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Influence of Adrenal Steroids on Self-Stimulation Rates in Rats.*
(30606)

MARGARET A. SLusHER (Introduced by C. H. Sawyer)
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In behavior experiments where electrical
stimulation is a source of positive reinforce-
ment, activation of fiber systems associated
with this phenomenon has been proposed to
inhibit pituitary-adrenal response to stress
(1,2). The lateral hypothalamus has been
variably reported as a site of positive rein-
forcement for self-stimulation in rats. The
hypothalamus has also been implicated in
facilitatory and inhibitory mechanisms related
to regulation of ACTH release. Thus, it ap-
peared of interest to the investigator to de-
termine whether any correlation existed be-
tween regulatory mechanisms for ACTH re-
lease and maintenance of stabilized self-stim-
ulation rates in rats. The present study was
designed to produce inhibition of acute release
of ACTH by a single injection of corticos-
teroids and to produce chronic facilitation
of ACTH release by bilateral adrenalectomy
in rats. Effects of such alteration of ACTH
release were assessed on animals self-stimu-
lating for positive reinforcement.

Materials and methods. In 38 adult male
Sprague-Dawley rats, bipolar electrodest were
stereotaxically aimed for unilateral placement
in the lateral hypothalamic area. Electrodes
had been previously soldered to a 2-prong
Winchester plug which following implanta-
tion was attached to the skull with acrylic
cement, All rats were maintained throughout
the control and experimental period in a tem-
perature regulated, light-controlled room and
permitted Purina lab chow and water ad libi-
tum except where noted below. Body weights
were recorded 2-3 times a week and all rats
handled and adapted to attachment of a plug-
cable assembly and placement in a box(3)
for a 3-5-day pre-experimental period. On
the first day, rats were introduced to the pro-

* This investigation was supported by Grant AM-
08468 from Nat. Inst. for Arthritis and Metab. Dis.

t Stainless steel, 0.0063 inch diam. with interdis-
tance of 0.5-0.7 mm, insulated to tips.

Calif.

cedure of self-stimulation by placement on
the lever. Stimulation was effective only upon
release of the lever and with repress.} All
responses were recorded on a Gerbrands
cumulative recorder. Stimuli were delivered
at 60/second for a 0.25-0.5 second period,
at voltages required to deliver 5-100 pA.$
Current levels were monitored on a calibrated
oscilloscope. During the acquisition stage of
2 days, current levels were increased at 5-
minute intervals in increments of 5-10 pA
over a 2-hour period until rates exceeded
1000/hour. No attempt was made to deter-
mine the optimal current level. When rates
exceeded 1000/hour rats were placed daily
in the box for 10 minutes, and counts were
determined for a consecutive 5-minute period.
Control rates -were recorded for 2 weeks
prior to experimental testing. Parameters ob-
tained during acquisition were maintained
throughout the control period; any rat whose
rate varied more than = 200/hour was dis-
carded from the series.

A total of 20 of 38 rats met the above cri-
teria and were divided into 2 groups. For
determination of effects of acute inhibition
of ACTH release on self-stimulation rates, a
5-minute control record for 15 rats was taken
in the a.m. of the experimental day. Rats
were immediately injected subcutaneously
with saline, hydrocortisone sodium succinate
(100 pg/100 g), or dexamethasone 21-phos-
phate (10-100 pg/100 g) in a total 0.5 ml
volume. Subsequent stimulation rates were
recorded 2, 4, 6 and 24 hours post-injection.
For assessment of effects of chronic facilita-
tion of ACTH release, 5 rats were bilaterally

{Time delay switch was incorporated in circuit
which cut current at predetermined level.

¢ Stimuli were delivered through a set sine wave
source consisting of a 6.3 V step-down transformer
and a Variac to adjust amplitude of output voltage.
Stimulator was constructed from design by P. J.
Morgane (personal communication).
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TABLE I. Alteration in Stabilized Self-Stimulation Rates in Rats After Acute Subcutaneous Injeetion
of Hydrocortisone or Dexamethasone.

T

Stimulating
current b Injection N Self-stimulation rate/hr —————
Site* Duration ug/100 g Rate Rate change post-inj (hr)

Rat No. stimulated uA  (sec) Compound BW pre- 2 4 6 24
458 MFB-Fx 50 25 saline — 2570 — 190 + 120 — 50 <+ 130
474 LHA 70 .50 ” — 2320 4+ 80 + 60 — 160 4 180
475 LHA-MFB 50 .50 i — 3620 4+ 90 — 100 4 150 — 20
425 LHA-ZI 50 50 dexametht 10 2520 +1220¢ +1400 4 82 41120
411 LHA-MFB 38 .25 ” 20 3362 — 130 4+ 80 4 420 -+ 800
421 LHA-MFB 48 .50 ” 20 2560 4+ 420 + 240 —— 41070
442 LHA 56 25 ” 100 2480 41410 + 160 4 710 4 970
477 MFB 58 .50 ” 100 2530 4 270 + 200 4 460 - 280
423 C. Ped. 18 .25 ” 10 2840 — 950 — 860 — 300 — 130
424 C. Ped. 16 25 ” 50 2500 — 790 — 150 — 926 — 440
408 C. Ped. 58 .50 ” 100 3120 -+ 540 -+ 80 41760 conv.|
405 LHA 25 .25 hydrocortt 100 1740 — 20 + 276 -— 130 — 280
406 MFB 52 25 ” 100 3330 — 102 + 410 -+ 370 4 590
478 LHA-MFB 68 25 ” 100 1520 4 118 4 330 — — 360
463 LHA-Fx 98 .50 ” 100 2720 + 140 +4 520 4 740 4 620

* MFB — median forebrain bundle; Fx — fornix; LHA — lateral hypothalamic area; ZI — zona in-

certa; C. Ped. — cerebral peduncle.
t Dexamethasone 21-phosphate.
t Hydrocortisone sodium sucecinate.

§ The underlined figures increased (+) or decreased (—) more than 190/hr in self-stimulation rates.

|| Convulsions.

adrenalectomized under ether by the dorsal
approach, and subsequently maintained on
0.9% saline drinking water. Stimulation rates
were recorded 2 days post-surgery and at fre-
quent intervals during each week of a total
2-month post-operative period. At the con-
clusion of all experiments, rats were adminis-
tered pentobarbital, and microlesions were
made at the electrode tips(4). Localization of
stimulated sites was verified histologically.
Results. In Table I data are presented for
effects of acute injection of steroids on self-
stimulation rates. In 3 control rats, injected
with saline, rates did not vary =+ 190 for
any of the 4 recorded periods post-injection.
Dexamethasone, regardless of dose level,
altered rates in 7 of 8 rats 2 hours post-
injection, and in all 8 rats 6 hours post-
injection. Rates were significantly increased
in 5 rats with stimulating electrodes in the
lateral hypothalamic area (LHA) and/or me-
dian forebrain bundle (MFB) following dex-
amethasone; rates were significantly decreased
in 2 of 3 rats with electrodes in the cere-
bral peduncle. Following hydrocortisone in-

jection, increased rates were observed only
4 or more hours following injection in all
4 rats.

Data on effects of bilateral adrenalectomy
on self-stimulation rates are noted in Fig. 1.
For purposes of simplicity, all data accumu-
lated for each week have been averaged and
graphed. In 4 rats with stimulating elec-
trodes in the LHA and/or MFB, stimulation
rates increased by the 5th week post-surgery.
In these rats impedance was increased 2 days
post-operation, requiring an increase of volt-
age amplitude to maintain current at the
acquisition level. Body weights of all rats
increased 50-81 g during an 8-week period
with the exception of rat No. 488 in which
a gain of 135 g was noted. This rat ex-
hibited the highest increase in self-stimula-
tion rates during the 5-8 week period. In
1 rat, with stimulating electrode in the cere-
bral peduncle, rates were decreased 1 week
post-surgery; further decrements were re-
corded for the total 8-week period. This rat
showed consistent convulsive behavior follow-
ing 4-5 bar presses per session even with cur-



ACTH AND SELF-STIMULATION RATES

Rat Current

2500 - No Code o sec Stim. Site
a5 e 25 025 LHA
a6 x 52 025 MFB
2000 [- 488 s 68 025 LHA-MFB
487 © 50 050 MFB
48 @B 56 050 C.PED 4
1500 |- .
a
a a
1000 - x x
H
.
- X L] x
10500 ; 9 . ° : o )
T ;79[@/9[ / u] 7
o] X7 X
2
<
FS500F o A
=
g 1000
o
a
1500 |- e
-]
2000 -
[}
o
2500
a
3000
] 1 1 L 1 1 I 1

1 2 3 4 5 6 7 8
WEEKS POST-ADRENALECTOMY

FIG. 1. Change in self-stimulation rates after
bilateral adrenalectomy. Average rates per week
are plotted. Barred area represents range of rate
changes for all rats during the 2-week pre-adrenal-
ectomy period. Abbreviations as in Table I. Val-
ues for current were constant through pre- and
post-adrenalectomy period for all rats except No.
418; cf. Text.

rent decreased to 50% that established for the
acquisition level. Behavior in this rat was
similar to that of rat No. 408 in the acute
steroid injection series with similar electrode
placement (Table 1).

Discussion. Following acute injection of
either hydrocortisone or dexamethasone and
independent of the amount injected (dexa-
methasone), self-stimulation rates were in-
creased 2-6 hours later in all rats with elec-
trodes in the LHA/MFB region. In contrast,
in 2 of 3 rats with electrodes in the cerebral
peduncle decreased rates were noted; the
third rat exhibited increased rates for the
second and sixth hour post-injection; convul-
sions by 24 hours. In the chronic series, in-
creased rates were recorded 5 weeks post-
adrenalectomy in rats with stimulating elec-
trodes in the LHA/MFB region. In 1 rat
with electrode in the cerebral peduncle, rates
decreased 1 week post-surgery, increased im-
pedence was noted and convulsive behavior
was consequent on brief stimulation. In the
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acute and chronic series for the 2 rats show-
ing convulsive behavior, current was delivered
over a 0.5 second interval. Olds(2) has
suggested seizures may be more directly
related to time over which current is deliv-
ered than level of current per se.

The conditioned-avoidance response in rats
is unaffected by adrenalectomy(5,6,7). In
the present study, the adrenal glands per se
are also unessential for behavior associated
with self-stimulation for positive reinforce-
ment; rates were increased in chronic bilater-
ally adrenalectomized rats with electrodes in
the LHA/MFB region. Although mainte-
nance of self-stimulation rates was not de-
termined for intact rats for a 2-month period,
Olds(8) has reported consistency in rates for
periods of several months,

Both hydrocortisone and dexamethasone
are known to inhibit release of ACTH. The
relative efficacy of the 2 steroids for such
inhibition in conditions of stress is a reported
ratio of 1:2, respectively, i.e., dexamethasone
is twice as active as hydrocortisone(9). The
present data pertinent to the effects of acute
administration of steroids on self-stimulation
rates further indicate the greater effectiveness
of dexamethasone. Thus following injection
of this hormone, rates were altered earlier
(2 hours)and changes were of greater magni-
tude than those observed following hydro-
cortisone injection. Acute steroid effects on
inhibition of ACTH release are reported maxi-
mal at 4-8 hours post-injection(10), with re-
covery from inhibitory influences by 24 hours.
In the present study, persistence of both ste-
roid effects on self-stimulation rates contin-
ued through the 24-hour post-injection pe-
riod. Differences in effects of corticosteroids
on the inhibition of ACTH release and altera-
tion in self-stimulation rates suggest that,
for the latter phenomenon, systems may be
involved other than, or in addition to, those
directly related to the regulation of ACTH
release.

The present experiments may be inter-
preted as evidence for a relationship between
fiber systems for regulation of ACTH release
and those involved in self-stimulation be-
havior for positive reinforcement. It is con-
ceivable that activation or inhibition of either
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system may induce a shift in autonomic pre-
dominance resulting in a decreased or in-
creased threshold in the other. Such a thesis
would be in conformity with that proposed
by Gellthorn(11,12). It should be emphasized,
however, that alteration in self-stimulation
rates as effected by steroids may be a result
of effects which are independent of those in-
volved in the regulation of ACTH release.
Indeed, the effects of corticosteroids on
changes in brain excitability, behavior, and
numerous physiological phenomena have been
amply reviewed by Woodbury(13).

Summary. Self-stimulation rates in rats
were altered 2 to 24 hours after a single
subcutaneous injection of steroid in doses
reported to inhibit acute release of ACTH.
Dexamethasone exerted more profound effects
than hydrocortisone. Self-stimulation rates
were consistently increased in rats stimulating
to electrodes in the LHA and/or MFB.
Bilateral adrenalectomy produced increased
rates of self-stimulation by the 5th post-
operative week.

SteErolD EFrFECTs IN LAcCTATING RaTts

1. Bovard, E. W., Perspectives in Biol. and Med.
1961, vV, 52.

2. Olds, J., Physiol. Rev., 1962, v42, 554,

3. Olds, J., Milner, P., J. Comp. and Physiol.
Psychol.,, 1954, v47, 419.

4. Cross, B. A, Green, J. D., J. Physiol, 1959,
v148, 554.

5. Moyer, K. E,, J. Genet. Psychol., 1958, v92, 11.

6. Applezweig, M. H., Moeller, G., Acta Psychol,,
1959, v15, 602.

7. Miller, R. E., Ogawa, N., J. Comp. and Physicl.
Psychol., 1962, v55, 211.

8. Olds, J., Electrical Studies on the Unanesthetized
Brain, Paul B. Hoeber, Inc., New York, 1960, 17.

9. Fekete, G., Gorog, P., Endocrin. Jap., 1963, v10,
3s.

10. Kendall, J. W. Proc. Soc. Exp. Biol. and
Med., 1961, v107, 926.

11. Gellhorn, E., Autonomic Regulations, Inter-
science Pub. Inc., New York, 1943.

12. Gellhorn, E., Loofbourrow, G. N., Emotions
and Emotional Disorders, Harper & Row, New York,
1963.

13. Woodbury, D., Pharmacol. Rev., 1958, v10, 275.

Received July 12, 1965. PS.E.BM. 1965, v120.

Effect of Different Steroids on Lactating Rats.* (30607)

M. BeN-Davip, H. RoperiG, K. KuAzEN AND F. G. SUuLMAN
Department of Applied Pharmacology, School of Pharmacy, Hebrew University, Jerusalem, Israel

We have recently reported(l) the effect
of different steroids on prolactin secretion in
organ co-culture. We found that estradiol and
hydrocortisone stimulate prolactin release in
doses of 1 and 10 pg/cc and were depressive
at doses of 10 and 100 ug/cc while pro-
gesterone and its derivatives in doses higher
than 1 pg/cc depress prolactin release. Nicoll
and Meites(2) also observed an increase in
prolactin production by rat pituitary cultured
in vitro when estrogen was added to the
medium.

There is no doubt that prolactin is neces-
sary for milk secretion and maintenance(3,4),
but estrogen, which promotes lactation when
used at low doses for priming, was found to
be a potent inhibitor of milk production in

* Generously aided by a grant from U.SD.A.
Grant FG-IS-147, Project A 10-AH-3.

many species, including the rat, when the
optimal dosage was surpassed(5,6).

Since various doses of estradiol showed a
different influence on prolactin production by
rat pituitary in vitro, we set out to test
whether different doses of estradiol and other
steroids act similarly on milk yield in lac-
tating rats.

Materials and methods. Lactating rats of
the “Sabra” Hebrew University strain, weigh-
ing 250 = 20 g, each nursing 6 litter mates,
were kept in individual cages and received
Purina Lab Chow and water ad libitum.

Daily weights of dams and litters were
recorded from day 7 to day 20 postpartum.
Beginning on the 7th day, s.c. injections of
different steroids dissolved in disacidified olive
oil were given daily until the 20th day. With
one dose of estradiol, (0.01 mg/kg/d) injec-



