
Pharmacology B~ochetmstry &Behavtor, Vol 2~,, pp I I I I-1113, 1986 © Ankho Internauonal lnc Pnnted m the U S A 0091-3057/86 $3 00 + (10 

Psychoactivity of Atropine 
in Normal Volunteers I 

D A V I D  M. P E N E T A R *  A N D  J A C K  E. H E N N I N G F I E L D ?  2 

*Letterman Army Institute of  Research, Presidio of  San Francisco, CA 
and ~fNational Instttute on Drug Abuse Addiction Research Center 

and The Johns Hopkins University School of  Medicine, Baltimore, MD 

R e c e i v e d  22 Apr i l  1985 

PENETAR, D M AND J E. HENNINGFIELD Psychoacttwty of atropine tn normal volunteers PHARMACOL 
BIOCHEM BEHAV 24(4) 1111-1113, 1986--Sub.lecttve effects of atropine sulfate mj~cttons were assessed m normal 
volunteers (n= 10), as one portton of a 3-part study (behavioral, subjecnve and physiologic effects of atropine) Each 
volunteer was g~ven 0, 2 or 4 mg/70 kg atropine sulfate intramuscularly according to randormzed block sequences on 
dtfferent test days. To assess psychoactivtty of atropine, the Single Dose Queslaonna~re (SDQ) and the Addiction Research 
Center Inventory (ARCI) were g~ven 1 hr before and 1 hr following drug mject~ons Data from the SDQ indicated that 
atropine produced stgmficant dtscnminable effects but did not elevate scores on a drug lilung scale Dnt~ from the ARCI 
indicated that atropine produced s~gmficant sedat~ve-hke effects (pentoburb~tal-chlorpromazme-alcohol scale). Taken to- 
gether, the data from the psychometric instruments confirms that atropine ~s a drug of relatively low abuse potential. 

Atropine Psychometrics Chohnerg~c antagomsts Human research 
Addiction Research Center Inventory Drug abuse Performance assessment battery 

ATROPINE sulfate (d, l -hyoscyamine) ~s a muscarimc 
cholinergtc antagonist that readily crosses the blood brain 
b a m e r  and produces widespread central and peripheral ef- 
fects. The physmlogic effects of atropine have been studied 
extensively because of its use in climcal medtcine and re- 
search [9]. For  example, atropine is used in the treatment of  
accidental pesticide poisomngs involving organophosphorus 
antichohnesterase agents Since military personnel may be 
"a t  r isk" to such poisons, field kits for certain personnel 
mclude atropine-loaded tnjectors. Such widespread distnbu- 
tmon of atropine could have a variety of unintended implica- 
tions, such as nontherapeutic use (abuse) and adverse influ- 
ences on mood,  cogmtion, and psychomotor  performance. 
The potential consequences are relevant to the highly de- 
manding duties of  today 's  military forces and to the precise 
technological tasks reqmred m support of mihtary opera- 
tions. 

The possmbility that atropine may be nontherapeuttcally 
used ~s suggested by its use in combination with hallucmo- 
gens, and ~ts occasional abuse for its mixed hallucinogenic 
activity [7]. Consistent wtth these reports are the data that 
atropine sulfate and other centrally acting muscarimc 
antagonists are psychoactive,  as w~tnessed by their potential 
to produce profound changes m mood and feehng states such 
as restlessness,  dmsonentation, and hallucinations [9]. Two 
psychometric instruments of widely accepted utility and va- 

lid~ty are routinely used to assess the psychoactivity and 
abuse hability of  drugs: they are the Single Dose Question- 
naire (SDQ) and the Addiction Research Center Inventory 
(ARCI) [8]. Although they are generally used to assess drugs 
in drug-abusing subjects, they yield consistent results in 
evaluating nondrug abusing subjects [3,8]. The instruments 
can characterize the qualitative aspects of  subjective effects 
of  drugs, and help to determine whether or not the drug is 
likely to be abused. Findings using such measures of  subjec- 
tive effects are generally consistent with those obtained m 
ammal studies and epidemiologic f'mdings of  patterns of drug 
abuse [1,2]. 

We utilized the SDQ and ARCI to characterize the 
psychoactlvity of  atropine and to assess its abuse liability in 
a nondrug abusing population. In the present report,  we de- 
scribe results of  our prehminary investigation. Both instru- 
ments were sensmve and provided useful information. The 
results confirmed that, despite some sedative-like effects, 
atropine does not share the subjective prof'de of  drugs that 
are widely abused. 

METHOD 

Subje~ ts 

Ten male volunteers w~th a mean age of  26.1 years (range, 
22-31) participated m the study and are described in greater 

1Human subjects partic,pated ,n these studies after g, vmg the,r free and ,nformed voluntary consent Investigators adhered to AR 70-25 and 
USAMRCD Reg 70-25 on the use of volunteers m research. The op,mons or assertmons contmned herren are the private views of the authors 
and are not to be construed as official or as reflecting the v,ews of the Department of the Army or the Department of Defense (AR 360-5) 

2Requests for repnnts should be addressed to Dr .lack E Henmngfield, NIDA Add,cUon Research Center, P.O Box 5180, Balumore, MD 
21224 
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1112 P E N E T A R  A N D  H E N N I N G F I E L D  

T A B L E  1 

AGE, WEIGHT, EDUCATION. AND DRUG USE OF VOLUNTEERS 

Age Weight Education Beer/Wine 
(year) (kg) (year) Use* Other Drug Use 

I 22 64 5 12 6/month no history 
2 29 68 2 12 5 4/day marijuana. 

occasionally 
3 31 67 3 16 4/week marijuana, 

occasionally 
4 26 75 0 12 2/week marijuana, twice 

per month 
5 30 95 5 17 2/day no history 
6 24 68 2 13 2/week marijuana, twice 

per week 
7 25 68 2 20 2/day marijuana daily, 

previous cocaine use 
8 24 75 0 19 2/day marijuana, 

occasionally 
9 26 81 8 14 2/day man.luana daily. 

previous sedative 
and hallucinogen 
u s e  

10 24 68 2 18 2/week marijuana, 
occasionally 

"12 oz bottle of beer or 4 oz glass of wine dnnks 

detail  in  Table 1 None  of  the par t topan ts  was a drug abuser  
or  had a history of  drug dependence  E~ght had hmtted expe- 
raence in recreat ional  use o f  drugs o ther  than alcohol  None  
of  the partictpants smoked cigaret tes ,  and all were  phystcal ly 
fit and heal thy at the t ime of  the study Volunteers  were  not 
permitted to d n n k  alcohol  the mght before or  for two days 
following an exper imenta l  sesston, and were  requtred to re- 
main free o f  o ther  drugs for the durat ion o f  the study 
Breathalyzer  and periodic unnalys is  assured comphance  
Volunteers  were  parttcularly caut ioned not to take over-  
the-counter  cold medicat ions during the study All volun-  
teers were  high school  graduates ,  f ive had some college,  and 
three were workmg on advanced  degrees  Each vo lun teer  
gave  his informed written consent  before  part tctpanng in the 
study. 

Drug 

Atropme sulfate (American Q u m m e  C o ,  Inc ) was pur- 
chased m l mg/ml ampules .  Doses of  2 and 4 mg per 70 kg 
body weight were  g~ven by mtramuscular  injection to the 
upper  arm m less than a 5-sec bolus. Placebo consis ted o f  2 
ml of  bacter lostat tc  physiological  saline given in the same 
place and manner  as the drug All injections were  given ac- 
cording to a random block design whereby  each subject re- 
ce ived each dose and placebo across  test days Double-bhnd 
procedures  were  fol lowed Test  days were  separated by at 
least 72 hr but each subject comple ted  the three test days 
within two weeks.  

Psy'(hometrt~ Instruments 

Two psychomet r ic  ins t ruments  which have been 
validated and are widely used m the assessment  of  central ly 
mediated drug effects were used in the present  study One is 
the Single Dose Quest ionnaire  (SDQ) which contains  four 
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FIG 1 Mean scores on scales of the Single Dose Questionnaire 
(SDQ) and the Addiction Research Center Inventory (ARCI) are 
shown as a function of intramuscularly given atropine sulfate 
Brackets indicate 95% confidence intervals about the points Scores 
are mean (n=10 subjects) change scores obtained by subtracting 
pre-drug scale scores from post-drug scale scores 

scales the first is a one-hne true/false i tem (Do you feel the 
medication 9) used to determine psychoact iv i ty ;  the second is 
a 14-ttem list of  substances from which the subject was asked 
to choose  which the admtmstered compound  was most simi- 
lar to, thereby permitt ing classification, the third is a 14-item 
list of  " s e n s a t i o n s "  (including " n o r m a l "  and " h i g h " ) ,  which 
character izes  and quantifies symptoms ,  the fourth is a 
5-point " L i k i n g "  scale whtch ts a measure  o f  euphoria  [3.8] 
The o ther  psychometr ic  mst rument  ts the Addict ion Re- 
search Cente r  Inventory  (ARCI) ,  a true-false quest ionnaire  
wtth empmca l ly  der ived scales sensi t ive to var ious classes of  
psychoact ive  substances [3,8] A 40-item version o f  the 
ARCI  was used,  it contatned subsets from three scales (I) 
the Morph lne -Benzednne  Group (MBG) scale, whtch re- 
flects feelings of  euphoria  and well-being; (2) the 
Pentobarbl taI -Chlorpromazlne-Alcohoi  Group (PCAG) 
Scale, which reflects sedatton and intoxicat ion,  (3) the 
Lyserglc  Acid Dlethylamlde (LSD) scale, which reflects 
dysphona  and feelings of  fear 

Pro~ edure 

Quest ionnaires  were  adminis tered twice on each experi-  
mental day. approximate ly  1 hr before  and 1 hr after drug 
mjectton.  Thtr ty minutes after  an injection a subject was 
tested m a computer ized  pursuit t racking task which re- 
qmred  about  20 mm of  vlgalant per formance  After  the pur- 
suit t racking task, a number  of  visual functions were  eval- 
uated by an optometr is t  and measurements  of  heart rate and 
blood pressure  were  made Volunteers  then filled out the 
SDQ and the ARCI ,  whtch required about  5 mm each time, 
individually while seated in a laboratory office env i ronment  
All subjects were told to answer  the quest ions based on how 
they felt at that moment .  As part o f  the volunteer  consent  
process ,  subjects were  briefed as to range of  physlologtc and 
psychologic effects  than can be produced  by atropine.  
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TABLE 2 
FREQUENCY OF SELF-REPORTED SYMI:rI'OMS AS A FUNCTION OF 

DRUG CONDITION* 

Normal Relaxed Nodding Sleepy High Total+ 

Placebo 7 4 0 0 i 5 
2 mg 2 5 3 5 7 20 
4 mg 0 6 7 7 8 28 

*Occamonal pos~uve responses on the following addtttonal SDQ 
~tems were not related to dose drive, other, coasting, pleasant stck, 
nervous, and turumg stomach 

~'Not including "'normal" responses 

RESULTS 

Both the SDQ and the ARCI were sensitive to atroptne 
adm~nistraUon. Spectfically, when analyzed according to a 
one-way analys~s of variance, the data indicated that parttc,- 
pants d~scnmmated reliably both doses from placebo, as as- 
sessed by the first scale on the SDQ (p<0 001). Total number 
of self-reported symptoms, as assessed by the tMrd scale on 
the SDQ, were also s~gmficantly elevated by atropine 
(p<0.01) Liking scale scores were not stgmficantly changed 
by atropine, however L~k~ng scores by SubJects 1, 2, 4 and 5 
were mildly elevated by atropine as compared to placebo. 
On the second scale of the SDQ, subjects identtfied the ~n- 
ject~ons as "blank"  following 90% of placebo ~njection, after 
2 mg 20% of the volunteers responded "blank,"  and after the 
4 mg mject~on 10% responded "blank " After 2 mg of the 
drug, 20% ~ndmated "downers ,"  and after 4 mg, 30% ~nd~- 
cated "'downers." 

The most frequently reported sensations produced by at- 
ropine mject~ons were "relaxed," "nodding,"  "sleepy," 
and "Mgh" (Table 2). The frequency of occurrence of these 
sensations, e~ther separately or as a group, was d~rectly re- 
lated to atropine dose level, and always exceeded placebo. 
Conversely, self-reported "normal"  was ~nversely related to 
dose level 

Consistent w~th occasional identifications of "'downers" 
on the SDQ, scores on the PCAG ("Sedatwe") scale of the 
ARCI were s~gmficantly increased m direct response to at- 
ropine dose (p<0 001) As shown m Ftg l, LSD ("Dys- 
phona")  scale scores were slightly, but nonstgmficantly m- 
creased A somewhat stronger, but also nonstgmficant, trend 

was for MBG ("Euphoria") scale scores to decrease. Despite 
the absence of increased mean scores on the MBG and L~k- 
ing scale score, four volunteers showed increased Liking and 
two volunteers showed increases in MBG scale scores One 
of these had also shown an ~ncrease in hts Liktng score. 

Sigmficant elevations ~n diastolic blood pressure (but not 
systolic) and pulse rate were observed for both doses tested. 
Dose-related changes ~n pursmt tracking performance and 
v~sual functions (e .g,  pupd s~ze, accommodation, v~sual 
acmty) were orderly and wdl be reported m subsequent 
papers 

DISCUSSION 

Both of the Add~ctton Research Center mstruments pro- 
vtded useful informatton regardtng the subjective effects of 
atropine tn th~s nondrug abusing population. The effects on 
these instruments were conststent wtth effects obtatned on 
other instruments used tn the study. Data from the Single 
Dose Questtonnaire tnd~cated that both doses of atropine 
were psychoactive and produced rehably d~scriminated 
symptomatic effects The Addiction Research Center Inven- 
tory confirmed that the psychopharmacologic profile of in- 
teroceptive effects produced by atropine was predomtnantly 
sedat~ve-hke. Scores on e~ther, or both, the euphonant  
scales (Liking scale of the SDQ and MBG scale of the ARCI) 
were elevated ~n certatn tnd~viduals but not in the group 
results. Thts profile of subjective effects ts consistent w~th 
chmcal descriptions of the effects of atropine [9]. 

Prevtous research has shown that scores from the MBG 
scale generally covary w~th "L~k~ng" scale scores, supporting 
the notion that this scale reflects euphoric drug effects [8]. 
Dose-related tncreases m "Liking'" and MBG scale scores are 
the hallmark subjecttve effects of abused drugs and define a 
drug as a euphonant.  Atropine dtd not produce the striking 
dose-related increases m scores on the euphoria scales that 
are produced by most dependence-producing drugs ~n known 
drug abusers or of psychomotor stimulants m normal and 
drug-abusing volunteers [8]. Therefore, this study confirms 
that atropine has hm~ted abuse potential. However, seda- 
tives such as alcohol, and posmbly other psychoactive drugs, 
may selecttvely produce elevations ~n euphoria scales among 
persons w~th h~stones of sedative abuse or alcohohsm [3-6]. 
Whereas such md~wduals were not used m the present study, 
tt ~s plausible that persons w~th htstones of sedative abuse or 
alcohohsm would be vulnerable to abuse of a drug w~th some 
sedat~ve-hke mterocept~ve effects. 
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