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Abstract Raiionale: The role of zerotonin m human ag-
grezszion and impulsivity was evaluated by adnum*t&nue
paroxetine or placebo for 3 weeks and comparing the eff
fects on laboratory measures of agpression and mpula-
vity among male zubjects with a mztory of conduct dis-
order. Methods: Twelve male subjects with a history of
criminal behavior parficipated m experimental sessions,
winch measured aggressive and impulsive responses. Six
subjects were assigned to placebo treatment and zix sub-
jects to placebo and paroxefine treafment Ageression
was measured uzimg the pomt subfrachion aggression par-
adigm (PSAF), which provides subjects with an aggres-
sive and monetary remforced response options. Impul-
slve Tesponses Were measured using a paradipm that
gives subjects choices between small rewards affer short
delays versus larger rewards after longer delays. Resulis:
Chrome admmmstration of pa.r-ﬁe;ﬁnef”'lﬂl mg/day) for 21
davs produced =igmificant decreases m lmpul:me re-
spomses. Decreases in aggressive responses were evident
only at the end of p.amﬁetme freatment Decreases m im-
pulzive and aggressive responses could not be attmbuted
to a non-specific sedative action because monetary rein-
forced responses were not decreased as has been ob-
served followmg CN5 sedation Comclusions: Inlnbition
of serctonim Ieuptal-.e by paroxetine 15 the poszible mech-
anizm for reductions 1n aggreszive and impulsive re-
onzes. Theze results support other data linking zeroto-
nin function and aggression and mpulsivity.
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Introduction

A large number of scientific arhicles support a relabion-
ship between serotonin (3-HT) and human impulsive and
agpreszive behavior (Linnoila et al 1923; Virkkamen et
al 1989). Studies in non-human species have also linked
reduced J-HT levels to agereszve and mpulzive behav-
ior (e.g. Higley et al. 1996). Pharmacolopical manipula-
tion of the 5-HT system through tn'ptc-p]:uan depletion or
supplementation resulted in redicted direc-
tions m self-reported Iflll:rﬂ-ﬂh-:'ﬂ'[ﬂlt'. IIE' eare and Bond
1995) and laboratory measures of aggression (Bjork et
al. 1999). Assessments of 5-HT response thmuzﬂl chal-
lenge agentz have revealed blu.uted 5-HT response In
children with conduct disorder (Stoff et al. 1992) and
personalitv-dizordered mdrnduals reporing high levels
of aggreszion and mupulsrty (Moss et al. 1390).

A mmber of studies with non-human subjects have
established a relationship between 5-HT and laboratory
measures of impulsivity. Decreases in impulsive behav-
10r have been repu:-rted following admimstration of 3-HT
Ieuptal:e mhibitors, 3-HT agomists (Soubne IE'E-IE-} and
5-HT releazing agents {Pn:-uln:-:. et al. 1996). Lesioning of
5-HT pathwayz produced decreased impulse contrel EH
et al 1998). Collectively, these mveshgations suggest
that reduced 5-HT plavs a role in impulsive and aggres-
sive behavior

Serotomn reuptake mhibitors (55R1s) such as fluoxe-
tine have been found to decrease agpression I several
species of ammals (zee review by Fuller 1996). Some m-
vestigators have suggested that patients with impulse and
‘or aggression disorders may respond favorably to S5F]s
(e.g. Bover 1992). Many climicianz have reported a re-
duction i anger outbursts among depressed, affect labile
and post-traumatic stress disorder patients treated with
fluoxetme (Fozenbaum et al. 1993). Fluoxetine com-
pared to placebo treatment reduced self-report measures
of umtability and aggression among personality disor-
dered P‘EII].-..] ants (Coccaro and Kavous=1 1997).

Cntical o understanding the biology of 1n1pu] Ive/ag-

preszive behavior 1z accurate measurement of these he-



haviors. In the present study, we descnbe a laboratory-
bazed procedure in which zubjects were exposzed to tests
of both mpulsive and aggressive rezponding mn the same
experimental day. The impulzivity component mvolved a
well-documented delay of grahficaton task (Mazur
1987; Logue 1995) m “which subjects chose between a
small reward available after a short delay and a larper re-
ward available only after a longer delav. Thiz procedure
has demonstrated sensttivity in detecting mmpulsiveness
g&)ﬂpulatinm with mmpulse contrel difficulties (Logue
s} andmmeasmngdmgeﬂ'&ntsmimwlsiﬁ:eh
havior (Cherek and Lane 2000). The aggressive respond-
ing compoenent emploved the point subtrachion aggres-
sion paradigm (PSAF) (Cherek 1992). The extemnal va-
hdity of thiz procedure has been establizhed in stodies
demonsirating differences between viclent and non-vio-
lent individuals (Cherek et al. 1997).

The preszent mveshgation assessed the effects of par-
oxetine (a 3-HT e inhibitor) on aggressive and
impulsive behavior of individuals with a history of anti-
soclal behavior. We ted that, in accord with previ-
ous human studies, mereasmg 3-HT activity m the CINS
would produce decreases in aggrezsive and Jmpulsma Ie-
spondng. An earlier study with JJ/-fenfluramime, which

releases 3-HT and dnpanune re:pmtad mgmﬂu:a.ut de-

creases In aggressive and 1m I".'E IS
sroup of E]jmale subjects ( 15’9‘9:?%.&
prezent would allow us t-:r conirast the results

of chromie 3-HT reuptake mhibihion wath our previous
studies usmg 3-HT releasmg agents.

Materials and methods

Subjects

Tovalve male subject: on parcle were recruited via newspaper ad-
vertisements info a laboratory study involving meamures of behav-
bor and paroxetine adminiztration. Informed consent was obtained
during intake interviews. All subject: had been convicted of at
lzast one felomy and were mcarcerated for some period of time.
The speafic consent forms and all procedures wers reviewed and
approved by the IRE for the Health Science Center.

Seven subject: reported no current alcohol use, whils the othar
subjects reported weekly beer drinking ranging from 4 to 12 beoars
per week. Eight of the subjects repm‘ted smoking five to ten ciga-
rettes per day: Mone of the subjects reported current illicit drog
usa. Most of the subjects reparted prior use of illicit drugs: mari-
juana (tem), cocame (five), di (three), amphetamines
(thres), opiates {two) 3.11:1 LSD {two}. Subjects wers required to
provide drug free urine once per month as a condition of their pa-
rale.

Fecruitment and sCresning

To azsesz cognitive fnctoning, all subjects were admuiniztered the
Shipley Institute of Living Scals {Shipley Bovle 1967), a test of
general mmballecmal aptitude that mchide: a 40-item vocabulary
test and a 20-item abstraction fest Shiplev scores gave estimates
of the WAIS IQ) score. The range on all WAIS estimate scores was
within the nornmal range of one standard deviation.

Subjects reporting any meadical or peychiatric fllness were ox-
chaded. All -ubjerls were screaned for psvchisinc illnesz uzing a
mental statuz exam and the Structured Clinical Imterview for
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DSMAV (SCID-P), a standardized pzychiatric imterview (First et
al. 1904}, Subjectz were excluded for any amis [ dizorder, except
past substance abuze or dependence. The SCID-II Stmactorad Clin-
ical Interview was also uzad to determine if subjects met criteria
for childhood conduct disorder brv 15 vears of aga.

The finsl zample inclided 12 subjects with a history of con-
duct disorder. Six were azzizned to placebe and sox were assigned
1o paroxetine reatment.

Extraneous drug use

Collecting 3 unne zample and expired air zample sach day the
subjects came into the laborstory monitored recent alocohol and
drg use. The alcohol content of the expired air was measured us-
me an Alcosensor [T {Intoxmmeter, hlodel 3000, 5t Louws, Mo,
UEA) The urine sample was subjectad to a complete drug screen
analyeis whlizme the Ensvme Multiple Immmnosezay Technigue
Dirug Abuse Urins Azzav (EMIT d.an. by Sylva Corporation, Palo
Aho Calif USA). Thiz procedure screened for all known drugs
of abuse 3.11:1 sevaral hundred therapsutic compound:. Detection of
ary dmiz in the subject’s urine or alcohol in the air sampls resalted
m the removal of the subject from the stady. Unnanalyzis results
were provided within 7 h.

Apparams

Dunng experimental zeszions, subjeciz :atma 1.2 m- 1.8 m spund-
attermated chamber Contimuous maszking noise was provided by
fan motor from an sirconditonme unit mounted at the top of the
rear wall and an ovarhead light provided ilhmination. The cham-
bar contained a VGA monrtor and a 10 om- 45 om- 25 om response
panel Three hlicroswitch pushbuttons labeled “A", “B™ and “C*
were mounted on the top of the response panel in 3 siraizht line
10 cm apart. The cable comng into the back of the responze panel
wasz of sufficrent lensth to allow subjects to place the response pan-
el on their lap during sessions. The monitor and response panel
were linked to 3 Pentium-based computer outzide the chamber us-
mz an imtarface card (hed Associates, Inc., Georgia Vi, USA)
and a customized hardwara/software svstem. This computer and in-
tarface controlled and recordad all axperiments] avents,

Instractons for PSAF

Prior to participation, zubjects were provided with information
about potential eamings, urine drug testing breath alcohol testing
and psvchiatric screenine. Subjects weare told that thev could ax-
pect to earn from 54.00 to 55.00 per sazsion and addtional bomms-
es were providad for dmz-fres wrimes and studyv compls=tion.

Prior to the first seszion. subjects were shown a diagram of the
commputer mmonitor and response panel and read the followme in-
Sruciions:

“Today, vou will be able to 2am monev by working at the ra-
ponze console. This is a drawang of the responsze panel and com-
putar monitor. You will be participating with other persons in this
study. Thess other people will have similar response panels and
monitors. Thesa other paople are located at another facility,

Az the drawing ilhistrates, the responsze pansl contzins three
buttons labaled A B and C. The C button will not be uzed m this
stody. When aach zession starts, the lettars A and B, and a countar
will appear on the computer screen. The counter will be at zero.
Pushing the A botton will cause the B letter to go off the screan
Pushing the A button approximately 100 tmes will causze the A
lattar to o off the screen, and add 15 cents to the counter. Aftar
about 1 5, the A and B letters wall come back on the compuiar
scraen. At that time vou can continue to press bufton A or switch
to button B.

During the zassion the countsr ob VOUT COMpUtar screen may
become larser and 15 cents will be subtracted. After the 15 cents
Iz subtracted, the countar wall return to 2 normal size. This means
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that one of the other persons has subiracted 15 cents from your
counter by button B on hiz response panel. The monev
that this person subtracts from vour counter iz added to his coun-
taT,

If vou push button B on vour response panel the A lattar will
g0 off the screen. After vou have pushed button B approximately
10 times, the letter B will go off the screen and 15 cenis will ba
snbiracted from the other person’s connter. After about 1 =, the 4
and B lettars will come back on the computer screen. You can con-
tmae to pre:= button B and subitract additional monsv from the
other perzon or switch to button A If vou subtract money from the
other parzon it will not be added to vour counter. Femember,
mnne#‘uhﬂactedﬁnmmmmmterb#dlentherpemﬂnlsadded
to that parson’s counter.™

Mo additional information regarding the procedure was provided.
Portions of the mstructions were repeated if the zubjects aszkad
guestions.

Point subtraction agsreszion paradiam (PSAPR)

The two-option version of the PRAP sofftware program was usad
to measure agsreszive and non-agsreszive respondme.

Re:ponse opiions

Druring experimental sassions subjects wers provided with two re-
sponse options: (1} 8 monetary reinforced response, and (2} an ag-
Eessive response. Pressing button A was maintained by a fixed-
ratio (FR)) 100, ie. 100 consecutive responses, schedule of mone-
tarv reinforcement. Completion of the FR100 on button A incre-
mented the counter by 15 cents. Subject: ware paid the amount
shown on their counter at the and of the sexion. Ten consecutive
presses on button B (FE10) ostenzibly resulied i the subiraction
of 15 cents from a fictitious perzon paired with the subject durins
the zeszion. Faspondine on button B was defined az aggressive,
zince such responding ostensibly resulted in the presentation of an
averzive stinmhiz, ie. loss of money, to another person. Once a
mbject selected erther button A or B, 'I‘J].EI'.'ll:I-I]l'I- that respanse op-
ton was available until the requlra:lrau-::- of 10 or 100 responses
was completed, and then both response options were available
again

Provocmiion

Subtractime money from the subjects occasioned agereszme re-
gponding. M-:::netm subtractions were presentsd randomly via a3
computer program, which selected mtervals between § and 120 5
for successive subtractions. These monetary subtractions were at-
tributed to the fictitious other person paired with the subjact.

Conzeguences of aggresiive and escape responding

Agoreszive responding was mamtaimed by the initiation of provo-
Ccation-free miervalz durng which no money was mbiracied from
the subjects. Besides ostensibly subtracting money from the other
perzon {option B), completing an FR10 on button B also initiated

a 125-z imterval during which no additional subtractions oCourred.
After the 125-5 imferval elapzed moneiary sublrachons were again
presented. At least one 15 cent subtraction had to occur bafors
each 125-z provocation-free interval conld be mitiated. These con-
tingencies ensurad that subjects could not avold monetar: subtrac-
tons, but they could reduce the mumber of subtrachions ooowTing
in each saszzion by responding on button B. Thus, subjects were
periodically provoked throughout the seszion, and in the shsencs
of ageressive responding, 2015 subtractions were prezemtad in a
EETI0N.

Instructions for impulsivity (IMP) szzions

After receiving matructions for the PSAP semmions, subjectz wers
shown 3 [imsram of the computer monitor and responze pansal and
read instroctions ralatmg to the IMP seszionz. The following -
structions were pr-:mded for ILNP sezzions.

During zessions, both the letters A and B wall appear on the
zcrean in vellow color. First, von pmst choose one of the letters by
pressing either the A or B button. The letter vou have salected will
remain on the s and the other letter will dizsappear. MNow,
wait until the letter begins: to flazh and press the button agzin. An
amount of money will then be added to the counter, and both lat-
ters will again appear on the screen. During thess sessions, vou
will only have to press the button todice to earn maney.

Mo additional information reearding the procedurs was provid-
2d. Portions of the instructions were rep=ated if the subjects askad
quastions. Subject: were not provided amy mformation regarding
the lensth or number of sezzions to be conducted (s=e below).

Impulsivity (2elf-control) paradizm

A modified version of the zealf-control paradism introeduced by
Mamir (1987) was used to measure impulzive behavior. Subjecis
ware given opportunities to choose betwean a smaller more imme-
diate reinforcer versus a larger more delaved reinforcer. Choice of
the smaller more immediate reinforcer was defined asz mpulzive.

During IMP zezzions subjeciz were provided with two re-
sponze options: (1) an impulsive option (A) and (2} a self-control
option (B). Both the A and B letters appeared on the screen at the
bezmning of 2ach trial. The subject zzlacted a latter by preszing
the corresponding button on the response panel. The zelected letter
remained on the screen and the other letter dizappeared. After a
dalav, the letter began to flash off and on, and 3 smele response on
that button added a monetary value (either 5 or 15 cents) to the
counter and the lefter dizappsared. The subsaquent appearance of
the two letters I = later ziznaled the beginninz of the next frial
Bufton A responses were gperationalty defined as impulzive The
dalay to remforcement was 5 = and the remforcer amount was
5 cents. Becanse the zezzion duration was not 3 fixed trme, bat -
stead controlled by the number of trialz, there was no monetary
advantage to the "!].b_'lla:t for choosing the A opton. The delay as-
sociated with the A option was fived.

EButton E responses were operabionally defined az z=lf-conm-
irolled. The delay was lomger, but the reinforcer masmimde was
areater than for the A responze. At the beginning of each zeszion
the delav associated with the B responze was 15 s, and the rein-
forcer was 15 cenis. Following each A response, the B delay was

shortened by 2 =, to 2 minimmm of 7 5. Conversaly, following each
E responze, ‘the B delay was lengthened by 2 = Inthu.nm a zub-
ject repeatedly choosing the B option would be Eﬂ;ln;ed o n-
creasingly longar ﬂElE.].-‘E for the 15 cent reinforcement to a maxi-
oo of 113 3.

Impulsivity was measurad az the nuwmber of choices of the
amaller, mors mmediate (A option) reinforcer. Bacauze the mom-
ber of mnpulsive choices could be the same for two subjectz de-
gpite differences in the patterns of their choices, the average delayv
maintzined for the B (zelf-conirol) option and the longest delay
achieved wara alzo meszured.

Paroxetine

Like fluocmetine, paroxetine is a 3-HT reuptake inhibitor, which m-
teract: with the 5-HT transporter zite, and zelsctively mhibit the
reuptaks of 5-HT and 1= regardad as one of the more potant inhibi-
torz of 5-HT reuptake (IMathan et al 1995}, Paroxetme 1= consid-
ered to be a5 effective as fluoxetine in the reatment of depreszion
(Chamey et al. 1993 Paroxetine was selected beczuze it haz a
npmch shorter half-lifs (20 k) and produces no active metabolites
{ Tollefzon 1905). These characteristics are better suited for a pla-
Cebo~drg-placebo desipn which requires fairly rapid elmination



