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GERHARDT, S AND J. M LIEBMAN Self-regulanon of ICSS duranon Effects of anxtogemc substances, ben- 
zodtazepme antagonists and anttdepressants PHARMACOL BIOCHEM BEHAV 22(1) 71-76, 1985--A variety of 
anxaogemc substances, benzodlazepme antagomsts and antidepressants were tested m a shuttlebox task m which rats 
interrupted infrared beams to mltmte (ON latency) and terminate (OFF latency) continuous rewarding brain stunulation. It 
was hypothesized that substances exhibmng anxlogenic acUwty in anlmais (pentylenetetrazol and/3-CCM) would selec- 
tively reduce the OFF latency, since anxlolytlc drugs increase this latency fl-CCM, however, did not alter the OFF 
latency, but instead lengthened the ON latency Pentylenetetrazol showed a s,mllar, though not significant, trend. Ro 
15-1788 did not alter ON latenctes, but selectively lengthened the OFF latency at a high dose, consistent with previously 
reported anxlolytlc actlvtty at such doses In contrast, CGS 8216 lengthened the ON latency selectwely Thus, Ro 15-1788 
was dLfferentmted from other drugs that antagomze benzodmzepmes Caffeine and dopamme uptake-blocking 
antidepressants (amlneptme and nomffensme) preferentmlly decreased ON latencies, wlule non-dopanune-blockmg 
antidepressants (wloxazme and CGS 7525A) lengthened both latencles nonspectfically In conclus,on, the OFF latency (but 
not the ON latency) appears refractory to reduction by various classes of psychotrop~c agents. 

ICSS Ro 15-1788 CGS 8216 Antidepressants Beta-CCM 

A wide variety of  psychotroplc drugs have been shown to 
influence mtracramal self-stimulation (ICSS). The effects of 
neuroleptlcs, opiates, and psychomotor  stimulants have 
been of  particular interest [10, 11, 34]. Numerous problems 
of  interpretation have arisen m the course of these studies, 
and a variety of  novel research techniques have been devel- 
oped in an attempt to resolve these issues [19]. One such 
technique is based on the ability of  animals to self-regulate 
the duration of  ICSS current when placed m a shuttlebox [2]. 
This method has proven particularly versatde m its ability to 
differentiate among a variety of  psychotroplc drugs, includ- 
ing neuroleptics, muscle relaxants,  psychomotor stimulants, 
benzodmzepine-type anxlolytlcs and atypical anxlolytlcs [2, 
15, 19] It therefore appears especmlly useful for psycho- 
pharmacologlcal studies [19]. 

This procedure provides three radices of  drug effects. 
Ftrst,  the latency to initiate stimulation 0.e. ,  to interrupt the 
ON photocell beam in a shuttlebox) correlates mversely with 
the reward value of  stimulation [2,19]. This latency is ele- 
vated by neuroleptlcs and is reduced by psychomotor  
stimulants [2, 20, 21]. Secondly, when rats are tested in this 
procedure,  the latency to terminate stimulation appears to 
correlate with aversiveness that braids up during continuous, 

rewarding stimulation of  the lateral hypothalamus, particu- 
larly its medial aspect  [30]. The evidence for this interpreta- 
tion has been reviewed elsewhere (cf. [15, 19, 30]). For  
example, rats show flight-like behavior as they undergo ini- 
tial traming to terminate stimulation, suggestive of  intense 
anxiety. Further,  manipulations of  ICSS parameters have 
demonstrated that the latency to terminate stimulation is 
dissociable from that to initiate stimulation. Consistent with 
this interpretation, anxiolytic drugs selectively elevate the 
termination latency but have no consistent effect on the im- 
tiatlon latency at doses that are free of overt  sedaUon [4,15]. 
The termination latency appears to correlate with 
stimulation-induced aversiveness,  manifested as anxiety, 
and not with the reward value of  stimulation [19]. 

Finally, a concurrent elevaUon of  both latencies appears 
to indicate nonspecific performance impairment. Such an ef- 
fect is produced by high doses of  various psychotroplc 
drugs, by physical  hindrance to shuttling, and by muscle 
relaxant drugs [21]. High doses of  dlazepam or chlor- 
diazepoxide also elevate both latencies nonselectively [15]. 

These experimental  results suggest additional apphca- 
tlons of  this procedure to the characterization of  several 
other drug classes. For  example,  it would be expected that 
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drugs that antagomze the actions of  benzodlazepmes would 
reduce the latency to terminate stimulation, opposite to the 
known effects of  anxlolytlc drugs [15] Dlhydromethyl 
/3-carbohne (/3-CCM) is an reverse agomst [7] with 
anxlogenlc properties at subconvulsave doses [27]. CGS 8216 
blocks the actions of classical benzodiazeplnes [6,35] and 
has been characterized as an reverse benzodlazeplne agomst 
[7] Ro 15-1788 appears to be a benzodmzepine antagonist 
with only minimal propensity to cause anxiety [13] These 
drugs were evaluated in the shuttlebox ICSS procedure 

For  comparison with these novel agents, caffeine and 
pentylenetetrazol  were also tested. These two substances 
antagonize some of  the actions of  benzodiazeplnes [6] and 
have anxlogemc activity an animal models [12,28] and m hu- 
mans [16,29] Therefore, they might be expected to decrease 
the O F F  latency. At the same time, however,  both drugs 
have sUmulant propertaes [16], suggesting that a specific de- 
crease might also occur in the ON latency Such an effect is 
produced by the psychomotor  stimulants, d-amphetamme 
and plpradrol,  and by buproplon [1,20] 

A further objective of  the present experiments was to 
explore an more detail the possible association between 
psychomotor  stimulation and selective decreases an the ON 
latency. For  th~s purpose,  several antidepressants represent- 
mg different neurochemlcal mechamsms were assessed 
These included nomifensme and ammeptme,  which have 
dopamane uptake blocking properties and are chmcally use- 
ful as antidepressants,  and vlloxazlne, a preferentml norepa- 
nephrlne uptake blocker [32] An alpha-2 adrenoceptor  
antagomst, CGS 7525A (aptazapme) was also tested, as this 
substance should elevate mood by increasing the synapUc 
avadabdlty of norepmephnne [22]. It was of  interest to de- 
termine whether these substances would also decrease the 
ON latency selectively 

M E T H O D  

Ammals and Surgwal Procedures 

Male Fascher (F-344, Charles River) rats weighing 250-- 
300 g were anesthetized with 20 mg ketamlne HCI IM to 
which acepromazme (0.75 mg/ml) had been added to induce 
muscle relaxation Stainless steel bipolar electrodes having a 
dmmeter of 0.2 mm each (Plastic Products,  Roanoke, VA) 
were stereotaxically implanted in the lateral hypothalamus 
(coordinates" A P = + 4 . 8 ;  L = I . 0  to 1.3; D V = - 3 . 5  from 
stereotaxlc zero, according to the atlas of Komg and Khppel 
[18]). At least one week of  recovery was allowed before 
mltmtaon of  behavioral testing. Following experimentation, a 
representatwe sample of rats (approximately one-third of  the 
total group) was sacrificed and perfused with fixatwe Brains 
were removed,  sectaoned and stained w~th cresyl violet 
Examination of  shdes showed that the stereotaxic coordi- 
nates used y~elded rehable placement of  electrodes m the 
dorsomedml area of  the lateral hypothalamus 

Behavaoral Pro~ edures 

The shuttlebox procedure has been prewously described 
[21] Animals were tested in a chamber containing an in- 
frared beam at each end. An Inter-Act (BRS-LVE, 
Beltsvdle, MD) computer system controlled the experiment 
such that interruption of  one photocell  beam (the ON beam) 
caused rectangular pulses to be dehvered continuously 
through the implanted electrode until the other photocell  
beam (the O F F  beam) was interrupted by the rat. Brain 
stimulation was delivered by a Haer 4bp stimulator accord- 

ing to the following parameters" pulse duration 0 4 msec, 
pulse frequency 100 Hz, current intensity 40 to 200 tzA 

After inltlal training, rats underwent dally 10 mm test 
sessions The first beam that the rat anterrupted became the 
ON beam. The total number of crossing cycles m the next 10 
mm was recorded,  as were the cumulative latencaes to break 
the ON and the O F F  beams The task was programmed so 
that if the rat allowed the ON latency to reach 60 sec at any 
t~me, brain stimulation was automatically actwated and the 
normal programming contingency then resumed Con- 
versely, if the O F F  latency reached 60 sec at any tame, stamu- 
lat~on was automaUcally terminated Thus. the cut-off la- 
tency value was 60 sec 

A total of 35 rats yielded performance statable for drug 
testing In these rats, current antens~ty was andwldually ad- 
justed so as to yield between 35 and 80 crossing cycles per 
session, as previously described [21] Each drug treatment 
was admmastered only after at least two days of stable 
basehne responding 0 e ,  no more than 10% variation m the 
number of crossing cycles) occurred within these hmlts At 
least five days elapsed between treatments,  during which 
time stable basehne responding was reestabhshed An addi- 
tional constramt was that drug data were not collected if 
either the mean ON or O F F  latency was less than two sec 
These short latencles were prewously found to be refractory 
to drug-mduced reductions m latenc~es [21] Under the pres- 
ent experimental conditions, the group mean ON latencles 
ranged from 4 7 to 6.4 sec, and the group mean O F F  laten- 
cles ranged from 4 8 to 8 5 sec 

Drug Treatments 

Drugs and sources were. vdoxazlne HCI (Stuart, Wd- 
mmgton, DE), caffeine sodium benzoate (Sigma, St. Lores, 
MO), pentylenetetrazol (Knoll, Whappany, N J), amlneptme, 
nomffensme, dlhydro methyl beta-carbohne (/3-CCM), Ro 
15-1788, CGS 7525A and CGS 8216 (synthesized by CIBA- 
GEIGY chemists) Pentylenetetrazol was dissolved m phys- 
aologacal salme /3-CCM was suspended m sahne to whach 
two drops of Tween 80 had been added [31] Other drugs 
were prepared m a 3% colloidal cornstarch suspensaon con- 
tainmg 5% PEG-400 and 0 34% Tween 80 

Drugs were admmastered intrapentoneally 30 mln before 
testing, except for Ro 15-1788 (orally, 15 mm before testing) 
and/3-CCM (intravenously, lmmedtately before testing) In a 
hmlted set of  addataonal experiments,  CGS 8216 was ad- 
ministered orally 30 mm before testmg for comparison with 
IP results. Oral doses were gaven m a volume of 10 ml/kg of 
body weight; lntrapentoneal  and intravenous injections were 
given m a volume of  1 0 ml/kg. Drug doses were expressed as 
the respective free base equivalents. Each animal received 
all doses of  a given drug in counterbalanced order. At  least 
five days elapsed between drug treatments.  

Analysts of  Data 

The cumulaUve ON and O F F  latencaes for each rat during 
a given experimental sessaon were davaded by the total 
number of  response cycles to yield mdavlduai mean ON and 
O F F  latencies for that sessaon. Drug effects for each sessaon 
were assessed by companng mean ON and O F F  latencaes 
with those dunng the basehne session of  the preceding day 
For  purposes of analysis, group mean ON and O F F  data 
were computed from individual results To determine 
whether slgmficant dose-response relationshaps existed for 
the drug-induced changes in ON and O F F  latencaes, regres- 
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FIG 1 The effects of pentylenetetrazoi (n=10), /~-CCM (n=6), CGS 8216 (n=9), Ro 15-1788 (n=9) and caffeine (n=8) on mean 
self-stimulation ON and OFF latencnes m the shuttlebox. *p<0 05 for difference between ON and OFF latencles, matched pair 
two-taded t-test **p<0 01, ***p<0 001 • Slgmficantly dnfferent from basehne by trend test at (x=0 05. Analyses were performed on 
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FIG 2 The effects of amlneptme (n=8), nomlfensme (n=9), CGS 7525A (n=8) and vlloxazlne (n=7) 
on mean self-stimulation ON and OFF latencles m the shuttlebox *p<0 05 for difference between ON 
and OFF latencles, matched pair two-tailed t-test **p<0 01 • Significantly different from basehne by 
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sion analyses were performed separately on group mean ON 
and O F F  latencles, transformed to log of  the ratio, post- 
drug/baseline. Whenever  these analyses indicated a signifi- 
cant dose-response relationship, the trend test [3] was then 
applied to identify doses that produced a significant ( a = 0  05) 
increase in latency over  the pre-drug baseline. 

RE SUL T S 

Neither pentylenetetrazol  (IP) nor/3-CCM (IV) decreased 
O F F  latencles significantly at any dose tested (Fig. l) Sur- 
prisingly, ON latencies instead were selectively increased 
over  baseline by 1 0 mg/kg fl-CCM, a dose that produced no 
increases in O F F  latencies. At  1 7 mg/kg fl-CCM, O F F  
latencles dxd increase significantly. The magnitude of  the 
increase m the ON latencles exceeded that in the O F F  

latencles at this dose, however Similar, although nonsig- 
nificant, trends were also apparent  following pentylentet- 
razol treatment Higher doses of  these substances could not 
be tested because of the emergence of  seizures 

The benzodiazepine antagomst, Ro 15-1788, produced no 
changes m either the ON or O F F  latencles at doses from 1.0 
to 10 mg/kg PO (Fig 1) At 100 mg/kg, the O F F  latency was 
significantly lengthened as compared with baseline, but the 
ON latency remained unchanged. Both latencies increased 
nonselectlvely at 300 mg/kg Ro 15-1788 A different, and 
unexpected,  pattern of ICSS responding was produced by 
CGS 8216 This drug caused a dose-related and highly selec- 
twe increase in ON latencles when administered IP (Fig. l) 
Similar effects were produced by PO admlmstratlon of  CGS 
8216 (data not shown) 

Caffeine did not reduce the O F F  latency stgmficantly at 
any dose tested (Fig. 1). Modest,  significant reductions m the 
ON latency occurred at 10 and 30 mg/kg The ON and O F F  
latencles differed significantly at 3.0 and 10 mg/kg At 100 
mg/kg, caffeine produced nonselective increases In both ON 
and O F F  latencles (data not shown) 

Moderate doses of  nomlfensine (3 0 and 10 mg/kg IP) and 
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ammeptine (10 and 30 mg/kg IP) signtficantly decreased the 
ON latency from baseline in a dose related fashion (Fig. 2). 
At all of these doses, the ON and OFF latencies differed 
significantly. The OFF latency was not significantly reduced 
by any of  these treatments In fact, the OFF latency in- 
creased significantly from baseline following 30 mg/kg 
ammeptme. Higher doses of each drug (30 mg/kg nomifen- 
sine; 100 mg/kg ammeptine) markedly lengthened both 
latencles, suggesting behavioral impairment (data not 
shown) 

--i~e~ther CGS 7525A nor wloxazme reduced ON or OFF 
latencies at any dose (IP) tested (Fig. 2). Instead, ON and 
OFF latencies both increased m a virtually nonselective fash- 
ion (Fig. 1). At the highest dose of  CGS 7525A, the increase 
m the ON latency s~gn~ficantly exceeded that m the OFF 
latency, but both latencles were significantly lengthened as 
compared with baseline. 

DISCUSSION 

The most striking finding was that none of  the experi- 
mental drugs decreased the OFF latency significantly at any 
dose tested. Tins was true of  pentylenetetrazol,/3-CCM and 
CGS 8216. Intense anxtety m humans may be mduced by 
administration of  pentylenetetrazol [29] and FG 7142, a 
/3-carbohne analog [9]. Therefore, anxlogenic actiwty per se 
apparently is not sufficient to decrease the OFF latency m 
the shuttlebox test of ICSS duration self-regulation. The m- 
verse benzodiazepine agonist, CGS 8216, also did not reduce 
the OFF latency. Although this substance has been reported 
to have anxlogemc activity m animal models [14, 23, 24], no 
anxiogenic activity of  CGS 8216 is apparent m clinical inves- 
tigations [5]. 

These three drugs did have an unanticipated, but consis- 
tent, effect on performance in tins task. CGS 8216 and/3- 
CCM sigutficantly increased the ON latency at doses that 
had little or no effect on the OFF latency, and a slmdar 
(although nonsiguificant) trend was evident for pentylenetet- 
razol. In view of  this selectivity for the ON latency, a 
nonspecific disruption of  performance does not seem likely. 
Selective elevation of  ON latencies is also induced by low to 
moderate doses of  drugs that interfere with dopaminerglc 
neurotransmission, and mdlcates impaired initiation of  ICSS 
[21]. The present results are consistent with a very recent 
report that CGS 8216 and FG 7142 (a/3-carboline analog) 
each reduced ICSS responding m a variable interval lever- 
pressing test [25] The effects of  FG 7142 were reported to 
occur at a dose that had little or no effect on locomotor 
activity, which would again argue against medmtion by 
nonspectfic motor deficit. 

As a possible explanation, it was suggested [25] that FG 
7142 may reduce ICSS by enhancing an aversive component 
of  lateral hypothalamlc ICSS. If  so, it would have been ex- 
pected that the closely related/3-carbohne,/3-CCM, would 
have reduced the OFF latency The absence of such an effect 
in the present experiments mdlcates that the averswe com- 
ponent of hypothalamlc ICSS is not d~rectly mtenstfied by 
the anxlogenlc/3-carbohnes 

An alteruatlve possible explanation for the increase in the 
ON latency is that the occurrence of  anxiety (whether drug- 
or situation-induced) may directly inhibit the neuronal sys- 
tem(s) that mediate the initmtion of  ICSS. Tins hypothesis 
would predict that a selecttve inhibition of  the positive 
motivating properties of  ICSS would also be apparent ff 

these drugs were tested in other ICSS test procedures [19]. 
Another finding of  interest was the dissociaUon between 

Ro 15-1788 and the other drugs investigated. No increase in 
the ON latency was produced by Ro 15-1788 except at a dose 
(300 mg/kg) that also increased the OFF latency. However, 
at 100 mg/kg, Ro 15-1788 shghtly (but significantly) elevated 
the OFF latency w~thout changing the ON latency slgmfi- 
cantly. This profile is suggestive of  weak anxiolytlc activity 
at a Ingh dose. A recent report [24] indicated that Ro 15-1788 
at high doses increases ICSS responding in a manner similar 
to the effects of anx~olytic benzodlazepines Another report 
has shown that Ro 15-1788 at a Ingh dose (40-80mg/kg) may 
generalize to a benzodiazepine (chlorazepate) in animals 
trained to dlscnrmnate chlorazepate from saline [8]. These 
observations suggest that, m addiUon to its benzodiazepine 
antagonist properties, Ro 15-1788 may have weak ben- 
zodlazepine agonist activity at high doses. No such proper- 
ties have been reported for the inverse benzodiazepme 
agomst, CGS 8216 [7]. 

Amineptine and normfensme, which have dopamme up- 
take blocking properties [32], reduced ON latencies at doses 
that did not reduce OFF latencies. In fact, a 30 mg/kg dose of  
ammeptine increased OFF latenc~es at the same time that 
ON latencies were decreased. Bupropion, another 
antidepressant linked to possible dopamine uptake blockade 
[32], has been reported to have a simdar profile [20] The 
dissociation of  ON and OFF latencles rules out the 
poss~bihty of  nonspec~fic motor stimulation as an explana- 
tion for the drug effects. 

Vdoxazine, an antidepressant that blocks norepmephrine 
uptake but not dopamme uptake [32], did not reduce ON 
latencles at any dose tested. CGS 7525A, an alpha-2 au- 
toreceptor antagomst [22], also failed to reduce the ON la- 
tency. Slmdar results have been reported for a related 
antidepressant, mlanserm [17]. The ability to decrease the 
ON latency selectively therefore appears not to be a prop- 
erty of antidepressants m general, but seems related to 
facditation of DA transmission. 

Caffeine is known to have stimulant and anxiogemc prop- 
ertles [16], and antagonizes some of  the effects of ben- 
zodlazepines [6,26]. It was hypothesized that caffeine would 
reduce both ON and OFF latencies, the latter effect corre- 
sponding to its anxiogenic actiwty. However, moderate 
doses of caffeine decreased ON latencles without altermg 
OFF latencles appreciably. Caffeine therefore resembled 
stimulant drugs and dopamine uptake-blockang 
antidepressants. Enhancement of brain dopamine neuro- 
transnussion by caffeine has been reported usin~ a rotational 
behawor model [33] and may account for the apparent 
enhancement of  reward. 

To date, no drug has been shown to decrease OFF laten- 
cles selectively m the shuttlebox ICSS duraUon self- 
regulation test. In fact, concurrent reducUons in the ON and 
OFF latencies have not been conwncingly demonstrated. 
The only drug that has reduced OFF latencies for hypotha- 
lamlc ICSS is d-amphetamme, and that reduction was seen 
concurrently w~th a larger reduction in the ON latency [20]. 
Obviously, the OFF latencles generated by rats performing 
an ICSS duration self-regulation task cannot serve as a sim- 
ple index of anxlogenic activity. If  drugs can be discovered 
that selecUvely reduce the latency to terminate hypothalam~c 
brain stimulation, these drugs may permit new insights into 
the nature of  brain stimulation-reduced aversiveness and/or 
anxiety 
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