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Fig. 2. Comparison of ovary and oviduct
weights of Coturnix coturnix japonica
from 43 days of age to sexual maturity.
E, experimentals (pinealectomized); C,
controls (sham-operated). Bars on col-
umns represent one standard error.

2435.6 +=747.9 mg; P < .02. In the
normal development of the ovary, there
is a period (from approximately 40
to 45 days of age) during which there
is a rapid accumulation of yolk in
maturing ova preceding the onset of
the laying period. Pinealectomized birds
failed to show this response, and egg
production was delayed. By 55 days,
both the experimental and control
groups showed equivalent ovarian
weights and oviposition.

The response of the oviducts reflect-
ed the differences in ovarian weight at
43 days (Fig. 2), but differences in
oviducal weights were no longer evi-
dent by 47 days of age. Concomitant
differences (=* S.E.) in adenohypophys-
eal weights were also present at 43
days: experimentals, 1.292 = 0.086
mg; controls, 1.638 = 0.090 mg; P
< .02 (combined data from both 43-
day groups). There were no differences
in adenohypophyseal weight at earlier
or later ages. Body weights (body
weight minus ovary and oviduct weight)
were not significantly different after 30
days of age. In the males, there were
no differences in body weight, testicular
weight, or adenohypophyseal weight.

Obviously, pinealectomy in juvenile
female Coturnix delays maturation of
the ovaries and oviducts and hence de-
lays the onset of egg production. The
simultaneous occurrence of decreased
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ovarian, oviducal, and adenohypophys-
eal weights suggests that the pineal may
be exerting an influence on the pituitary
by possibly altering pituitary gonadotro-
pin secretion. Whatever the relation be-
tween the pineal and the adenohypophy-
sis may be, the effects are obviously
transitory and occur for only a brief
period preceding the onset of sexual
maturity. Thus, the pineal appears to
have a progonadotropic influence on
ovarian development during a narrow

phase of growth in birds exposed to a.

stimulatory photoperiod.

Other studies of birds suggest that
the pineal exerts an age-dependent,
transitory, and possibly sex-dependent
influence on gonadal function. Shel-
labarger (7) found that the effect of
the pineal in male White Leghorns is
progonadotropic during the first 20 days
and antigonadotropic between 40 and
60 days of age. The progonadotropic dif-

ferences were much smaller than those.

that we found in the Coturnix females.
Bovine pineal extracts reversed the ef-
fects of pinealectomy in the two age
groups, thereby confirming an age-de-
pendent effect (7). Removal of the
superior cervical ganglia in mature fe-
male Coturnix resulted in cessation of
egg laying for up to 13.2 days, but
it failed to produce an effect on the
testes in mature males (5). Identical
treatment in 7-week-old females de-
layed the onset of laying. Hence these
ganglia probably have a regulatory in-
fluence on the female avian pineal,
and its role appears to be stimulatory
with respect to reproductive activity.
In contrast, studies of mammals (I)

indicate an inhibitory influence on re-
productive function.

The finding (8) that pinealectomy in
Japanese quail exposed to stimulatory
photoperiods (14L : 10D) did not af-
fect ovarian or testicular weight at 4
weeks of age agrees with our results
for this age group in both sexes. Be-
cause Homma et al. made no observa-
tions after day 28, the effects of
pinealectomy in birds older than 28
days, as in our experiments, were not
observed.

ANNE SAYLER
ALBERT WOLFSON
Department of Biological Sciences,
Northwestern University,
Evanston, Illinois
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Pemoline Levels in Brain: Enhancement by Dimethyl Sulfoxide

Abstract. Pemoline-C14 dissolved in dimethyl sulfoxide and injected intra-
peritoneally into rats was found in larger amounts in the brain than was a similar
dose given in 0.3 percent tragacanth suspension. This appeared to be related to
a partial breakdown of the blood-brain barrier in vivo by the dimethyl sulfoxide.

A number of recent reports have pre-
sented conflicting data on the efficacy of
magnesium pemoline (PMH) in facili-
tating learning in humans (I) and in
rats (2). The original observation by
Glasky and Simon (3) that PMH ac-
tivates brain RNA-polymerase in vitro
was not confirmed by others for the in
vivo situation (4). In the behavioral
studies cited, PMH was administered
either orally or intraperitoneally (as a
suspension in 0.3 percent tragacanth),

yet virtually nothing is known of the
relation between levels of the drug in
the brain and behavioral performance.
Blood levels of pemoline-2-C1* (PIO-
C*) have been reported to reach a
value of 3 to 4 percent of the adminis-
tered dose per liter of serum in 5 hours,
when this compound was administered
to humans by the oral route (5).

In view of the fact that PMH tends
to be more soluble in dimethyl sulfoxide
(DMSO) than in aqueous solution (3),
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and that DMSO enhances absorption of
drugs in vivo (6), we have administered
PIO-Ct* (7) dissolved in 100 percent
DMSO to rats and measured blood and
brain levels of the drug at different
times. Under these conditions, we de-
termined both facilitation of learning
(8) and increases in blood and brain
levels of this compound relative to the
amounts found when 0.3 percent traga-
canth was used as the vehicle.
Pemoline-2-C'* was dissolved in 100
percent DMSO (Baker reagent grade,
6.75 mg/ml) and injected intraperi-
toneally into Sprague-Dawley rats (400
to 450 g) at a dose of 4.5 mg/kg. With
0.3 percent tragacanth as the medium,
PIO-C'* was dispersed at a concentra-
tion of 10 mg/ml, and the same dose
was used as in the studies with DMSO.
Rats were anesthetized with ether at
10, 20, 30, 60, and 120 minutes after
receiving the drug, and samples of
whole blood were obtained by rapidly
opening the chest between the forepaws
and severing the vena cava; care was
taken to prevent rupture of the dia-
phragm. Blood was rapidly transferred
by Pasteur pipette to calibrated cen-
trifuge tubes containing 2 ml of potas-
sium oxalate solution (10 mg/ml), and
the amount collected was found by
taking the difference between the final
and initial volumes. The brain (includ-
ing the cerebellum) was isolated as
rapidly as possible; after removal
of small adhering blood clots, it was
weighed and frozen for subsequent
analysis. Samples of blood were digested
in 1 volume of 60 percent HCIO, and
2 volumes of 30 percent H,O, at 80°C
-for 30 minutes, by the method of
Mahin and Lofberg (9), and then
mixed with a PPO-toluene-cellosolve
fluor (Z0) for counting in a Packard
liquid scintillation counter. Brains were
homogenized in an equal volume of
H,O, and samples of the 50 percent
homogenate were processed for count-
ing by the same procedure used for
blood. The counts obtained in each
sample were corrected for quenching
and expressed as micrograms of PIO.
The results shown in Fig. 1 indicate
that DMSO facilitates the absorption
of PIO-C** into the blood by a factor
of 2, compared to PIO-C'* in traga-
canth. Values are expressed as the per-
centage of the administered dose pres-
ent in the total blood volume of the
rat (58 ml/kg). The levels of PIO-C4
in brain (Fig. 2) show a similar eleva-
tion induced by DMSO and may be at-
tributed to a partial breakdown of the
blood-brain barrier within the first 30
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Fig. 1. Blood levels of pemoline-C1# after

intraperitoneal administration in DMSO

or in tragancanth suspension. Blood was

collected from the thoracic cavity at dif-
ferent intervals after injection and ana-
lyzed for radioactivity. Each point repre-
sents the mean and range of separate
analyses on two to three rats and is
expressed as percentage of the total blood
volume (58 ml/kg). Solid circles: DMSO
solution. Open circles: tragacanth sus-
pension.

minutes. This is indicated by the ratio
of drug levels in blood to those in brain
being smaller for the DMSO-treated

‘rats than in animals treated with traga-

canth. No radioactivity could be de-
tected in the brain 24 hours after in-
jections of the drug.

The evidence that PMH markedly
facilitates learning when administered
in DMSO (8) supports .our finding of
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Fig. 2. Brain levels of pemoline-C14 after

intraperitoneal administration in DMSO
or in tragacanth. Brains were homoge-
nized in water, and samples were analyzed
for radioactivity. Points represent the
means and ranges of individual analyses
on two to three rats; they are expressed as
percentages of the administered doses in
whole brain. Solid circles: DMSO solu-
tion. Open circles: tragacanth suspension.

PIO in the brain in larger quantities
than in animals that did not receive the
drug in DMSO. The pronounced effects
of PMH versus PIO on behavioral per-
formance, found by Plotnikoff and
Meekma (77), may be attributed to the
greater solubility of PMH in aqueous
solution. Using a spectrophotometric
procedure, we have measured the quan-
tities of PIO and PMH in saturated
water solutions of these two com-
pounds. The molar extinction coeffi-
cient of PIO was calculated to be 2.56
X 10* at 216 my in 0.04N NH,OH (pH
10.8), and corresponding concentra-
tions of PIO and the chromophore of
PMH in water were 1.4 X 103 and
2.1 X 10M, respectively. In DMSO,
however, the PIO component of PMH
readily goes into solution, leaving the
Mg(OH), as an insoluble residue. The
low levels of these two compounds in
aqueous media could account for the
lack of facilitative effects on learning
found in humans after oral administra-
tion of the drugs (). The high solubil-
ity of PIO in DMSO (132 mg/ml) is
well suited for studies where low doses
of DMSO together with large doses of
PIO are desired, and may prove to be of
value in study of the mechanism of
action of this compound in influencing
cognitive behavior.
JoHN J. BRINK

DoNALD G. STEIN
Department of Biology and Psychology,
Clark University,
Worcester, Massachusetts 01610
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