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In previous papers we have demonstrated
that sexual activity modifies hypothalamic
metabolism (1, 2). For example, castrated
male rats show a decrease in the oxygen
uptake of anterior and posterior hypothala-
mus and the administration of testosterone
restores values to normal (3). In addition,
incorporation of labeled phenylalanine into
hypothalamic proteins is less in 3-week cas-
trated rats than in normal animals (4).

In the present investigation, the produc-
tion of *CO, from glucose-U-1*C was studied
in normal and castrated rats, to determine if
the decrease in the hypothalamic metabolism
observed after gonadectomy is related to al-
terations in the glucose oxidation.

Material and Methods. Experiments were
performed on male rats from the strain of the
Institute of Physiology, weighing 150-170 g.
They were housed under conditions of con-
stant temperature (23 = 2°) and lighting
(12 hr of light and 12 hr of darkness), fed ad
libitum with a standard diet and allowed
free access to drinking water.

Orchiectomy was carried out under ether
anesthesia. The following groups of rats were
studied: (A) control; (B) castrated; and
(C) castrated injected with testosterone. The
hormone was injected subcutaneously at the
dose of 150 pg in 0.5 ml of sesame oil twice a
week starting 1 day after operation.
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Animals were decapitated 1 week after cas-
tration and the whole hypothalamus was
removed according to the limits given by De
Groot (5). The sample was limited rostrally
by the anterior commissure; and caudally by
the end of the mammillaris bodies; the su-
perior border was limited by the thalamus-
hypothalamic sulcus and the inferior border
was taken as the line passing through the
hypothalamic-pituitary junction. The follow-
ing nucleus and areas were included in the
studied sample: the preoptic and anterior hy-
pothalamic areas, the paraventricular, su-
prachiasmatic, mammillaris, posterior, arcu-
ate, ventromedial and dorsomedial nucleus,
as well as the median eminence. A slice of
cerebral cortex was also taken from the
frontal lobe. The samples were weighed on a
torsion balance and transferred to glass bot-
tles sealed with rubber stopper for incu-
bation following the technique described by
Goodner and Freinkel (6). The stopper sup-
ported a small plastic cup containing paper
strips (1 X 10-cm Whatman No. 40) into
which 0.2 ml of 2 N sodium hydroxide solu-
tion (7) was injected at the end of incu-
bation period for collection of 1*CQ. as out-
lined below. All incubations were performed
at 37° for 60 min in a Dubnoff metabolic
shaker (shaking rate, 100 cycle/min), in 1
ml of Krebs Ringer phosphate buffer pH 7.4,
with 3.3 mM unlabeled glucose and 0.25 pCi
of glucose-U-1*C (39 Ci/mmole) obtained
from the Commisariat a I'Energie Atomique
(France). In the experiments in which time-
course of *CO, production was studied only
0.10 pCi of glucose-U-1*C was used. The
closed flasks were gassed with 100% Os for 5
min prior to introduction of the tissue and
for 5 min after tissue placement and re-
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sealing. At the end of incubation period, 0.25
ml of 50% trichloacetic acid were injected
into each bottle and 0.2 ml of 2 N sodium
hydroxide solution in the plastic caps, after
which, shaking was continued for 2 hr.

14CO, evolved during incubation was as-
sayed by placing the paper strips at 60° for
48 hr and then transferring them directly
into counting vials containing 12 ml of Bray
solution. Radioactivity was determined in a
Packard Tri-Carb liquid scintillation counter
and each sample was counted long enough to
give a random error less than 19%. Counts
were corrected to 100% efficiency by the
channel’s ratio method. The radioactivity in-
corporated into COy was expressed as disinte-
grations per minute per milligram of wet
weight.

Lactic acid accumulation was determined
by measuring the initial and final concentra-
tion in the incubating media by the method
of Baker and Summerson (8) and expressed
as micromoles produced per gram of wet tis-
sue.

All results are presented as the means =
SEM, and were compared statistically by
means of Student’s ¢ test. Differences were
considered significant when p value were less
than 0.05.

Results. The production of *CO, from la-
beled glucose as well as the lactic acid ac-
cumulation were linear during the 2 hr of
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Fic. 1. Time course of production of *CO. from
glucose -U-"C: The results are the mean + SE of §
separate determinations. (—) hypothalamus; (---)
cerebral cortex.
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Fic. 2. Time course of lactate accumulation. The
results are recorded as the mean = SE of 5 separate
determinations. (—) hypothalamus; (---) cere-
bral cortex.

incubation studied (Figs. 1 and 2). There is
apparently a more active oxidation of glucose
in the cerebral cortex than in the hypothala-
mus, as shown by the higher ratio of incorpo-
ration of labeled C into respiratory CO..
Since similar curves were found in pilot ex-
periments carried out in castrated rats, 60
min of incubation was selected for further
work.

TABLE I. “CO, Production from Glueose-U-*C in
Cerebral Cortex and Iypothalamus of Castrated
Rats.

“CO0, production
(dpm/mg of wet tissue/hr)

Hypothalamus Cerebral cortex

A. Control 520.7 + 22.6* 711.4 + 44.5
(10) (10)

B. Castrated 392.1 + 18.8 667.5 + 404
9 (11)

C. Castrated 544.8 + 36.7 708.1 + 90.6
-+ testosterone (10) (10)

p value p value

AvsB <0.001 Ng?
AvsC NS NS

¢ Mean + standard error; number of determina-
tions is given in parentheses.
¢ NS, not significant.
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TABLE II. Lactate Production in Cerebral Cortex
and Hypothalamus of Castrated Rats.

Lactate
(pmoles/g of wet tissue/hr)

Hypothalamus  Cerebral cortex
A. Control 38.6 + 3.1¢ 35.0 + 2.9
O] ®
B. Castrated 43.2 + 2.0 35.9 + 1.8
(10) (10)
C. Castrated 39.0 +3.9 35.0 = 1.7
-+ testosterone (10) (10)

¢« Mean - standard error; number of determina-
tions is given in parentheses. The differences be-
tween eontrol and experimental groups were not
signifieant.

As shown in Table I, castration produces a
significative depression in the production of
14CQO, from glucose-U-*C in the hypothala-
mus. The administration of testosterone to
gonadectomized rats corrected this modifica-
tion. No changes were found in the *CO,
production in the cerebral cortex of castrated
rats as compared with the control.

Similar values of lactic acid production
(Table IT) were found in the cerebral cortex
and hypothalamus between the different
studied groups.

Discussion. In previous papers (3, 9) it
has been demonstrated that experimental and
physiological modifications in the secretion
of gonadotropins and sexual hormones are
accompanied by changes in the oxidative
metabolism of hypothalamus. Gonadectomy
performed in male rats produces a depression
in the oxygen uptake of anterior and posteri-
or hypothalamus (3), as well as in the oxida-
tion of several substrates of Krebs cycle
(10). On the other hand suppression of gona-
dotropin secretion, as in hypophysectomized
rats, produces an elevation in the oxidative
activity of these hypothalamic areas (11).
Studies performed in hypophysectomized-cas-
trated rats have shown that the metabolic
modifications of hypothalamus in connection
with sexual activity are related to a direct
effect of gonadotropins on this nervous struc-
ture (9).

Studies on *CO, production from glucose-
U-"C provide information on the participa-
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tion of glucose in the total respiration of the
tissue. The fate of glucose-U-'*C has been
studied with slices of rat cerebral cortex
(12). The results indicated that 60 to 70% of
the glucose metabolized was converted to lac-
tate through the Embden Meyerhof pathway,
20% to COg by the tricarboxylic acid cycle
[the pentose phosphate shunt, the alternative
path for glucose oxidation that produces
CO., apparently does not operate in brain
under normal conditions (13)] and most of
the remainder to amino acid and derivates.

The results of the present experiments
show that the production of *CO; from glu-
cose-U-*C is less in the hypothalamus of
castrated rats than in normal animals and
that the administration of testosterone to go-
nadectomized rats corrected such modifica-
tions. No changes were found in the lactic
acid accumulation of hypothalamus of cas-
trated rats compared with the control. These
findings confirm previous studies indicating
that castration depresses the oxidative degra-
dation of glucose at the level of the tricarbox-
ilic acid cycle (14). It is probable that this
metabolic effect is connected with the action
of gonadotropins, which are elevated in gon-
adectomized rats (9).

It has been recently demonstrated that af-
ter 3 weeks of castration there is a decrease
in the ¢ wvivo incorporation of 1,
4(°H)-phenylalanine into hypothalamic pro-
teins (4). Glucose metabolism is the princi-
pal source of the high energy intermediaries
involved in protein synthesis in the central
nervous system. It is probable that the de-
crease in the glucose oxidation in the hy-
pothalamus of castrated rats as seen from the
appearance of labeled carbon in the respira-
tory CO: described in the present paper is
directly connected with the alterations in the
hypothalamic protein synthesis found in cas-
trated rats.

It is interesting to note that castration in-
creased the oxygen uptake of cerebral cortex
(3). The present results showed no changes
in the *CQ, production from labeled glucose
nor in lactic acid production in castrated
rats. It is probable that the mechanisms in-
volved in the cerebral cortex modifications of
oxygen uptake in gonadectomized rats are
different than those that take place in the
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hypothalamus, especially taking into account
that different hormonal mechanisms are re-
sponsible for the metabolic changes in these
nervous structures in castrated rats (15).
Further experimental evidence is needed be-
fore a conclusion can be reached in this re-
spect.

Summary. The production of *COs from
glucose-U-1*C was studied in normal and
castrated rats. Gonadectomy produced a sig-
nificative depression in the production of
1CO, from glucose -U-*C in the hypothala-
mus. The administration of testosterone to
gonadectomized rats corrected this modifica-
tion. No changes were found in the 4CO,
production in the cerebral cortex of castrated
rats compared with the control. Similar val-
ues of lactic acid accumulation were observed
in the hypothalamus and cerebral cortex be-
tween the different groups studied.
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