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BECKER, H C Comparison of the effects of the benzod~azeptne mtdazolam and three serotomn antagomsts on a 
t onsummatory conflwt paradigm PHARMACOL BIOCHEM BEHAV 24(4) 1057-1064, 1986--A consummatory conflict 
procedure that involves an abrupt reduction in magnitude of an expected reward (negative contrast) has been shown to be 
particularly sensR~ve to the effects of anxlolytlc agents As previously reported with chlordtazepoxlde, another ben- 
zodmzepme (BDZ), mldazolam released suppressed consummatory performance in a dose-dependent manner Th~s effect 
was not due to a general appetite stlmulatory effect of the drug The effects of three 5-HT antagomsts on negative contrast 
were examined to evaluate the role serotonm may play in the anxlolytlc action of BDZ Methyser~de was found to be 
ineffective, cmanserm tended to reduce contrast at two intermediate doses, and cyproheptadme ehmlnated the contrast 
effect in a s,mdar fashion as mldazolam The effectiveness of cyproheptadlne may not be attributed to its antlchohnerglc or 
ant~hlstamlnerg~c actions since scopolamine and pynlamme did not produce slmdar effects The results are d~scussed in 
terms of the role serotonln may play in the anti-conflict action of BDZ, as well as possible mteractlonal effects of GABA 

Consummatory contrast Benzodlazeplnes Anti-conflict action 
Methyserglde Cmanserln Cyproheptadme 

Midazolam Serotonm 

WHILE a great deal of research has been directed toward 
characterizmg the behavioral effects of benzod~azep~nes 
(BDZ), the mechamsm of action by which they produce 
ant~-anxtety or conflict-attenuating effects remains to be 
elucidated. One proposed mode of action tmphcates the in- 
volvement of serotomn (5-HT). BDZ have been shown to 
reduce 5-HT turnover and decrease activity of central 5-HT 
neurons [17, 34, 41, 42, 55, 61, 62, 73]. In addition, 
presynapt~c antagomsm of the 5-HT system by a variety of 
agents has been found to m~mtc the antl-confl~ct effects of 
BDZ For example, the 5-HT synthesis mhmbttor para- 
chiorophenylalamne (PCPA) increases rates of pumshed re- 
sponding [25, 54, 62, 70] Moreover, the release of suppressed 
behavior mduced by PCPA treatment was reported to be 
closely correlated with the pharmacological time course of 
5-HT depletion [60,69]. Intraventricular administration of 
the serotonerg~c neurotoxm 5,6-dihydroxytryptamme 
(5,6-DHT) [61] and bilateral apphcat~on of 5,7-dthy- 
droxytryptamine (5,7-DHT) to the ventromed~al teg- 
mentum [69] were found to also ~ncrease punished respond- 
rag. A variety of postsynapt~c 5-HT antagomsts have been 
shown to possess ant~-confltct activity as well, including 

methyserg~de [28, 29, 57, 61, 62, 72], bromolysergoc acid 
[29], cyproheptadme [28,58], and cmansenn [13,26]. 

Conversely, the serotonm precursor 5-HTP was found 
to reverse the effects of PCPA [25] and cmansenn [26]. 
The long lasting, centrally acting 5-HT agonist 
a-methyltryptamtne has also been reported to reverse the 
conflict-attenuating action of cinansenn [26] Additionally, 
Stem et al. [62] showed that mtraventncular apphcation of 
5-HT attenuated the antl-confltct action of l0 mg/kg 
oxazepam. These results are further supported by studies 
showing that behavior suppression produced by sttmulat~on 
of the raphe nuclei ~s antagomzed by the systemic admims- 
trat~on of oxazepam [61,62]. Finally, the serotonm reuptake 
inhibitor, fluoxetme, was found to further suppress pumshed 
responding as well as attenuate the ant~-confl~ct effects of 
chlordlazepox~de (unpubhshed data cited m Feldman and 
Quenzer, [181). 

More recently, however, the effectiveness of 5-HT de- 
pier,on and receptor blockade m m~m~ckmg the ant~-confl~ct 
action of BDZ has been questioned. For example, Blakely 
and Parker [71 and Cook and Sepinwali [13] have indicated 
that anti-conflict effects of PCPA treatment were weak and 
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transient Additionally, Winter [72] found c~nansenn to lack 
ante-conflict activity and in a conditioned suppression proce- 
dure where punishment is not contingent on responding 
(CER paradigm), methyserg~de failed to release suppressed 
behavior [48] Furthermore, LSD and mescahne, which are 
generally regarded as 5-HT agomsts at postsynapt~c recep- 
tors were shown to possess anti-conflict activity [56] Fi- 
nally, Kdts et al [35] faded to mimic the effects ofd~azepam 
or potentiate its effects w~th admlmstratlon of a variety of 
presynaptlc and postsynapt~c 5-HT antagonists Thus, the 
hterature ~s somewhat contradictory as to whether 5-HT 
plays a primary role ~n mediating the anti-conflict activity of 
BDZ 

Over the past several years, this author has investigated 
the effects of a variety of anxlolytlc agents ~n an 
appetltively-mot~vated conflict task Speofically, the task 
involves an abrupt reduction in the magnitude of an expected 
reward (sucrose solution) Under such conditions, the con- 
summatory behavior of ammals shifted from a preferred 
(32%) to a less preferred (4%) sucrose solution declines to a 
level substantially below that of animals that have only 
experienced the less preferred 4% solution This decrement 
~n consummatory performance ~s termed a negative contrast 
effect (for review see Flaherty [19]) The negative contrast 
that occurs ~n subjects downsh~fted tn sucrose concentration 
is h~ghly reliable, w~th hck frequency of sh~fted animals often 
50c~ or less than that of the unshlfted controls Th~s effect 
appears to be transitory, dlmlmsh~ng ~n a systematic fashion 
over a period of three to five postsh~ft days (when consump- 
tion ~n sh~fled animals reaches the level of unsh~fted con- 
trols) 

Recovery from suppressed consummatory performance 
(i e , negative contrast) is faclhtated by several drugs that 
have anxlolyttc action in humans For example, the ben- 
zodlazeplne chlordlazepox~de (CDP, 6 and 8 mg/kg) greatly 
reduces or eliminates negative contrast when administered 
on the second postshlft day [3,22] This effect is not due to a 
non-specific appetite stimulating effect of the drug since the 
~ncrease in consumption was much more pronounced in 
shifted rats than unshlfted controls In addition, control 
groups were run such that state dependency and rate depen- 
dency explanations for the results could by ruled out 

Ethanol (ETOH, 0 75 and 1 0 g/kg) also greatly reduces 
negative contrast when adm~mstered on the second postshlft 
day [2] Moreover, fairly ineffective doses of CDP (4 mg/kg) 
and ETOH (0 50 g/kg) add~tlvely reduced contrast when 
administered together [3] Finally. the barbiturate amobarbt- 
tal sodium CABS, 17 5 mg/kg) has been found to be effective 
m reducing negative contrast as well [20,211 

The contrast paradigm appears to be particularly sensitive 
to these agents since the neurolepttcs halopertdol (0 I. 0 5, 
and I 0 mg/kg) and chlorpromazlne ( 1,3, and 5 mg/kg) do not 
produce similar effects [1] In addition, acute adm~mstratlon 
of the antidepressant Im~pramlne (8 and 16 mg/kg) had no 
effect on recovery from negative contrast (unpublished 
data) This apparent selective sensitivity to anx~olytlc drugs 
suggests the contrast procedure may be useful ~n further 
pharmacological analysis of these agents 

The purpose of th~s study was twofold F~rst, to invest~- 
gate the effectiveness of BDZ in the negative contrast 
paradigm by studying another BDZ drug, m~dazolam (MDZ) 
As previously mentioned, the anxlolytlc or ant~-confl~ct ac- 
tivity of BDZ may be mediated by a serotonerglc mech- 
anism It might therefore be expected that antlserotonerglc 
agents may produce effects on negative contrast similar to 

the BDZ (i e ,  a reduction m negative contrast) Thus. a 
second purpose of this study was to Investigate the potential 
contrast-reduong properties of three 5-HT antagonists 
methyserglde (METHY), clnanserln (CIN). and cyprohep- 
tadlne (CYPRO) Since CYPRO possesses antlchohnerg~c 
and antlh~stammerglc activity [63,71], to control for these 
nonspec~fic effects the ant~chohnerglc agent, scopolam,ne 
hydrobromlde (SCOPH) and the potent h~stamme H1 recep- 
tor blocker, pyrllam~ne (PYR1L) [36] were studied m Ibis 
conflict paradigm as well 

METHOD 

Sub.lects 

Experimentally naive male Sprague-Dawley rats (Blue 
Spruce Breeding Farms, Altamont, NY) were used as sub- 
jects The ammals, approximately 75 days old at the start of 
the experiment, were maintained at 82% of their free-feeding 
body weight throughout the experiment by single dady feed- 
~ng The subjects were Individually housed under a 14/10 
hour hght/dark cycle w~th water continuously available m the 
home cage 

Apparatu.~ 

Subjects were tested in five identical metal cages 
(24 5× 17 5× 18 cm) A centrally located hole 1 cm in diame- 
ter and 7 cm above the floor was present on one s~de of each 
of the cages A graduated cyhnder was placed outside the 
chamber such that the orifice of the drinking spout was cen- 
tered ~n the hole and flush w~th the outside wall of the cage 
L~cklng responses were monitored and recorded by standard 
electromechamcal clrcmtry interfaced w~th Commodore 
PET m~crocomputers 

Procedure 

Half the rats were randomly assigned to a group that re- 
ceived access to a 32% sucrose solution for 10 days (desig- 
nated as the preshlft period) and then a 4% solution for four 
postsh~ft days The remaining ammals served as unshlfted 
controls, receiving 4% sucrose on all days of the experiment 
It ~s ~mportant to note that during the postsh~ft period, all 
ammals received the same reward (4%. sucrose) The differ- 
ence between shifted and unsh~fied ammals was that only the 
former group had prior experience with a more preferred 
reward (32~ sucrose). The 14 daily sessions consisted of five 
mInutes access to the appropriate sucrose solution, timed 
from the first lick Following the first postshlft day session 
(day 11 of testing), shifted (32-4) and unshlfted (4-4) groups 
were matched w~th respect to their first postshlft day hck 
rates and then further separated on the basis of drug treat- 
ment In Experiment 1, shifted and unsh~fted subjects were 
divided into six groups (N=5-7) and injected with either 
0 25. 0 50, I 0, 1 25. or 2 0 mg/kg MDZ, or isotonic saline 
Similarly. ~n Experiment 2, sh~fted and unshlfled rats 
(N=5-7) were injected w~th e~ther METHY (3. 6. or 12 
mg/kg), CIN (5, 10, 15, or 20 mg/kg), CYPRO (3, 6. or 12 
mg/kg). SCOPH (0 25 or 0 50 mg/kg), or PYRIL (3 or 6 
mg/kg) Each of these drug conditions were run separately 
with the appropriate vehicle control groups included in each 
part of the experiment Vehicle injections were always 
volume-equivalent to the drug injections Data from each 
part of the experiment were analyzed separately Addi- 
tionally, since the 5 and 20 mg/kg CIN groups were run after 
the other C1N conditions were completed, an additional 



5-HT AND ANTI-CONFLICT ACTION OF BENZODIAZEPINES 1059 
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FIG I Mean hck rate per 5 minute session for shifted (32-4) and 
unshffted (4-4) subjects as a function of drug dose (mg/kg) and day of 
test Day 10 ~s the last presMft day Sahne and MDZ mjecttons were 
given on the second postsh~ft day (day 12) 
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FIG 2 Mean lick rate for 32% and 4% sucrose as a function of drug 
dose (mg/kg) and day of test Saline or METHY rejections were 
given on the second postshift day (day 12) 

saline group was run with these ammals. These data were 
analyzed separately as well 

All injections were administered intraperitoneally prior to 
the start of the second postshift day trials No injections 
were given on any other day of the experiment. Doses of 
MDZ (midazolam maleate) were admlmstered 15 minutes 
prior to the test session; CIN was administered 60 minutes 
prior to testing, while pretreatment times for all other drugs 
were 30 minutes. METHY (methysergide maleate) was do- 
nated by Sandoz Pharmaceuticals (East Hanover, N J), CIN 
(cmansenn hydrochloride) was obtained from E R. Squibb 
& Sons (Pnnceton, N J), CYPRO (cyropheptadme hydro- 
chloride) was obtained from Merk, Sharp & Dohme (West 
Point, PAL and SCOPH (scopolamine hydrobromlde) and 
PYRIL (pynlamme maleate) were purchased from Sigma 
Chemical Company (St. Louts, MO) CYPRO was dissolved 
in a 5% polyethylene glycol (PEG) solution in a concentra- 
tion of I mg/mi The vehicle was prepared by mixing 1 ml of 
95% PEG with 19 ml of distilled water. All other drugs were 
dissolved in 0.9% sal,ne. Sucrose solutions (w/w) were pre- 
pared from commercial grade cane sugar and tap water, 24 
hours before each session. 

RESULTS 

Experiment I Effects o f  MMazolam on Negative Contrast 

Six subjects were discarded from the experiment because 
they failed to lick the 4% sucrose solution during the preshift 
period. 

Mean lick rates as a function of sucrose and drug condi- 
tions are illustrated in Fig I. On the last preshlft day (day 10) 
animals receiving 32% sucrose generally licked at a higher 
rate than rats receiving 4% sucrose. This impression was 
supported by a reliable sucrose concentration × day interac- 
tion, F(4,328)=50.92, p < 0  01, and subsequent analysts with 
Fisher's Least Significant Difference (LSD) test (p<0.05) 

On the first postshlft day (day 11), negative contrast oc- 
curred m all drug groups, i e , unshifted control animals (4-4) 
licked at a rehably greater rate than shifted subjects (32-4) 
On the second postshift day, however, negative contrast was 
reliable only tn rats that received either saline, 0 25 or 0.50 
mg/kg MDZ Doses of 1.0, 1.25, and 2 0 mg/kg MDZ effec- 
tively eliminated the contrast effect, i e ,  there was no reli- 
able difference between the lick rates of sh~fted and un- 

shifted animals This was reflected in a significant sucrose 
concentration x drug x day interaction, F(20,328)=1 74, 
p<0.05, with subsequent LSD tests (p<0.05) In addition, 
while all doses of MDZ reliably increased licking of shifted 
animals on postshift day 2 compared to the first postshtft day 
(this was not true for saline-injected subjects), only shifted 
subjects that received the 1.0, ! 25, or 2 0 mg/kg doses of 
MDZ licked reliably more than the saline animals on the 
second postshtft day (LSD test, p<0.05). Lick rates of un- 
shifted rats did not rehably differ between the first and sec- 
ond postsh]ft days for all drug conditions. 

These results demonstrate a dose-dependent effect of 
MDZ on negative contrast. It is important to note that MDZ 
had no effect on unshifted controls, i . e ,  (4-4 MDZ) and (4-4 
Saline) groups did not reliably differ for all doses of the drug. 
This fact rules out the possibility that the drug's effect on the 
shifted groups was due to a generalized excitation effect 
Moreover, the differential effect MDZ had on shifted and 
unshifted animals rules out the possibility that the drug in- 
creased consumption merely due to its appetite-stimulatory 
effects (a characteristic property of benzodiazepines). 

Experiment 2 Effect~ of  Serotonzn Antagomsts on 
Negative Contrast 

The effects of methyserglde on negative contrast are illus- 
trated in Fig. 2 As can be seen, animals that had prior expe- 
rience with 32% sucrose consumed substantially less 4% su- 
crose dunng the postshfft period than unshffted subjects that 
received only the 4% solution on all 14 test days. This nega- 
tive contrast effect was significant on the first three postshift 
days as indicated by a reliable sucrose concentration × day 
interaction, F(3,81)= 15 81, p<0.01, followed by LSD tests 
(p<0 05) It is also apparent that the contrast effect was 
uninfluenced by the drug treatment. ANOVA supported this 
impression in that the shift x drug term was not statistically 
reliable ( F < l  0). Simdarly, the shift x drug x day interac- 
tion was not significant either (F< I 0). 

Data for the l0 and 15 mg/kg CIN groups and for the 5 and 
20 mg]kg doses of CIN are shown in the top and bottom 
panels of Fig. 3, respectively. In both cases negative contrast 
was reliable on all postshlft days, F(3,66)= 19 62, p<0.01 and 
F(3,72)=7.70, p<0.01, respectively, followed by LSD tests 
(p<0.05) As can be seen in the top panel, drug admimstra- 
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FIG 3 Mean hck rate for 32% and 4% sucrose as a function of CIN 
dose (top panel 10 and 15 mg/kg, bottom panel 5 and 20 mg/kg) and 
day of test Saline or CIN rejections were g~ven on the second 
postsh~ft day (day 12) 

tlon (10 and 15 mg/kg CIN) attenuated negative contrast 
Analysis of the first two postshift days for shifted subjects 
revealed a marginally rehable drug × day ~nteract~on, 
F(2,11)=3 68, p = 0 0 5 9  Further analysis indicated that 
shifted animals injected with either 10 or 15 mg/kg CIN 
licked rehably greater on the second postshift day than on 
postshlft day 1. In addition, these animals hcked rehably 
greater than the sahne-lnjected subjects on the second 
postshlft day (by LSD tests, p < 0  05). S~mdar analysts of 
unsh~fted subjects ~ndicated no mgmficant d~fferences be- 
tween drug groups on either postshlft day 

As shown m the bottom panel of Fig. 3, drug treatment 
did not greatly influence the contrast effect relative to the 
saline control cond~tion. In fact, ANOVA of the first two 
postshift days for shifted subjects ~ndicated that all animals 
hcked reliably more on the second postsh~ft day than on the 
first, irrespective of drug treatment, F(1,12)= 12 18, p < 0  01 
Analysis of unshlfted subjects revealed no reliable differ- 
ences between postshlft day one and postshift day two con- 
summatory performance across all drug condmons 

Figure 4 illustrates the data obtained from the CYPRO 
part of the experament Negatwe contrast was reliable on the 
first postshift day for all dose conditions, F(3,57)=3 96, 
p < 0  01. On the second postshlft day, negative contrast was 
only reliable ~n rats ~njected w~th vehicle. In addition, first 
and second postshift day hck rates did not reliably differ for 
shifted and unshlfted vehicle-reJected subjects Although 
contrast was ehm~nated in the three drug groups (i.e , no 
reliable differences between shifted and unshlfted lick rates), 
for some of the doses this effect was due to the drug's action 
on unsh~fted as well as shifted ammals. Sh~fted subjects that 
received the 3 mg/kg dose of CYPRO licked at a reliably 
greater rate on the second postshtft day than on the first 

EFFECTS OF CYPRO~HEPTADINE Irno~kgJ O N  N E G A T I V E  CONTRAST 

"¢ EI.~/CL E J 

I • o 0  4 • 
~ ,; o 
~ I 1 0 0  , o 

, 2  ~ ~ 

~ ~ 

~ .o~ ~ .  
g 

~ . . . . . .  , , ~ ~ 
10 ~1 I1 I1 ~4 I0 I+ I I  I I  14 

6 T2 

o I . ~ ~ 9 °  

i ', ..i/ 

1 0 1 1 1 1 1 1 1 4  I O I 1 1 2 ~ 1 1 4  

FIG 4 Mean I,ck rate for 32% and 4% sucrose as a function of 
CYPRO dose (mg/kg) and test day Vehicle and CYRPO mject~ons 
were given on the second postshfft day (day 12) 

postsh~ft day Moreover, these animals licked reliably more 
than vehicle controls on the second postsh~fl day (by LSD 
test, ,9<0.05) Importantly, th~s dose of CYPRO did not in- 
fluence the consummatory performance of unshifted con- 
trols, ~.e , there was no reliable d~fference between postshlft 
day 1 and day 2 hck rates for the unshlfted rats receiving 3 
mg/kg CYPRO Therefore, the elimination of negative con- 
trast in animals rece~ving 3 mg/kg CYPRO would appear to 
be due to the differential effect this dose of CYPRO has on 
shifted and unstufted subJects--performance was facditated, 
or d~smhlbtted, tn shifted rats while that of unshlfted ammals 
was not mgmficantly influenced 

Although shifted animals that received the 6 mg/kg dose 
of CYPRO did not hck rehably more than vehicle sh~fted 
subjects on the second postshlft day, their lick rate rehably 
increased on postshift day 2 as compared to their hck rate on 
postshlft day one (LSD tests, p < 0  05) This increase ehmJ- 
hated the contrast effect in that sh~fted and unshtfted sub- 
jects did not reliably differ in lick rate on the second postshlft 
day However, this elimination of contrast is partly due to a 
decrease in lick rate of unshlfted drug ammals Consumption 
of the 4% sucrose solution by these unsh~fted animals was 
significantly less on the second postshlft day than it was on 
the first postsh~ft day (drug x day ~nteract~on 
F(3,30)= 18 27, p < 0  01, LSD test, p < 0  05) Furthermore, 
these animals licked reliably less than unsh~fted veh~cle- 
~njected rats on the second postshlft day Nevertheless, de- 
sp~te the apparent depressant effect th~s dose of CYPRO had 
on the performance of unshifted controls, 6 mg/kg CYPRO 
d~d rehably increase the performance of shifted animals, 
thereby attenuating the contrast effect 

The depressant effects of CYPRO is most apparent with 
an even h~gher dose of the drug (12 mg/kg) While contrast 
was eliminated w~th this dose of the drug, it is clear that both 
sh~fted and unshlfted rats hcked substantially less on the 
second postshlft day than on the first postshlft day. In addi- 
tion, sh~fted and unshifted animals that received 12 mg/kg 
CYPRO licked reliably less on postshift day 2 than subjects 
that received ~nject~ons of the vehicle (LSD test, p < 0  05). 
The ehmlnation of contrast in animals administered 12 mg/kg 
CPYRO then, is more a reflection of the general depressant 
effect th~s dose had on consummatory performance of 
shifted and unshlfted subjects 

SCOPH (data not presented) had a dose-dependent effect 
of decreasing consumption in unshifted, F(2,13)=8 11. 
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p<0.01 and shifted, F(2 ,15)=5.90,p<0 05, subjects Finally, 
netther 3 nor 6 mg/kg PYRIL (data not shown) influenced 
negative contrast  relative to controls ( F s < l . 0  for both 
sh~fled and unsh~fted analyses) 

DISCUSSION 

Th~s series of experiments has demonstrated that" (1) 
admmtstrat~on of  mldazolam on the second postshfft day re- 
duces, ~n a dose-dependent fashion, consummatory negattve 
contrast,  (2) the influence of  three serotonin antagomsts on 
contrast produced m~xed resul ts~methysergide  was tnef- 
fect~ve whde cinansenn and cyproheptadtne reduced nega- 
tive contrast under hm~ted dose ranges, (3) the anttchohner- 
g~c agent, scopolamine, produced a generalized depressant 
effect on consummatory performance, and (4) the 
ant~htstamtne pyrilamme d~d not rehably influence negative 
contrast relative to controls 

The dose-dependent at tenuahon of  negatwe contrast by 
MDZ substantiates prewous work w~th another ben- 
zod~azepme, CDP, which also is effective ~n eliminating 
negative contrast when admmtstered on the second postshift 
day [3,22] MDZ appears to be more potent ~n th~s contrast 
procedure than CDP ~n that the m~mmai effecttve dose for 
the ehmtnatton of  negative contrast was 1 mg/kg for MDZ as 
compared to 6 mg/kg for CDP. Whde MDZ has been found to 
be roughly eqmpotent to dtazepam in a variety of  experi- 
mental s~tuat~ons [52], the greater potency of  MDZ as com- 
pared to CDP has also been observed by others [661. 

In addition, for the doses of MDZ that effectively ehm~- 
nated contrast,  when the drug was not administered on the 
third postsh~ft day, there was a fatrly pronounced decrease m 
hck rate Th~s pattern of  results ~s reminiscent of  those found 
w~th doses of ETOH and CDP that also greatly reduce or 
chromate negative contrast and thus, lend credence to the 
notion that these drugs may be working m a dtsmh~b~tory 
fashion, w~th mh~btt~on returmng on the third postshift day 
(when there ~s no adm~mstrat~on of drug) Some of  the behav- 
ioral effects, of  at least the benzod~azepmes, have been de- 
scribed as dlsmh~b~tory by others as well [22, 43, 62]. 

The results obtamed w~th the three ant~serotonerg~c drugs 
were more ambiguous Two of  the three 5-HT antagonists 
(c~nanserm and cyproheptad~ne) tested ~n this study were 
effective m reducing negative contrast 

The doses of METHY employed m th~s study are w~thtn 
the range of doses (I-10 mg/kg) that have been reported to 
produce ant~-confhct activity m operant s~tuattons, albe~t not 
to the same degree as optimal doses of  BDZ (e .g ,  [28, 57, 
72]). While ~t ~s unclear as to whether the contrast paradigm 
~s less sensitive to the effects of th~s 5-HT antagomst, thus 
requ~nng higher doses of the drug to produce s~mtlar effects 
seen ~n the operant conflict tests, some reports indicate that 
h~gher doses of  METHY may produce a general depressant 
effect on responding For  example, Sep~nwall and Cook [57] 
found I0 mg/kg METHY to decrease unpumshed respondtng 
whde not altenng pumshed behawor. Kdts et a! [35] found 
th~s same dose to actually increase suppression of pumshed 
behavior. Wtth respect to the latter observation, although 
not staust~caily rehable, data from th~s experiment indicate 
that the 12 mg/kg dose of  METHY tended to suppress con- 
summatory performance tn shtfied ammais relative to other 
doses of the drug and the sahne control group. In any event, 
the data clearly demonstrate that METHY does not produce 
BDZ-hke effects m reducmg negative contrast.  

The pattern of results obtained w~th CIN appears some- 

what s~mdar to that previously reported in the literature. 
That is, CIN has been shown to exhibit anti-conflict activity 
under very hmited conditions (e.g., [13]). In addition, it 
should be noted that although negative contrast  was rehable 
m both parts of the experiment,  there was a d~fference in 
absolute hck rates of  shifted rats ( e .g ,  compare top and 
bottom panels of  Fig. 3) Whether this difference in 
"basehne'"  or degree of contrast  ~s a s~gnificant factor m the 
analys~s of CIN 's  effects on negative contrast cannot be fully 
assessed at present. However,  there ~s some evidence to 
~nd~cate that the effectiveness of  the 10 and 15 mg/kg doses m 
attenuating contrast was not merely due to a rate dependent  
effect. For example, s~milar doses of  CIN have not been 
found to alter low rates of  responding mmnta~ned by a DRL 
schedule for reinforcement [45]. 

CYPRO (3 mg/kg) ehmlnated negative contrast  in a simi- 
lar fashion as BDZ. That is, the drug produced an increase in 
respondtng ~n sh~fted ammals whde leaving unshffted per- 
formance relattvely unaltered. The 6 mg/kg dose of CYPRO 
effectively ~ncreased performance of shifted rats, however,  
th~s dose of the drug also decreased responding m unshifted 
ammals The depressant effects of  CYPRO was most clearly 
observed with the 12 mg/kg dose. Similar depressant effects 
of h~gh doses of CYPRO have been previously noted [35]. 
The narrow range of  effectwe doses for the anti-conflict ac- 
tivity of  CYPRO has been prewously reported as well [28], 
although a wide range of  doses have also been found to be 
effective by others [58]. 

The contrast-amehoratmg effects of CYPRO (particularly 
the 3 mg/kg dose) may not be attributed to the drug's  ant~- 
chohnerg~c or ant~h~stam~nerg~c actions. SCOPH generally 
decreased consumption tn all ammals Th~s result is s~mdar 
to that previously reported w~th a 1 mg/kg dose of SCOPH 
[23] Thts effect also seems consistent wtth previous reports 
that have shown SCOPH to reduce water intake under a 
variety of  experimentally-reduced s~tuat~ons, e.g.,  water 
deprivation, hypovolemia, and hypertomctty [8,27]. The 
consumption of  an 8% dextrose solution was also found to be 
decreased ~n squirrel monkeys after admlmstration of  0. I or 
0.5 mg/kg SCOPH [461 The fact that respondtng m shifted 
subjects was further suppressed by SCOPH also supports 
findings that SCOPH decreases pumshed behavior. This ef- 
fect was observed wtth doses similar to those used in this 
experiment (0.3 and 0.5 mg/kg), but was absent when stmdar 
doses of the peripherally acting quaternary analogue of  
SCOPH (scopolamine methyl mtrate) was admimstered [47]. 

The antth~stam~ne PYRIL d~d not sigmficantly influence 
contrast relative to controls. These results are m agreement 
wtth those obtained by Graeff [28] where pynlam~ne, as well 
as two other antth~stammerg~c drugs, were found to lack 
ant~-confl~ct activity tn an operant s~tuatton. 

There may be several reasons for the d~screpant results 
obtained w~th these three putative 5-HT receptor blockers. 
For example, ~t m~ght be that CYPRO and CIN are more 
potent 5-HT antagomsts than METHY Cyproheptadme has 
been found to be a more potent 5-HT antagomst than 
methyserg~de m peripheral preparations, ~ e.,  rat utenne t~s- 
sue [30] However,  according to many recent binding studies 
w~th central serotonm receptors,  th~s has not been the case 
For example, tn a recent study, methysergide was found to 
be the most potent of the three antagomsts [9] Therefore, 
the lack of  conststency of these agents to ~nfluence negattve 
contrast  does not seem to be related to their differential 
potenctes as 5-HT antagomsts. 

Recently, two d~stmct types of  5-HT receptors have been 
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detected in brain tissue by in vttro b~ndlng studies [4, 39, 51] 
The existence of  different receptors raises the posslbthty that 
the different findings obtained in th~s study with the three 
serotontn antagonists may be related to their differential ac- 
tion at the two 5-HT binding sites. However,  this does not 
appear to be the case since the serotonln antagonists em- 
ployed ~n the present study bind to both SI and $2 receptors 
[38,50] 

Many 5-HT antagonists have nonspeclfiC effects, ~n- 
fluenctng neurotransmltter systems other than serotonln 
For example, as noted earher, cyproheptadtne has both ant~- 
chohnerglc and antihistam~nerglc activity [63,71] The differ- 
ence m efficacy of  the three 5-HT antagonists to attenuate 
negative contrast ts not likely due to these nonspeclfiC prop- 
ert~es of  CYPRO, since CIN, which is relatively void ofant~- 
chohnerglc and antthlstamlnerglc activity [38] was also ef- 
fective in reducing negative contrast. Moreover, neither 
scopolamine nor pynlam~ne greatly influenced contrast 
Thus, the greater efficacy of CYPRO as compared to CIN m 
attenuating negative contrast (3 mg/kg CYPRO ehm~nated 
contrast while effective doses of  CIN reduced contrast) can- 
not be attributed to the anuchohnerg~c or antthtstam~nergtc 
activity of the former drug In summary, tt is unclear as to 
why only two of the three tested serotonm antagonists were 
effective in reducing negative contrast 

The inconsistent nature of the results obtained w~th 
serotonln antagonists is not umque In reviewing the litera- 
ture, a variety of  possible explanations for the lack of consis- 
tency has emerged. First, as posited by Kilts et a l .  [35] and 
others, it ts possible that the wide variety of behaworal tasks 
employed in studies assessing anti-conflict activity may be 
differentially sensitive to the rate-enhancing effects of BDZ 
and other drugs For example, the dependent measure in 
such studies has varied from instrumental behaviors (e g ,  
rate of lever pressing) to exploratory behawor to consum- 
matory behaviors (e .g ,  eating, drinking). Although BDZ are 
effective in releasing suppressed behavior in all these situa- 
tions, ~t is quite possible that other agents, particularly those 
that influence specific neurotransmltter systems, may have 
dlfferenual effects on th~s myriad of  behavioral tasks Th~s 
point is clearly dlustrated m a recent study where methyser- 
glde and c~nanserln were found to be effective m increasing 
pumshed responding in a lick-suppression task, but ineffec- 
tive in releasing suppressed responding (lever pressing) m a 
multiple-schedule task [9] 

Another possible explanation for the inconsistent results 
of studies aimed at determining the involvement of 5-HT in 
the ante-conflict activity of  BDZ stems from the fact that 
many serotonin drugs (particularly the antagomsts) have 
nonspeclfiC effects and their locus of  action in the CNS is 
poorly understood [18]. This ~s particularly exemphfied by 
the fact that the efficacy of  the putative 5-HT antagomsts 
employed in the present study (as well as others) ~n blocking 
central 5-HT receptors has been d~sputed, since they faded 
to antagonize the synapUc Inhibition induced by lontophore- 

tic application of  5-HT tn brain areas that receive a dense 
serotonln input [32,59] In addition, some evidence indicates 
that many drugs thought to be 5-HT antagonists, ~ncludmg 
those employed m the present study, may ~n fact act com- 
plexly as mixed agonlst-antagomsts 112] 

Taken together, the lack of a consistent body of evidence 
~n support of the hypothesis that decreased 5-HT activity ~s 
~nvolved in mediating the anx~olyt~c action of  BDZ may be 
attributed to the differential effects of drugs on a w~de van- 
ety of  behavioral paradigms employed, and the lack of an 
indepth understanding of the complex serotomn system 
These points are perhaps best dlustrated by a recent study m 
which the relationship between b~nd~ng affimty for $2 recep- 
tors and ant~-confl~ct activity of 5-HT antagonists was inves- 
tigated [9] As previously described, the effectiveness of 
these agents to increase pumshed responding was m many 
cases task-dependent I~ e , hck~ng vs lever pressing behav- 
ior) In addition, although a positive correlation between 
anti-confl~ct effects and $2 potency was observed, ketanse- 
rtn, which is a potent serotonln antagomst and binds most 
selectively to $2 sties w~th mlmmal nonspeofic activity 
[38,40] d~d not exhibit strong ante-conflict activity 

It may be then, that BDZ do not produce their behavioral 
effects through direct interaction with the serotonln system 
In support of such a notion is the fact that BDZ appear to 
have httle affimty for 5-HT postsynapt~c receptors ~n rat 
brain [24] In fact, the effects of BDZ on serotomn act~wty 
may be secondary to their effects on other neurotransm~tter 
systems Indeed, BDZ have been ~ntlmately hnked to GABA 
on both molecular (e g , [44, 53, 68]) and functional (e g ,  [5, 
15, 37, 64, 65]) levels There ts also growing evidence sup- 
porting an important role for GABA ~n medmtmg many of the 
therapeutic actions of  BDZ (e g , [6, 10. 14, 16.49, 60, 741) 
Accordingly, ~t has been suggested that the BDZ-~nduced 
decrease in 5-HT act~wty may be the result of ben- 
zodlazep~ne facthtatlon of GABA-med~ated presynapt~c ~n- 
htbltlOn at serotomn nerve terminals [31, 58, 601 Moreover, 
several convergent hnes of  evidence support the hypothesis 
that GABA and serotomn may interact ~n mediating the 
ant~-confl~ct (or ant~-anx~ety) activity of BDZ l e g  , [ 11, 33, 
67]) Clearly, addlUonal research ~s needed to further sub- 
stanttate th~s posslblhty Toward this end, ~nvest~gatton of  
the role of G A B A  m mediating the contrast-reducing effects 
of  BDZ ~s currently being pursued 
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