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biosynthesis and deposition of collagen in 
rat brain vessels and in testicular arteries 
as it does in other peripheral large blood 
vessels. In pre l iminar  studies it has been 
shown that epinephrine-thyroxine treated 
rabbits, which exhibit increased collagen 
synthesis in peripheral blood vessels (7). 
also show increases in prolyl hydroxylase 
and in the in vitro synthesis of collagen in 
brain microvcssels. 

Pathologic examination of the rats 
showcd that after 6 weeks o f  treatment 
with DOCtZ-salt, there was only occasion- 
al and mild fibrinoid necrosis in arteries 
and arterioles of the brain. pial membrane, 
and testes, which correspond to the 
changes observed by Gardner and Mat-
thews ( I  1) The  large artery (aorta) and ar- 
teries of medium caliber (basilar artery, 
mesenteric artery, and c~rc l e  of Willis) 
showed no patholog~cal changes except for 
a slight thickening of the vascular wall. 

The findings reported here indicate that 
there is increased collagen biosynthesis in 
arterioles and arteries in the periphery and 
in the central nervous system of DOCA- 
salt hypertensive rats and provide an early 
biochemical indication that fibrogenesis is 
involved in the production of h pertensive 
vascular damage (arteriosclerosis). It was 
previously shown ( I )  that the increase in 
p r o l ~l h y d r o 3  lase activity is the result o f  
increased production of the enLyme. We  
have calculated that DOC.4-salt treatment 
increases synthesis of vascular collagen 
and prolyl hydroxylase to a far greater ex- 
tent than it does total protein. These obser- 
vations lend further biochemical support 
to thc findings of Freis and co-workers (12) 
and o f  Hollander (13) that hypertension 
shortens life and protluces pathologic le- 
sions and that these changes are prevented 
b j  antihypertensive drugs. It is also likely 
that the structural hypertrophy of the re- 
sistance vessels induced by hypertension 
(14) is, at  least in part, due to collagen dep- 
osition. tZs far as the brain microvessels 
are concerned. it is interesting to consider 
the possibility that in untreated hyper-
tension. deposition of small amounts of 
collagen, in quantities insufficient to be ob- 
served by standard pathologic techniques 
a s  frank arteriosclerosis. could never-
theless alter vascular permeability and 
transport mechanisms and thereby dimin- 
ish mental function. 
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Orientational Anisotrop! in Infant Vision 

.Abstract. Infhnts prefer to look at horizontal and vertical gratings rather than at 
oblique gratings only when the?' are at or near threshold spatialfreqrtetlcies, as would be 
e-xpected i f  acrtity for ohliq~ie edges is lower than that for horizontal and vertical edges. 
That srtch a bias exists as early as 6 weeks of  age suggests that the orietlrational asj'mme- 
try of the vis~ial s,vstern depends on endogenorts ntaturation rather than e.uposure to a car- 
pentered world. 

Under a wide variety of conditions, the 
visual acuity of adult human observers is 
greater for ho r i~on ta l  and vertical edges 
than for oblique edges (1, 2) .This "oblique 
effect" has been attributed to early visual 
experience in our carpentered environ-
ment, with its preponderance of vertical 
and hor i~on ta l  contours (3). The notion 
that the sensitivity of the visual system to 
contours of various orientations is shaped 
a t  an e a r l  stage of development by the 
prevalence and c l a r i t  of the edges to 
which the eye is exposed implies a form of 
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neural plasticity. This viewpoint is sup- 
ported by claims that the distribution of 
orientation-sensitive single units in the vi- 
sual cortices of kittens is altered by rearing 
the kittens in orientationally biased envi- 
ronments (4) and by reports that astigmat- 
ic human observers suffer a residual loss of 
acuity for edges along the blurred axis even 
when optical factors are eliminated (5) .  

If environmental exposure were respon- 
sible for the orientational a s  rnrnetries in 
the visual system, then these asynlnletries 
should not be evident prior to an appropri- 
ate period of exposure. Evidence for an 
oblique effect has been described in 2-year- 
old children (h), but in the only study of in- 
fant acuity as a function of edge orienta- 
tion, no meridional differences in sensitiv- 
ity were observed (7). IIowever, using a 
similar but more sensitive technique, we 
have found that the oblique effect is 
present in human infants as young as 6 
weeks of age. Our  result casts doubt upon 
explanations of the oblique effect solely in 
terms of environmental biasing. 

W e  investigated the development of ori- 
entational differences in the acuity of in- 
fants using :i modification of Teller et al.'s 
two-alternative preferential looking tech- 
nique (7). It has been demonstrated that in- 
fants preferentially fixate patterned over 
homopeneous stimuli (81. Teller et a/.- ~, 

paired a grating of a given orientation with 
a homogeneous gray target of equal lumi- 
nance. We  simultaneously presented two 
gratings of the same spatial frequency (one 
cvcle consists of one bar and one soace of 
' equal width) but of different orientations. 

Our  technique is based on the premise that 
an infant will preferentially fixate the more 
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Fig. 2. Mean percentage of vertical and horizontal gratlngs looked a t  for the four age groups. Data for spatial frequencies of 0.75, 1.5, 3.0, and 
6.0 cycles per degree a re  given for the youngest group and for spatial frequencies of 1.5, 3.0. 6.0. and 12.0 cjcles per degree for the three older groups. 

clearly visible of two simultaneously 
presented target gratings. A t  a given spa- 
tial frequency, a vertical (or horizontal) 
and an oblique grating may both be visible, 
and therefore both be preferentially fixated 
over a gray target; but one of the orienta- 
tions may, in fact, appear clearer than the 
other. While such a difference in orienta- 
tional visibility could go undetected by the 
pattern versus gray technique, the pattern 
versus pattern technique might detect the 
difference. 

Full-term infants ranging from 6 to 50 
weeks of age were tested. Each infant was 
refracted by retinoscopy, and only infants 
showing no appreciable astigmatism were 
included in the sample (9). Subjects were 
placed in one of four age groups (6 to 13 
weeks, 14 to 22 weeks, 23 to 36 weeks, and 
37 to 50 weeks); there were six infants in 
each group. 

The apparatus consisted of a wooden 
partition with two circular screens, one to 
the right and one to the left of a fixation 
light; each subtended 1l o  of visual angle, 
and they were separated by 25" of visual 
angle. Black and white square wave grat- 
ings of 93 percent contrast (10) were 
projected onto the rear of the screens to 
yield a mean luminance of 34 cd/m2.  Stim- 
uli consisted of four orientations (00, 450. 
90°, and 135") at  five frequencies (0.75. 1.5, 
3.0, 6.0, and 12.0 cycles per degree of 
visual angle) (11). On each trial, a vertical 
o r  horizontal grating was presented with a 
left- or  right-oblique grating of the same 
spatial frequency for 10 seconds. The four 
combinations are shown in Fig. 1. Side of 
presentation was counterbalanced for both 
frequency and orientation, and the order of 
presentation of stimulus pairs was ran-
domized. In most cases, 48 trials were run 
per session (11). 

During an experimental session, the in- 
fant either sat on the parent's lap or was 
held over the parent's shoulder (13). Before 
each trial, the infant's head was centered 
with respect to the two targets and the fix- 
ation light was flashed in order to realign 
his gaze. Viewing distance was 52 i3 cm 
from each target (14). During each trial, an 
observer looked a t  the infant's head and 
eqe movements through a peephole and 
made a forced-choicejudgment as to which 
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side the infant preferentially fixated. The 
observer neither saw the paired gratings 
nor knew the sequence of the stimuli. 

The results showed no significant difl'er- 
ences in the preferences (t-test, d.f. = 5, 
P > . l o )  between verticals and horizon-
tals or  right-obliques and left-obliques a t  
any of the spatial frequencies tested for 
each age group. Consequently, we com-
bined the data for verticals and horizontals 
and the data for the two oblique orienta- 
tions. Figure 2 shows the percentage of 
total trials on which vertical and horizontal 
gratings were fixated for each spatial fre- 
quency tested for the four age groups. In a 
two-alternative forced-choice technique 
subjects would be expected to look a t  verti- 
cals and horizontals 50 percent of the time 
and a t  obliques the other 50 percent of the 
time by chance. An analysis of variance 
revealed a significant interaction among 
age, spatial frequency, and orientation 
(F = 1.926; d.f. = 18,135; P < .01). The 
youngest age group (6 to 13 weeks) showed 
a maximum preference for verticals and 
horizontals over obliques at  the lowest fre- 
quency tested (0.75 cycle per degree). The 
14- to 22-week age group showed a peak 
preference a t  3.0 cycles per degree, while 
the 23- to 36-week group peaked at  6.0 
cycles per degree. For the oldest group (37 
to 50 weeks), the peak preference for verti- 
cal and horizontal patterns over oblique 
ones lay between 6.0 and 12.0 cycles per 
degree. This peak shift closely follows the 
shift in infant acuity with age previously 
obtained by the technique of preferential 
looking (7, 8) .  We believe that the maxi- 
mum difference in the frequency of looking 
a t  the various orientations occurs a t  the 
threshold spatial frequency for each age 
group, presumably because horizontal and 
vertical gratings are more clearly visible 
than otherwise equivalent oblique gratings 
(15, 16). 

The choice of horizontal and vertical 
gratings declines a t  both high and low fre- 
quencies. We  conclude that, at  high fre- 
quencies, the falloff indicates decreasing 
ability to resolve either grating (both are 
below threshold) and, a t  low frecuencies, 
the falloff indicates increasing ability to re- 
solve both gratings (both are well above 
threshold and visibility differences are 

minimal). An explanation of the data  in 
terms of a conceptually based preference is 
precluded by the equalization of orienta- 
tional choices at  spatial frequencies well 
above threshold. The infants do not simply 
prefer looking a t  horizontal and vertical 
gratings to looking at  oblique gratings. 

In summary, our results indicate the 
existence of an oblique effect as ear l j  a s  6 
weeks of age. It is unlikely that during the 
first 6 weeks of life, the infants' retinas are 
exposed to more vertical and horizontal 
than oblique edges, since such young in- 
fants spend much of their waking time in 
prone or  supine positions. Thus, the occur- 
rence of an oblique effect by 6 weeks of age 
argues against an interpretation of this 
form of meridional anisotropy as result-
ing solely from prolonged exposure to an 
asymmetrical distribution of edges on the 
retina. 
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Cortical Effect of Early Selective Exposure to Diagonal Lines 

Abstract. Neurons in the visual cortex that respond preferentially to diagonal contours 
are present only in cats e.1-posed to diagonal lines early in life. In contrast, cells that preJer 
horizontal or vertical contours are ,found following exposure to horizontal, to vertical. 
and to diagonal lines. Such cells do not require a specific visual input for nlaintenance 
or for development; neurons respondingpreferentially to diagonal lines do. 

Most neurons in the visual cortex of the 
cat and the monkey respond maximally to 
line-shaped stimuli presented a t  a given 
orientation and position on the retina (I). 
The particular stimulus orientation that 
elicits a maximum response varies from 
cell to cell. If an animal's early postnatal 
visual experience is restricted, the distribu- 
tion of the preferred stimulus orientations 
of these neurons, and to some extent the 
animal's behavioral capabilities, are modi- 
fied (2,3).  The precise conditions necessary 
for the development of orientation speci- 
ficity. however, remain unclear (4, 5). 

In a wide range of animals, including 
man, behavioral and physiological evi-
dence indicates that the visual system re- 
sponds preferentially to horizontal and 
vertical patterns (6).T o  determine whether 
this bias is a consequence of an animal's 
early visual experience, we compared the 
effects of early selective exposure to diago- 
nal lines and to horizontal and vertical 
lines. In cats exposed only to horizontal 
and vertical patterns, nearly all orienta- 
tion-sensitive cells studied responded most 
strongly to lines oriented either horizontal- 
ly or vertically (2). In contrast, in cats ex- 
posed to diagonal patterns alone, we found 
more cortical cells responding preferen- 
tially to horizontal or  to vertical lines than 
to diagonal patterns. Since, with our tech- 
niques, the cat's visual system cannot be 
made to respond preferentially to diagonal 

lines, we suggest that the preferential re-
sponse of the visual system to horizontal 
and to vertical lines reflects its inherent or- 
ganization and is not simply the response 
to an early visual environment dominated 
by horizontal and vertical contours. 

Eight cats born in a laboratory colony 
served as experimental subjects. They were 
housed with their mother in total darkness 
from birth. Beginning a t  4 weeks of age the 
animals were exposed daily to a controlled 
visual environment; they were fitted with 
masks within which each eye could view a 
circular field, 40" to 50" in diameter, con- 
taining three parallel black lines on a white 
background (2). The lines were l o  wide. 
their centers separated by 6". and their 
ends blurred and distorted by the lenses. 
At the end of an 8-hour exposure period 
the animals were returned to their 
mother. Since the masks were put on and 
taken off in the darkroom, the animals' 
only visual experiences were provided by 
the masks. 

Three cats viewed vertical stripes with 
one eye and, simultaneously, horizontal 
stripes with the other eye. Five other ani- 
mals viewed a similar pattern, but the 
stripes were oriented at  45" for one eye and 
a t  135" for the other. 

Selective exposure was continued daily 
until the animals had been exposed to the 
patterns for approximately 100 hours. 
Subsequently, all of the animals remained 

in the darkroom until they were a t  least 
16 weeks of age (7). Four cats were 
then exposed for 6 months to a normally il- 
luminated environment before single unit 
recordings were made. Two cats had both 
eyes sutured shut immediately after they 
were removed from the darkroom, and two 
were left in the darkroom until the record- 
ings were carried out. These four animals 
thus recelved no patterned visual stimu-
lation subsequent to the selective exposure 
provided during the rearing. Three cats 
raised from birth in a normally illuminated 
laboratory colony served as control ani- 
mals. 

The response properties of single units in 
the visual cortex were determined with 
conventional procedures (1, 5, 8) .Animals 
were anesthet~zed w ~ t h  elther Fluothane or 
Sodium Pentothal during preparation for 
recording. The skin, bone, and dura over 
the striate cortex were removed, and a 
chamber was positioned over this craniot- 
omy. The animals were paralyzed with in- 
travenously infused d-tubocurarine and 
gallamine triethiodide (Flaxedil) and arti- 
ficially ventilated w ~ t h  a mixture of nitrous 
oxide, oxygen, and carbon dioxide. In-
cisions and pressure points were infiltrated 
with a long-acting local anesthetic, and 
general anesthesia was discontinued. 
Standard procedures were used to protect 
the eyes, correct the optics, and minimize 
eye movements. The projections of the op- 
tic disc were plotted and the position of the 
area centralis inferred (9) .  Recording be- 
gan after the animal had recovered from 
general anesthesia 

An Insl-.c coated tungsten microelec-
trode was lowered hydraul~call\. through 
the medial bank of the primary visual cor- 
tex (5, 10, l l ) ,  and responses of single 
units were amplified and isolated. Once a 
unit had been isolated, ocular dominance 
was determined (I) .  Line-shaped stimuli 
were presented with a hand-held projector 
in order to test the cell's response proper- 
ties. Minimum response fields were ob-
tained for each unit (8). and directional 
selectivity was assessed (12). For units 
showing orientation-sensitivity, the pre-
ferred orientation and the range of orien- 
tations that activate the cell were deter-
mined (I I ) .  

Data were collected from 210 unlts in 
experimental animals and from 50 units In 
normal cats. The receptive fields of most 
cells were within 15" of the estimated pro- 
jection of the area centralis. In normal ani- 
mals, units were activated binocularly (92 
percent) and displayed a full range of ori- 
entation preferences as reported by others 
(1,8,13).  

The distribution of the preferred orien- 
tations of units examined in the three ani- 
mals exposed to vertical stripes with the 
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