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hypothalamus. 

A period of sexual incapacity character- 
istically follows ejaculation in male mam- 
mals. In the rat this phase, the post- 
ejaculatory refractory period, is highly 
stable and only drastic experimental proce- 
dures are capable of greatly reducing or 
abolishing it. In a few instances electrical 
stimulation of preoptic and hypothalamic 
regions has had this effect (1), and, in one 
study, massive lesions at the midbrain- 
diencephalic junction reduced the refrac- 
tory period to about 25 percent of normal 
(2). 

Exogenous stimulation such as handling, 
electrical shock to the skin, or electrical 
stimulation of the brain normally does not 
reduce the refractory period to less than 
about 75 percent of normal (3). The resist- 
ance of the refractory period to abbrevi- 
ation is due to a preeminent inhibitory 
state that prevails during the first three- 
fourths of the refractory period (4). This 
phase, designated as the absolute refrac- 
tory period, is characterized by a high-am- 
plitude, slow-wave electroencephalogram 
(EEG), the emission of 22-khz vocaliza- 
tions (5), and a lack of spontaneous re- 
sumption of sexual activity (6). 

The postejaculatory vocalization begins 
about 30 to 40 seconds after ejaculation, 
and shortly thereafter the animal shows a 
predominance of sleeplike EEG. The 
mechanism that underlies this behavior is 
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22. Thus in the more northern Mexican populations of 
H. courbaril, where Rhinochenus has never been 
recorded, a high resin content in the pod walls is 
still expected since there are numerous other po- 
tential seed predators (parrots, squirrels, He- 
miptera, and so forth) in these habitats. 
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not known; however, it is possible that the 
ejaculatory reflex triggers the post- 
ejaculatory refractory period and its con- 
comitant vocalization by a neurohumoral 
link. Serotonergic, noradrenergic, and do- 
paminergic pathways run via the medial 
forebrain bundle from cell bodies in the 
midbrain to the hypothalamus (7). The 
biogenic amines have been implicated in 
the regulation of sleep and arousal (8), and 
are theoretically capable of regulating both 
the refractory period and endogenous sex- 
ual arousal (9). 

Ejaculation occurs after a cerebral dis- 
inhibition of spinal reflexes (10). The re- 
fractory period could be triggered by 
events that underlie the disinhibition that 
allows ejaculation or in response to mes- 
sages emanating in the spinal cord. In ei- 
ther case the mediation of the refractory 
period could involve transmission in spe- 
cific neurohumoral pathways. We pre- 
dicted that if a mechanism of this sort were 
involved, destruction of one or more of 
these pathways would result in a dimin- 
ished refractory period and, possibly, al- 
tered sexual arousal. 

We can now take a fresh look at earlier 
studies on the destruction of posterior 
hypothalamic and midbrain loci. Heimer 
and Larsson (2) reported dramatic reduc- 
tion of the refractory period with massive 
lesions that might have destroyed the criti- 
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cal pathways. Subsequent attempts to 
achieve the same effect with smaller lesions 
in the mammillary region were unsuccess- 
ful (11). In similar experiments discrete le- 
sions in the mammillary area of the brain 
of male rats resulted in an increased pro- 
duction of copulatory plugs (12); however, 
the effect was due to a reduction in the 
time to ejaculation and not to a decreased 
refractory period (13). Other studies have 
shown that posterior hypothalamic and 
rostral midbrain destruction is generally 
disruptive to male copulatory behavior 
(14). Thus the findings of Heimer and 
Larsson remained an enigma. 

We report here that destruction of the 
focal point of the biogenic amine pathways 
in the anterior midbrain abolishes or se- 
verely curtails the postejaculatory refrac- 
tory period and its concomitant post- 
ejaculatory vocalization and, in general, 
leaves other aspects of copulatory behavior 
unaltered. 

Selection of male Wistar rats for the ex- 
periment was based on their ability to exe- 
cute the complete pattern of male copula- 
tory behavior on two baseline tests. These 
subjects received bilateral electrolytic le- 
sions in either the area through which the 
biogenic amine pathways course [an area 
about the ventral portion of the medial 
lemniscus (VML)] or in other hypotha- 
lamic and midbrain loci (15). Post- 
operatively, animals were tested two or 
three times weekly for 1 to 4 weeks, de- 
pending on the time required for them to 
achieve a stable and repeatable level of 
sexual performance (16). Standard mea- 
sures of male copulatory behavior were re- 
corded through two ejaculatory series as 
follows: intromission frequency, the num- 
ber of intromissions to ejaculation; ejacu- 
lation latency, the time from the first in- 
tromission until ejaculation (a rate mea- 
sure of copulatory activity, the inter- 
copulatory interval, is obtained by dividing 
ejaculation latency by intromission fre- 
quency); and postejaculatory interval, the 
time from ejaculation until the next in- 
tromission (the time from ejaculation to 
the next mount was also noted). The occur- 
rence and timing of the postejaculatory vo- 
calization was recorded in terms of vocal- 
ization latency and vocalization termi- 
nation; respectively, these are the times 
from ejaculation until the beginning of the 
vocalization and its termination. The ul- 
trasound was monitored with a capaci- 
tance microphone, the output of which was 
displayed on an oscilloscope screen (17). 

Twenty-three of the animals regained 
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Twenty-three of the animals regained 
good postoperative health and all exhibited 
complete mating behavior. The remaining 
six did not survive. The animals were di- 
vided into four main groups based on the 
location of their lesions. Those animals 

147 

good postoperative health and all exhibited 
complete mating behavior. The remaining 
six did not survive. The animals were di- 
vided into four main groups based on the 
location of their lesions. Those animals 

147 

Sexual Behavior: Extreme Reduction of Postejaculatory 
Refractory Period by Midbrain Lesions in Male Rats 

Abstract. The refractory period that characteristically follows ejaculation was abol- 
ished or significantly reduced by rostral midbrain lesions in male rats. The postejacula- 
tory vocalization was also abolished or reduced, but other aspects of copulatory per- 
formance were unaffected. The results were attributed to disruption of biogenic amine 
pathways that pass from the ventral part of the rostral midbrain into the posterior 
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Fig. 1. A transverse section through the rat brain 1.9 mm anterior to the zero plane [from Konig and 
Klippel (15)]. The lesions of five of the six bilaterally lesioned rats of group A are shown, and the 
black area indicates where all the lesions overlap. The lesions were all at their largest between 1.5 
and 2.4 mm anterior to the zero plane. CP, posterior commissure; FOR, reticular formation; LM, 
medial lemniscus; SNR, substantia nigra, reticular zone; and R, nucleus ruber. 

with bilateral destruction of the area just 
ventral to the medial lemniscus in the ros- 
tral midbrain (see Fig. 1) showed an ex- 
treme reduction of the postejaculatory in- 
terval (P < .001) (see Table 1). Further- 

more, the postejaculatory vocalization was 
abolished in four of seven of these rats 
and significantly reduced in the remaining 
three (P < .01). Other parameters of copu- 
latory behavior were not significantly al- 

tered. Animals with lesions placed ante- 

riorly or ventrally to the critical site or 
with lesions in the midbrain raphe area 
showed no substantial change in copula- 
tory performance. 

The performance of the VML-lesioned 
males reveals the extremes of the effect. 
Five of these males displayed refractory 
periods (from ejaculation to the next 

mount) of 40 to 90 seconds on one or more 

occasions (18). The minimum post- 
ejaculatory intervals for these animals 
were 65, 75, 90, 120, and 130 seconds, re- 

spectively. The refractory periods follow- 

ing the second ejaculations were also re- 
duced below normal values. In one ex- 

traordinary test 17 ejaculations were re- 
corded and the longest postejaculatory 
interval was 390 seconds. During the tenth 
interval the tail of the rat was pinched, and 
this resulted in a striking reduction of that 
interval (140 seconds) as compared with 
the preceding and following ones. 

The lesions that eliminated or drasti- 

cally reduced the postejaculatory refrac- 

tory period were located just ventral to the 
medial lemniscus in the rostral midbrain 
behind the posterior hypothalamus (see 
Fig. 1) (19). This location corresponds pre- 
cisely with that indicated by Ungerstedt (7) 
as an area through which biogenic amine 

pathways converge to course from the mid- 
brain into the hypothalamus and also as a 
site of dopaminergic cell bodies. The obvi- 
ous interpretation, therefore, is that the ob- 
served behavioral effect was due to de- 
struction of these structures. The refrac- 

tory period is essentially a sleeplike state 

(4, 5), and the midbrain systems appar- 
ently regulate sleep by transmission of 

biogenic amines to telencephalic loci (8). 
One can speculate that the depletion or 

reduction of one or more of these amines is 

responsible for the observed effect. Seroto- 

nin, a likely candidate for regulator of the 

refractory period, seems not to be involved 
for two reasons. (i) p-Chlorophenylalanine, 

Table 1. Copulatory performance of male rats before and after lesions in the rostral midbrain, posterior hypothalamus, and midbrain raphe area. Scores 
before the lesions (Pre) were based on the means of two tests for each subject; scores after the lesions (Post) were based on a mean of three tests per sub- 
ject. All values are given as the mean ? standard error of the mean. Abbreviations: N, number of animals; IF, intromission frequency; ICI, inter- 
copulatory interval; VL, vocalization latency; VT, vocalization termination; and PEI, postejaculatory interval. 

Measures of copulatory behavior 
Location 

of 
lesion 

Time 
of 

test 

Ventral 
medial 
lemniscus 
(N = 7) 

Ventral to 
area A 
(NV= 7) 

Posterior 
hypothalamus 
(I to 2 mm an- 
terior to A) 
(N= 3) 

Midbrain 
raphe area 
(N = 6) 

Pre 

Post 

Pre 

Post 

Pre 

Post 

Pre 

Post 

Mean 
IF 

11.1 +0.9 

9.8 + 1.8 

12.3 ? 0.5 

11.7 + 1.2 

16.3 + 2.9 

10.3 ? 1.2 

13.0 ? 1.5 

10.8 0.7 

Mean 
ICI 
(sec) 

Group A 
44.4 ? 7.7 

39.6 + 11.9 

Group B 
37.3 ? 4.0 

44.4 ? 6.1 

Group C 
45.3 ? 18.6 

26.3 + 2.8 

Group D 
53.7 + 7.5 

49.8 + 6.5 

Mean 
VL 

(sec) 

33.1 +4.3 

40.3 ? 6.7 

44.4 ? 7.4 

52.7 + 5.3 

38.0 ? 4.6 

52.7 + 7.8 

31.0 + 2.6 

43.7 + 6.4 

Mean 
VT 
(sec) 

252.3 ? 30.9 

118.0 + 30.3*t 

249.1 ? 18.2 

242.8 + 23.2 

253.0 + 28.4 

191.0 ? 31.0 

302.0 ? 9.2 

265.8 + 18.3 

Mean 
PEI 
(sec) 

302.8 ? 22.6 

141.7 ? 12.9t 

342.1 + 22.3 

368.3 A 47.3 

320.3 ? 34.0 

262.7 ? 25.3 

345.3 ? 11.0 

322.3 ? 17.1 

*P < .01. tThese values were based on only three rats, since the others in this group did not vocalize. 1P < .001; comparisons with preoperative scores by t-tests. 
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a serotonin depletor, has minimal effects 
on the postejaculatory interval (20) and no 
effect on the postejaculatory vocalization, 
especially in vigorous animals (21). (ii) Our 
lesions in the midbrain raphe system (an 
area rich in serotonergic cell bodies) did 
not affect this measure appreciably (22). 
Depletion of noradrenaline was correlated 
with deficiencies in sexual activity and 
unaltered postejaculatory intervals (23). In 
examining the biogenic amine pathways 
we found the most effective lesions were 
placed at the site of the dopaminergic cell 
bodies in the rostral midbrain. To suggest 
that dopamine normally inhibits male 
copulation is contrary to the findings of 
Malmnas (24) who concluded, after alter- 
ing catecholamine levels in the whole 
brain, that dopamine stimulates sexual be- 
havior in male rats. However, several op- 
posing neuronal systems may be involved 
in controlling sexual behavior, and dopa- 
mine may be a transmitter in more than 
one of these systems. Finally, since VML 
lesions probably also damage noradrener- 
gic, serotonergic, and other pathways, the 
possibility of their involvement cannot be 
discounted (25). 

The part of the refractory period during 
which vocalization appears, the abs9lute 
refractory period, is characterized by a 
predominance of rest behavior and sleep- 
like electroencephalographic activity (4, 5). 
Animals with reduced or abolished vocal- 
ization periods and reduced refractory pe- 
riods showed little, if any, rest behavior; 
judging by overt behavior it is doubtful 
whether any sleeplike EEG would be evi- 
denced in these animals. Since vocalization 
was absent or greatly reduced in these ani- 
mals and they were behaviorally aroused, 
we assume that the absolute phase of the 
period is the one most affected and that 
what remains is mainly the labile, relative 
refractory period. The fact that a tail pinch 
was capable of reducing the refractory pe- 
riod of a late ejaculatory series to a mini- 
mal value supports our interpretation. 

Regulation of the copulatory cycle is 
viewed as resulting from the interaction 
between facilitative and inhibitory proces- 
ses (4, 26). The principal effect of the le- 
sions described here was to abolish the 
profound inhibition that prevails during 
the refractory period. This same inhibitory 
process apparently does not regulate the 
temporal periodicity of the copulatory 
cycle, that is, the pacing of mount-bouts, 
since other parameters of sexual behavior 
were unaffected by the lesions. 

In contrast, the massive lesions of the 
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posterior hypothalamic-midbrain junction 
of Heimer and Larsson (2) not only re- 
duced the refractory period but also caused 
a facilitation of copulatory rate and a re- 
duction in intromission frequency. It is 
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possible that their large lesions destroyed 
additional inhibitory structures or path- 
ways, involved in the regulation of the 
copulatory cycle, which were not destroyed 
by the more circumscribed lesions that we 
used. A better understanding of the inhib- 
itory mechanism (or mechanisms) that 
regulate male copulatory behavior will 
come from further analyses of this system. 
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Social Modification of Alcohol Consumption in Inbred Mice 

Abstract. The strain-specific "preference" for, or "aversion" to, an alcohol solution in 
a choice situation on the part of C57BL and DBA mice is believed to be under genetic 
control. But social rearing conditions are now shown to alter the voluntary consumption 
of alcohol, so that DBA weanling mice housed for 7 weeks with adult C57BL mice in- 
crease-and C57BL weanling mice housed with DBA adults decrease-their alcohol in- 
take. Although substantial and highly significant changes in alcohol self-selection occur, 
strain-specific phenotypes are not reversed. 
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