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HEISHMAN, S. J., M. L. STITZER, G. E. BIGELOW AND I. A. LIEBSON. Acute opioidphysicat dependence in humans: Effect 
of naloxone at 6 and 24 hours postmorphine. PHARMACOL BIOCHEM BEHAV 36(2) 393-399, 1990.--Previous studies in our 
laboratory have documented the occurrence of naloxone-precipitated opioid abstinence from 45 minutes to 6 hours after acute morphine 
administration in humans. This study extended the morphine-naloxone interval to 24 hours and examined the effect of repeated 
naloxone challenges on withdrawal responses. Six male nondependent opiate users participated in eight experimental sessions in which 
they received single IM injections of morphine (18 mg/70 kg) followed 6 and 24 hours later by challenge sessions with IM placebo 
or naloxone (10 rag/70 kg). Naloxone challenge at 6 hours postmorphine reversed morphine-induced miosis and subjective reports of 
opiate symptoms, drug high, good drug effects, and drug liking. At 24 hours postmorphine, naloxone had no effect on these measures, 
which had returned to premorphine levels. However, at 6 and 24 hours postmorphine, naloxone precipitated subjective symptoms and 
observer-rated signs of opioid abstinence. When naloxone challenge at 24 hours was preceded by naloxone at 6 hours postmorphine, 
the magnitude of abstinence symptoms and signs was attenuated. These data suggest that morphine-induced adaptational changes 
underlying the development of physical dependence persist beyond other measureable agonist effects, and that these changes are 
disrupted or reversed by repeated antagonist administration. 

Acute physical dependence Opioid abstinence Antagonist-precipitated withdrawal Morphine Naloxone 
Human subjects 

ACUTE opioid physical dependence has been defined as the 
abstinence syndrome precipitated by an opioid antagonist admin- 
istered after either a single dose or a short-term infusion of an 
opioid agonist (22). This phenomenon is interesting pharmacolog- 
ically because opioid abstinence has been traditionally thought to 
occur after cessation of chronic exposure to opioid agonists 
(10,14). However, research with various animal species (13, 19, 
23, 30) and more recently with humans (1, 7-9, 16, 17) has 
demonstrated the occurrence of antagonist-precipitated abstinence 
after single injections of opioid agonists. These studies have 
suggested that adaptational changes underlying physical depen- 
dence begin to develop within minutes after acute agonist expo- 
sure. This phenomenon thus presents a model with which to 
investigate the pharmacological, behavioral, and temporal deter- 
minants of what may be the beginnings of opioid physical 
dependence. 

Initial demonstrations from our laboratory of acute opioid 
dependence in humans showed that the intensity of the abstinence 
syndrome increased directly with increasing dose of morphine (1) 
or naloxone (7) when the interval between morphine pretreatment 

and naloxone challenge was 6 hours. Recently, we have begun to 
investigate the effect of varying the temporal interval between 
agonist and antagonist administration, while holding drug dose 
constant. For example, Heishman et al. (8) manipulated the 
interval between single doses of morphine and naloxone from 0 to 
90 minutes in nondependent opiate users and found that precipi- 
tated abstinence was first observed 45 minutes after morphine 
administration. This is consistent with animal research demon- 
strating antagonist-precipitated withdrawal within 10-30 minutes 
after acute agonist administration (3, 12, 18, 25, 27, 31). 

In contrast to the early time course of acute opioid physical 
dependence, the occurrence of antagonist-precipitated abstinence 
more than 6 hours after acute agonist administration has not been 
widely investigated. Three animal studies (5, 11, 28) reported 
antagonist-precipitated effects occurring 48 hours or more after 
single morphine injections; however, other studies have found that 
the maximal agonist-antagonist interval at which precipitated 
withdrawal could be observed was between 16-36 hours (2, 3, 12, 
31). Clinical studies have reported naloxone-precipitated absti- 
nence 24 hours after single injections of morphine in opiate-naive 

1Requests for reprints should be addressed to Stephen J. Heishman, NIDA Addiction Research Center, P.O. Box 5180, Baltimore, MD 21224. 
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humans (16,17) and 1 week after dosing with a methadone- 
naloxone mixture in nondependent former opiate addicts (24). 
Thus, one purpose of this study was to compare the effect of 
naloxone at 6 and 24 hours after a single dose of morphine. 

Recent animal studies have indicated that intermittent dosing of 
the benzodiazepine antagonist, Ro 15-1788, during periods of 
continuous benzodiazepine administration attenuated the intensity 
of antagonist-precipitated withdrawal (4,21). Similarly, it was 
shown that naloxone administered every other day during a 15-day 
period of daily methadone maintenance attenuated naloxone- 
precipitated abstinence signs in rhesus monkeys (20). One feature 
of two of these studies (4,20) was the administration of antagonist 
on two successive days after the chronic agonist dosing regimen. 
Both studies found that antagonist-precipitated abstinence was 
clearly attenuated following the repeated antagonist administration 
on day 2. 

Studying the effects of repeated antagonist challenge may 
illuminate adaptational mechanisms underlying the development 
of opioid physical dependence. If prior challenge with a short- 
acting antagonist, such as naloxone, had no impact on the intensity 
of subsequent challenge, then one would infer that the effect of 
displacement of agonist from receptor sites was transient. How- 
ever, if prior antagonist challenge altered the intensity of subse- 
quent challenge, as suggested by the above animal studies, then a 
more lasting biological change would be suggested. Thus, a 
second purpose of this study was to determine whether the 
precipitated abstinence syndrome would be altered following two 
successive naloxone challenges in nondependent humans with a 
history of opiate use. 

METHOD 

Subjects 

Participants were six male community volunteers in good 
physical health with documented histories of drug abuse, but 
without other significant psychiatric disorder, as assessed by the 
National Institute of Mental Health Diagnostic Interview Schedule 
(26). Subjects ranged in age from 24 to 37 years (mean = 30.5), in 
history of IV opiate use from 2 to 18 years (mean = 9.7), and in IV 
opiate use during the past month from 0 to 16 times (mean = 8.3). 
Two subjects had previously participated in opiate detoxification 
programs; one subject reported one treatment episode, the other, 
two. All subjects reported experiencing some degree of opiate 
withdrawal sickness in the past; however, none considered them- 
selves currently dependent, nor were any seeking treatment for 
opiate addiction. Subjects gave written informed consent prior to 
the study and were paid for their participation. 

General Procedures 

During the 5-week study, subjects lived on an eight-bed 
behavioral pharmacology research ward which has been described 
(6). Following admission to the research ward, subjects were 
observed for abstinence signs for 3-4 days and provided a 
drug-free urine sample prior to the start of the study. No 
withdrawal signs were observed in any of the subjects as assessed 
by clinical observation and monitoring of vital signs by the nursing 
staff. 

Before starting the protocol, subjects were informed that the 
purpose of the study was to gain a better understanding of physical 
dependence to opiate drugs and that they should expect to 
experience mild withdrawal sickness following some of the drug 
injections. Subjects were also told the general schedule of drug 
administration and that the drugs to be administered would include 
an opiate agonist, an opiate antagonist, and placebo. However, 

subjects and research staff were blind to the nature of individual 
drug injections. 

Drugs 

Commercially available morphine (15 mg/ml) was diluted in 
bacteriostatic saline to the desired concentration for injection. The 
constant morphine dose was 18 mg/70 kg. Naloxone hydrochlo- 
ride (DuPont, Wilmington, DE) was weighed as the salt and 
dissolved in bacteriostatic saline to a concentration of 10 mg/ml, 
which was then diluted in saline to desired concentrations. The 
constant naloxone dose was 10 mg/70 kg. Placebo injections 
consisted of bacteriostatic saline. Doses of morphine and naloxone 
were adjusted for body weight, as indicated, and all injections 
were administered IM under double blind conditions in a constant 
volume of 1.5 ml in the right deltoid muscle. 

Experimental Procedures 

Subjects participated in ten experimental sessions; each spanned 
two days. Sessions were conducted on Monday-Tuesday and 
Thursday-Friday of each week. On the first session day, morphine 
was administered at 8:00 or 10:30 a.m. At 2:00 or 4:30 p.m. (6 
hours postmorphine), subjects were challenged with naloxone or 
placebo. The next morning at 8:00 or 10:30 a.m. (24 hours 
postmorphine), subjects received a second injection of naloxone or 
placebo. Thirty minutes before each challenge injection, subjects 
were seated in a quiet room and connected to physiological 
recording equipment. While measurements stabilized, a baseline 
pupil photograph was taken, subjective forms completed, and 
signs of withdrawal observed. Baseline physiological measures 
were then recorded for 10 minutes. The measurement battery of 
pupil photographs, subjective reports, and observer-rated with- 
drawal signs was repeated at 5, 15, 30, 45, and 60 minutes after 
the challenge injection. 

During the first experimental session, subjects received mor- 
phine placebo; 6 hours later, they received naloxone and 24 hours 
later, placebo. The purpose of this session was to verify further the 
absence of opioid physical dependence by testing for naloxone- 
precipitated abstinence signs and symptoms; none were observed 
in any subject. During the second session, subjects received 
morphine followed 6 hours later by naloxone and 24 hours later by 
placebo. The purpose of this session was to determine each 
subject's sensitivity to the antagonist challenge. Six subjects 
reported symptoms and exhibited signs of naloxone-precipitated 
abstinence following 18 mg/70 kg morphine pretreatment. One 
subject was insensitive to the antagonist challenge and was 
dismissed from the study following session 2. Subjects then 
participated in eight sessions in which naloxone or placebo 
challenges occurred 6 and 24 hours postmorphine. Subjects were 
exposed twice in a randomized block design to four treatment 
conditions, summarized in Table 1. Data from the two exposures 
to each treatment condition were averaged for each subject. 

Physiological Measures 

Systolic and diastolic blood pressure, mean arterial pressure, 
heart rate, respiratory rate, and skin temperature were recorded 
continuously throughout challenge sessions as previously de- 
scribed (7). Pupil photographs were taken in ambient room 
lighting using a Polaroid camera with 3 x magnification. 

Subjective Measures 

During challenge sessions, subjects completed opioid symp- 
tom, withdrawal symptom, and drug effect questionnaires. The 
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TABLE 1 

SUMMARY OF EXPERIMENTAL CONDITIONS 

Postmorphine Challenge Sessions 
Treatment Condition 6 Hours 24 Hours 
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opioid and withdrawal symptom forms each contained 15 items 
describing typical opioid or withdrawal effects (8). The drug effect 
questionnaire assessed six items: drug high, any drug effect, good 
drug effect, bad drug effect, drug liking, and withdrawal sickness. 
Subjects rated the extent to which they currently experienced each 
symptom or effect on a 10-point scale from 0 (not at all) to 9 (most 
strongly). A composite score was obtained for the withdrawal and 
opioid symptom questionnaires by summing the 15 items. Drug 
effect questionnaire items were scored separately. 

Observer Measures 

Lacrimation (tearing eyes), rhinorrhea (runny nose), perspira- 
tion, piloerection (gooseflesh), yawning, and restlessness were 
observed as previously described (7) by a research technician who 
was blind to drug. These abstinence signs were rated on the same 
10-point scale used for subjective report measures. A composite 
observer rating score was obtained by summing the individual item 
scores. 

Data Analysis 

Measures analyzed included pupillary diameter, respiratory 
rate, heart rate, skin temperature, systolic and diastolic blood 
pressure, mean arterial pressure, composite score on the opioid 
and withdrawal symptom questionnaires, individual withdrawal 
symptom and drug effect questionnaire items, and individual and 
composite scores of observer-rated withdrawal signs. Data con- 
sisted of the prechallenge baseline measurement and the area under 
the time course curve (AUC) of the 60-minute postchallenge 
session. Because baseline data differed at 6 and 24 hours post- 
morphine for some measures, AUC data for all measures were 
expressed as difference from prechallenge baseline values. Differ- 
ence scores were analyzed by two-way repeated measures analysis 
of variance (ANOVA) with treatment condition (placebo-placebo, 
naloxone-placebo, placebo-naloxone, naloxone-naloxone) and time 
postmorphine (6 and 24 hours) as the factors. Huynh-Feldt 
adjustments of repeated measure degrees of freedom were used to 
correct for violation of the sphericity assumption. On measures 
which revealed a significant main effect or interaction, post hoc 
comparisons between and within specific treatment conditions 
were conducted using the Tukey method. Questions addressed in 
post hoc testing were: 1) Were naloxone effects different from 
placebo at 6 and 24 hours postmorphine?, 2) Was the intensity of 
naloxone effects different at 6 and 24 hours?, and 3) Was the 
24-hour naloxone challenge differentially affected by the 6-hour 
naloxone or placebo challenge? For all statistical tests, effects 
were considered significant if p<0.05.  

RESULTS 

Reversal of Agonist Effects 

Figure 1 shows pupillary diameter and composite responses on 
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FIG. 1. Opioid reversal effect of naloxone (10 rag/70 kg) or placebo on 
pupillary diameter and opioid symptom questionnaire in subjects pretreated 
with a single dose of morphine (18 rag/70 kg) as a function of the following 
treatment conditions at 6 or 24 hours postmorphine: P6 [placebo at 6 hours, 
condition 1 (see Table 1)], N6 (naloxone at 6 hours, condition 2), P24 
(placebo at 24 hours, condition 1), N24 (naioxone at 24 hours, condition 
3). Data are mean difference _ 1 S.E.M. from prechallenge baseline of 
area under the time course curve of 60-minute postchallenge session for six 
subjects. Significant differences from respective placebo conditions are 
indicated by *p<0.05 and **p<0.01. 

the 15-item opioid symptom questionnaire as a function of the 
naloxone challenge at 6 hours postmorphine (condition 2, see 
Table 1), the 24-hour naloxone challenge that was preceded by 
placebo at 6 hours (condition 3), and respective placebo challenges 
from condition 1. These representative measures illustrate the 
reversal of residual agonist effects by naloxone at 6 hours 
postmorphine. Immediately before the naloxone injection, pupils 
were constricted to 3.1 mm from a premorphine diameter of 5.8 
ram. Post hoc analysis indicated that naloxone significantly 
increased pupillary diameter (1.8 mm from prenaloxone baseline) 
compared to placebo, fully reversing the morphine-induced mio- 
sis. By 24 hours postmorphine, pupillary diameter had returned to 
premorphine levels (5.5 ram), and thus naloxone had no effect. 
Similar changes were observed for respiratory rate, although the 
increase by naloxone at 6 hours postmorphine (1.7 breaths/minute 
from prenaloxone baseline) just missed statistical significance. 

Figure 1 also indicates that naloxone significantly reversed 
residual opioid symptoms that subjects were reporting at 6 hours 
postmorphine before the naloxone challenge. At 24 hours post- 
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Withdrawal Symptom Questionnaire 
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FIG. 2. Antagonist-precipitated abstinence effect of naloxone (10 mg/70 kg) or placebo on subjective 
symptoms (left column) and observer-rated signs (right column) in subjects pretreated with a single 
dose of morphine (18 mg/70 kg) as a function of 6- or 24-hour postmorphine conditions (see Fig. 1 
legend for explanation of treatment conditions). Data are mean difference _ 1 S.E.M. from 
prechallenge baseline of area under the time course curve of 60-minute postchallenge session for six 
subjects. Significant differences from respective placebo conditions are indicated by *p<0.05 and 
**p<0.01. Significant difference from 6-hour naloxone challenge is indicated by t~p<0.01. 

morphine, subjective agonist effects were no longer reported, and 
naloxone had no effect. A similar pattern of naloxone-induced 
reversal of opioid effects at 6 hours and lack of naloxone effect at 
24 hours postmorphine was observed for the drug high, good drug 
effect, and drug liking items from the drug effect questionnaire. 

Antagonist-Precipitated Abstinence: Single Naloxone Challenge 

Figure 2 shows two subjective and two observer measures as a 
function of the naloxone session at 6 hours postmorphine (condi- 
tion 2), the 24-hour naloxone challenge that was preceded by 
placebo at 6 hours (condition 3), and respective placebo challenges 
from condition 1 (same treatment conditions as Fig. 1). Post hoc 
analysis indicated that subjective responses on the 15-item with- 
drawal symptom questionnaire and the bad drug effect item from 
the drug effect questionnaire were significantly increased by 
naloxone at 6 and 24 hours postmorphine compared to placebo. 
Similarly, naloxone significantly increased ratings on the with- 
drawal sickness item from the drug effect questionnaire at 6 and 24 
hours postmorphine. The magnitude of responses on the with- 
drawal symptom questionnaire did not differ between the 6- and 
24-hour naloxone challenges; however, ratings of bad drug effect 
and withdrawal sickness were significantly greater at 6 than 24 
hours postmorphine. Naloxone also significantly increased com- 
posite observer ratings of opioid abstinence signs at 6 and 24 hours 
postmorphine relative to placebo; yawning was the only individual 
sign that was significantly elevated (Fig. 2). For both observer 
measures, the magnitude of the abstinence rating was not signif- 

icantly different between the 6- and 24-hour naloxone sessions. 
The following individual items on the withdrawal symptom 

questionnaire were comparably elevated at 6 and 24 hours post- 
morphine after naloxone challenge: backache, upset stomach, 
yawning, watery eyes, hot or cold feelings, and irritable. Ratings 
of muscle cramps, abdominal cramps, and clammy and damp skin 
were slightly more intense at 6 compared to 24 hours, whereas 
reports of restlessness were of greater magnitude at 24 than 6 hours 
postmorphine. Painful joints, runny nose, sneezing, chills or 
gooseflesh, and bothered by noises were minimally reported after 
naloxone challenge. 

Significant changes relative to placebo in two physiological 
measures also reflected naloxone-precipitated abstinence. Heart 
rate increased 2.3 beats/minute and skin temperature decreased 1.8 
degrees F. from prenaloxone baseline after naloxone at 6 hours 
postmorphine. No effect on heart rate or skin temperature was 
observed after the 24-hour naloxone challenge. The three blood 
pressure measures were not significantly affected by naloxone at 
either 6 or 24 hours postmorphine. 

Antagonist-Precipitated Abstinence: Repeated Naloxone 
Challenge 

Figure 3 shows the same subjective and observer measures 
from Fig. 2 as a function of the 24-hour naloxone challenge that 
was preceded by placebo at 6 hours postmorphine (condition 3) 
and the 24-hour naloxone challenge that was preceded by naloxone 
at 6 hours (condition 4). Following the repeated naloxone chal- 
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FIG. 3. Antagonist-precipitated abstinence effect of naloxone (i0 mg/70 kg) on subjective symptoms 
(left column) and observer-rated signs (right column) in subjects pretreated with a single dose of 
morphine (18 mg/70 kg) as a function of the following treatment conditions at 24 hours 
postmorphine: N24 (naloxone at 24 hours preceded by placebo at 6 hours, condition 3) and NN24 
(naloxone at 24 hours preceded by naloxone at 6 hours, condition 4). Data are mean difference ± 1 
S.E.M. from prechallenge baseline of area under the time course curve of 60-minute postchallenge 
session for six subjects. Significant differences from respective placebo conditions (shown in Fig. 2) 
are indicated by *p<0.05 and **p<0.01. Significant difference from N24 condition is indicated by 
"M'p<0.0l. 

lenge, the magnitude of precipitated abstinence symptoms and 
signs was clearly attenuated. Post hoc analysis indicated that 
subjective responses on the withdrawal symptom questionnaire 
and bad drug effect item were not significantly different from 
placebo. Identical effects were seen with the withdrawal sickness 
item. Additionally, ratings of bad drug effect and withdrawal 
sickness after the repeated challenge were significantly less than 
after the single naloxone challenge at 24 hours postmorphine. 
Figure 3 also shows that the composite observer rating and 
observer-rated yawning were attenuated in the repeated naloxone 
condition. The attenuation seen with the observer ratings was not 
as large as that of the subjective measures, but, again, the observer 
ratings in the repeated naloxone condition were not significantly 
different from placebo. 

DISCUSSION 

This study documented the occurrence of naloxone-precipitated 
opioid abstinence at 6 and 24 hours after a single dose of morphine 
in nondependent opiate users. This is consistent with recent reports 
of acute opioid physical dependence testing a 6-hour morphine- 
naloxone interval in humans (1, 7-9). To our knowledge, this is 
the first report of precipitated abstinence at 24 hours postmorphine 
in opiate users. Jones (16,17) reported naloxone-precipitated 
withdrawal 24 hours after single morphine injections in opiate- 
naive subjects. This suggests that the time course of acute physical 

dependence may be similar in the two populations. However, a 
systematic comparison of agonist and antagonist effects between 
opiate-experienced and opiate-naive persons would be needed to 
characterize potential population differences in sensitivity to the 
pharmacological effects of opioids, including acute physical de- 
pendence. 

The precipitated opioid abstinence syndrome was generally 
similar at 6 and 24 hours postmorphine, with some indication of 
reduced intensity at 24 hours. Subjective ratings of two individual 
items, bad drug effect and withdrawal sickness, were significantly 
greater at 6 compared to 24 hours postmorphine, and naioxone- 
induced changes in heart rate and skin temperature observed at 6 
hours were not evident after the 24-hour challenge. However, 
composite subjective ratings on the withdrawal symptom question- 
naire and composite observer ratings of abstinence signs did not 
significantly differ in intensity at the two times (Fig. 2), although 
there was a trend toward decreased intensity at 24 hours. The 
qualitative nature of the precipitated abstinence syndrome also did 
not differ at 6 and 24 hours postmorphine, in that similar 
abstinence symptoms and signs were reported or observed. At both 
postmorphine times, subjects reported general dysphoria and 
sickness and specific abstinence symptoms, including yawning, 
hot or cold feelings, upset stomach, irritability, abdominal cramps, 
watery eyes, and backache. Yawning was the only abstinence sign 
consistently observed after naloxone at either 6 or 24 hours 
postmorphine. This constellation of abstinence symptoms and 
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signs is consistent with previous reports of antagonist-precipitated 
abstinence in humans after acute (1, 7-9, 16, 17) or chronic 
(15,29) exposure to opioids and with reports of spontaneous 
abstinence following chronic opioid administration (10). 

The results of this study, together with previous work from our 
laboratory (8), now indicate that naloxone-precipitated abstinence 
can occur as early as 45 minutes and at least as long as 24 hours 
after a single dose of morphine in nondependent opiate users. At 
24 hours postmorphine, agonist effects, such as miosis, respiratory 
depression, and subjective opioid symptoms, were no longer 
measureable. This is consistent with morphine's relatively short 
half-life in plasma of 2.5-3 hours and the fact that 90% of a single 
dose is excreted within 24 hours (14). That precipitated abstinence 
was observed at 24 hours suggests that morphine induced some 
physiological or biochemical adaptational change persisting be- 
yond its observable effects, which may represent the beginnings of 
opioid physical dependence. Some animal studies (5, 11, 28) have 
reported that antagonist-precipitated abstinence occurred at post- 
morphine intervals longer than 24 hours when larger doses of 
either agonist or antagonist were used. Thus, it is possible that 
precipitated abstinence could be observed in humans at longer 
postagonist intervals if larger doses of agonist and/or antagonist 
were used. Additionally, naloxone-precipitated abstinence has 
been observed in humans 1 week after a single 40 mg dose of 
methadone (24). The half-life of methadone in humans is 24-36 
hours (14), which implies that the time course of antagonist- 
precipitated abstinence can also be extended with a longer acting 
agonist. 

The second major finding of this study was that the naloxone- 
precipitated abstinence syndrome at 24 hours postmorphine was 
attenuated when preceded by naloxone challenge at 6 hours. This 
reduction was reflected in subjective symptoms and observer-rated 
signs of opioid abstinence (Fig. 3). Similar attenuation of precip- 
itated abstinence after the second of two successive antagonist 
administrations has been reported following chronic dosing with 

diazepam (4) and methadone (20) in rhesus monkeys. These 
studies also reported that intermittent antagonist dosing during 
chronic agonist administration attenuated the development of 
physical dependence, as measured by reduced precipitated absti- 
nence following the chronic dosing regimen. These animal data 
and those of the present study are consistent with the hypothesis 
that antagonist administration resets or reverses receptor mecha- 
nisms for the development of physical dependence, such that 
repeated antagonist challenge in the absence of continued agonist 
administration, as in this study, results in the attenuation of 
precipitated abstinence. However, as stated above, it is possible 
that with a longer acting agonist, larger doses of agonist or 
antagonist, or a shorter interval between the first and second 
antagonist challenge, one might observe repeated antagonist- 
precipitated abstinence after acute agonist treatment. 

In summary, this study has documented the occurrence of 
naloxone-precipitated opioid abstinence in nondependent opiate 
users 24 hours after single morphine injections, when residual 
agonist effects were no longer measureable. Further, this study 
showed that the abstinence syndrome was attenuated following 
two successive naloxone challenges. The morphine-induced adap- 
tational changes underlying acute precipitated abstinence are not 
currently understood; however, knowledge of such mechanisms 
may be an important element in understanding the development of 
opioid physical dependence. 
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