(12), whole brains were immersed in
a saturated solution of potassium per-
manganate in deionized water (pH 7.0).
Fixation was allowed to proceed for
1 hour at 4°C. Large arteries from
the base of the brain and smaller
branches over the convexity of the
hemispheres were dissected, dehy-
drated, and embedded in Epon 812 or
Araldite 502 resin. Thick sections were
prepared for phase-contrast micros-
copy, and ultrathin sections were ex-
amined in a Philips 200 electron micro-
scope.

Axons are embedded in Schwann
cell cytoplasm which is absent on the
side adjacent to the smooth muscle
cell (Fig. 1). There are no intervening
collagen bundles or fibroblast processes,
and only the coalesced axonal and
smooth muscle cell basement mem-
brane separates the plasmalemmas of
the axon and smooth muscle cell.
Some axons contain increased numbers
of mitochondria as well as concentra-
tions of synaptic vesicles. Axons with
at least two different populations of
vesicles occur. Certain axons charac-
teristically possess many small granular
vesicles (about 500 A) and occasional
agranular vesicles of varying sizes (in-
cluding those of 300 to 500 A in di-
ameter). In others, small (500 A)
granular vesicles are absent. Occasional
large (1000 A) granular vesicles oc-
cur in both types of axons.

Neuromuscular contacts were pres-
ent in the adventitia of both the large
vessels at the base of the brain and
smaller arteries over the convexities of
the hemispheres. Axons with these char-
acteristics were seen as close as 780 A
from the smooth muscle cell or as far
away as 3000 A. The more distant
neuromuscular contacts were separated
from smooth muscle cells by collagen
or fibroblast processes.

The significance of these findings
depends upon the certainty of the iden-
tification of noradrenalin within the
smaller granular vesicles (I3). Investi-
gations combining histochemical, elec-
tron microscopic, or autoradiographic
techniques would seem to establish be-
yond reasonable doubt that noradren-
aline is present in the small (500 A)
granular vesicles (/4). Thus, granular
vesicles can be identified as sympathetic
or noradrenergic. One might also spec-
ulate that axons lacking granulated
vesicles of this size but containing con-
centrations of granular vesicles, shown
in other locations to contain acetycho-
line (15), are cholinergic or parasym-
pathetic.
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A single muscle cell may receive
neural influences from more than one
axon (16). Furthermore, in arteries
of other organs, at least, neuromuscular
contacts do not represent nerve endings
or nerve terminals but specialized
areas along the course of the axon
(16). Thus, these contacts are of the
en passage variety. Because there are
no convincing micrographs of nerves
or neuromuscular contacts within the
media, it is apparent that the vast
majority of smooth muscle cells in the
arterial media do not receive direct
innervation. The distance across which
a neurotransmitter substance might dif-
fuse and cause excitation of smooth
muscle cells is not known. It would
appear that the morphological sub-
strate for effective nervous control of
cerebral blood flow exists on intra-
cranial arteries, as on arterial vessels
in other organs (10, 16, 17).

E. NELsoON
M. RENNELS
Departments of Neurology and
Anatomy, University of Maryland
School of Medicine,
Baltimore 21201
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Olfactory Bulb Removal Eliminates
Mating Behavior in the Male
Golden Hamster

Abstract. Mating behavior in sexually
naive and sexually experienced male
golden hamsters was totally eliminated
by removing their olfactory bulbs. In
contrast, the mating behavior in blinded,
unilaterally bulbectomized, and sham-
operated controls was essentially nor-
mal. Testosterone injections restored
normal sexual behavior in castrated con-
trols but had no effect on the bilaterally
bulbectomized animals.

It has long been believed that no
one sensory modality is essential to a
mammal’s sexual behavior. This was
established for the rat and rabbit, and
it was particularly emphasized that ol-
factory information was not required
for normal sexual behavior in these ani-
mals (/). While this idea is often
expressed as a general truth for the
sexual behavior of all mammals, the
importance of olfaction for sexual be-
havior has been tested adequately in
only a few species (2). We now offer
evidence that, in at least one mammal,
the ability to smell is a prerequisite for
mating.

When the receptive female golden
hamster (Mesocricetus auratus) is sex-
ually stimulated, an abundant, highly
odorous substance, which has a stimu-
lating or releasing effect on the sexual °
behavior of the male hamster, exudes
from her genital region. The male ham-
ster sniffs and licks this secretion be-
fore and intermittently throughout mat-
ing (Fig. 1). If we place a male or fe-
male hamster into the cage of a male
hamster, the intruder will be treated
quite differently depending on its sex.
But if we place some of the female
genital secretion on the fur of a male
intruder, he will be treated like a fe-
male, and the other hamster will at-
tempt to mate with him (3). Discrimi-
nation of sexual identity and arousal to

Fig. 1. A male hamster licks the genital
secretion of a receptive female hamster
prior to mating. This activity, along with
other aspects of mating behavior, was elim-
inated after removal of olfactory bulbs.
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sexual activity therefore seem to de-
pend to a large extent on the presence
of a particular olfactory stimulus. In
this regard the genital secretion of the
female hamster acts like a mammalian
pheromone.

After we noted the importance of
odors in the sexual behavior of ham-
sters, we wanted to determine whether
the sense of smell might be an absolute
prerequisite for mating in this species.
To test this hypothesis we removed ol-
factory bulbs from five sexually naive
and from five sexually experienced male
hamsters (4). After the operation sex-
ual behavior was absent in all of these
animals, In 9 to 12 exposures to a
receptive female, occurring 2 to 15
weeks after surgery, none of them
showed the slightest sexual interest in
the female. Nevertheless, the bulbecto-
mized hamsters were active, and at
perfusion their body weights were nor-
mal for hamsters of their age.

Removal of the olfactory bulbs not
only eliminates the ability to smell, but
also causes a general trauma and sub-
stantial damage to brain tissue (5). To
test if these factors alone could be re-
sponsible for the loss of sexual behavior
we sham-operated four animals, blinded
four animals, and removed the olfactory
bulb unilaterally from four others, all
males. All of these hamsters mated
normally after the operation (6).

To determine whether the sexual def-
icit was hormonal in origin we studied
the sexual behavior of four castrated
hamsters. By the fourth test of mating
ability after the operation, the castrates
ceased intromissions but continued
mounting the female and investigating
her genital area almost as much as be-
fore the operation. This degree of sex-
ual activity was, of course, much high-
er than the total loss observed after
bulbectomy. Exogenous testosterone in-
jections restored the castrates to their
full sexual capacity but had no effect
on the sexual inactivity of bulbecto-
mized animals (7). A summary of all
these experiments is given in Table 1.

To gain additional understanding of
the behavior of bulbectomized hamsters,
we systematically observed four normal
and five bulbectomized hamsters in
other situations where we thought ol-
faction might be important. A normal
hamster usually scent-marks his home
cage as his territory (3). By comparing
the behavior of hamsters in their home
cages with their behavior in the vacated
cages of other hamsters, we easily
determined that normal hamsters can
distinguish their own cage-territory

16 JANUARY 1970

Table 1. Summary of results from all experiments on sexual behavior. Column headed “N”
indicates number of animals in each group. Mating experience (M.E.) indicates whether or
not animals were sexually experienced before treatment. Tests indicate number of 10-minute
tests of mating behavior given to each animal in that group.

Treatment N M.E. Tests Sexual behavior
(No.)
Sham-operated 4 No 6 Normal
Olfactory bulbs removed 5 No 9 None
Castrated 4 Yes 4 Intromissions declined to almost zero
Mounts and genital licks remained high

Castrated; given testosterone (7) 4 Yes 1 Normal (completely restored)
Olfactory bulbs removed 5 Yes 12 None
Olfactory bulbs removed;

given testosterone (7) 5 Yes 1 None (no change)
Eye enucleation 4 Yes 1 Normal
Unilateral olfactory bulb

removal 4 Yes 3 Normal

from that of others. Hamsters also
have typical patterns of social behavior.
When two males meet there is usually
a period of upright greeting and a
thorough mutual investigation, in-
cluding sniffing of the flank glands, ears,
and genital area. Then may come an
attack and a fight, after which the
loser assumes the submissive posture
and shows signs of fear, such as squeal-
ing or defecation. Some hamsters ex-
hibit fear responses upon initial con-
tact with another hamster, without fight
or provocation. All of these territorial
and social behaviors were absent or
markedly altered after bulbectomy.
When placed in another hamster’s cage,
bulbectomized hamsters behaved as if
they were in their own. They did not
attack other hamsters and rarely greeted
or investigated them. When bulbecto-
mized hamsters were attacked they us-
ually ignored the attacker and tried to
pull away. If unable to avoid a fight,
they defended themselves but showed
little counteraggression. They rarely ex-
hibited lasting signs of fear or submis-
sion even after being vigorously at-
tacked. Instead of social behavior, the
bulbectomized hamster showed the ac-
tivities of a normal hamster when alone
in its home cage—exploring, eating,
grooming, arranging food hoard or nest,
or sleeping.

In general the behavior of the bulbec-
tomized male hamster was apathetic
and unemotional toward both male and
female hamsters. The loss of mating
behavior must therefore be viewed as
one aspect of a more general syndrome.
‘The simplest explanation is that the bul-
bectomized hamster has been denied a
crucial source of information or stimu-
lation that he requires to respond
normally to members of his own spe-
cies. If this is true, then peripherally
produced anosmia should have a be-
havioral effect similar to that of bul-

bectomy. It should also be possible
to elicit some of the absent behaviors
by electrical or chemical stimulation
of the brain since, according to this
hypothesis, the peripheral trigger for
the behaviors—not the central mecha-
nism—has been destroyed.

Until the present study it has been
consistently reported that no one senso-
ry modality is essential for mammalian
mating behavior, but the results pre-
sented here indicate tha tthe male ham-
ster that cannot smell will not mate.
It thus appears that the hypothesis of
“multisensory dependence” of mamma-’
lian sexual behavior may have been
a premature generalization based on
data from an insufficient number of
species.

MicHAEL R. MuUrPHY

GERALD E. SCHNEIDER
Department of Psychology,
Massachusetts Institute of Technology,
Cambridge 02139
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“Psychogenic” Death: A Reappraisal

Abstract. Social, economic, and medical variables correlated with “psycho-
genic” death rates across about 30 countries. However, McClelland’s psychologi-
cal motives of achievement, daffiliation, and power, determined for each country

by content analysis of children’s stories, did not. Status integration correlated

positively with homicide and negatively with deaths from suicide and ulcers. Low
life expectancy, wealth, economic growth, wine consumption, and zinc (cadmium)
consumption correlated with deaths from homicide, suicide, ulcers, cirrhosis,

and hypertension, respectively.

Rudin (Z) related five “psychogenic”
death rates in various nations with each
other and with the McClelland (2) mo-
tive scores derived from children’s liter-
ature. The motives for achievement
(success at task performance), for affili-
ation (interaction with others), and for
power (control over others) were ob-
tained by McCelland through a stan-
dardized scoring procedure (2). Rudin
made rank-order intercorrelations of
death rates in 17 countries around 1950
and found two clusters: (i) homicide,
suicide, and cirrhosis of the liver (“ag-
gressiveness cluster”), and (i) ulcers
and -hypertension (“inhibition cluster”).
He proposed that high power motiva-
tion in 1925 led to high rates of aggres-
sive deaths in 1950, while high achieve-
ment motivation led to high inhibitive
death rates.

In support of the two hypotheses,
Rudin found that power motivation
predicted deaths from suicide (Spear-
man rank-difference correlation, p =
.52), and achievement motivation to
predict rates of death from ulcers (p=
.57) and from hypertension (p = .52).
Other correlations between 1925 mo-
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tives and 1950 death rates were not
significant. '

Rudin’s (/) findings were marred by
inadequacies in methodology and the-
ory. In examining the Rudin hypoth-
eses, we tested empirically an alternate
hypothesis—namely, that social, eco-
nomic, and medical variables, most of
which have been studied previously,
account for the differences in death
rates cross-nationally. We show that the
Rudin death clusters are inappropriate
and that the psychological motives are
unrelated to death rates. Also, we find
that social, economic, and medical vari-
ables explain much of the differences
in death rates.

Use of all data on death rates which
were available from United Nations
publications (3) for the 41 countries
studied by McCelland (2) allowed us
to expand the examination to 31 to 34
countries for 1950 and 1965. The num-
ber of countries sampled is critical.
Failure to consider all available data
in cross-national research can lead to
results unrepresentative of broader
world samples (4). It is also important
that over a period of time the relations

among death rates be stable. If one
death rate correlates with another in
1950 but not in 19635, it indicates that
part of the cluster is unstable.

Intercorrelations  (product-moment)
of the death rates across 31 to 34 coun-
tries in 1950 and in 1965 disclosed
only one significant stable relation, that
between suicide and ulcers (r= .42
and .51). This lack of consistent corre-
lation (except for suicide with ulcers)
contradicted Rudin’s (/) finding of sep-
arate aggressiveness and inhibition clus-
ters, because the factors making up
those clusters do not correlate signifi-
cantly at both points in time. The stable
cluster (suicide with ulcers) that was
obtained suggested an intropunitive re-
sponse, or the directing inward of ag-
gressive impulses (5).

Neither McClelland (2) nor Rudin
(I) was certain whether the 1925 and
1950 psychological motives represent
more the values of adults at the time
the children’s books were current, or
the later values of the adults who were
exposed to the books as children.
Rudin assumed the latter, and tested
his hypotheses with a lag model. Our
analysis allowed for both possibilities
and empirically tested the concurrent
and the Jag model with all combinations
of both 1925 and 1950 motives and
1950 and 1965 death rates. Our evalu-
ation included 22 to 24 of the 25 coun-
tries for which McClelland reported
1925 motives, and 31 to 34 of the 41
McClelland countries of 1950. The cor-
relation coefficients (product-moment)
between national motives in 1925 and
1950 and national death rates in 1950
and 1965 are shown in Table 1.

If the Rudin hypotheses were to be
supported by this expanded analysis,
1925 power motivation would corre-
late positively and significantly with
death rates in 1950 from homicide,
suicide, and cirrhosis; achievement mo-
tivation would correlate positively and

- significantly with death rates in 1950

from ulcers and hypertension. Of the
five death rates in 1950, only suicide
was correlated with a motive as hypoth-
esized. If Rudin’s 25-year lag between
motives and deaths could be extended
to a 15- to 40-year lag, then correla-
tions supporting the Rudin hypotheses
would be expected from 1950 motives
with 1965 deaths, and from 1925 mo-
tives with 1965 deaths. Of ten such re-
lations which might support Rudin,
only the positive correlation of 1950
power motive with 1965 homicide
did so.

Further, if the model viewing the
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