tion for this discrepancy is that the
CO: pressure in the sediment is higher
than that in equilibrium with the atmos-
phere, and it is this that keeps the pH
down. A calculation of the CO: pres-
sure based on the pH change indicates
that CO: pressure in the sediment is
almost ten times that of the atmosphere.
Measurements with a glass electrode,
with a saturometer technique (4), in-
dicated that the in situ sediment water
is saturated with respect to CaCQOs (cal-
cite). The increased CO: is most likely
the result of bacterial oxidation of or-
ganic matter. If this is so, CO: apparent-
ly diffuses upward through the sediment
too slowly to allow the sediment to
equilibrate with the overlying sea water,
which, at this location, is almost cer-
tainly close to equilibrium with the at-
mosphere. Saturation with respect to
calcite indicates that the solid carbo-
nate shells are quick to equilibrate with
the increased CO: by dissolving slightly
5.
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Spontaneous Ejaculation in Rat

Abstract. Daily seminal discharges were
observed when individually caged male
rats were prevented from grooming the
genital region orally.

Seminal ejaculation in the rat is
believed to depend upon genital stim-
ulation derived from a series of intro-
missions (/). Few observations have
been made of ejaculation in the absence
of penile stimulation. Aronson (2) ob-
served erection and ejaculation during
sleep in the domestic cat. But these
events were often accompanied by
pelvic movement. We have recently
observed spontaneous ejaculations in
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Table 1. Daily ejaculations and penile smears of ten albino rats.

Seminal plugs/days
of observation

Penile smears

Percent of 11 Presence of

Presence of

Animal smears, taken sperm in one .
Rats Rats during daylight, = smear taken sperm ltn lg ne
unrestrained girdled containing nocturnally; d\i?ilegrdaz;l fg I;l t:
sperm; rats rats . 4
unrestrained unrestrained rats girdled

5 2/20% 3/1 9 Yes Yes
11 0/20 1/1 18 Yes Yes
14 1/20 1/1 36 Yes Yes
16+ 27/20% 2/1% 0 No No
17 1/20%% 2/1 82 Yes Yes
18 0/19 4/2 45 Yes Yes
21 1/19% 4/2 45 Yes Yes
27 5/20 2/1 0 Yes Yes
30 0/20 1/1 73 Yes Yes
31 0/18 3/3 82 Yes Yes

* Plugs were partly visible at the penis and were removed with forceps. 1 In this rat, each testis was
about one-quarter the normal weight. Microscopic examination revealed no evidence of spermatogenesis.

I No sperm were found on microscopic examination.

hooded and albino rats after bilateral
damage to amygdala and hippocampus
primarily, but also after damage to
septum, olfactory bulb, hypothalamus,
and cortex (3).

The unoperated rat reveals a similar
though lower incidence of spontaneous
ejaculation. The data are based upon
daily counts of seminal plugs deposited
on the service pan which was lined
with paper toweling. These plugs, con-
sisting of coagulated semen, were veri-
fied microscopically, and the presence
or absence of sperm was noted. Ten
albino rats obtained from the National
Institutes of Health were observed over
a 21-day period. These rats were sex-
ually mature and weighed 220 to 260
g. Four were caged in pairs, and the
remaining six were caged individually.
The differences in caging had no dif-
ferentiating effects, and the data for all
ten rats are presented in Table 1.

Six of the ten rats deposited at least
one seminal plug during the period of
observation. One rat, No. 16, deposited
no less than one plug each day. This
rat had inordinately small testes, each
weighing 0.35 g, and there was no
histological evidence of spermatogene-
sis. Microscopic examination of the
plugs revealed that four rats had little
or no sperm in their plugs (including
No. 16), while the other six had plugs
which were full of sperm.

Penile smears of the ten rats, taken
on 11 successive days during daylight
hours, were examined microscopically.
The smears were prepared by passing a
glass slide across the end of the ex-
posed penis. In eight rats, sperm was
indentified in at least one smear. Noc-
turnal smears, however, all contained

sperm with the exception of the smear
from rat No. 16. This led us to believe
that all rats must have spermatic dis-
charges quite frequently and that the
lack of positive penile smears during
daylight hours must be due to oral
grooming of the genital region. Coupled
with this, the more frequent deposition
of plugs by the rats with brain lesions
suggested that a seminal discharge
might be occurring periodically in all
rats, unoperated as well as operated,
and that the more fastidious rats, the
unoperated ones, tend to remove the
evidence by oral grooming.

To test this hypothesis, we restrained
the ten rats from grooming. Each rat
was encased in a plastic tube which
served as a stiff girdle around the
thorax and abdomen, thus preventing
the rat from bending to groom the
genital region orally. Table 1 shows
that the girdled rats deposited at least
one seminal plug each day. All plugs
contained sperm except those of No.
16. Under similar restraint, a single
penile smear taken during daylight
revealed a positive smear in all rats,
again excepting No. 16. In order to
rule out mechanical stimulation by the
girdle as a factor in ejaculation we
muzzled rats with adhesive tape and
found a similar frequency of plugs.
Our hypothesis that all rats have spon-
taneous daily seminal discharges, and
that they frequently groom away the
evidence, was thus confirmed (4).

We have made similar observations
on two additional colonies of rats un-
der unrestrained conditions. Seventy-six
Sprague-Dawley rats were observed over
a 10-day period with confirmatory re-
sults. Sixteen rats deposited at least
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one plug each, all containing sperm,
and 70 showed positive penile smears.
A number of hooded Long-Evans rats,
observed in a less systematic way, gave
similar results,

These figures for the incidence of
seminal plugs are probably conserva-
tive. Many plugs must go unrecognized
because of their small size. Some are
no bigger than the head of a pin, and
are yellow and translucent, while others
are as large as a kernel of corn. Some-
times a plug is missed because of its
flat shape (probably fashioned by lying
against the side of the ensheathed penis).

Spontaneous ejaculations first appear
in hooded rats when they are between
50 and 60 days old. Sperm is often
found in these first plugs and in the
penile smears at the same age. Rats
16 months old, our oldest, continue to
ejaculate spontaneously.

Occasionally a rat will deposit seminal
plugs repeatedly, day after day for
weeks. When paired with a female, such
a male will continue to ejaculate with-
out intromission (the vaginal smears of
the cage mate reveal an absence of
cornified cells and sperm, thus ruling
out intromission).

After castration of rats, the frequency
of ejaculation tapers and ceases within
7 to 10 days. (Sperm continues to ap-
pear in the initial postcastration plugs.)
Conversely, a daily injection of tes-
tosterone propionate (0.5 mg) seems to
reduce the incidence of seminal plugs.
These results are contrary to the known
androgenic control of male sexuality.
However, there is little evidence on the
hormonal control of grooming, and I
am inclined to argue that the level of
testosterone may determine the extent
to which the rat will groom the genital
region orally. This may explain why the
rat with abnormally small testes (No.
16) seemed to produce the most semen,
when unrestrained.

As regards autonomic involvement
(5), seminal plugs were found within
30 min after the injection of epinephrine
(0.07 mg subcutaneously), and within
4 min after the injection of mecholyl
(5 to 8 mg subcutaneously). Under
neither condition was an erection seen.

In order to rule out visual and
olfactory cues in eliciting the seminal
flow, we have redistributed rats in cages
and rearranged cages in the rack with
no effect on spontaneous ejaculation.

We have investigated other species
but have not indentified sperm in the
smears of any of them. Our samples
included mice, rabbits, cats, and mon-
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keys. Only the mice, when restrained
from grooming the genital region orally,
deposited seminal plugs.

We cannot distinguish the spontane-
ously produced plugs from those pro-
duced during copulation. This raises
the issue whether fertile copulation
need involve a triggered ejaculation fol-
lowing a series of intromissions. The
multiple intromissions may serve the
function of maintaining genital contact
until a spontaneous ejaculation takes
place. Alternatively, the spontaneous
seminal discharges may represent an
overflow of seminal fluid. In this sense,
it may be possible to distinguish be-
tween ‘“ejaculation” and “discharge”
(6).

J. OrBACH
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Immunization to Schistosoma
mansoni in Mice Inoculated with
Radiated Cercariae

Abstract. Preliminary experiments in-
dicate that mice inoculated with cercariae
of Schistosoma mansoni that have been
exposed to cobalt-60 radiation in the
range of 2500 to 3000 rep develop im-
munity to reinfection with nonradiated
cercariae.

Resistance in mice and monkeys to
reinfection with Schistosoma mansoni
has been demonstrated by several in-
vestigators (/). Other reported studies
include attempts to induce immunity
by the inoculation of animals with im-
mune serum, use of killed worms, and
injection with extracts or metabolites
of the worms (2). Instead of employ-
ing killed worms or metabolic products

of S. mansoni, we thought that im-
munity might be induced by inoculation
of cercariae exposed to an amount of
radiation which would produce sexual
sterilization and yet allow the cer-
cariae to migrate in the tissues of the
host in order to exert an antigenic
stimulus. )

Previous investigators have demon-
strated that animals will develop im-
munity to reinfection with certain
helminths after a primary infection
with radiated larvae [Trichinella spiralis

(3), Dictyocaulus viviparus (4),
Haemonchus contortus (4), Ascaris
suum (5)].

In the present investigation, cer-

cariae from the Puerto Rican strain of
the snail, Australorbis glabratus, were
employed. In the initial experiment,
22 Swiss mice were divided into five
groups: four groups of four mice each
and one group of six mice. Each ani-
mal was inoculated intraperitoneally
with 300 cercariae of mixed sexes. The
first group received nonradiated cer-
cariae. The second group received
cercariae exposed to 1000 rep . (roent-
gen equivalent physical); the third
group, cercariae exposed to 2500 rep;
the fourth group, cercariae exposed to
5000 rep; and the fifth group, cer-
cariae exposed to 7500 rep. Eight
weeks after the inoculation all the mice
were killed and their livers and mesen-
teric veins were examined for schisto-
somes according to the method of
Yolles et al. (6).

In a second experiment, five like
groups of mice were similarly inocu-
lated with nonradiated and radiated
cercariae. After 8 weeks, each animal
was given a challenging infection of
300 nonradiated cercariae of mixed
sexes. The animals were then killed
and examined for schistosomes 4 weeks
after the challenging infection. At the
time the inoculated mice were chal-
lenged, members of a sixth group of
uninoculated mice each received 300
of the nonradiated cercariae.

In the first experiment, the mean
(geometric) number of schistosomes
per mouse recovered from each group
receiving cercariae radiated with O,
1000, 2500, 5000, and 7500 rep was
51.5, 29.0, 1.5, 0, and O, respectively
(Fig. 1, top). In the second experi-
ment, the mean number of schistosomes
recovered per mouse, after challenge,
from groups first inoculated with cer-
cariae radiated with 0, 1000, 2500,
5000, or-7500 rep was 46.4, 33.8, 6.6,
27.3, and 38.2, respectively. The mean
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