difficult to determine whether 
goggle rearing is, in fact, substantially 
more effective at shaping cell properties 
than cylinder rearing. There are at least 
two important differences between the 
two rearing procedures. (i) In animals 
reared with goggles, the orientation of 
stripes on the retina is practically con- 
stant, the only changes being those due 
to torsional eye movements. In contrast, 
in animals reared in cylinders, the orien- 
tation of stripes on the retina changes 
when the animal tilts his head or when he 
looks at the distant top or bottom of the 
cylinder. (ii) The effects of symmetric in- 
put (both eyes seeing the same orienta- 
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infusion of saline at rates higher than those used 
in the present study often elicited profound 
bradycardia. These artifacts, presumably due to 
mechanical stimulation [see H. I. Chen and C. 
Y. Chai in (10)], were excluded in the present 
study by (i) placing the cannula at least 5 min- 
utes before drug injection, and (ii) testing the ef- 
fects of saline infusion at the same rates used for 
drug injection. 
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tion) versus asymmetric input (the 
stripes seen by each of the two eyes are 
perpendicular) have not been investi- 
gated systematically. In particular, all 
cylinder experiments have used symmet- 
ric binocular input, while goggle experi- 
ments have used both types. 

In the experiments described in this 
report we have compared goggle and cyl- 
inder rearing under conditions of sym- 
metric and asymmetric binocular input. 
We reared four groups of animals (i) 
goggle reared, one eye seeing horizontal 
and one eye seeing vertical (HV goggle), 
(ii) goggle reared, both eyes seeing hori- 
zontal (HH goggle), (iii) cylinder reared, 
one eye seeing horizontal, one eye 
seeing vertical (HV cylinder), and (iv) 
cylinder reared, both eyes seeing hori- 
zontal (HH cylinder). 

All animals were put into a dark room 
at about the time of natural eye opening. 
At about 3 weeks of age stripe rearing 
began. For 1 hour per day, the animals 
wore goggles or were placed in a striped 
cylinder. All but one of the cats was 
reared with alternating occlusion. For 
HV cats this meant that on alternate 
days one eye was exposed and the ani- 
mal saw horizontal stripes or the other 
eye was exposed and the animal saw ver- 
tical stripes. One HV goggle animal was 
reared with simultaneous exposure; one 
eye saw horizontal stripes at the same 
time as the other eye saw vertical 
stripes. 

When a cat was used in more than one 
recording session, it was usually main- 
tained in the dark before the second and 
subsequent experiments (ten experi- 
ments). In six experiments, the animals 
received daily exposure to the goggles or 
cylinders between experiments. 

Control data were obtained from ani- 
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dy) with The cylinders were 522 mm in diame- 
exposure ter and 920 mm high and had black and 
stimuli. white stripes covering the vertical walls. 

isisted of Since the distance from the kittens' eyes 
n. These to the cylinders was not constant, the an- 
the focal gular size of the stripes cannot be deter- 
'al length mined precisely, but ranged from about 
cused on 0.24? to 10?. The kittens sat inside a clear 
lodation. plexiglass cylinder 297 mm in diameter 
-hind the placed inside the striped cylinder. The 
:ipes ap- base of the inner cylinder was 310 mm 
id white. above the base of the outer cylinder. The 
field, 44? kittens wore ruffs to prevent their seeing 
nded the their own limbs. 
widths of We recorded from single units in the 
3.0?. visual cortex using conventional extra- 

cellular recording techniques (8). We 
used hand-held stimuli to determine the 
orientation preference and ocular domi- 
nance preference of each cell. There 
were at least two animals in each group, 
and we recorded from at least 73 orient- 
ed cells in each group. In nine of the ex- 

-25 periments, we photographed the cats be- 
fore and after paralysis in order to mea- 
sure eye torsion. The difference between 
pre- and postparalysis angles never ex- 
ceeded 10.5? inward or 1? outward. In 
only one case was it greater than 6? in- 
ward. Because the cells in deprived ani- 
mals respond erratically, we were not 
able to determine preferred orientation 
with an accuracy greater than 10? to 15?. 
Therefore, we did not correct for eye tor- 
sion in plotting our results. 

Figures 1 and 2 present a pictorial rep- 
resentation of the data obtained from an- 
imals reared with goggles and cylinders, 
respectively. The data from the one HV 
goggle animal reared with simultaneous 
exposure have been combined with 
those from the HV goggle animals reared 
with alternating occlusion. The propor- 
tion of orientation-selective cells prefer- 
ring orientations within 30? of the orien- 
tation seen during rearing was almost the 
same whether or not this animal was in- 

ntrol cats cluded (.70 without the simultaneous ani- 
lggles are mal and .78 with the simultaneous animal Ils are di- 
Is, except included). Similarly, the data for experi- 
ition had ments in which the animals lived in the 
nents are dark between experiments were com- 
length of bined with the data from experiments in 

lortion 
of which the animals were exposed to the 

r all HV stripes between experiments. The pro- 
lmost ex- portion of orientation-selective cells pre- 
e e,ye that ferring stimuli within 30? of the orienta- 
(H), star tion seen during rearing was virtually 

/ horizon- identical in both groups (.55 and .56). 
ientations The star plots suggest that both of the 
collapsed HV conditions are effective in influenc- 
rring onl- ing the distribution of orientation prefer- 

iaandeall ences. In both the HV goggle and the HV 
d stimuli cylinder conditions most of the cells 
ne. have preferred orientations within 30? of 

the orientation seen during rearing. On 
the other hand, both HH conditions 
show little if any effect of the rearing pro- 
cedure. Thus, asymmetric input is an im- 
portant factor in the modification of the 
distribution of orientation selectivity. 

To determine whether goggle rearing 
is more effective than cylinder rearing, 
one must compare HV goggle cats with 
HV cylinder cats. (Since neither the HH 
goggle cats nor the HH cylinder cats 
show a clear effect of rearing, these two 
groups cannot be usefully compared.) 
Figures 1 and 2 show that even though 
approximately the same percentage of 
cells falls within 30? of the rearing orien- 
tation in the HV goggle and in the HV 
cylinder cats, the goggles produced a 
tighter clustering around the experienced 
orientation. 

In order to determine whether the 
conclusions are statistically reliable, we 
performed a one-way hierarchical analy- 
sis of variance on the data (9). A single 
data point was obtained from each pene- 
tration by calculating the proportion of 
orientation-selective cells having pre- 
ferred orientations within 30? of the rear- 
ing orientation. For control animals the 
value assigned to each penetration was 
the proportion of orientation-selective 
cells with preferred orientations within 
30? of horizontal. Since an analysis of 
variance requires more than one obser- 
vation per cell, this analysis excluded 
two animals for which we had only one 
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Fig. 2. Orientation preferences of control cats 
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penetration. Pairwise comparisons among 
group means were made using Fisher's 
least significant difference (LSD) test 
(9). 

The analysis of variance showed that 
treatment conditions were effective 
(F = 15.3, P -< .02), and Table 1 in- 
dicates which means were significantly 
different from each other. That both the 
HV goggle and HV cylinder conditions 
were significantly different from the con- 
trols, whereas the HH conditions were 
not, allowed us to conclude that asym- 
metric visual experience is important in 
controlling the distribution of orientation 
selectivity. The HV goggle animals did 
not differ from the HV cylinder animals, 
indicating that goggles and cylinders are 
equally effective in reducing the propor- 
tion of cells with preferred orientations 
more than 30? from the rearing orienta- 
tion. Our method of assigning a value to 
each penetration did not distinguish be- 
tween cells whose preferred orientation 
was the same as the rearing orientation 
and cells whose orientation was 30? away 
from the rearing orientation. Therefore, 
the procedure could not determine 
whether the goggles produced a tighter 
clustering around the rearing orientation 
than the cylinders did. 

All four groups of orientation-deprived 
animals had a large number of abnormal 
cells. Some were visually unresponsive 
(from 16 to 27 percent, depending on the 
group). Some were visually responsive 
but unoriented (from 18 to 31 percent). 
Cells classified as unoriented responded 
equally well or almost equally well to 
elongated stimuli in all orientations. Five 
percent of the orientation-selective cells 
in the HV goggle animals had different 
orientation preferences through each of 
the two eyes, or were orientation selec- 
tive through one eye and nonselective 
through the other. These abnormal cells 
were not included in the figures or the 
data analysis. 

A number of possible artifacts in this 
type of experiment have been discussed 
by Stryker and Sherk (5), and Stryker et 
al. (7). (i) Experimenter bias cannot be 
ruled out conclusively, since not all of 
our experiments were conducted blind, 
but several facts suggest that experi- 
menter bias did not determine our re- 
sults. The experiment with one of our 
early HH cylinder cats was conducted 
blind, and this cat showed a clear pre- 
dominance of horizontal preferring cells. 
When we recorded from an HV animal, 
we did not know which eye had seen ver- 
tical and which horizontal. The HH 
goggle animals, in which we expected to 
see a rearing effect, showed none. (ii) 
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Table 1. Pairwise comparisons of means ac- 
cording to the LSD test: a = .02. 

Difference Signif- 
Comparison between icance icance 

means 

HH goggles- .18 P > .02 
controls 

HV goggles- .21 P < .02 
controls 

HH cylinders- .03 P > .02 
controls 

HV cylinders- .28 P < .02 
controls 

HH cylinders- .15 P > .02 
HH goggles 

HV goggles- .08 P > .02 
HV cylinders 

Stryker and Sherk (5) suggested that bias 
can result if orientation is not determined 
by computer, but Blasdell et al. (4) have 
shown that orientation preferences de- 
termined by hand plotting agree closely 
with those determined by computer. (iii) 
Penetrations perpendicular to the cortex 
may remain within single orientation and 
ocular dominance columns, thus biasing 
the sample. In our experiments each 
condition included at least two animals 
and eight penetrations. Furthermore, 
each penetration went through an aver- 
age of 4.7 ocular dominance shifts. If a 
cell is strongly dominated by one eye 
(groups 1, 2, 6, or 7), an ocular domi- 
nance shift is defined as a shift to strong 
dominance by the other eye or to binocu- 
lar driving (groups 3, 4, or 5). If a cell is 
binocularly driven, an ocular dominance 
shift is a change to strong dominance by 
one eye. Since ocular dominance col- 
umns are larger than orientation columns 
[the hypercolumns for orientation and 
ocular dominance are about the same 
size (10)], it is unlikely that we could go 
through so many ocular dominance col- 
umns while remaining in the same orien- 
tation column. 

In comparing our results with those of 
others, we find complete agreement only 
for the HV goggle condition: all investi- 
gators have found a dramatic effect of 
stripe rearing (6, 7). Both the HH goggle 
and the HH cylinder conditions have 
produced conflicting results. Our HH 
goggle results differ strikingly from those 
of Stryker et al. (7), who found that HH 
goggles produced almost as good control 
over orientation selectivity as did HV 
goggles. One possible explanation for 
this difference is that Stryker et al.'s ani- 
mals were exposed to the striped goggles 
for 2 to 5 hours per day, whereas our ani- 
mals were exposed for only 1 hour per 
day. Perhaps symmetrical input requires 
more exposure to produce an effect on 

orientation preference. Our HH cylinder 
data agree with those of Stryker and 
Sherk, but disagree with those reported 
by Pettigrew's laboratory (4) and Blake- 
more's laboratory (2, 3). We cannot 
compare our HV cylinder results with 
those of others because the results of this 
condition have not been previously re- 
ported. We conclude that asymmetric in- 
put is the most effective way to alter the 
distribution of orientation preferences of 
cortical cells. Although symmetric input 
is effective in some experiments (2-4, 7), 
it produces much more variable results. 

Currently, three mechanisms have 
been proposed to explain the effect of 
early experience on the distribution of 
preferred orientations. (i) Individual neu- 
rons may change their orientation prefer- 
ences in response to restricted early ex- 
perience. (ii) Cells with preferred orien- 
tations inconsistent with rearing may 
drop out, becoming the unresponsive 
and unoriented cells. (iii) In the HV ani- 
mals, cells preferring both the horizontal 
and the vertical can remain consistent 
with rearing by maintaining functional 
connections only with the appropriate 
eye. The superiority of the HV condi- 
tions in altering the distribution of pre- 
ferred orientations suggests that this 
mechanism operates. Either or both of 
the first two mechanisms may also be in- 
volved. 
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