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HEALEY, M L AND R W PICKENS Dtazepam do~e preference tn humans PHARMACOL BIOCHEM BEHAV 
18(3) 44%456, 1983 --Dmzepam dose preference was studied m 10 human subjects m a hospttal setting Subjects were 
allowed to select between a standard compound (diazepam or pentobarbltal) and one of several doses of diazepam (2--40 
mg/capsule) on an ad hb basis When 5 or 10 rag/capsule dlazepam was the standard, no clear cut dmzepam dose preference 
was found When 30 or 50 mg/capsule pentobarbttal was the standard, clear cut diazepam dose preference m some subjects 
was found The shape of the dose preference function differed among subjects Within subjects, dmzepam dose preference 
differed within the self-administration day, with some subjects prefernng one dose m the morning and a different dose later 
m the day 

Dlazepam Pentobarbltal Drug self-administration Human subjects Dose preference 

DRUG self-administration techniques have provided a 
means for studying the many variables influencing drug- 
taking behavior More recently, self-administration methods 
originating In the animal laboratory have been adapted for 
research with human subjects in clinical residential settings 
This approach to date has been used most extensively to 
examine factors that influence human oral sedative self- 
administration Whereas alcohol has been the sedative most 
frequently studied (e g ,  [3, 4, 9, 10, 11, 12]), pentobarbltal, 
dlazepam and chlorpromazlne self-administration has also 
been studied with human subjects (e g , [5,13]) 

One of the factors examined in human sedative self- 
administration has been drug or dose preference Selection 
of a compound for self-administration has been used as a 
measure of the compound's  relative abuse hablhty For 
example, Plckens et al [13] examined dose preference dur- 
ing free access to different doses of pentobarbltai (30-200 
mg/capsule) Similarly, Grlffiths et al [5] compared rates 
of pentobarbltal, dlazepam and chlorpromazlne self- 
administration to determine drug preference under limited- 
access conditions Drug preference has also been used as an 
indication of relative abuse hablhty under condmons of acute 
drug admlmstratlon [6,8] 

In the present study, adults with established histories of 
sedative abuse were allowed to select among different doses 
of diazepam to determine dose preference Drug preference 
was studied under conditions of relatively free access, in 
which no upper limit was placed on drug Intake and drugs 
were available for self-administration 24 hours per day 
Under free-access conditions, the influence of duration of 
drug action on drug preference is minimized Under condi- 
tions of limited drug access (i e , fixed number of capsules 
per day), duration of drug action may become an important 
factor In drug choice, particularly in the physiologically de- 
pendent subject 

METHOD 

Subjec t~ 

Subjects were 5 adult females (F16, F17, F18, F28 and 

F40) and 5 adult males (M22, M23, M35, M36 and M39) 
selected from patients entenng University of Minnesota 
Hospitals for treatment of drug dependence All subJeCts 
were given a complete medical and psychiatric screening by 
the ward psychiatrist prior to being accepted into the study 
The screening, which was conducted within the first several 
hours of hospitalization, included past medical and drug his- 
tory, blood and urine screens for recent drug use. physical 
and mental status examination, and blood chemistry Only 
subjects with at least a four year history of sedative abuse, In 
sound physical health and actively self-administering seda- 
tives on hospital admission were selected for the study One 
subject (M22) showed positive response for hepatitis B 
antigen dunng initial screening, and, as a health precaution, 
no further blood samples were obtained from the subject 
dunng the study Table 1 shows the age, weight and self- 
reported drug history for each subject 

Subjects were housed on the Clinical Investigations Umt 
of the University of Minnesota Hospitals This unit is a 
13-bed adult psychiatric ward within a teaching/research 
hospital Informed consent was obtained from all subjects 
prior to their admission to the study Participation in the 
research was voluntary and subjects were assured that they 
could terminate their participation at any ttme At the con- 
cluslon of the research, subjects were gradually withdrawn 
from sedative drugs (10% per day of the maximum daffy dose 
of dlazepam dunng self-administration) and given appropri- 
ate treatment At any given t~me, only one subject partici- 
pated in the research 

Appatatu~ 

All drugs for oral self-administration were available from 
an automatic vending machine [13] The machine was a 10- 
channel commercial vendor modified by removal of the coin 
slot and installation of a stimulus hght and a keylock above 
the pushbutton of each channel At the start of testing, sub- 
jects were issued keys to unlock assigned channels for drug 
dispensing Drug availability was signalled by illumination of 
the stimulus light of a channel When a stimulus light was 
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Subject Age 
Weight 

(kg) 

Pentobarbltal 
Half-hfe 

thrs) 

T A B L E  1 

DRUG HISTORY OF SUBJECTS 

Behavioral* 
Tolerance Drug H~story 

FI6 48 65 8 6 4 0 

Fl7 31 58 7 7 1 0 

F18 32 51 4 8 3 

M22 75 5 Not 
Available 

++ 

Not 
Avadable 

+ 

0 

28 

M23 29 77 1 15 6 

F28 63 52 6 22 4 

M35 34 95 3 8 4 0 

M36 47 76 0 4 2 + + 

Duration 
of Problem 
Drug Use 

(yrs) Drug Use on Admission 

Alcohol 
Barb,turates 
Benzodlazepmes 
Oplolds 

Barbiturates 
Meprobamate 
Benzodmzepmes 
Antidepressants 

13 

12 

Alcohol 
Flurazepam (Dalmane) 
Chlorpromazine 

IThorazme) 

Dmzepam (Vahumt 

Barbiturates 
Benzodmzeplnes 
Stimulants 
Oplolds 
Hallucinogens 
Nonbarbiturate 

Sedatives 
Antihistamines 
Antipsychotlc, 

Benzodmzepines 
Oploids 
N onbarblturate 

Sedatives 
Ant,depressants 
Non-narcotic 

Analgesics 

Alcohol 
Barbiturates 
Benzodmzepmes 
Stimulants 

Alcohol 
Benzodmzepmes 
AntlpsychotIcs 
Antidepressants 

Alcohol 
BenzodmzpInes 
Barbiturates 
Opioids 
Stimulants 
Hallucinogens 
Non-narcoUc 

Analgesics 
Nonbarb~turate 

Sedatives 
Marijuana 
Antlpsychot~cs 

Benzodmzepmes 
Non-narcot,c 

analgesic s 
Alcohol 

8 

8 

19 

19 

13 

13 

Clorazepate (Tranxene) 
Codeine (Percodan, 

Tylenol #3) 
Fluphenaztne (Prohxln) 
Propoxyphene (Darvon 

Darvocet) 

MariJuana 
Methaqualone 

Quaalude) 
Secobarbttal 

(Seconal) 
Prochlorperazme 

(Compazine I 
Antihistamines (Ornade) 

Dlazepam (Vahumt 

Continued on next page 

Alcohol 
Dlazepam (Vahum) 

Phenobarbital (Sodium 
Phenobarbital) 

Dlazepam (Vallum) 
Secobarbltal (Seconal) 

Oxazepam I Serax) 
Alcohol 
Thlondazlne 

( Me Ilaril) 
Imlpramine (Tofranil) 

Alcohol 
Dtazepam (Vahum) 



DIAZEPAM DOSE PREFERENCE 451 

TABLE 1 
DRUG HISTORY OF SUBJECTS 

(Continued) 

Pentobarbltal 
Weight Half-hfe 

SubJect Age (kg) (hrs) 
Behavioral* 
Tolerance Drug History 

Duration 
of Problem 
Drug Use 

(yrs) Drug Use on Admission 

M39 47 95 5 14 4 0 

F40 51 40 8 5 2 + + 

Barbiturates 
Benzodmzeplnes 
Nonbarblturate 

Sedatives 
Alcohol 
Oplolds 
Stimulants 
Mar0uana 
Antlpsychotlcs 
Antidepressants 

18 Alcohol 
Chlorpromazme 

(Thorazme) 
Amltrtptyhne (Elawl) 

Benzodlazepmes 4 Phenobarb,tal (Sodium 
Barbiturates Phenobarbital, 

Donnatal) 
Codeine (Tylenol #3) 
Flurazepam (Dalmane) 

*0=Minimal or absent, + =moderate, + + =marked 

illuminated, unlocking the sw,tch and pressing the channel 
button delivered a drug capsule in a small paper envelope 
All doses of each drug were packaged in identically appear- 
mg red capsules (size 00) with lactose filler Upon each ma- 
chine operation, a chime sounded to alert members of the 
nursing staff to verify that the delivered capsule was swal- 
lowed by the subject After each drug delivery, the stimulus 
hght was extinguished and the channel was inoperable (1 e , 
no drug was available) for 30 minutes This minimum m- 
terlngestlon interval was employed to assure that subjects 
would not take multiple capsules at or near the same time 
All machine events were controlled by sohd state program- 
mmg equipment locked in an adjacent cabinet An event re- 
corder was employed to obtain a temporal record of sub- 
jects '  capsule selections 

Procedure 

Toleran¢ e assessment Immediately after hospital admis- 
sion. subJects were randomly assigned to either ad hb 
diazepam or pentobarbital self-administration for at least 
four days prior to start of preference testing (range 4-11 
days, median 8 5 days) Assays for the determination of both 
metabolic and behavioral tolerance to pentobarbital were 
typically given midway during this stabilization period On 
the day of the assay, all drugs were withheld at mldmght A 
single dose of 200 mg pentobarbltal was administered orally 
at 8 a m Blood samples were obtmned at 1, 2, 4, 6 and 8 hour 
intervals post-drug for quantitative pentobarbltal analysis, a 
checklist of behavioral sedat,ve signs (slurred speech, ataxia 
and sleep) was completed at 1, 2, and 3 hours post-drug 
Behavioral tolerance was considered absent or minimal (0) if 
subJect slept and showed slurred speech and/or ataxm during 
this time, moderate (+) if subject showed only slurred 
speech and/or ataxm, and marked (+ +) ff none of the above 
signs were observed Metabolic tolerance was measured by 

pentobarbltal half-hfe values calculated from the rate of de- 
chne of drug serum levels post-drug admlmstration 

Drug preference To determine dose or drug preference, 
an ad lib drug self-administration choice procedure was 
used Two adjacent channels of the vending machine were 
keyed the same, allowing subjects access to both channels 
for self-admlmstratlon To assure mltml exposure to both 
capsules each experimental day, alternate channels only 
were available for the first two capsule selections Thereaf- 
ter, both channels were available concurrently for selfo 
administration Drug delivery from one channel was pro- 
grammed to extinguish the stimulus lights above both chan- 
nels for 30 minutes, making neither channel avadable for 
drug self-administration dunng that time Throughout testing 
the same compound (standard) was always available in one 
channel, whereas the other channel contained a different 
compound (test) each day At least two rephcatlons were 
obtained with each comparison, and assignments of standard 
and test compounds was counterbalanced A double-blind 
procedure was employed m all drug testing 

Subjects were mstructed to take capsules as they felt they 
needed them No upper hmlt was placed on daily drug intake 
and (except for the 30 minute minimum inter-drug interval) 
no restncUon was placed on drug access SubJects were told 
to alternate between channels until a preference developed, 
and then to take whichever capsule they preferred for the 
remainder of the day SubJects were informed that whereas 
drug and/or dose available m each channel might change 
from day to day (all changes were effecUve at midnight), 
within a given day the medication in each channel would 
remain the same 

Subjects were told only that the drugs available to them 
for self-administration were of the sedative class, similar to 
drugs they had experience with in the past It was stressed to 
subjects that as doses available would change on a daffy 
basis, they would require varying numbers of capsules each 
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FIG 1 Diazepam dose preference in 3 male subjects with dlazepam 
(5 or 20 mg/capsule) as the standard compound Abscissa dose of 
dlazepam Ordinate preference ratios Each point Is the mean of 
two determinations the verhcal bars at each point indicate range 

day They were cautioned to avoid counting capsules, or 
taking them at specific predetermined times Subjects were 
asked to take enough capsules to remain comfortable and 
avoid withdrawal symptoms, but not to become overly intox- 
icated They were informed that if they should become 
overly intoxicated (with slurred speech and/or ataxia) the 
nursmg or research staff would temporardy confiscate their 
key to the vending machme until the intoxication cleared 

In the first study, dose preference for dlazepam was de- 
termined for 5 subjects These subjects were allowed to 
choose between a standard dose of diazepam (5 mg/capsule 
for F16, F28, and M39, and 20 mg/capsule for M35 and M22) 
and a range of dmzepam doses (2, 5, 10, 20 and 40 
mg/capsule) Selection of standard dose as well as the range 
of diazepam doses tested reflect individual differences in 
total drug retake and both behavioral and metabolic 
tolerance among subjects determined during the stabdization 
period In a second study, eight subjects were allowed to 
choose between a standard dose of pentobarbltal (30 
mg/capsule for F16, F17, M22, M23, M35 and M36, and 50 
mg/capsule for F18 and F40) and a range of diazepam doses 
(2, 5, 10, 20 and 40 mg/capsule) 

In addition, event records of drug self-administration 
were examined to determine ff dose and/or drug preference 
were consistent throughout the self-admlmstration day Pat- 
terns of drug responding were examined to determine their 
relation to individual differences in drug and dose prefer- 
ence 

Date analysts To quantify drug and dose preference, data 
were expressed as a preference ratio, the ratio of test drug 
selections to total drug selections (test + standard) for a 
given day The first two capsule selections on any day were 
not included when calculating preference ratios as these 
were essentially forced choice selections Ratio values of 0 5 
indicate no preference between standard and test compound, 
whereas ratio values greater than 0 5 indicate preference for 
test over standard compound and ratio values less than 0 5 
indicate preference for the standard compound 

IO 

05  

~r 
(D 

"~ I0  

05 
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preference m 2 female 

F28  

FIG 2 Dlazepam dose subjects with 
dlazepam (5 or 20 mg/capsule) as the standard compound Abscissa 
dose of dmzepam Ordinate preference ratios Each point is the 
mean of two determinations the verhcal bars at each point indicate 
range 

RESULTS 

Throughout testing, subjects maintained daily drug intake 
at levels sufficient to avoid the appearance of withdrawal 
symptoms Only rarely did subjects show slurred speech or 
ataxia Subject F28 had her key confiscated once during 
Study 1 In Study 2. Subject M22 also had his key confis- 
cated on one occasion while Subject M23 had his key confis- 
cated 3 t~mes The results of the assay for determination of 
both metabolic and behavioral tolerance to pentobarbital are 
shown for each subject m Table I Pentobarbltal half-lives 
ranged from 4 2 to 22 4 hours (mean= 10 2 hours) No data is 
available for Subject M22 who, due to a previous hepatltUS 
infection, did not have blood samples drawn as a safety pre- 
caution 

Dtazepam as Standard Compound 

When dlazepam dose preference ratios were determined 
using dlazepam as the standard compound, consistent dose 
preferences were not observed in any subject Figure 1 dlus- 
trates preference data for three male subjects (M22, M35, 
M39) Subject M39 was allowed to select between 5 
mg/capsule diazepam (the standard compound) and 2, 5, 10 
and 20 mg/capsule dlazepam and Subjects M22 and M35 
were allowed to select between 20 mg/capsule dlazepam and 
5, 10, 20 and 40 mg/capsule diazepam Preference ratios for 
test/standard comparisons are plotted as a mean and range 
for two replications for each test condition On days when 
the same dose of diazepam appeared m both channels, pref- 
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FIG 3 Dlazepam dose preference in 4 male subjects with pen- 
tobarbltal (30 mg/capsule) as the standard compound Absossa 
dose of dlazepam Ordinate preference ratios Each point is the 
mean of two determlnaUons, the vertical bars at each point indicate 
range 

erence ratios were computed twice by treating first the left 
and then the right channel as the test dose The range plotted 
was the larger of the two rephcatlons with the midpoint of 
this range (always 0 5) used for graphing purposes For all 
three male subjects, the dose effect curve was essentially 
flat, there was little varmbihty within or between subjects 
with respect to dose preference as reflected in choice behav- 
ior 

Figure 2 illustrates dose preference data for 2 female sub- 
jects (F16 and F28) allowed to select between 5 mg/capsule 
dmzepam (the standard compound) and 2, 5, I0 and 20 
mg/capsule diazepam As with male subjects, no consistent 
dose preference for diazepam was seen Unhke the data ob- 
tained for the three male subjects, the female subjects 
showed considerable within and between subject variability 
Whereas Subject F28 showed a tendency to prefer the two 
higher doses of dmzepam (I0 and 20 mg/capsule), Subject 
FI6 did not 

Pentobarb t ta l  a ~ S t a n d a l d  C o m p o u n d  

Contrary to the results obtained with diazepam as the 
standard compound, clear cut patterns of diazepam dose 
preference were found when pentobarbital was employed as 
the standard compound Figure 3 illustrates preference data 
for four male subjects (M22, M23, M35 and M36) allowed to 
choose between 30 mg/capsule pentobarbital and 2, 5, 10, 20 
and 40 mg/capsule diazepam Consistent preference for dif- 
ferent doses of dmzepam are clearly apparent in three of the 
four subjects Two subjects preferred pentobarbital to some 
dlazepam doses Subject M22 preferred 30 mg pentobarbital 
to the higher dtazepam doses (20 and 40 mg per capsule) 
whereas Subject M36 preferred 30 mg pentobarbltal to the 
lower dmzepam doses (2 and 5 mg per capsule) At no doses 
was diazepam clearly preferred Subject M35, on the other 
hand, preferred medium diazepam doses (10 and 20 mg per 
capsule) to 30 mg pentobarbital and did not indicate prefer- 
ence for pentobarbital at any dlazepam dose The one sub- 
ject (M23) who had an essentially flat dose effect curve simi- 
lar to those illustrated in Fig 1 was not a subject in the first 
study As when diazepam was employed as the standard 

Standard: Pentobsrl~al, 30MG Stw~ard Pentobad~tal, 50MG 

F16 F18 

05 05 

o 
i 5 IO 20 40 _,o t ,oF l 

Q5 0 5  

o 5 ,o 2o o ~ ~ ,b 

D~ze~m oo~ (M~ 

FIG 4 Dlazepam dose preference m 4 female subjects with pen- 
tobarbltal (30 or 50 mg/capsule) as the standard compound 
Absossa dose ofdlazepam Ordinate preference ratms Each pomt 
~s the mean of two determmaUons, the vertical bars at each point 
indicate range 

compound, the within-subject variability in these subjects 
was quite low, however, there were marked differences be- 
tween subjects which were not apparent in male subjects in 
the first study 

Figure 4 illustrates diazepam preference data for two 
female subjects (F16 and F17) with 30 mg/capsule pentobar- 
bltal as the standard compound, and two additional female 
subjects (F18 and F40) with 50 mg/capsule pentobarbital as 
the standard compound In contrast to male subjects allowed 
a similar choice, consistent preference trends were not ap- 
parent and within subject variability was high Whereas F16 
appeared to prefer pentobarbltal to low doses of diazepam 
and to prefer high doses of dlazepam to pentobarbltal, the 
varlablhty m responding was high This same subject re- 
sponded in a highly variable manner in the first study as well 
(see Fig 2) 

The length of the drug self-administration day (time from 
the first drug administration in the morning to the last cap- 
sule administration at night) was consistent within-subjects, 
as was the distribution of responses across a self- 
administration day In four of the subjects (F17, M22, M23, 
M39), drug self-administration took place irregularly 
throughout the night, however, the other six subjects (F16, 
F18, F28, M35, M36, F40) had long intervals of sleep without 
drug administration These subjects had mean drug self- 
administration days ranging from 13 02 to 17 86 hours 

Whereas rates ot responding vaned widely among sub- 
jects, rates of responding within subjects were very consis- 
tent from day to day In general, response rates remained 
relatively constant, resulting in increased dally drug intake 
when capsule dose available increased Many subjects self- 
administered approximately the same number of capsules 
per day despite instructions that dose and/or drug would 
vary For example, when dlazepam alone was available in 
the first study and the dose available was vaned by 10-fold (2 
mg per capsule to 20 mg/capsule) for three subjects and by 
8-fold (5 mg per capsule to 40 mg/capsule) for the remaining 
two subjects, the number of capsules selected per day vaned 
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FIG 5 Representative patterns of drug responding during one 24- 
hour drug self-administration day for 2 subjects Upper panel Sub- 
ject M35 allowed a choice between 10 mg/capsule dlazepam and the 
standard, 20 rag/capsule dlazepam Lower panel Subject F40 al- 
lowed a choice between 5 rag/capsule dlazepam and the standard, 50 
rag/capsule pentobarbltal Each pen deflection represents a single 
drug self-administration 
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FIG 6 Representative patterns of drug responding during two drug 
self-administration days for Subject M39 Upper panel Subject M39 
allowed a choice between 2 rag/capsule dlazepam and the standard 
5 mg/capsule dlazepam Lower panel Subject M39 allowed a choice 
between 20 rag/capsule dlazepam and the standard 5 mg/capsule 
dmzepam Each pen deflection represents a single drug self- 
admlmstrat,on 

by less than 2-fold Subject M39 selected the Identical 
number of capsules [14] on six of eight self-admlmstratlon 
days 

The pattern of drug responding was also analyzed to 
determine ff dose preference was related to t~me of day In 
subjects whose dally drug retake was relatively low, drug 
responding tended to occur only during the day and, when no 
dose or drug preference was observed, responding was gen- 
erally evenly distributed across available machine channels 
In subjects whose dady drug intake was relatively high, drug 
responding tended to occur late into the mght and early 
morning hours and to be more randomly distributed across 
machine channels 

Figure 5 illustrates representative patterns of drug re- 
sponding for two subjects during self-administration (mid- 
night to midnight) The upper panel represents one day of 
responding by SubJect M35 with dlazepam as the standard 
compound, the doses available were 10 and 20 mg/capsule 
dlazepam This subject did not demonstrate dose preference 
for dlazepam In this study, mean preference ratios for all 
doses were close to 0 5 (see Fig 1) Whereas alternation of 
responding between available channels was not consistent, 
by the end of each self-administration day an even distribu- 
tion of responses across the two channels was approximated 
In the lower panel, a clearer pattern of channel alteraUon is 
illustrated by the data from Subject F40 with 50 mg/capsule 
pentobarbltal as the standard compound This subject had a 
preference function similar to that of Subject M35, with less 
varlabdlty in preference ratios from day to day than any 
other female subject m either study (see Figs 2 and 4) 

The pattern of responding illustrated for Subject M35 is 
representative of the pattern of responding produced by sub- 
jects in which no preference for drug or dose was apparent 
and in which drug retake (capsules/day) was relatively high 
(SubJects F18, M22, and M23) The more regular pattern of 
responding seen in Subject F40 is representatwe of that 
found in subjects when preference ratios approached 0 5, but 
when dally drug intake was relatively low (Subjects F16 and 
F28) 

Generally, when a dose preference was indicated by a 
high preference ratio, similar evidence of a dose preference 
was seen in the subject's pattern of responding In some 

cases, however, a dose preference was evident in the sub- 
ject 's pattern of responding that was not reflected by the pref- 
erence ratio Figure 6 shows representative patterns of re- 
sponding on two drug self-administration days when 
dlazepam was the standard compound for Subject M39 This 
subject had a dose preference function similar to that of M35 
(see Fig 1) In the upper panel, 2 mg/capsule dlazepam was 
available in Channel 1 and 5 mg/capsule dlazepam was avail- 
able In Channel 2 Following the initial forced channel alter- 
atlon there was a tendency for Subject M39 to self- 
administer the lower dose of dlazepam (2 rag/capsule) 
throughout the day and to select the higher dose of dlazepam 
(5 mg/capsule) during the evening hours When the mag- 
nitude between the available doses of dlazepam was greater 
(5 mg/capsule in Channel 1 and 20 mg/capsule In Channel 2 
shown in the lower panel of Fig 6), this tendency to prefer 
larger doses in the evening (or, conversely, smaller doses 
during the day) was clearer Despite this apparent change in 
preference according to time of day, the number of capsules 
per channel selected over the course of the self- 
administration day was generally evenly distributed, there- 
fore, no preference was Indicated by preference ratio de- 
termination 

DISCUSSION 

When dlazepam was employed as the standard com- 
pound, no consistent within-subJect dlazepam dose prefer- 
ence was observed In general, subjects alternated between 
the two doses available on a given drug self-admlmstratlon 
day This finding is surprising considering the extensive his- 
tories of sedative use in all subjects (see Table l) and the 
broad range of dlazepam doses tested (2 to 40 mg/capsule) 
When pentobarbltal was used as the standard compound, 
consistent within-subject dlazepam dose preference was evi- 
denced in three of four male subjects In female subjects, 
however, where within-subject varlablhty in day-to-day re- 
sponding was generally high, no consistent dlazepam dose 
preference was observed 

In those subjects in which consistent dose preference for 
dlazepam was observed, there were considerable individual 
differences in the shape of the preference function This var- 
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lablhty was probably a function of many factors In ammal 
studies of sedative drug self-administration, between-subject  
vanablhty is much less apparent (e g ,  see [2]) In such 
studies, the past drug history of the subjects IS under the 
control of the experimenter In addition, animals bred for 
laboratory research may be genetically quite similar 

Although all subjects shared extensive histories of seda- 
tive drug abuse, there were considerable differences among 
subjects in terms of abuse of non-sedative drugs, alcohol 
abuse, and even the extent and nature of their sedative 
abuse Table 1 gives an indication of some of the differences 
in both the extent (number of years of drug abuse) and nature 
of individual subjects '  past drug histories Table 1 also shows 
metabohc and behavioral tolerance for pentobarbital for 
each subject measured by drug half-life and observable be- 
havioral signs of sedation With the exception of Subject 
F28, who did not have a history of barbiturate abuse, the 
pentobarbltal half-hfe values for all subjects are well below 
that typically reported for the general population (21-42 
hours, [7]) Whereas differences m metabohc and behaworal  
tolerance can be partially accounted for by past drug h~story, 
genetic factors may also play a role 

Thus, between-subject differences in past drug history, as 
well as differences in metabolic and behavioral tolerance, 
might account for some of the between-subject variability 
observed in dose and drug preference 

It IS unclear why pentobarbltal as the comparison stand- 
ard should influence dlazepam dose preference and why this 
influence should only be apparent In male subjects It is 
possible that different doses of dlazepam were more easily 
discriminable by the subjects when pentobarbital separated 
consecutive dlazepam doses It is also possible that the ef- 
fect was related to the generally lower total dally dlazepam 
intake that occurred on such days There is no evidence, 
however, that preference for particular dlazepam doses was 
more likely to occur on days when total dlazepam intake was 
relatively low than on days when total dlazepam intake was 
relatively high There is some evidence to suggest that pref- 
erence for dlazepam dose is enhanced by the concurrent 
avallablhty of non-sedative drugs such as methadone [15] 

Rates of responding during dlazepam self-administration 
have been compared to rates of responding during pentobarbl- 
tal self-administration in separate groups of  monkeys [16] 
On the basis of  lower rates of responding during diazepam 
self-administration, as well as on lower dally dlazepam m- 
take and less severe withdrawal symptoms upon abrupt 
withdrawal of  dlazepam avallablhty, the authors concluded 
that pentobarbItal was more reinforcing than dlazepam 

Both dlazepam and pentobarbltal self-administration by 
humans have previously been studied under limited- 
avallablhty conditions Grlffiths et  al [5] compared pen- 
tobarbltai,  diazepam, chlorpromazme and placebo self- 
administration under double-bhnd conditions in an inpatient 
clinical setting During a 71/2 hour experimental day, up to l0 
capsules of pentobarbltal (30 or 90 mg/capsule), diazepam 
(10 or 20 mg/capsule), chlorpromazlne (25 or 50 rag/capsule) 
or placebo were available for self-administration When the 
higher dose of pentobarbltal was available, subjects self- 
administered more of the 10 available capsules than when the 
higher dose of dlazepam was available Lower  doses of  both 
pentobarbltal and dlazepam were self-administered at lower 
rates than those same compounds at h~gher doses, and 
neither placebo nor chlorpromazine were systematically 
self-administered Griffiths et  al  [5] concluded that their re- 
sults were In agreement with ammal data on sedative self- 

administration as well as data pertaining to the reported rel- 
ative incidence of sedative drug abuse In the present study 
where drug access was unhmlted, drug preference ratios 
rather than rates of  drug self-administration were used, 
thereby minimizing the effects of duration of drug action on 
the measure of  abuse habdlty 

Unfortunately, the studies ofGnffi ths  et  al  [5] comparing 
dlazepam and pentobarbital self-admmistratlon did not take 
into account the differences between the two compounds in 
duration of action For  example,  the relatively longer dura- 
tion of action of diazepam may have partially accounted 
for subjects taking less drug when dlazepam was 
avadable than when pentobarbltal was available It is not 
surprising that a drug w~th a shorter duration of action (e g ,  
pentobarbltal) would be self-administered at a higher rate 
than a drug with a longer duration of action (e g ,  dlazepam) 
In the present study, differences In duration of action be- 
tween diazepam and pentobarbltal should not have influ- 
enced drug choice as drug avallabihty was unhmlted except 
for 30 minutes mlmmum lnterlngestlon intervals Clear pref- 
erence for pentobarbltal over  dlazepam was only observed In 
2 of 8 subjects (M22 and M36, Fig 3) In addition, preference 
for pentobarbltal in these subjects was hmlted to certain dl- 
azepam doses It is possible, however,  that If a wider range 
of pentobarbltal doses had been examined, stronger and 
more consistent preference for pentobarbltal relative to 
diazepam would have been demonstrated 

Preference between different doses of diazepam and be- 
tween single doses of dlazepam and pentobarbltal has also 
been studied under conditions of acute drug access GrLffiths 
et  al [6] allowed subjects to choose between low and 
medium diazepam doses (50 and 100 mg) medium and high 
diazepam doses (100 and 200, 300, or 400 mg) and various 
doses of dlazepam and placebo under double bhnd condi- 
tions Drug access was hmited to one capsule per day with 
alternate days when drugs were not avadable Whereas all 
subjects preferred diazepam to placebo, consistent diazepam 
dose preferences were not observed When subjects were 
allowed to choose between 200 mg dlazepam and 400 mg 
pentobarbltal under similar conditions, subjects preferred 
pentobarbital on 67-100% of all trials In the present study, 
consistent dose preference for dlazepam was also not ob- 
served when dlazepam alone was available When both 
dlazepam and pentobarbltai were available, however, only 
two of eight subjects preferred pentobarbltal,  and only at 
certain diazepam doses 

These studies differ in several important respects The 
doses used m the present study were chosen as they are 
those commercially available or simple multiples of these 
doses The doses used by Grlffiths et  al [5] were qmte high 
the authors note that 200 mg dlazepam was In excess of 
doses their subjects reported as daily drug Intake In the past 
As these doses are not those commonly abused it is possible 
that they produce adverse effects Indeed, the subjects In the 
dlazepam dose preference phase of the Gnffiths et  al  [5] 
study were reported as exhibiting more negative mood and 
behavior (e g ,  frequent complaining) than those receiving 
pentobarbltal in the same study Furthermore,  only one of  
the subjects who preferred pentobarbltal to diazepam re- 
ported preferring pentobarbltal to dlazepam when asked 
about their past drug history In the present study, when 
diazepam alone was available, the mean dally dlazepam in- 
take was 183 4 mg, however, this dosage was achieved over 
a 24 hour drug self-administration day In addition, dose 
preference was not constant across the self-administration 
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day for  some subjec ts  It  is conce tvab le  tha t  had drug seif- 
admmts t r a t l on  been  res t r ic ted  to a ce r ta in  hour  or  hours  of  
the  day  in the p r e sen t  s tudy tha t  drug and  dose  p re fe rence  
may  have  been  more  cons i s t en t  Final ly,  w he r ea s  sub jec t s  in 
b o t h  s tudtes  had  s tmllar  pas t  drug hts tor les ,  the subjec ts  in 
the p re sen t  s tudy were  physiological ly  d e p e n d e n t  on  seda- 
t ives at  the  t ime of  tes tmg,  the  subjec t s  m the  Gnf f i th  et al 
[5] s tudy were  not  

In an  acu te  drug se l f -adminis t ra t ion  p re fe rence  s tudy m 
subjec ts  wt thou t  h is tor ies  of  ex tens ive  sedat ive  use,  J o h n s o n  
and  U h l e n h u t h  [8] found  no p re fe rence  for  d l azepam o v e r  
p lacebo  The  au thors  point  out ,  h o w e v e r ,  tha t  the i r  subjec ts  
were  g iven  a chotce  b e t w e e n  single b l inded d l azepam or  
p lacebo  capsu les  in the  m o r n m g  w h e n  mos t  were  expec t ed  at 
work  or  school  It is conce ivab le ,  the re fore ,  tha t  drug pref- 
e r e n c e  was mf luenced  by  behav tora l  con t m genc l e s  of  school  
or  work  Scores  on  a mood  c h e c k h s t  one  or  th ree  hours  
pos t -d i azepam admmts t r a t l on  did indicate  dec rea sed  vigor  
and  arousal  and  inc reased  fatigue and  confus ion  c o m p a r e d  to 
p lacebo  In addt t ton ,  it is conce ivab le  tha t  p re fe rence  for 

d l azepam o v e r  p lacebo  is fac tha ted  by  a pas t  h is tory  of  seda- 
t ive abuse  

In the  p re sen t  s tudy,  wide individual  d i f ferences  in dose  
p re fe rence  were  o b t a m e d  In some subjects ,  drug and dose  
p re fe rence  were  re la ted to t ime of  day Subjec ts  may  have  
prefe r red  a low dose  o f  d i azepam dur ing  the first ha l f  of  the 
expe r imen ta l  day and  a h tgher  dose  dur ing the la ter  ha l f  of  
the  expe r tmen ta l  day Personal i ty  fac tors  may have  con-  
t n b u t e d  m par t  to the  p re fe rence  pa t t e rns  seen smce pe r sons  
w~th cer ta in  p e r s o n a h t y  cha rac te r t s t l c s  have  been  found  to 
be more  likely to se l f -adminis te r  pen toba rb l t a l  dur ing par- 
t lcular  t imes  of  the  day [14] 

Rates  of  r e s p o n d m g  within subjec ts  were  relat ively con-  
s tan t  This  resul ted  in many  subjec ts  lnc reasmg the i r  datly 
drug mtake  w h e n  doses  avai lable  were  inc reased  Thts find- 
lng is in general  a g r e e m e n t  with  bo th  animal  and  h u m a n  
s tudies  In whtch  increas ing  the dose  of  a seda t ive  drug avail-  
able durmg se l f -admlmst ra t lon  does  not  resul t  in a dec rease  
in r e sponse  ra tes  sufficient  to main ta in  cons t an t  levels of  
drug in take  o v e r  t ime I 1 3. 13] 
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