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Acute Tolerance to Subjective but not Cardiovascular
'Effects of d- Amphetamine in Normal, Healthy Men

LlSA H. BRAUER, PuD,** JOHN AMBRE, MD, PuD,? AND RARRIET DE WIT, PHD?
sPostdoctorul Fellow, Deportment of Psychiatry, Umversuy of Otimgo, Chicago, Jllinois;
American Medical Association, -
Chicogo, nlums, 3associate Professor, Department of Psychintry, University of Cmcago
Chicogo, Ninois; and 'Rcsean:h Associate, Department of Psychiotry, Duke University

¢ Medicol Center, Durhmn

*Director, D of Toxicology and Drug Abuse,

Thig is a desmptive report on the relationship
between the phamacokincnm and pharmacody-
namnics of d-amphetamine in healthy, normal vol-
unteers. Six men, eged 22 Lo 3], attended twro ex-
periments} sessions during wlnch they received
single oral doses of 20 mg of d-amphetamine.
Flasma levels of drug and measures of drog effect
were collected predrug and at regnlar intervals
for 24 honrs after drug administration. Plasma
drug levels peaked at 4 hours and remained at de-
tectable levels for 24 houxs after drog adwiinistra- -
tion. Subjective ratings, Including “feel drug” and'
“feel high™ peaked at 1% to 2 hours and retwrned
to baseline Jevels by 3 1o 4 hours. Evaluation of
phase plots (i.c., drug effect vs. drug concentys-
thon) indicated that arute toleranee developed to
thesubjective but not to the cardiopressor effects
of d-asmphetamine. This fioding implies that indi-
vidoals who repeatedly administer the drog to
maintain certain levels of subjective effects may
increese plasma drug levels and physiologic ef-
fecty to toxic levels. (J Clin Psychopharmaco)
1996;16:72-76)
E RELATIONSHIP BETWEEN drug concentration
in plasma and drug response is important 1o inves-
tigate because understanding pharmacokinetic-pharma-
codynamic relationships may improve our knowledge of
the basic mechanisms by which dmgs produce their ef-
fects. For example, these relationships may reveal the
extent Lo which observed drug effects are directly Te-
lated to receplor occupancy or to the effects 6l metabo-
tites.! The relationship between drug concentsation and
drug effect is particularty important in the study of drugs
that are abused, because it may influence repeated drug

Recmvchanua'y 10, 15995, and nccepted-June 22, 1995
s for ints to: Barsiet de Wit, PhD, Departangnt -
of Psychiatry, quexs:lqo(()mgo.um‘n awsomumma
Ave,, Chicago, I, 60537
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"administration within an episede of drug-taling. A ma-

‘(e.9., the "rush™) 3 After this initial effect, acute lolerance

Jjor factor believed to maintain repeated ingestiony of a
drug is its mood-altering, or subjective effects.? The drug
effects that appear lobemcsldmmbletodmgabms
are those experienced during the onset of the drug effect

dwebpwﬂ\emod-allmingeﬂectsomxedmg.m

is, afler the drog produces its initial effects on mood,
these effects may rapidly dissipate, even though plasma
Jevels of the drug are still increasing. Howtver, tolerance
wolhureﬂ‘eclsofﬂnedmg.md)asu\ecardiwmtﬂare{«
fects, may not develop at the same rate, Consequently, as ;
individuals repeatedly self-administer a drug Lo maintain
desired mood effects, they may ‘inadvertently escalate
plasma concentrations and mnfavasgular effeds tc
toxic Jevels. '
Several investigators have examined the pharmacoki
netic and pharmacodynamic profiles of cocaine in co
caine abusers,*® and the observed refationship betwees
drug concentrations in plasina and drug effécts hasbees
tnconsistent across studies. For example, Javaid ant

S ST - Smamgy

colleagues® found that the times to peak for subjective
and physiviogic effects of single doses of cocaine corre
sponded well with plasma Jevels, but U\atsubjcctm: am
physiologic effects had retwmed to baseline vahmbe !
fore plasma Jevels dectined. These findings suggest tha .
acute tolerance developed to both subjective and phy: -
lolog)c effects of cocaine. Fischman and colleagues
also demonstrated acute tolerance to both subjectiv

and physiotogic effects of single doses of cocaine usin
different procedures and different soeasures of drug e
fect. Other studies have shown that-acute tolerance ¢
the subjective and certain physiologic effects of
caine may develop at different ratess® For examph
FoRin and associates® examined subjective and physit
logic responses 1o repeated doses of 96 mg of intranas
cocaine. They found that blooq;)mé increases co
responded closely with increases in plasmalevels of &
cainé but that heart rale ‘and subjective respom;x
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reached Mrpeak before pla&na levels and declmed

“mcbmoxenmdly “ﬁspwanofmutssnggmd

s ‘not to the pressor, effects of cocaine. However, a sub-,
reanalysis of their data using more quantitative

4methods showed that tolerance, in fact, developed to

-the pressor effects of cocaine as well*

Few studies have investigated the relationship be-
tween plaszulevels of d-amphetarine and drug effects
in normal, healthy volunteers.*™® I general, studies
with normal volunteers have found dissodation be-
I tween plasma levels and drug effects, For example, An-

*. grist and coworkers® administered 0.25 mg/kg oral d-
A amphetamine to- normal subjects and measured

£

‘:
’.

fi 23

A
2o

= over ab-hour period. They found that, while ptasma lev-
ghpmkedatwahwlsaﬂudrugad:nmxsuauml.w-
‘* " diovascular and subjective respotises peaked at 1 and 2
hours, respectively. Bo&wdiwascuhrmdsubmcﬂve
gtrecsofd-amp!mnmml\addechnedby4homsaﬂer
" drug administration, while, blood levels remained sig-
~ .nificantly elevated.
i Studies with normal volunteers are important o ex-
¢ amine tolerance without the possible influence of vari-
| 7 ables related to repeated drug use, sich as conditioned
“_ responses and neuroadaptation, which may alter the’
pharmacodynamic profies of drugs in drug abusers.
nmmepmposcofﬁ\iadesmpuvcrepmiswemd
pmvnous ﬂndingx by examining the relationship- be-
tween p hetarmine levels and diug effects
meralongcrpeuodofmne (ie, 24 hours) and on a
A broader range of dependent measures in normal vohin-
‘.,. teers. By examining this relationship over a 24-hour pe-
{- - riod, both dscending and descendirig limbs of the plasma
- (kuglevel anddmgeﬂ'ec&-umecurvesmbedmm
o térized. Six male subjects attended two sessions during
- . which they received 20 mg of oral d-amphetamine.

RIES

. pﬂ,’v‘rnyl

- were measared predrug and for 24 hours thereafter.

"
3
k3
s
1 . - .
LN . Methoda
<
=,
=

v ﬁxh&l(hymenaged 22 t0 31 (mean = 27 years) were
+ recruited from the umiversity comumunity with adver-
3 1sements and posters. To minimize possible pharma-
.. tokinefic variability related to gender differences, only
, Wenwere tested.™ Iterested pariicipants were initially
y saeened over the telephone. lndmduals who were
e range = 65.4-84.1), reported drinking at leas(ongak:&
holic beverage per week (mean = 4.0, range = 1-8), were
high school graduates, and were native English speak-
ers were asked to come to the laboratory for an inter-
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that acute tole!m developed to the subjective, but -

§¥ suhjective and cardiovascular effects and plasmalevels -

. Plasma levels and subjective and physiologic responses *
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view. Subjects were screened by a clinical psychologist
and a cardiologist tb rule out'any psychosocial or med-
jcal condition that might contraindicate participation in
the study. Candidates with past or curent serions med-
ical conditions, including cardiac or Jiver disease, high
blood pressure, or abnormal electrocardiograms, or
who met criteria for past or current major axis 1 disor-
ders (excluding picotine dependence; DSM-JHI-] R) were
excloded.

hvcedum

Data were collected as part of another study designed
to investigate interactions between d-amphetamine and
the dopamine antagonist pimozide. Because pimozide
had no detectable effect on any measure of response to
d-amphetamine (unpublished data; see below), the re-
sults are presented as the mean of the two sessions with
d-amphetamine. Each subject attended two sessions
separated by 1 week. Sessions were conifueted in the
University of Chicago Clinical Research Center (CRC)
and lasted from 6:30 axn. until 8:46 am. the following
day. During each session, subjects received a capsule
containing 20 mg of d-amphetamine. Tliere was no
placebn control condition"in this study because the
variable of interest was plasma d-amphetamine levels
over time. Subjects were told that the capsules might
conlain a stimulant/appetite suppressant, sedative/mi-
nor txm\quilizer. major tranquilizer, or placebo. Sub-

Jects gave written informed consent beforé participa-
tion. ‘This study was appnovcd by the Unwexsxty of
Chzcago Institstional Review Board.

Pairs of subjects were admitted to the CRC at 6:30
am after an ovemightfast Subjects were provided with
ane glass of dear fruit juice upon arrival, but no other
food or drink was available until 1 p.m., when they ate a
light lunch. At 7 am, a baseline blood sample was ob-
tained from an intravenous catheter placed in the sub-
jects’ nondominant arms, Subjects were.then allowed o
relax and accliraate to the catheler and the surround--.
ings. At 720 am. they completéd baseline mood ques-
tionnaires, and physiologic and behavioral measures
were-oblained (see below). These measwres were col-
lected again 2¢8:30 and at 9:20 a.m. AL9:30 am,, subjects -
ingested a containing 20 mg of d-amphetamine
(Dexedsine; Smith, Kling and French, Philadelphia,
PA). This dose of d-araphetaminé has been shown in
previous studies i our laboratory to produce reliable
effects on mood without producing adverse physiologic
effects.™ Blood sarmples (10 mi) were coliected before

- d-amphetamine administration (9:25 am.) and at 10,

10:30, 11, 11:30, 12 p.m., 12:30, 1, 1:30, 2:30, 3:30, 9:30
p-m. and 930 am. Subjective and behavioral measures
were obtained at the same times as blood samples,
whereas physiologic measures were only collected at

ANP1 26242

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

, HatRais(dpm) -

¥ 58 8 ¥

133,

{rmHg) ,
BE g gE&

.
$Synalie Blood Presrury

diopressor effects of d-amphetamine show little or po
Y hysteresis: thé maximal effect on blood pressure is pro-
duced by plasma d-amphetamine concentration of
73 about 1510 20 ig/ml and is sustained throughout the ex-
pmmentnl session. Thus, there is no evrdence of acute
tolu‘ame devdopment 1o these effects.

wés

: f” RN Discussien
t 2
i ‘The purpose of this report was to describe the rela-
N B honslup between plastna concentrations and subjecnve
;3} and physiologic effects of d-amphetamine in six
2% healthy, normal men. The results of the study indicate
Y that the time course of plasmaa levels and drug effects of
+ d-amphetamine are dissociable. For example, although
plasma levels peaked 4 hours afier drug administration
- ®¥- and were still détectable at 24 hours, subjective effects
peaked at approximately 2 hours and declined within 6
“hours (Fig. 1). Systolic blood pressure rose quickly, and
n-\!' the increase was sustamed The heart rate response
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3 CLIN PSYCHOPHARMACOL, VOL-1G/NO 1, FEBRUARY 199G %
was apparently dampened initially and then exhibited a
delayed rise. These resalts suggest tolerance to the sub-
Jective éffects of d-amphetamine but not to the pressor
effects. At similar plasma drug concentrations, subjec-
tive responses were greatex on the ascending compared
with the descending limb of the Concentiation-effect
(_:nzve.'l‘lns:sevndgn&mthcphascp)ntsasmaxked
clockwise hysteresis (Fg: 2). Tn the absence of evi-
dence for the production of active antagonist metabo-
lites! of d-amphetarmine, the most likely explanation of
this finding is the development of acute tolerance. Co-
caine exhibits a similar phenomenon (eg.,seerel. 1.
An interesting finding in this study was the time course

- of the heart rate effects of d-amphetamine. Heart rate re-

mained at baseline levels until 5 hows into the session

andbeganmnsesteadﬁythereaner,uahmewhem

plasma levels were, beginning to dedine (see Fig. DA
sirnilar pattem of physiologic rspmse to d-ampheta-
melmbeenteportedmastudyhy!darﬁnamicol_
leagues.® They found that although blood pressure rose

" steadily within the 5 howrs after drug administration,

hwtr&teremamedlowdmmg!hls time and did not be-
gin to increase until blood pressure. wasdedining, Mar-
tin and colleagnes® attributed this rehﬂonship to reflex-
ive slowing of the heart rate in response to increased
blood pressure. Qur findings also suggest an early physi-
ologicreflex response and a later adjistment to the pres-
sor rise. These cardiovascular responses are consistent
with the mechanism of action of d-amphetamine (.2, re-
Jease of norepinephrine at sympathetic nerve synapses).

Norepinephrine infusion causes a pressor response with-

reflex cardiac stowing. The actual heart rate depends on
a balance of cluonotropic modifying factors®
Although the results of this study are suggestive of the
development of acute tolerance to some of the effects of
d-amphetamine, the absence of a placebo contro! con-
dition makes it difficult to rule out other possible inter-
pretations of the data. For example, the time course of
the cardiovascular effects of d-amphetamine could be
related to nonpharmiacologic: factors such as uncon-
trolled variations velated fo cirmdian rhythms or to en-
vironmental events. The time course of the subjective ef-
fects could be the resuit of adaptation to repeated
administration of the questionnaires. These issues can
only be addressed by subsequent studies including a
placebo control condition. Nevertheless, the results are
consistent with the development of acute tolerance and
are in agreement with the findings of studies with an-
other psychomotor stimulant, cocaine (see above).

- The findings of this study have implications for un- .

derstanding the toxicity sometimes associated with
stimulant abuse. It is commonly assumed that individuo-
als self-administer doses based on the subjective effects
expenenced *Thus, as subjective effects beginto wane,
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duced by plasma d-amphetamine concentration of
-"about 15 to 20 ng/mi and is sustained throughout the ex-
perm\mtalsmon.'mns, there is nomdence of acute
toleram:é development to these effects. *

Discussion

The purpose of this report was to describe the rela-
* tionship between plasma concentrations and subjective
$:and physiologic effects of d-amphetamine in six
. healthy, normal men. The results of the study indicate
! that the time course of plasma levels and drug effects of
* d-amphetamine are dissociable. For example, although
+ plasma levels peaked 4 hours after drug administration
and were still detectable at 24 hours, subjective effects
peaked at approximately 2 hours and declined within 6
: bours (Fig. 1). Systolic blood pressure rose quickly, and
%'; the increase was Sustained. The heart rate respoise

d.wptwsot effects of &-amphemmine show litile or no’
1. 58 hysteresis: thé maxiaal effect orf blood pressure ispro-

A o i o
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was apparently dampened initially and then exhibited a
dedayed rise. These results suggest tolerance to the sub-
jective effects of d-amphetamine but not to the pressoc
effects. At similar plasma drug concentrations, subjec-
tive responses' were greater on the ascending compared

- with the descending limb of the concentration-effect

cuxve. This is evident in the phase plots as marked
clockwise hysteresis (Fig. 2). In the. absence of evi-
dence for the production of active antagonist metabo-
lites' of d-amphetamine, the most likely explanation of
this finding Is the development of acute tolerance. Co-
caine exhibits a similar phenomenon (e.g., see ref. 7).
Aninteresting finding in this study was the time course
of the heart rate effects of d-amphetamine. Heart rate re-
mained at baseline fevels untit 5 hours into the session
and began to rise steadily thereafler, at a time when
plasma levels were beginning to dectine (see Fig. 1) A
similar pattem of physiclogic response to d-ampheta-
nm\ehasbeenrepodedmasmdybyuamnandcol-
Jeagues.™ They found that although blooed pressure rose
steadily within the 5 hours after drug administeation,
heart yate remained low during this time and did not.be-
gin 1o incyease unti) blood pressure was dedlining. Mar-
tin and colleagues® attributed this relationship to reflex-
ive slowing of the heart rate in response to increased
blood pressure. Quy findings also suggest an early physi-
ologicreflex response and a fater adjustment to the pres-
sor rise. These cardiovascular responses are consistent
with the mechanism of action of d-amphetamine (i e., re-
lease of norepinephrine at sympathetic nerve synapses).
Norepinephrine infusion causes a pressor response with
reflex cardiac slowing. The actual heart rate depends on
a balance of chronotrapic modifying factors.®
ﬁlthough the results of this study are suggestive of the
development of acute tolerance to some of the effects of
d hetamine, the absence of a placebo control con-
djﬁon makes it dxtﬁcult to rule out other possible inter-
pretations of the data. For example, the time course of
the cardiovascular effects of d-amphetamine could be
related to nonpharmacologic factors such. as uncon-
trofled variations related to circadian rhythms or to en-
vironmentaf events. The tim&course of the subjective ef-
fects could be the result of adaptation to repeated
administration of the questionnaires. These issues can
only be addressed by subsequent studies including a
placebo control condition. Nevestheless, the results are
consistent with the development of acute tolerance and
are in agreement with the findings of studies with an-
other psychomotor stiraulant, cocaine (see above).
‘The findings of this study have implications for un-
derstanding the toxicity sometimes associated with
stimulant abuse. It is comraonly assumed that individu-
als self-adroinister dosesbased on the sibjective effects
expenencei' Thus, as subjective effects begin to wane,
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individuals may take additiona) doses of the drug. The
consequences of such a pattern may be dangerous be-
cause subjective effecls appear to dissipate at times
when plasima levels and physiologic responses are still
maximal or rising. Thus, individuals who repeatedly

selM-administer the drug in an attempt 1o maintain 2 cer-,

tain Jevel of euphoria may be at increased risk for car-

‘diovascular toxicity. These results also suggest that -

acute tojerance to the snbjéctive effects of d-ampheta-
mine may develop in drug-naive, normal volunteers in
much the sare manner as acute tolerance to cocaine’s
effects develops in cocaine abusers. Additional studies
with d-amphetamine should be conducted to character-
ize more fully the relationship between plasma levels
and drug effects.

§. Foltin RW, Fischaan MW, Pedroso 1), Pearison GD. Repeated i
tranasal cocalne administration: lack of tolerance to pressor -
fects. Drug Alcohol Depend $088;22:369-71.

9 Foltin RW, Fischonan MW. The relationship between cocaine ve-
mbloodmhandmcm&waswhrmdmbkdhecﬂcdsol
smoked and intravenons cocaine. by Harris LS, ed, Problems of-
mammxmwmmammmsﬁm
Meeti on Probk Dm¢ D e
Washi , DC:US G meﬁngOﬁm,le-l.

10, Me”.mwl«wcmptmd&molcvnmmhm
mans. Ther Drug Monit 1993;16:537-40.

1) Brown WA, Comriveau DP, sbmunmwmhpcwam
roendocring effeets of dext hylptenidat
_ Psychopharaacology 19785&389—8& ’

12. Dmmcs,mmnmunw Blackard WG er

RM. to dextroxm-
X e i normal individual Bwlhepdmtry!ml!klml&
12 Anp'ﬁln Corwin J, Baribk B, Coopér T. Mmmm
and cfinica) effects of osal d- h in noynal subject
“Biol Psychiatry 1887,22:1357-68.
14 YmmXA,KMnJC,OOkJO,BlmMSRGmMu-
and
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