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an investigation of underlying mechanisms
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Abstract It was previously observed that the corticosteiduals to the reinforcing and addictive properties of
roid synthesis inhibitor, aminoglutethimide (AG), markdrugs. This has focused experimental attention on the
edly facilitates lateral hypothalamic self-stimulatiophysiological concomitants of chronic food restriction.
(LHSS) in food-restricted rats. This effect is not preseAhimals maintained on a regimen of food restriction
30 min after injection when plasma corticosterone levedslf-administer lower doses of drugs than do free-feeding
are suppressed, but rather at 2 h when corticosteronedrasals (Carroll and Meisch 1984), display a potentiated
recovered from suppression. In experiment 1, it was cémcomotor response to fixed doses of psychostimulants
firmed that AG (50.0 mg/kg, SC) lowers the thresholhd opiates (Deroche et al. 1993, 1995), and show a shift
for LHSS in food-restricted rats but not in control rate the left in rate-frequency curves for lateral hypotha-
that have ad libitum access to food. This effect occurdadhic self-stimulation (LHSS) (Abrahamsen et al. 1995).
independently of whether food restriction, by itself, lowFhe likelihood that these various expressions of behav-
ered threshold. Experiment 2 examined whether the fi@ral sensitization reflect the same underlying physiolog-
cilitation of LHSS coincides with biosynthetic rebounéal adaptation is supported by literature that attributes
of corticosteroid precursors. While a pregnenolone sutge locomotor and reinforcing effects of drugs and elec-
was demonstrated by radioimmunoassay, dose-respdnsal stimulation to a shared neuronal circuitry that in-
testing with exogenous pregnenolone and progesterchales dopaminergic projections from ventral tegmentum
(0.1, 1.0 and 10.0 mg/kg, SC) failed to confirm the pr® nucleus accumbens (Wise and Bozarth 1987; Koob
diction that one of these precursors facilitates rewaf®92).

Therefore, a general test of the involvement of adrenocor-A component of the neuroendocrine response to food
tical biosynthetic events was conducted in experimentetriction, increased corticosterone secretion, may be in-
where rats were adrenalectomized (ADX) or sham-opeolved in reward sensitization, since adrenalectomy pre-
ated prior to food restriction. Surprisingly, ADX did novents the sensitizing effect of food restriction on drug-in-
diminish the effect of AG. This finding raises the possituced locomotion (Deroche et al. 1993, 1995). Yet, we
bility of a CNS, rather than adrenal, site of action. AG eve previously observed that while the corticosteroid
known to penetrate the blood-brain barrier and exert weskathesis inhibitors aminoglutethimide (AG) and metyr-
anticonvulsant effects. The facilitation of reward may rapone suppress circulating corticosterone in food-re-
sult from central inhibitory effects of the drug and sharesticted rats, neither reverses the sensitization of LHSS
common basis with the enhanced reinforcing potency (&brahamsen and Carr 1996). In fact, when LHSS was

other CNS depressants in food- restricted rats. tested 2 h following AG administration, a time point at
) o . which plasma corticosterone had recovered from sup-
Key words Aminoglutethimide - Corticosterone - pression, food-restricted rats displayed a substantial shift
Reward - Self-stimulation - Food restriction to the left in their rate-frequency curves, while control
rats did not. The finding that AG facilitates reward in
Introduction food-restricted animals is interesting in light of the fact

that enhanced rather than diminished corticosterone se-
An important goal in drug abuse research is the identfetion has been correlated with the rewarding effects of
cation of biological factors that predispose certain indlfugs (Piazza and Le Moal 1996). The experiments de-
- scribed in this paper were conducted in an effort to deter-
ﬁ:c' Abrahamsen((]) - M.J. Kandawire - K.D. Carr mine the basis for AG facilitation of reward in food-re-
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ward shifts in this function, decreasing the M-50, while treatments
that decrease rewarding potency produce parallel rightward shifts,
. . increasing the M-50.
Subjects and surgical procedures Each rate-frequency curve was initiated by extension of the re-
) sponse lever accompanied by 2 s of priming stimulation at 90 pps.
Adult male Sprague-Dawley rats (300-350 g) were singly housgfl animals leverpressed at rates that resulted in more than 25 re-
under a 12/12-h light/dark schedule and provided ad libitum 3gforcements per minute. Every 75 s, stimulation frequency was
cess to food and water. For stereotaxic implantation of bipoigécreased by 8%. Responding during the final 60 s of each 75-s
stimulating electrodes (Plastic One, Roanoke, Va., USA), subjegfg| was used to determine rate of reinforcement for a given fre-
were anesthetized with ketamine (75.0 mg/kg, SC) and xylaziggency. Trials in which a criterion number of reinforced responses
(5.0 mg/kg, SC). With the bregma and lambda suture landmarkgfile responses/min) were not emitted were designated as negative
the same horizontal plane, coordinates for electrode implantatigg|s and were followed by 2 s of priming stimulation at the same
in the lateral hypothalamic medial forebrain bundle were: 3.0 MPéquency. Following the prime, a second trial at the same fre-
posterior to bregma, 1.6 mm lateral to the sagittal suture, ncy was conducted. Two consecutive negative trials resulted in
8.4 mm below skull surface. Electrodes were permanently secujigdl termination of the rate-frequency procedure and retraction of
to the skull by applying dental acrylic around them and four afie response lever. Two rate frequency determinations, separated
choring jeweler’s screws. _ ) by a 5-min interval, were conducted on each animal per day. Base-
For adrenalectomy (ADX), subjects were anesthetized Witie data collection and experimental testing were initiated only

ketamine/xylazine and two dorsal incisions were made just caugibr animals displayed stable rate frequency curves over 5 consec-
to the rib cage on each side. Fat surrounding the dorsal portiongt®fe training days.

the kidney was extracted and the adrenal gland was excised in its

capsule. Sham surgery consisted of similar surgical manipulation

excluding adrenal gland removal. For the duration of post-surgig@Jod restriction

survival, ADX animals had ad libitum access to 0.9% saline rather

than tap water. Food restriction consisted of switching animals from ad libitum
access to just a single 10-g meal of Purina rat chow per day. Con-
trol animals continued to have ad libitum access to food. All ani-

Drugs mals had ad libitum access to water. Drug testing began once the

. . . . ) body weights of food-restricted animals had declined by at least
Aminoglutethimide (Sigma Chemical Co., St Louis, Mo., USA} 59 (see individual experiments below).

was dissolved in 50% dimethylsulfoxide (DMSO) vehicle at a
concentration of 50.0 mg/ml for subcutaneous injection.
Pregnenolone (PREG) and progesterone (PROG) (Sigma) WRERlioimmunoassays
both dissolved in DMSO in concentrations of 0.1, 1.0 and
10.0 mg/ml and administered SC in a volume of 1.0 ml/kg. Pregnenolone

General methods

Samples of trunk blood were centrifuged at 10,000 xg for 20 min
Behavioral test apparatus and approximately 2 ml of serum was extracted and immediately
frozen. Serum pregnenolone concentrations were determined us-
Behavioral testing was conducted in four 11x8.25x8.25 inch opgfg celite chromatography andid pregnenolone radioimmunoas-
ant test chambers, each with a retractable lever mounted on a sigekit (ICN Biomedicals, Costa Mesa, Calif., USA).
wall. A Med-Associates (Georgia, Vt., USA) programmable con-
stant current stimulator was used to deliver leverpress-contingent
trains of 0.1-ms cathodal pulses. Pulses were conducted from Qlagticosterone
stimulator to implanted electrodes by way of a commutator (Plas-
tic One). Lever position, duration of test trials, delivery dsamples taken by pipette from the tail vein were centrifuged at
“primes” and response-contingent brain stimulation, and countif@,000 xg for 20 min and approximately pbof serum was ex-
of reinforced leverpresses were under the control of an IBM R@cted. Serum corticosterone levels were measured using a 125I-
using Med-Associates software and interface modules. All stirRIA kit (ICN Biomedicals).
lation parameters were constantly monitored on a Tektronix 5113
oscilloscope.
Data analysis

Intracranial self-stimulation The two LHSS rate-frequency curves obtained each day were av-
eraged to yield one curve per rat. Each of these curves was subse-
Following recovery from stereotaxic surgery, rats were trained dquently partitioned into two line segments; one defined the asymp-
ly to leverpress for 1-s trains of LH stimulation. During the initigbtic (i.e. maximal) range of responding and was parallel to the x-
days of training, each rat was assigned a current intensity thgis and the other defined the ascending portion of the curve
would reliably support a maximal response rate at a stimulatigkbrahamsen et al. 1995). Using the regression equation for the
frequency of 80 pulses per second (pps). The stimulation interiatter segment, the slope and stimulation frequency supporting half
ties thus assigned ranged from 150 to gA0 the maximum reinforcement rate (M-50) were computed. The
Sensitivity of the brain reward system to electrical stimulatianaximum reinforcement rate for each session was defined as the
was evaluated using curveshift methodology (Gallistel and Freyean of all sequential values within 10% of the highest reinforce-
1986; Miliaressis et al. 1986). This entails the monitoring of setient rate obtained during the session. Rats would occasionally
stimulation across a wide range of stimulation frequencies whiglnerate a curve that did not display an asymptotic range (i.e. se-
generate response rates ranging from maximal levels to zero. qhential values within 10% of the highest reinforcement rate). In
resultant plot of reinforcement rate as a function of frequensych cases, the highest reinforcement rate obtained was taken as
yields a sigmoid function that can be used to derive threshold gae maximum from which M-50 values would be derived.
rameters of reward potency. The most commonly used index is theAll behavioral and biochemical data were analyzed by between
M-50, defined as the brain stimulation frequency that suppogsups and/or repeated measures analysis of variance (ANOVA)
half-maximal responding. Experimental treatments that increassgng SPSS/PC software. Tukey post-h®eQ.05) tests were con-
the rewarding potency of brain stimulation produce parallel leffucted where appropriate.
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Experiment 1 Results

It was previously observed that 30 min following SC adfigure 1 displays representative rate-frequency curves
ministration of aminoglutethimide (AG; 50.0 mg/kg), théor a food-restricted and control animal during vehicle
elevated plasma corticosterone levels of food-restric@@d AG testing. This figure illustrates the marked facili-
rats decrease by more than 70% (Abrahamsen and @atien of LHSS induced by AG in a food-restricted, rela-
1996). This treatment produced a small (about 5%) Hiiye to a control subject. Figure 2 displays the overall
consistent decrease in the LHSS threshold of both foggrcent change in LHSS threshold for each group when
restricted and control rats. Two hours following Adgsting was conducted 2 h following systemic AG admin-
treatment, plasma corticosterone levels had recovetgifation. Here it can be seen that AG produced a greater
from suppression. Yet, at this time point, food-restrictéyerall decrease in LHSS threshold in food-restricted an-
animals displayed a substantial facilitation of LHSS (i.tnals. A repeated-measures ANOVA confirmed this gen-
>20% decrease in threshold), while control rats were @ial observation, demonstrating a significant decrease in
affected. The dose of 50.0 mg/kg was chosen on the #@eshold produced by AG-( ;,=21.75,P<0.001) and a

sis of previous pilot work which indicated that this dosggnificant Group x Drug interaction F{,;~5.06,
effectively suppresses steroidogenesis, yet is belB#0.041). A post hoc correlatedest confirmed that AG
threshold for producing disabling sedation and motor iflid not significantly decrease the threshold of control
pairment. The first purpose of the present experiméats £(6)=2.06,P>0.05].

was to replicate the unique facilitatory effect of AG on A comprehensive analysis of the effect of AG on

LHSS in food-restricted rats. LHSS in “food restriction responsive”, “food restriction
Prior work in this laboratory indicates that chronic

food restriction facilitates LHSS (Carr and Wolinsky Control Restricted

1993). This effect is limited, however, to electrode sites A B

in the medial forebrain bundle dorsal and lateral to t§e*’[ i .ols

fornix. Self-stimulation in the zona incerta, ventral L | 0 \/o//

and extreme lateral LH is typically not affected. Thusa *° [ i /

second purpose of this experiment was to evalugte I \

whether a relationship exists between the effect of fo§d*° [ O VEH i O vEH

restriction on LHSS and the consequent facilitatory €f- | ® 1o I ® 4G

fect of AG. For this analysis, results from our prior AG "°r "

experiment (Abrahamsen and Carr 1996) were combir&d f

with the present results to yield sample sizes large ° -}

- : ‘ ! 20 30 30 50 60 70 80 50 10020 30" 40 50 60 70 80 80 100
enough to conduct a meaningful analysis of this particu- Frequency (pps) Frequency (pps)
lar relationship.

Fig. 1A, B Representative rate-frequency curves for ad libitum
fed control [eft) and food-restrictedright) rats 2 h following in-
jection of vehicle and AG (50.0 mg/kg). The number of reinforced
leverpresses per minute is plotted as a function of the lateral hypo-

o . . thalamic pulse stimulation frequency delive ed
For the replication, nine food-restricted and seven control rats

were tested. LHSS behavior was periodically monitored during the
first 3 weeks of food restriction, while body weights of restricted
rats declined from 457 (+8.8) to 342 (+5.8) g. During this same
period body weights of control rats increased from 462 (+9.5) to
500 (+8.9) g. AG (50.0 mg/kg, SC) and vehicle were then admin-
istered 2 days apart, in counterbalanced order, 2 h prior to LHSS
rate-frequency testing.

To evaluate whether a relationship exists between responsive-
ness to food restriction, itself, and AG, data from the present sub-
jects were combined with those from the 24 subjects in our previ-
ous AG study (Abrahamsen and Carr 1996). Methods employed in
the previous study were essentially identical to those employed in
the present replication. To determine the magnitude of a subject’s
response to food restriction, the M-50 value obtained on the vehi-
cle treatment day during food restriction was expressed as a per-
centage of the mean M-50 value obtained in the final 2 days of
baseline testing prior to the implementation of food restriction. By
defining responsiveness to food restriction as a greater than 5%
decrease in M-50, roughly half of all food-restricted raits1(Q) 2 Hours Post—AG
qualified as “restriction responsive”, with a mean (+tSEM) de-
crease in M-50 of 16.8 (¥2.8)% and haif=(1) as “restriction Fig. 2 Mean (+SEM) percent change in LHSS frequency thresh-
non-responsive”, with a mean increase in M-50 of 4.1 (+2.5)%ld, relative to vehicle, 2 h following injection of AG in food-re-
The control ratsri=19) displayed a mean increase in M-50 of 5.6tricted ppen barsn=9) and ad libitum fed controh&tched bars
(£3.3)%. n=7) rats. P<0.0%

Method

|:| Restricted
K control

From Vehicle
IR
o
T
—

-20

Percent Change in Threshold (pps)
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Fig. 3 Left panel bivariate scatterplot displaying percent chandeHSS 2 h following AG administration coincides with a
in LHSS threshold observed during the vehicle test for AG in re'B'rosynthetic surge of pregnenolone.

tion to the pre-restriction baseline valug-akiy and percent

change in threshold produced by A&-3gxig. For purposes of

analysis, food-restricted subjects were categorized as restriction

responsive if the percentage decrease in threskeddti§ was 5% Nethod

or greater ¢pen triangle¥ otherwise these subjects were catego-

rized as restriction non-responsi n squards Scores on the . . . L
b \apén squarg Three days following the completion of behavioral testing in ex-

y-axis illustrate the facilitatory effect of AG on LHSBight pan- . " half of th . h e food ‘cted

el: overall percent change in LHSS threshold as a consequencBedfmelnt ' .ado t ?\ ratéscln' eact gro]chp.(rl].e. 08 -rgs(t)rlcte/k or
AG treatment for food restriction responsive, food restriction nop@"trol) received another injection of either AG (50.0 mg/kg)
responsive, and ad libitum fed control anin:als or vehicle. Two hours later, each animal was killed by decapitation

and trunk blood was collected for pregnenolone radioimmunoas-
say.

non-responsive” and control animals was conducted by—;
pooling the present data with those of our prior stuggpe"me“t 2b

(Abrahamsen and Carr 1996). The results are displayed . .
in Fig. 3. The left panel of Fig. 3 displays a bivariateS & further test of whether biosynthetic rebound of cor-

scatterplot of each animal’s change in threshold as a cifRSterone precursors could be involved in the facilita-
sequence of food restriction (x-axis) and AG treatmeffn Of reward by AG, pharmacological dose-response
(y-axis). The right panel displays the mean percéfftS were conducted with pregnenolone and progester-

change in LHSS threshold induced by AG for the thrfge in experiment 2b. Metabolites of progesterone
groups. Food-restricted subjects displayed a sensitixB8OC) and pregnenolone (PREG) are agonists and an-

response to AG that was independent of whether tH&gONiSts, respectively, at the GARAeceptor (Ma-

LHSS thresholds had been decreased by food restricifgfiska 1992; Bitran et al. 1993; Robel and Baulieu
itself. ANOVA confirmed this general observation yielgt994) and produce behavioral effects when administered

ing a significant effect of groug-g ,~11.33,P<0.001). as pharmacological agents (e.g. Flood et al. 1992; Bitran

A Tukey multiple comparison yieided significant differ€t @l- 1993; Melchior and Ritzmann 1994; Picazo and

ences between the control group and the two food-fg@rnandez-Guast 1995; Robel et al. 1995). In addition,
stricted groups which did not differ from one another. PROG has been shown to enhance dopamine release in

vitro and in vivo (Dluzen and Ramirez 1990; Petitclerc et
al. 1995; Cabrera and Navarro 1996). Given the critical
involvement of both GABA and dopamine in brain re-
ward circuitry (Koob 1992), the post-AG surge in corti-

AG suppresses circulating corticosterone by inhibitiqctof;[erone precursors seemed to merit further investiga-
0.

cholesterol side chain cleavage and the conversion of

corticosterone precursor pregnenolone from cholesterol

(Robel and Baulieu 1994). Moreover, following releas@etnod

of AG blockade, pregnenolone synthesis rapidly returns

to normal (Hu et al. 1989) or can be potentiated Iythis experiment, all drug testing was conducted during week 3
ACTH (Hall 1985). Several studies have demonstratedfood restriction. On the inital day of dose-response testing,
behavioral effects of exogenous pregnenolone, includiffly Wweights of food-restricted rats had declined to 364 (£3.6)

; . . the baseline value of 427 (+4.6) g. By the final day of dose-
mood elevation (Flood et al. 1992; Hu et al. 1989; L 'sponse testing, weights had declined to 343 (+3.8) g. Half of the

cel et al. 1994; Roberts 1995). Thus, the purpose of f¥u-restricted and control subjects were administered PREG (0.1,
periment 2a was to determine whether the facilitation ©b, 10.0 mg/kg, SC) and the other half PROG (0.1, 1.0,

Experiment 2a
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10.0 mg/kg, SC), with the three doses administered in randomThe 15-min interval between injection and behavioral
gfderv bhu_t lm?tc?zd betV(‘j’efeﬂ groups. EaCht ‘afug Ele_fég"f‘s tPfECQEl%@'ing in this experiment was intended to mimic the en-
Rt '1°5emiensfolﬁ)¥,v?nng in(J?eg\t/ivoen. y arestday. esing Wf5genous surge in PREG 2 h after AG suggested by the
results of experiment 2a. However, because pharmaco-
logical effects of PROG on behavior have been detected
Results 4 h after injection (Bitran et al. 1993; Bless et al. 1997),

the PROG and PREG dose-response tests were repeated

Figure 4 displays the results of the pregnenolone (PRER{he same animals with a 4-h interval between injection
RIA on serum samples collected 2 h following the a nd testing. Neither compound significantly altered
ministration of AG. AG increased levels of circulating1SS threshold, and in no case did a mean decrease in
PREG in both groups. Two-way ANOVA revealed signif'réshold, relative to vehicle, exceed 4.5%.

icant main effects of GroupF(,~5.38, P<0.05) and
Drug (F;,5723.46,P<0.001). While food restricted ani- iment 3
mals appeared to display a greater increase in circulafrfgerimen
pregnenolone relative to controls, the Group x Drug
teraction was not significank{ ;,~1.90,P>0.10).

Figure 5 displays the percent change, relative to ve
cle, in LHSS threshold produced by the three doses
PREG and PROG. Neither drug, at any dose tested,
an appreciable effect on the LHSS threshold of food-g
stricted or control rats. ANOVA failed to yield signifi-
cant effects of Group,
these factors (af>0.25).

W7hile the results of experiment 2 support the occurrence
f a biosynthetic rebound that produces supranormal lev-
I3 of corticosterone precursors during recovery from
doubt was cast on the involvement of PROG and
G in the facilitation of reward. Other adrenocortical
echanisms could, however, account for the facilitatory
; . effect of AG on reward in food-restricted rats. For exam-
Dose, or an interaction betwegj {ransient suppression of corticosterone may have a
delayed effect on central protein synthesis (Nichols and
Finch 1994) or corticosterone responsive hormones with-
. in the hypothalamic-pituitary-adrenal axis (Jacobson et
[ JRestricted T al. 1989; Bray 1993; Dallman et al. 1993), such that be-
Ncontrol havioral consequences manifest after corticosterone sup-
Al pression has dissipated. Alternatively, other hormones
i within the adrenocortical biosynthetic pathway, such as
dehydroepiandrosterone (DHEA) or deoxycorticosterone
oL (DOC), both of which exert fast actions on membrane re-
ceptors (Majewska 1992; Robel and Baulieu 1994), may
mediate the effect of AG on LHSS. The third experiment
1k therefore tested the tenability of any adrenal-based hy-
pothesis by assessing the effect of adrenalectomy on the
facilitation of LHSS by AG in food-restricted rats.

Mean Serum Pregnenolone (ng/ml)
H

VEH AG
Method
Fig. 4 Mean (xSEM) serum pregnenolone levels (ng/ml) 2 h fol-
lowing injection of AG or vehicle in food-restricted and ad libitunfrollowing the completion of LHSS training, nine rats underwent
fed control rats (alh=4) bilateral adrenalectomy and nine underwent a sham surgical pro-

Fig. 5 Mean (+SEM) percent 10
change in LHSS frequency
threshold produced by pre-
genenoloneRREQ and pro-
gesteroneFROQ in food-re-
stricted ppen barsn=7) and
ad libitum fed controltfatched
bars n=7) rats

[ Restricted
K control

|
T

—10 i I L 1

A 1.0 10 A 1.0 10
Pregnenolone Progesterone

Percent Change in Threshold (pps)
From Vehicle
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cedure. LHSS testing resumed 5 days later. Several days of pwstal's rate-frequency curve. While facilitation of LHSS
surgical baseline data were collected and all rats were then pla@gdfood restriction appears to be dependent upon elec-

on food restriction. ADX animals were maintained on 0.9% sali . e
supplemented with 25 ng/ml corticosterone until 4 days prior de placement (Carr and Wolinsky 1993), the facilita-

drug testing when the corticosterone supplementation was disdé@n of LHSS by AG, though requiring food restriction,
tinued. Because of the diminished ability of ADX rats to survivay be independent of electrode placement. In this re-

sustained food restriction, testing began on day 13 of food resttigrd, AG may interact with LHSS in food-restricted rats

tion, when body weights had declined from the presurgical val ; ; ; _ :
of 460 (+14) to 376 (£9) g. In this same period, body weights drugs of abuse interact with LHSS in free-feeding

sham-operated rats declined from 490 (+9) to 410 (+7) g. Rough@ifs- Typically, site specificity is not a reported property
half of the rats in each group received AG (50.0 mg/kg, SC), whidé the facilitation of LHSS by abused drugs (Kornetsky
the remainder received vehicle 2 h prior to LHSS testing. Tvgnd Esposito 1979; Wise 1996). At least one exception

days later treatments were reversed. To confirm the success ofiatk however. been reported in connection with the rate-
renalectomy, blood for corticosterone radioimmunoassay was sam- ’ y

pled from the tail vein on day 9 of food restriction. Samples wehacreasing effect ob-amphetamine relative teamphet-
taken immediately prior to the scheduled daily meal (1600 hourdjnine (Stephens and Herberg 1975). While some LH
since plasma corticosterone levels of intact food-restricted ralectrodes may lie “downstream” from the tissue that is
F[’)ee?gcf‘;btlgis éilﬂ?e.o(vb'c’?e”vqgseto?"céﬁii;sé?éﬁzawifg g; ;e'-c tle%gs%nsitized by food restriction, systemically administered
ADX rats since samf)Iing occurred on the final day of oral cortic -PUQS may @'Ways be distributed to th'.s tlssue_and pro-
sterone supplementation. duce rewarding effects that summate with electrical stim-
ulation regardless of where within the LH the electrical
stimulus is introduced.
Results In experiment 2, evidence was obtained for adreno-
cortical biosynthetic rebound coinciding with the facili-
Relative to vehicle, AG produced virtually identical déation of LHSS. A surge in PREG, and possibly other
creases in the LHSS thresholds of ADX and sham-opgdrenal steroids that precede corticosterone in the bio-
ated food-restricted rats. The mean (tSEM) decreasesyiithetic pathway, represented a possible hormonal ba-
threshold was 12.7 (+4.0)% in sham-operated and 18i8 for reward sensitization. As a GABA antagonist and
(+4.3)% in ADX rats. Two-way ANOVA with repeatedNMDA agonist, PREG would be expected to exert exci-
measures on one factor confirmed the significant datory effects throughout the CNS (Roberts 1995). In-
crease in threshold produced by AG (£19.3, de_ed, when administered in ph_armacolo_glcal doses to
P<0.001), with no significant interaction between druglice, PREG produces hyperactivity, anxiety (Melchior
treatment and surgical treatmef, (=0.04). The mean and Ritzmann 1994), and memory enhancement (Flood
pre-meal plasma corticosterone level in sham-operagécal. 1992). PROG, which is a more immediate precur-

animals was 209.3 (+31.2) ng/ml while the level in ADX%or of corticosterone, is a GABA agonist with docu-
animals was 37.6 (x12.1) ng/ml. mented anxiolytic action in the rat (Picazo and Fern-

andez-Guast 1995). Compounds with similar neurophar-
macological actions, such as muscimol and diazepam,
Discussion have been reported to facilitate LHSS (Zarevics and Set-
ler 1981; Carden and Coons 1990), though inhibition
The hypothesis that corticosterone modulates responshvas also been reported (Backus et al. 1988). PROG
ness of the brain reward system to drugs of abuse hasgoaid also facilitate LHSS via effects on dopaminergic
tentially important implications for understanding inditransmission, since this hormone potentiates the NMDA
vidual differences in vulnerability to drug addiction (Piand amphetamine-induced release of dopamine from
azza and Le Moal 1996). The facilitation of LHSS inerve terminals (Dluzen and Ramirez 1990; Cabrera and
food-restricted rats by a corticosteroid synthesis inhibitdevarro 1996). Despite the plausibility of PREG or
appeared to offer an opportunity to uncover a novel faBROG involvement, dose-response testing in experiment
of the regulatory relationship between adrenocorticalprovided no suggestion of facilitatory effects of PREG
hormones and the brain reward system. ExperimenbrlPROG on LHSS. These results cast some doubt on
confirmed that a dose of AG that previously producedtze role of adrenocortical biosynthetic rebound in the fa-
short-latency suppression of plasma corticosterotitation of LHSS by AG.
(Abrahamsen and Carr 1996) produces a longer-latencyA final encompassing test of whether events associat-
facilitation of LHSS in food-restricted rats. The leftwareéd with the suppression or rebound of adrenocortical bio-
shift in rate-frequency curves produced by AG is compaynthesis could account for the AG effect was conducted
rable to that produced by low doses of drugs such as amexperiment 3 by administering AG to animals that
phetamine, cocaine, nicotine and morphine (Wise et wkre adrenalectomized or sham-operated prior to food
1992). Thus, AG, or a hormonal response to its adminigstriction. Adrenalectomy was confirmed, on the final
tration, excites the brain reward system. day of oral corticosterone supplementation, insofar as
It was also demonstrated in experiment 1 that the fae-meal plasma corticosterone levels in ADX rats were
cilitation of LHSS by AG is independent of whether footl8% of the levels in sham-operated controls. Yet, AG
restriction itself causes a leftward shift in a particular aproduced an identical leftward shift in the rate frequency
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curves of both groups. The mean decrease in M-50 Wegferences
however, somewhat smaller (about 13%) than in prior
studies (about 20%). This may be due to the fact thgfahamsen GC, Carr KD (1996) Effects of corticosteroid synthe-

; . _ Sis inhibitors on the sensitization of reward by food restriction.
testing was conducted after fewer days of food restric Brain Res 726: 39-48

tion in order to avoid complications in ADX rats. Th@prahamsen GC, Berman Y, Carr KD (1995) Curve-shift analysis
fact that ADX failed to diminish the facilitatory effect of of self-stimulation in food-restricted rats: relationship between
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