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Carisoprodol is a centrally acting drug used to relieve skeletal muscle spasms and associated pain in acute
musculoskeletal conditions. There is evidence from different sources that this oral muscle relaxant is abused
and that it is associated with impairment leading to arrests for “driving under the influence” as well as in-
creased risk of automobile accidents. Its subjective and psychomotor effects in healthy volunteers at thera-
peutic and supratherapeutic doses have not been well-characterized, and form the basis of this report.
Fifteen healthy volunteers (8males, 7 females)were administered 0, 350, and 700 mgof carisoprodol in separate
sessions and for 6 h afterwards they completed a battery of tests at fixed time intervals so as to assess the sub-
jective and psychomotor effects of the drug. The supratherapeutic dose, 700 mg, increased visual analog scale
ratings of terms that were more reflective of sedation (e.g., “sleepy,” “heavy, sluggish feeling”) than those of
abuse liability, and produced impaired performance on several psychomotor tests. The therapeutic dose,
350 mg, while producing few and mild subjective effects, still produced psychomotor impairment. The fact
that the therapeutic dose of carisoprodol produced minimal subjective effects while adversely affecting perfor-
mance is of concern in that patients prescribed this drugmay feel relatively normal and engage in tasks (driving)
that could put themselves and others at risk.
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1. Introduction

Carisoprodol (SOMA®) is a musculoskeletal relaxant that is typically
prescribed for acute back pain syndromes that involve muscle spasm
(Dillon et al., 2004; Toth andUrtis, 2004). It is available in dosage formu-
lations of 250 and 350mg and is usually prescribed for administration
three times daily and at night. Its metabolites are hydroxycarisoprodol,
hydroxymeprobamate, and meprobamate, with meprobamate being
the primary active metabolite (Douglas et al., 1962; Olsen et al., 1994;
Dalen et al., 1996). It was once thought that the sedative properties of
carisoprodol were due primarily to meprobamate, a sedative–hypnotic
with barbiturate-like features (Gonzalez et al., 2009). However, signs
of carisoprodol toxicity from an overdose occur before it is significantly
dealkylated tomeprobamate, and the signs do not resemble classic signs
of meprobamate toxicity (Roth et al., 1998; Bramness et al., 2004). In
fact, a recent case report suggested that the signs of carisoprodol toxicity
resemble central serotonin syndrome (Bramness et al., 2005a).Whether
serotonin plays a role inmediating the effects of carisoprodol remains to
be determined, but there is in vitro and in vivo evidence that carisoprodol
acts via the GABAergic system, independent of meprobamate. In an in
vitro study, carisoprodol allosterically modulated and directly activated
GABAA receptors with an efficacy and potency greater than that of mep-
robamate (Gonzalez et al., 2009). Preclinical drug discrimination studies
demonstrate that carisoprodol has GABAergic activity in that chlordiaz-
epoxide, pentobarbital, and meprobamate substituted for carisoprodol,
and a GABA antagonist, bemegride, blocked its discriminative stimulus
effects (Gonzalez et al., 2009). Given that benzodiazepines, barbiturates,
and meprobamate have been abused by humans, and that carisoprodol
shares discriminative stimulus properties with these drugs, it would
stand to reason that carisoprodol too would be abused, and indeed this
is the case. According to the National Survey on Drug Use and Health,
an estimated 2.9 million people in 2009 in the US reported lifetime use
of carisoprodol for non-medical purposes (Substance Abuse andMental
Health Services Administration, 2010a). An epidemiological database
tracking emergency department visits related to abuse of drugs revealed
that the majority of visits associated with musculoskeletal relaxants
were due to carisoprodol (e.g., 29,980 visits out of a total of 49,241 visits
for all skeletal muscle relaxants) (Substance Abuse and Mental Health
Services Administration, 2010b). Furthermore, there are numerous
case reports in the literature of carisoprodol abuse (Dougherty, 1995;
Reeves et al., 1997; Venugopal et al., 2000; Gorman et al., 2005; Eleid
et al., 2010). Although not scheduled by the federal Drug Enforcement
Administration in the US, it is a schedule IV controlled substance in sev-
eral states (Reeves and Burke, 2008, 2010). There have been calls for the
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federal DEA to schedule this drug or to withdraw it from the pharmaco-
peia (Dougherty, 1995; Reeves et al., 1999; Bramness and Skurtveit,
2008; Reeves and Burke, 2008; Fass, 2010). Indeed, in at least one coun-
try, Norway, the drug has been withdrawn from their national pharma-
copeia, not only because of its abuse but also for safety concerns
(Hoiseth et al., 2009), and the European Medicines Association in 2007
recommended that all European Union countries delete carisoprodol
products from their formularies (Bramness et al., 2008). People have
been charged with driving under the influence (DUI), and have dis-
played signs of intoxication similar to alcohol and other CNS-
depressant drugs, while taking carisoprodol (Robertson and Marinetti,
2003). In some of the DUI cases, additional drugs known to produce im-
pairment were found in toxicology testing (Logan et al., 2000), but in
other cases, the only drug detected in the blood was carisoprodol
(Logan et al., 2000; Bramness et al., 2004). Perhaps not surprisingly,
the use of carisoprodol is associated with an increased risk of traffic ac-
cidents (Bramness et al., 2007).

We are aware of only one abuse liability assessment study con-
ducted with carisoprodol. In that study conducted approximately
50 years ago, 15 former opiate addicts were tested with acute doses
of carisoprodol ranging from 1050 to 2500 mg (Fraser et al., 1961a).
A questionnaire was used that assessed strength of drug effect, desire
to take the drug daily, and what class the drug came from (as per-
ceived by the participants). At the 2500 mg dose, 11 subjects reported
the drug either as a barbiturate or that it made them sleepy (with
some subjects, it was reported that they were “profoundly” sleepy
and difficult to arouse 1–2 h after drug administration). Although
not explicitly stated in the manuscript, it appears that no subjects
reported wanting to take the drug on a daily basis, and the authors
concluded that the drug had no “addictive properties of an opiate
type.” However, it is possible that the drug would have shown signs
of abuse liability had sedative abusers been tested. At least four psy-
chopharmacology studies with carisoprodol have been done in non-
drug-abusing volunteers but abuse liability-related measures were
not used in the studies. In one study that tested placebo and 525 mg
carisoprodol, visual analog scale ratings of sleepiness increased rela-
tive to placebo (Flaten et al., 1999). In a study that compared effects
of 700 mg carisoprodol to 400 mg caffeine and placebo, ratings of
calmness were increased by carisoprodol relative to caffeine (Flaten
et al., 2004). Two other studies focused on psychomotor and cognitive
performance: in one study, 700 mg carisoprodol did not produce im-
pairment relative to placebo as measured by four standard neuropsy-
chological tests (e.g., Grooved Pegboard Test) (Waterloo et al., 1997),
but in another study examining a higher dose, 1050 mg, impairment
occurred in four of nine tests, relative to placebo (Raffel et al., 1969).

We recently completed a drug interaction study in which the pri-
mary question of interest was whether and to what degree different
skeletal muscle relaxants altered pharmacodynamic effects of oral
oxycodone in healthy volunteers, and in that study two of the condi-
tions included testing a therapeutic and supratherapeutic dose of car-
isoprodol alone (Zacny et al., 2011). The drug interaction analysis,
because the study drugs were administered at different times, ex-
cludes data collected for the first hour after carisoprodol was admin-
istered. The purpose of the present report is to present data from the
two carisoprodol conditions as well as a placebo condition. This sep-
arate paper focusing solely on carisoprodol will include all time
points after its administration in the data analysis, and thus will
allow for a more complete characterization of the drug's psychophar-
macological effects. The present report, unlike the four studies involv-
ing healthy volunteers described earlier, includes subjective effects
measures that are abuse liability-related (e.g., drug liking, desire to
take the drug again). Also, unlike those studies, a therapeutic dose
was tested in the present report, and will thus inform on how a pa-
tient prescribed this drug for musculoskeletal pain might be feeling
and the degree to which that patient's cognitive and psychomotor
functioning is compromised, if at all.
2. Methods

2.1. Subjects

Requirements for participation in this IRB-approved study included:
age between 21 and 39 years, a high school diploma or the equivalent,
verbal fluency in English, and some current level of alcohol use. Exclusion
criteria included: total abstention from drugs, a history of psychiatric or
substance use disorders as determined from a structured interview
using DSM-IV diagnostic criteria (American Psychiatric Association,
2000), or any significantmedical conditions. Qualifying subjects provided
written informed consent. The subject population consisted of 8 males
and 7 females, with a mean age (±SD) of 27.0 (5.0) years. In the last
30 days all subjects reported drinking alcohol (average of 2.8 (1.9) drinks
per week); 3 of the 15 smoked tobacco cigarettes, although none of
these smoked more than 1 cigarette a day; and 5 of the 15 used mar-
ijuana (average of 1.4 (1.3) joints per week). Regarding lifetime
non-medical drug use, thirteen volunteers reported use of cannabi-
noids (primarily marijuana), and some subjects reported use of sed-
atives, stimulants, opioids, and/or hallucinogens. With the exception
of cannabinoids, self-reported lifetime recreational drug use of any
drug from the above classes was less than 50 times in any one per-
son, and in most cases was less than 10 times.

2.2. Drugs and doses

In the larger study (Zacny et al., 2011) there were seven experi-
mental conditions. Two skeletal muscle relaxants, metaxalone (Ske-
laxin®) and carisoprodol were studied, alone and in combination
with oxycodone. There were also oxycodone-alone and placebo con-
ditions. Metaxalone had absolutely no effects in the study, and data
involving it is not included in this report. Capsules were administered
at three different timepoints at hourly intervals. During separate sessions,
participants received (1) placebo; placebo; placebo, (2) placebo; 350 mg
carisoprodol; placebo, (3) placebo; 700 mg carisoprodol; placebo, (4) pla-
cebo; placebo; 10 mg oxycodone, (5) placebo; 350 mg carisoprodol;
10 mg oxycodone, (6) 1600 mg metaxalone; placebo; placebo, and
(7) 1600 mgmetaxalone; placebo; 10 mg oxycodone. The first three con-
ditions form the basis of this report.

Carisoprodol and placebo (lactose powder)were placed into opaque
gelatin blinding capsules by an Investigational Drug Service pharmacist
at the University of Chicago Hospitals.

2.3. Design and procedures

During an orientation session, participants signed a written con-
sent form that described the study in detail. In the consent form
they were told that the purpose of the study was to “see how differ-
ent drugs, alone and in combination with each other, affect mood
and psychomotor functioning in healthy volunteers.” They were in-
formed that the oral drugs to be used in the study were drugs that
had been approved by the Food and Drug Administration, were not
experimental, and might come from one or more of the following
drug classes: sedative/tranquilizer (for example, Valium®), stimu-
lant (for example, amphetamine or speed), opiate (for example,
morphine), non-prescription pain relievers (for example, Tylenol®,
also known as acetaminophen, Motrin®, also known as ibuprofen,
and aspirin), muscle relaxant (for example, Flexeril®), or placebo
(no active drug at all).

The study was a double-blind, randomized, placebo-controlled,
triple-dummy, crossover trial consisting of seven sessions (at least
one week apart) that took place in a departmental laboratory from
0800 to 1545 h. Subjects were instructed to not eat food the morning
of sessions or use any drugs (excluding normal amounts of caffeine
and nicotine) in the 24 h prior to sessions. Upon arrival, breath alco-
hol, urine toxicology, and pregnancy (for females) tests were given,
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and subjects signed a form indicating that they had followed the food
and drug restrictions.

Volunteers throughout the session were in a semirecumbent posi-
tion in a hospital bed (except for bathroombreaks). At baseline, subjects
completed several subjective effects forms and psychomotor tests, and
their physiological status was assessed. After baseline measures were
collected, subjects ingested four capsules containingmetaxalone or pla-
cebo with 200 cm3 of water. Sixty minutes later, subjects ingested an-
other three capsules containing carisoprodol or placebo, and 60 min
after that ingested another three capsules containing oxycodone or pla-
cebo. At each ingestion time, subjectswere told by the research technol-
ogist conducting the session that “The capsules you are about to ingest
may ormay not contain a drug or drugs.”Mood, psychomotor/cognitive
performance, and physiological measures were assessed throughout
the session at prescribed time points for 420 min after the first capsule
ingestion period. After the session ended, provided theymet certain dis-
charge criteria, participants were transported to their home via a livery
service.

2.4. Dependent measures

The dependent measures were assessed before the first capsule
administration period (baseline), as well as at fixed time points there-
after. Data used in the analysis included only those measures that
were collected starting 30 min after the second capsule ingestion pe-
riod (after carisoprodol or placebo was consumed). All measures
were collected at hourly intervals, and some measures were collected
every 30 min (those will be noted below).

2.4.1. Subjective effects
Five forms were used. The first was a computerized, short form of

the Addiction Research Center Inventory (ARCI), a 49-item true–
false questionnaire designed to differentiate among different classes
of psychoactive drugs (Haertzen, 1966; Martin et al., 1971). The ARCI
yielded scores for five different scales: PCAG, sensitive to sedative ef-
fects; BG and AMP, sensitive to amphetamine-like effects; LSD, sen-
sitive to somatic and dysphoric changes; and MBG, often described
as euphoria. The second form was an adjective rating scale (ARS) de-
rived from two questionnaires sensitive to the somatic and mood-
altering effects of opioids (Fraser et al., 1961b; Preston et al.,
1989). The rating scale consisted of 12 items (e.g., dry mouth, skin
itchy) that the subject rated on a 5-point scale from 0 (“not at all”)
to 4 (“extremely”). The third formwas a locally developed visual an-
alog scale (VAS), consisting of 28 100-mm lines, each labeled with an
adjective (e.g., coasting [‘spaced out’], dreamy, lightheaded). Sub-
jects were instructed to place a vertical mark on each line indicating
how they felt at the moment, ranging from “not at all” to “extreme-
ly.” The fourth formwas a locally developed Drug Effect/Drug Liking/
Take Again questionnaire (DEL/TA) consisting of three items. The
first item assessed the extent to which subjects currently felt a
drug effect on a scale of 1 (I feel no effect from the drug(s) at all)
to 5 (I feel a very strong effect). The second item assessed
drug liking and disliking: subjects were asked to place a mark on a
100-mm line indicating how much they liked the drug effects as
they were currently feeling them, ranging from 0 mm (dislike a
lot) through 50 mm (neutral) to 100 mm (like a lot). The third
item assessed how much subjects “would want to take the drug(s)
you received today again on another session, if given the opportuni-
ty” on a 100-mm line ranging from 0 mm (definitely would not)
through 50 mm (don't care) to 100 mm (definitely would). At the
end of each session and 24 h later, subjects were asked to rate overall
drug(s) liking and overall wanting (to receive the drug again) on a
modified version of the Drug Effect/Drug Liking/Take Again ques-
tionnaire. The VAS and DEL/TA were filled out at baseline and
every 30 min thereafter up to the end of the session. The fifth form
was a locally developed Post-Session Sequelae questionnaire that
subjects were asked to fill out 24 h after the session; subjects were
asked to rate the extent to which they felt 20 symptoms (e.g., diffi-
culty concentrating, headache, unusual drowsiness, vomiting)
since they left the laboratory, on a scale from 0 (not at all) to 4
(extremely).

2.4.2. Psychomotor performance
Five tests were used: the Digit Symbol Substitution Test (DSST), a

computerized logical reasoning test (LRT), an auditory reaction time
(ART) test, an eye–hand coordination (EHC) test, and a locally devel-
oped recall memory test. The DSST (Wechsler, 1958), which assesses
a number of different functions, including visual scanning, mental
flexibility, sustained attention, psychomotor speed, and speed of in-
formation processing (Lezak, 1995; Wetherell, 1996; Van Hoof et al.,
1998), was a 1-min paper-and-pencil test that required the subject
to replace digits with corresponding symbols according to a digit-
symbol code listed on the top of the paper (Wechsler, 1958). The de-
pendent measures were total number of symbols drawn and number
of symbols drawn correctly. This test was done at 30-min intervals.
The LRT consisted of true–false statements about the juxtaposition
of the two letters A and B (e.g., A is preceded by B—true or false).
The dependent measures were the total number of statements an-
swered and number of statements answered correctly. The 1-min
test assessed higher mental processes such as reasoning, logic, and
verbal ability (Baddeley, 1968). A 1-min ART test measured the time
it took for subjects to react to ten 50-dBA computer-generated
tones which were delivered at random time intervals (Nuotto and
Korttila, 1991). The mean reaction time (in seconds) to depress a
computer keyboard spacebar was the dependent measure. A 1-min
EHC test required the subject to track a randomly moving target (a
circle) on the computer screen using a computer mouse (Nuotto
and Korttila, 1991). The dependent measure was the number of
times that a small plus sign, which was controlled by the mouse, de-
viated by more than 1 cm from the center of the target circle (i.e.,
termed “mistakes”). The LRT, and ART and EHC tests were adminis-
tered at hourly intervals. A locally-developedmemory test measured
short- and long-term memory by presenting a sequential list of 15
words on the computer. These 15 words were presented in approxi-
mately 30 s. The subject was then given 120 s to write down as many
words as he or she could remember. Different word lists were used
for all sessions. The list was presented 150 min after the placebo or
carisoprodol ingestion period. The subjects were also asked to recall
the list at the end of the session (i.e., 210 min later, to test delayed
free recall).

2.4.3. Physiological measures
Six physiological measures were assessed: heart rate, blood pres-

sure, arterial oxygen saturation, respiration rate, exophoria, and
pupil size.

2.5. Statistical analyses

Repeated-measures analysis of variance (ANOVA) was used for sta-
tistical treatment of the data (SigmaStat, Point Richmond, CA). The pri-
mary analysis compared peak (highest value obtained), trough (lowest
value obtained), or mean effects of 0, 350, and 700 mg carisoprodol. In
the peak and trough analyses, only values collected beginning 30 min
after the second capsule ingestion period were included, and values
were determined for each subject independent of time point. Mean ef-
fect analyses were done on those measures that were assessed only
once either during or after experimental sessions. F valueswere consid-
ered significant for p≤0.05. When significance was achieved, the
Holm–Sidak method for pairwise multiple comparison tests was
done. A secondary analysis measured time course of performance
on the psychomotor tests, and the subjective effects rating of “feel
drug effect.”
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3. Results

Table 1 summarizes mean peak or mean trough values (±SEM) of
subjective and psychomotor measures in which a significant drug ef-
fect was found.

3.1. Subjective effects

ARCI. Carisoprodol at both doses decreased scores on the BG (stimu-
lant) scale, and increased scores on the PCAG (sedative) scale, relative
to placebo. Both effects were dose-related, and with PCAG scores, the
higher dose differed significantly from the lower dose. ARS. Ratings of
“dry mouth”were significantly higher in the 700-mg condition relative
to placebo, and ratings of “numb” in the 700-mg condition were signif-
icantly higher than in the 350-mg condition. VAS. Carisoprodol pro-
duced a number of effects on this questionnaire, and the effects were
confined to the higher dose. In addition, the higher dose differed signif-
icantly from the lower dose on all of the VAS ratings in Table 1 with the
exception of “difficulty concentrating,” “heavy or sluggish feeling,” and
“sleepy (drowsy, tired).” DEL/TA. The top frame of Fig. 1 shows mean
ratings of “feel drug effect” as a function of dose and time. Both doses in-
creased ratings relative to placebo and the effects were dose-related
both in terms of magnitude of effect and also duration of effect. Howev-
er, in the peak effect data analyses, only the 700 mgdose of carisoprodol
Table 1
Mean peak or trough scores/ratings (±SEM) of subjective and psychomotor effects
measures in which a significant drug effect was found.

P value Placebo Carisoprodol
350 mg

Carisoprodol
700 mg

Subjective effects measures
ARCI

BGa b0.001 4.4 (0.6) 3.1 (0.5)⁎ 2.8 (0.5)⁎

PCAG b0.001 5.9 (0.9) 7.6 (0.8)⁎ 9.4 (0.8)⁎⁎⁎

Adjective rating scale
Dry mouth 0.035 0.4 (0.2) 0.4 (0.2) 0.9 (0.3)⁎

Numb 0.024 0.2 (0.1) 0.1 (0.1) 0.5 (0.2)⁎⁎

VAS
Coasting (‘spaced out’) 0.009 15.3 (7.4) 17.9 (5.6) 34.3 (8.5)⁎⁎⁎

Difficulty
concentrating

0.033 19.2 (7.7) 27.7 (8.2) 40.7 (10.7)⁎

Dizzy 0.007 7.3 (5.8) 7.7 (6.1) 16.0 (7.0)⁎⁎⁎

Dreamy 0.002 18.0 (7.8) 18.5 (6.5) 32.9 (7.4)⁎⁎⁎

Heavy or sluggish
feeling

0.018 20.2 (9.1) 29.1 (8.0) 44.0 (10.8)⁎

High (drug ‘high’) 0.001 5.5 (4.0) 10.1 (6.0) 31.9 (9.7)⁎⁎⁎

In control of bodya 0.03 89.8 (5.3) 92.9 (2.4) 79.9 (4.9)⁎⁎

Sleepy (drowsy, tired) 0.021 40.4 (8.4) 54.1 (8.1) 64.9 (8.6)⁎

Drug effect/drug liking/take again
Feel drug b0.001 2.3 (0.2) 2.8 (0.2) 3.6 (0.3)⁎⁎⁎

Like drug 0.037 58.3 (4.0) 61.7 (3.5) 69.9 (4.8)⁎

Take againa 0.019 51.7 (3.4) 43.9 (2.3) 41.3 (4.3)⁎

Psychomotor measures
ART (s)b 0.045 0.337 (0.013) 0.354 (0.014) 0.358 (0.017)
DSST
(number completed)a

b0.001 45.2 (2.0) 38.9 (2.5)⁎ 34.5 (2.1)⁎⁎⁎

DSST (number
drawn correctly)a

b0.001 44.9 (2.1) 38.3 (2.6)⁎ 33.3 (2.4)⁎⁎⁎

EHC
(number of mistakes)b

0.017 22.5 (2.0) 22.4 (2.1) 26.7 (1.8)⁎⁎⁎

Physiological measures
Blood pressure:
systolic (mm Hg)a

0.002 113.3 (3.3) 112.2 (3.9) 108.5 (2.7)⁎⁎⁎

Heart rate (bpm) b0.001 68.3 (2.1) 73.6 (2.0)⁎ 76.5 (2.3)⁎

a Trough rating.
b Data based on 14 subjects — one subject's data not included because of missing

data due to a file transfer error.
⁎ pb0.05 compared with placebo.

⁎⁎ Compared with carisoprodol 350 mg.
⁎⁎⁎ pb0.05 compared with placebo and carisoprodol 350 mg.

Fig. 1. Time course of the effects of placebo (circle), 350 mg carisoprodol (triangle) and
700 mg carisoprodol (square) on “Feel Drug Effect” ratings from the Drug Effect/Drug
Liking/Take Again (DEL/TA) questionnaire (top frame) and number of symbols drawn
correctly on the Digit Symbol Substitution Test (bottom frame). Each point is the
mean across 15 subjects. The data which were included in the analyses included mea-
sures collected from 30 to 360 min after the administration of capsules that contained
either placebo or carisoprodol — administration of the capsules occurred immediately
before the 60-min time point of the session, and is indicated by the arrow in both of the
graphs. Data from the 60-min time point are presented for comparison purposes (i.e.,
baseline), and were not included in the analyses. Solid symbols indicate a significant
difference as determined by the Holm–Sidak method compared to the placebo condi-
tion for a given time point. Asterisks indicate that the 700-mg carisoprodol condition
differed significantly from the 350-mg carisoprodol condition. For the Feel Drug Effect
question, ratings ranged from 1 to 5 where 1=I feel no effect from the drug(s) at all,
2=I think I feel a mild effect, but I'm not sure, 3=I definitely feel an effect, but it is
not really strong, 4=I feel a strong effect, and 5=I feel a very strong effect.
significantly increased ratings of “feel drug effect” and effects were
higher relative to both placebo and the 350 mg dose. Peak liking ratings
were increased by 700 mg carisoprodol, but trough ratings of “take
again”were also lower in this condition relative to placebo. Post-session
Sequelae Questionnaire. No effects were reported in the 24 h following
carisoprodol sessions, relative to the placebo session.

3.2. Psychomotor/cognitive performance

A significant drug effect was obtained on the measure of ART. Al-
though there were longer reaction times in the active drug conditions
than in the placebo condition, the differences were not statistically
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significant. The time course analysis for ART was not significant but did
show a dose-related increase one hour after the second capsule inges-
tion period (i.e., 0.313, 0.333, and 0.347 s in the 0, 350, and 700 mg car-
isoprodol conditions, respectively). On the DSST, trough measures of
number of symbols drawn, and drawn correctly, were decreased by
both doses of carisoprodol, and the higher dose produced more impair-
ment than the lower dose. The bottom frame of Fig. 1 shows the time
course of impairment for number of symbols drawn correctly. Statisti-
cally significant impairment was noted for 1 and 2 h after administra-
tion of 350 and 700 mg of carisoprodol, respectively. Number of
mistakes on the EHC test was increased by the 700 mg dose. The time
course analysis was also significant, with more mistakes being made
in the 700 mg dose than in the placebo condition 1 h after the second
capsule ingestion period. Total number of statements answered, and
total answered correctly, on the LRT in the two active drug condi-
tions did not differ significantly from placebo in either the trough
or the time course analyses. Immediate and delayed free recall
were also unaffected by either dose of carisoprodol.

3.3. Physiological measures

Carisoprodol at both doses increased heart rate and the 700 mg
dose decreased systolic blood pressure, relative to placebo.

4. Discussion

Carisoprodol is a musculoskeletal relaxant that is associated both
with abuse and impairment (i.e., increased risk of automobile acci-
dents) (Dougherty, 1995; Reeves et al., 1997; Venugopal et al.,
2000; Bramness et al., 2004, 2007; Gorman et al., 2005; Eleid et al.,
2010). In the present study acute doses of carisoprodol showed only
a weak signal of abuse liability in non-drug-abusing volunteers. Al-
though the 700 mg dose increased peak liking ratings, other abuse
liability-related measures were not increased (e.g., MBG (euphoria)
scale of the ARCI, VAS ratings of “having pleasant bodily sensations”),
and, as well, this dose elicited reports of a reduced desire to take the
drug again (compared to placebo) on another session, if given the op-
portunity. The relative paucity of abuse liability-related effects may
not be surprising given the subject population tested — numerous
studies have tested effects of other sedatives in non-drug-abusers in-
cluding barbiturates and benzodiazepines, and by and large, either
subjects report neutrality on hedonic scales or report disliking the
drug effects (Johanson and Uhlenhuth, 1980; de Wit et al., 1984,
1989; deWit and Griffiths, 1991). One might question the importance
of testing for abuse liability-related effects of carisoprodol in this pop-
ulation given results from other studies showing lack of a signal of
abuse potential with benzodiazepines and barbiturates, but we have
found liking and other abuse liability-related effects in some non-
drug abusers with other sedating drugs, including nitrous oxide,
sevoflurane, propofol, and opioids (Zacny et al., 1993; Walker and
Zacny 2002;Walker et al., 2004; Zacny and Lichtor, 2008) (in this par-
ticular study, there were no abuse liability-related effects when
10 mg of oxycodone was tested by itself).

Carisoprodol impaired performance on some but not all tests that
were used in this study. Peak ARTs in the 350- and 700-mg carisopro-
dol conditions were longer than in the placebo condition, although
the differences were not statistically significant. Performance on the
EHC test was impaired by the higher dose of carisoprodol, as shown
in both the peak and time course analyses. As shown in both the
trough and time course analyses, performance on the DSST was im-
paired by both doses of carisoprodol and the impairment was dose-
related. Fig. 1 shows what we believe to be an interesting but poten-
tially concerning finding— performance on the DSST in relation to the
subjective rating of “feel drug effect”. When asked to rate “feel drug
effect,” ratings were fairly low with the 350 mg dose (‘2’ is associated
with the statement “I think I feel a mild effect, but I'm not sure”), and
when DSST performance was impaired 30 min after its ingestion, sub-
jects were reporting “feel drug effect” ratings no different from those
of placebo. Therefore patients prescribed this dose might feel relative-
ly “normal,” despite being potentially impaired (as Fig. 1 would sug-
gest), and thus be more likely to engage in some activities that
might be of danger to themselves and to others (e.g., operating
heavy machinery, driving a car).

Fig. 1 also shows that onset of drug effects was rapid, i.e., effects
were apparent 30 min after ingestion. Future studies with this drug
might want to test for effects at 15-min intervals at least for the
first hour after drug administration to get a more precise picture of
when psychopharmacological effects of this drug first become appar-
ent. In any event, the time at which we detected effects of carisopro-
dol (0.5–2 h post-ingestion) is in closer temporal contiguity to the
tmax of carisoprodol (1.7 h) than meprobamate (approximately 5 h)
(Bramness et al., 2005b; SOMA package insert: http://www.
soma250.com/pdf/full_prescribing_info.pdf, accessed June 30, 2011).
This supports the notion that the parent compound has effects in
and of itself (Gonzalez et al., 2009), and that its sedating effects are
not solely reliant on dealkylation to meprobamate.

As a class, musculoskeletal relaxants have received little attention
by psychopharmacologists, despite their widespread use in clinical
practice and their potential for misuse. We would suggest further
testing of carisoprodol. Several avenues could be explored including
testing even a lower dose (250 mg doses with or without aspirin
are available and prescribed), and testing its interaction with other
drugs including ethanol and benzodiazepines. As stated in the Intro-
duction, the present analysis was part of a larger study in which we
tested carisoprodol's interaction with the opioid, oxycodone, and
the results of that part of the study are reported elsewhere (Zacny
et al., 2011). Studies should also assess carisoprodol's abuse liability
in different populations that might be more likely to report positive
effects, including sedative abusers (Roache and Griffiths, 1985,
1987) and moderate or heavy consumers of alcohol (de Wit et al.,
1989; de Wit and Doty, 1994; Evans et al., 1996). Another avenue
would be to systematically examine the relationship or lack thereof
between perceived degree of impairment and actual impairment.
Other studies have utilized measures of metacognition and have
established that subjects under the effects of benzodiazepines under-
estimate their performance decrements (Roache and Griffiths, 1985,
1987; Evans et al., 1990; Mintzer and Griffiths, 2003). When under
the effects of alcohol or barbiturates, subjects are more accurate in esti-
mating the degree to which they are impaired (Roache and Griffiths,
1985, 1987; Mintzer et al., 1997). The fact that at the therapeutic dose
of carisoprodol participants did not feel strong drug effects, yet were
definitely impaired (as measured by the DSST), might indicate that
they would respond in a similar manner to that of people under the ef-
fects of benzodiazepines in estimating their performance. Finally, we
would suggest that intra-study comparisons of the subjective and psy-
chomotor effects of carisoprodol to other muscle relaxants such as
cyclobenzaprine (Flexeril) andmethocarbamol (Robaxin)would be im-
portant from a clinical standpoint. Such studies would inform physi-
cians which muscle relaxants have safer profiles. Our experience with
metaxalone, however, in which no effects were noted, would suggest
that a subchronic dosing regimen might be needed since these drugs
differ in their pharmacokinetic profiles, and to simulate the clinical mi-
lieu in which these drugs are usually taken more than once a day.

In conclusion, carisoprodol at a therapeutic dose had few subjec-
tive effects, but did impair performance on the DSST, a test that taps
into complex neuropsychological processes (Lezak, 1995; Wetherell,
1996; Van Hoof et al., 1998). A higher dose produced more robust
subjective effects and psychomotor impairment. These findings, in
addition to evidence in the scientific literature that the drug is abused
and is associatedwith impairment of a serious nature (traffic accidents),
would argue that further study is warranted to more systematically
characterize the psychopharmacological effects of carisoprodol.

http://www.soma250.com/pdf/full_prescribing_info.pdf
http://www.soma250.com/pdf/full_prescribing_info.pdf
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