
Vascular smooth muscle from a strain 
of genetically hypertensive rats is less 
reactive to specific (norepinephrine and 
serotonin) and nonspecific (KCl) 
smooth muscle contractile substances 
than is comparable tissue from normo- 
tensive animals. The mechanism re- 
sponsible for this abnormality may be 
related to the intrinsic contractility of 
the muscle, since all of the agonists 
were affected to about the same degree. 
On the other hand, stimulation of beta 
adrenergic sites in aortas from both 
hypertensive and normotensive rats with 
isoproterenol produced the classical re- 
laxation. Thus, hypertension in the SHR 
is not due to the absence of beta recep- 
tors in the vascular tree. Reduction of 
alpha receptor activity plus slight en- 
hancement of beta activity may be a 
compensatory mechanism to reduce the 
elevated blood pressure. Other compen- 
satory mechanisms may be operative in 
the SHR; for example, the biosynthesis 
and release of catecholamines are re- 
duced (7). However, since the tissue 
response to a nonspecific stimulant, such 
as KCl, is depressed, it would seem that 
in the SHR the responsiveness of the 
muscle itself to contract is reduced 
rather than there being a specific modi- 
fication of the alpha and beta receptors. 
Schild et al. (8) have shown an inter- 
action between calcium and stimulating 
agents, such as epinephrine, and relax- 
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Fig. 2. A comparison of the relaxant beta 
responses of thoracic aortic strips from 
four normotensive and seven spontaneously 
hypertensive rats to isoproterenol. The 
aortic tissue was made to contract with 
3 gug of serotonin per milliliter. Data given 
as means ? S.E. The asterisk indicates a 
statistically significant difference, P < .05. 
Shaded bar, normotensive animals; open 
bar, SHR. 
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ing drugs, such as isoproterenol. The 
calcium content of vascular smooth 
muscle from SHR may perhaps be 
altered so that the effect of a stimulating 
drug is reduced while that of the relax- 
ing agent is enhanced. 
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Histamine and Spermidine Content in Brain during Development 

Abstract. Histamine concentration in fetal rat brain is high at 17 days gestation 
but decreases sharply just before birth. Values subsequently increase to a maxi- 
mum postnatal concentration 5 to 10 days after birth, and then steadily decline 
to low adult values by time of weaning. Spermidine follows a pattern similar to 
that of histamine but with a 24- to 48-hour lag. The developmental pattern for 
histamine in the central nervous system is different from that for other neural 
amines. It appears that the marked fetal and neonatal changes in brain histamine 
correlate best with periods of rapid cell proliferation and growth during brain 
maturation. 

Although histamine occurs in the 
brain of various species, its function in 
the central nervous system is unclear. 
In the brain, histamine is concentrated 
mainly in the gray matter, and has a 
regional and subcellular localization 
analogous to other neural amines hav- 
ing probable transmitter function (1). 
Data obtained from peripheral systems 
show that increased capacity to form 
histamine is correlated with periods of 
greatest mitotic activity in rapidly 
growing tissues (2). The possibility ex- 
ists that histamine may be involved in 
growth processes in the central nervous 
system as well as in neurotransmission. 
We determined the histamine levels (to- 
tal histamine, expressed per brain and 
per gram of brain) in developing rat 
brain and compared them to levels of 
other amines and to phases of cell 
growth and differentiation. Spermidine, 
which similarly increases in peripheral 
tissues during rapid growth (3), was 
also measured in developing rat brain. 

Sprague-Dawley rats (4) obtained at 
10 days gestation were kept in indi- 
vidual cages where they gave birth and 
remained with their litters until the 
time of weaning. The rats were given 
free access to water and Purina labora- 
tory chow. All animals were killed by 
decapitation. To provide a relatively 
constant sample weight, a varying num- 
ber of brains were pooled depending on 

their size. The samples were immedi- 
ately homogenized in cold O.4N per- 
chloric acid; the homogenate was cen- 
trifuged and the supernatant adjusted to 
pH 7.5 with tris(hydroxymethyl)ami- 
nomethane. Histamine and spermidine 
were; adsorbed to Amberlite CG-50 (5). 
Columns were then washed with dis- 
tilled water and eluted with IN HC1. 
Spermidine was determined by reaction 
with o-phthalaldehyde (6). Histamine 
was extracted from the eluate and as- 
sayed by a modification of the method 
of Anton and Sayre (7). The modifica- 
tion entailed the substitution of a po- 
tassium phosphate-perchloric acid wash 
(solution identical to initial extraction 
media) for the chloroform wash. All 
samples were read in an Aminco-Bow- 

Table 1. Regional changes in histamine dur- 
ing brain development. Each determination 
represents pooled brain parts from three to 
five animals of the same litter. Values are 
expressed as nanograms of histamine per 
gram of brain. 

Brain Conceptual age (days) 
section 28 32 40 70 

Cortex 239 129 47 42 
304 49 44 
286 

Brainstem 172 127 113 94 
188 128 98 
138 

Cerebellum 160 119 56 30 
248 35 32 
195 

1301 



manl spectrophotofluoromleter. Optimal 
activation and fluorescence occurred at 
340 and 420 nm for spermidine and at 
350 and 440 nm for histamine. Internal 
.histamine and spermidine standards 
were run with each analysis. 

Histamine concentration in fetal 
brain was higher at 17 days gestation 
(earliest time examined) than at any 
s Lbsequent time, but decreased sharply 
just before birth. Levels increased to 
maximum postnatal concentrations 5 to 
1 0 days later and then steadily de- 
clined to low adult values by the time 
of weaning (Fig. 1A). The large fluctu- 
ations in perinatal histamine concentra- 
tion cannot be explained by the small 
changes in brain weight. The slow de- 
cline starting 27 days after conception 
might appear related to increasing brain 

weight; however, a similar decline oc- 
curs when values are expressed on a 
per brain basis (Fig. 1B). Six days 
after birth the concentration of hista- 
mine was higher in cortex than in cere- 
bellum or brain stem, but by adulthood 
this relation was reversed due to a 
larger decrease in histamineconcentra- 
tion in'the cortex (Table 1). 

The developmental pattern for hi.ta- 
mine in the central nervous system. iS 
distinctly different from that for other 
monoamines.' Whereas dopamine (8), 
norepinephrine (9), and serotonin (10) 
content steadily increases in brain fromt 
late gestation to maturity, histamine 
content is highest during early develop- 
ment but declines to very low amounts 
3 weeks after birth. Similarly, while his- 
tamine decreases fivefold at partturition, 
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Fig. -1. Histamine and spermidine content in rat brain during development. Each point 

represents the mean +- S.E.M. of at least five separate determinations. Weight e-xpressed as 

average wet weight per brain. (A) Variation per gram of brain. (B) Variation per brain. 
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other neural amines either remain sta- 
ble during this period or continue to 
increase. 

It would appear that the marked 
fetal and neonatal fluctuations in brain, 
histamine correlate best with the major 
periods of proliferation and growth 
during brain maturation. Histamine 
concentration is highest in late ges- 
tation when neuronal proliferation is 
maximal (11). After birth the rapid in- 
crease in brain histamine parallels the 
accelerated growth of nerve processes 
(11). Histamine levels decline as the 
overall, growth rate subsides. It is inter- 
esting that rates of increase in DNA 
phosphorus and brain weight also peak 
in, developing rat brain 10 days after 
birth (12). 

The content of spermidine in brain 
during development follows the general 
pattern of histamine content (Fig. 1) 
but with an. apparent 24 to 48 hour lag 
at points of maximum fluctuation. A 
number of studies implicate spermidine 
ini nucleic acid metabolism and in rapid 
cell growth (3). Michaelson (13) has re- 
ported that brain spermidine in the 
guinea pig is associated with the nu- 
clear fraction and with the fraction cor- 
responding to nerve endings. 

Tissue concentrations reflect a balance 
between synthesis, uptake, binding, and 
catabolism,. Since the major pathway 
of histamine catabolism is by oxida- 
tive deamination (14), the absence of 
histaminase in the fetus (15) may con- 
tribute to the high concentration of his- 
tamine in fetal brain. Histamine . is 
formed by the decarboxylation of his- 
tidine. We analyzed brain for histidine 
decarboxylase (16) in rats at 17 days 
gestation and in, adult rats. Fetal liver 
and adult stomach were also examined. 
Whereas high activity was found in 
liver and stomach, no detectable ac- 
tivity was observed in fetal or adult 
brain. Therefore, the histamine mea- 
sured in brain may enter from pe- 
ripheral sites of synthesis. Moreover, 
the brain during fetal and neonatal 
development exhibits altered permea- 
bility for many substances (11). Our 
studies in neonatal rats show that C14- 

histamine penetrates readily into brain 
after subcutaneous administration. Aft- 
er 30 minutes the concentration in the 
brain is 10) to 30 percent of that in 
the blood. Thus, higher concentrations 
oft histamine in fetal 'brain may reflect 
increased peripheral histamine fiorma- 
tion which appears to occur during early 
development (17). However, the potent 
histaminolytic activity in the placenta 

SCIENCE, VOL. 166 



and in maternal plasma during the later 
half of pregnancy makes it unlikely 
that the increased (brain histamine orig- 
inates in the mother (18). 

Our data suggest that histamine and 
spermidine are involved in processes 
related to rapid tissue growth in the 
central nervous system. It would ap- 
pear that hormonal and other adaptive 
factors associated with birth and growth 
may be controlling influences. A further 
possible role for histamine in neuro- 
transmission, however, cannot be ex- 
cluded on the basis of present findings. 
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Visual Receptive Fields of Neurons in 

Inferotemporal Cortex of the Monkey 

Abstract. Neurons in inferotemporal cortex (area TE) of the monkey had 
visual receptive fields which were very large (greater than 10 by 10 degrees) and 
almost always included the fovea. Some extended well into both halves of the 
visual field, while others were confined to the ipsilateral or contralateral side. 
These neurons were difJerentially sensitive to several of the following dimensions 
of the stimulus: size and shape, color, orientation, and direction of movement. 

Evidence from neuropsychological, 
electrophysiological, and anatomical ex- 
periments suggests that inferotemporal 
cortex in the monkey is involved in 
visual function. Removal of inferotem- 
poral cortex produces a severe impair- 
ment in learning visual discriminations 
but does not affect visual acuity, the 
integrity of the visual fields, or discrim- 
ination learning in other modalities (1). 
Visual evoked responses, may be re- 
corded from macroelectrodes on in- 
ferotemporal cortex (2), and single 
neurons in inferotemporal cortex are 
responsive to visual but not auditory 
stimulation (3). Inferotemporal cortex 
receives afferents from prestriate cortex 
and from the pulvinar (4), and both 
these structures are known to respond 
to visual stimuli (5, 6). In order to 
analyze further the role of inferotem- 
poral cortex in vision, we studied the 

response of single neurons in infero- 
temporal cortex to presentation of a 
variety of visual stimuli. 

The results presented here are based 
on seven Macaca mulatta weighing 3.4 
to 8.2 kg. Two days before the start of 
recording they were implanted, under 
aseptic conditions and Nembutal anes- 
thesia, with the base of an Evarts 
microdrive and with two bolts for sub- 
sequent fixation of the head (7), and 
then returned to their home cage. At 
the start of the recording session, the 
animals were anesthetized with intra- 
venous Surital for the duration of a 
tracheotomy and then immobilized with 
a continuous intravenous infusion of 
gallamine triethiodide in a solution of 
5 percent dextrose in lactated Ringer's 
(Abbott Laboratories), artificially re- 
spired, and anesthetized with a mixture 
of 30 percent oxygen and 70 percent 

Fig. 1. (Top) Side view of right hemi- 
/ S<sphere of Macaca mulatta. The dots on 

inferotemporal cortex show approximate 
1 

c, 
\\ A a \site of entry of microelectrode passes. The 

passes in which the cells with receptive 
v/21 . y e fields illustrated in Figs. 1 to 3 were record- 

ed are designated with the letters A to E. 
(Middle) Coronal section through pass D, 

AB E DE \\illustrating 
the approximate locations of 

cells whose receptive fields are shown be- 
low or in Fig. 2. A, Allocortex; ce, central 

/ U g 12kC 9 ) 1lsulcus; Cd, caudate nucleus; Cl, claustrum; 
GLD, lateral geniculate body; H, hippo- 

GLD ) D-1 campus; ip, intraparietal sulcus; 1, lunate 

-2 / \.Z /sulcus; la, lateral fissure; oi, inferior occip- / / mD-2 ital sulcus; Pu, putamen; ts, superior 
/ 9t B T D D -3 temporal sulcus; TA, TE, and TH desig- 

nate cytoarchitectonic areas of von Bonin 

40 -\ X D-4 and Bailey (9). (Bottom) Size and position 
LEA - ,/ of receptive fields of three neurons recorded 

on pass D. Each rectangle is the largest 
rectangle oriented parallel or at 45 de- 

grees to the meridians of the visual field, 
which could be fitted entirely within each 
receptive field. In each case, the stimuli 
used to define the field were the most ade- 

D -1 D-3 D-4 quate found. The cross in each figure rep- 
resents the horizontal and vertical merid- 
ians of the visual field. The right visual 

30 Qo 300 field (which was always ipsilateral to the 
electrode) is shown on the right of each vertical meridian. All receptive fields shown 
are for the left eye. Unit D-1, receptive field plotted with 1- by 5-degree blue bar. 
Unit D-3, plotted with 1- by 5-degree white bar, and 5- by 10-degree dark rectangle. 
Unit D-4, plotted with 1- by 5-degree white bar. The receptive field for Unit D-2 is 
shown in Fig. 2. The scale is in degrees of visual angle. 
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