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ABSTRACT 

Eight male albino rats (300-350 gm.), implanted with 

chronic epidural electrodes and nasopharyngeal catheters, 

were subjected to a behaviorally non-contingent, simulta

neous drug-infusion and EEG recording regimen. The ob

jective was to develop a method for evaluating the existence 

of subjective discomfort during drug withdrawal as a basis 

for aversive stimulus control, and thus, provide a way to 

assess physiological dependence that is independent of the 

morphine prototype. Two rats were saline-infused controls, 

two received morphine HCl (30.0 mg./day and 60.0 mg./day), 

two got sodium pentobarbital (12.5 mg./day and 25.0 mg./day) 

and two were given d-amphetamine PO^ (2.5 mg./day and 5.0 

mg./day). The drugs, dissolved in an isotonic saline vehi

cle, were administered without interruption for nine days. 

Cortical voltage was time-sampled at selected points before, 

during and after this interval. On the tenth day, the drugs 

were abruptly terminated for 24 hours and only saline ad

ministered, followed on the next day by renewed drug in

fusions. Finally, on day 12, again only saline was 

administered. When drugs were omitted, a two second audi

tory CS was sounded on a VI 20 second schedule to contrast 

vii 



viii 

with a higher frequency CS presented during drug infusions. 

Results indicated that the frontal voltage content was re

duced during abstinence in all four rats getting morphine 

and pentobarbital. Renewed drug infusions on day 11 were 

associated with huge increases in voltage output. The 

amphetamine-infused rats' cortical voltage did not follow 

manipulation of the independent variables. All attempts to 

elicit voltage drops by conditioning the subjective dis

comfort of withdrawal to the auditory CS were unsuccessful. 

Practical and theoretical reasons for the absence of con

ditioning are discussed. The voltage shift data are inter

preted within the framework of homeostatic theories of 

physiological dependence. 



INTRODUCTION 

The literature dealing with the characteristics of 

centrally-active compounds has been encumbered for a long 

time with operationally vague descriptions such as "addic

tion," "psychic-dependence" and "physical-dependence." In 

1964, a World Health Organization committee attempted to 

clarify the notion of "drug-addiction" and recommended the 

term "drug-dependence" as an alternative way of describing 

the tendency of an organism to actively self-administer a 

drug (Lewis, Bentley and Cowan, 1971). The committee de

scribed drug dependence as a state, psychic or physical or 

both, arising in a person following administration of a 

drug on a periodic or continuous basis (Eddy, 1968). Since 

different drugs lead to different dependencies, the com

pound involved is specified in each case (i.e., dependence 

of the morphine type, barbiturate type, amphetamine type). 

Clearly, this change in terminology represents a welcome 

step away from the overworked notion of drug addiction as 

a unitary concept. 

Self-administration Research 

Schuster and Thompson (1969) have suggested that the 

literature regarding the behavioral aspects of drug 

1 
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dependence can be most profitably interpreted within the 

framework of operant theory. This requires a reexamination 

of the role of the drug and the behavior upon which its 

reception is contingent. In this regard, the role of a 

behaviorally-active compound that causes dependence is best 

described as a reinforcer, since it strengthens the behavior 

producing it. The current popularity and experimental ele

gance of self-administration studies in animals is testimony 

to the clear relationship between drugs as reinforcers and 

drug-seeking behavior. 

There is now a large body of literature describing 

the tendency of animals to self-administer drugs. Among 

the early reports of self-administration within a learning 

theory paradigm was Nichols, Headlee and Coppock's (1956) 

demonstration of rats' acquired preference for a bitter 

tasting morphine solution. More recent work has confirmed 

that this is a reliable way to establish dependency on 

opioid drugs (Trafton and Marques, 1971). However, the 

technique is not generally useful for studying comparative 

dependencies, since amphetamine, for example, depresses 

water intake (Marques, 1969). 

Headlee, Coppock and Nichols (1955) were the first 

to demonstrate self-infusion in the rat with a peritoneal 

cannula. Technique improvements as reported by Weeks and 

Davis (1964) and Davis (1966) made possible direct intra

venous infusion which significantly reduced the latency of 
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effect after the drug stimulus. This not only served to 

reduce experimental error by improving dosage control, but, 

also facilitated the opportunity for learning by making the 

stimulus and response more temporally contiguous. 

Morphine, the first drug used in the self-infusion 

research, was shown to be an effective reinforcer by Headlee 

et al. (1955). Deneau, Yanagita and Seevers (1969), Schuster 

and Thompson (1969), Nichols (1968) and Weeks and Collins 

(1968) have all confirmed that rats and monkeys will learn 

to work for morphine infusions. All investigators reported 

the characteristic abstinence syndrome when animals were 

withdrawn from moderate or relatively high dosages of mor

phine. Withdrawal discomfort was not observed following 

termination of morphine in animals maintained on low dose 

levels (Schuster and Woods, 1968). 

Self-administration via venous or arterial catheters 

has proven to be a highly effective technique for assessing 

the reinforcing potential of a variety of behaviorally-

active compounds. Deneau (1968) and Deneau, Yanagita and 

Seevers (1969) have investigated the abuse potential in 

monkeys of a large sample of drugs that are commonly self-

administered by humans. They found that, generally, rhesus 

monkeys infused morphine, cocaine, codeine, d-amphetamine, 

pentobarbital, ethanol, and to some extent caffeine, but did 

not self-administer nalorphine, chlorpromazine, mescaline or 

saline. In all cases reported, the animals initiated 
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administration themselves, and consequently the authors 

interpreted the development and maintenance of this behavior 

as a demonstration of psychological dependence. All self-

administered compounds except caffeine were reportedly asso

ciated with amputation of digits, hair pulling, convulsions 

and tremors. 

Davis, Lulenski and Miller (1968) have shown that 

rats will also self-administer a variety of barbiturates. 

Short-acting hexobarbital and intermediate duration amo-

barbital were not only shown to be reinforcing, but generally 

more so than thiopental. Essig (1968) has drawn a parallel 

between barbiturate and alcohol administration patterns. 

The reinforcing potential of alcohol has been es

tablished in rats. Myers (1963) demonstrated that the degree 

of ethanol preference was positively related to the amount 

of ethanol received intracranially over a period of time. 

The concept of physical dependence would typically be in

voked to account for this effect since the differences can

not be explained by learning. However, Mello and Mendelson 

(1964) have shown that 15 percent ethanol can also serve as 

a learned reinforcer in an operant paradigm. Clearly, both 

the internal and the external environments can exert control 

over the drug intake behavior. 

Nicotine, another drug that causes dependence in 

man, was infused intraventricularly by monkeys (Deneau and 

Inoki, 1967). Domino (1967) has shown that nicotine causes 
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EEG activation which suggests a general effect of CNS stim

ulation. Other stimulants, amphetamine and cocaine, are 

also self-administered intravenously by rats (Pickens and 
v 

Harris, 1968; Thompson and Pickens, 1970) as well as by 

monkeys (Deneau, 1968; Schuster and Thompson, 1969). 

In all cases above, with a wide variety of drugs, 

it was shown that animals, particularly rats and monkeys, 

infused chemicals into their systems when given an oppor

tunity to do so. Frequently, the animals continued to in

fuse themselves, until death, despite the preceding side 

effects (Deneau et al., 1969). Clearly, there was a dis

tinct dependence involved, or more accurately, the behavior 

was under control of very powerful reinforcers. The nature 

of the reinforcement is not necessarily the same in all 

cases. A positive reinforcer, contingent on operant behav

ior, will tend to increase the frequency of the behavior 

preceding it. Conversely, operant behavior that facilitates 

escape from or avoidance of an aversive stimulus is also re

inforcing and will tend to increase in frequency. Thus, 

from the simple analysis of self-administration patterns of 

drugs, it is not clear if the development of dependence is 

a result of seeking positive reinforcers, escaping or avoid

ing negative reinforcers, or both. This is not a new notion. 

Nichols et al. (1956) suggested that morphine dependence is 

maintained largely by the drug's attenuation of the aversive 

characteristics of withdrawal. Trafton and Marques (1971) 
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further supported this point by demonstrating a reduction 

in opioid dependence liability and relapse by interfering 

with the anterior cingulate cortex, shown previously to be 

associated with avoidance responding (Thomas and Slotnick, 

1963; Trafton, 1967; Trafton, Filbey and Johnson, 1969; 

Slotnick, 1971). Conversely, evidence that specifies the 

reinforcers operating in the maintenance of amphetamine-

seeking behavior patterns is not readily available. 

Thompson and Pickens (1970) noted that there are 

several features that distinguish opiate from stimulant 

self-administration. With stimulants, the terminal inter-

infusion pattern was established rapidly and changed little 

over time; however, opiate dependence began gradually over 

a 45-90 day period and was characterized by far greater vari

ability of response. Animals tended to administer stimu

lants in a cyclical manner, such that the infusions were 

interspersed with periods of self-imposed abstinence. Con

versely, opiate self-administration was more continuous. 

Perhaps the most important distinction was that opiate-

reinforced behaviors continued at a low rate for weeks or 

months during the extinction periods, whereas stimulant re

inforced behaviors were emitted at an extremely high rate 

immediately after termination of reinforcement and then 

ceased abruptly after two to six hours. Thompson and 

Pickens further suggested that the difference in extinction 

behaviors may be due, in part, to the consequences of the 
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drugs. Stimulant self-administration was, perhaps, main

tained only by the positively reinforcing properties of the 

drug, whereas opiate self-administration was maintained by 

both approach of positive and escape from negative rein-

forcers. In the latter case, the aversive state that pre

sumably made morphine so attractive was the manifestation 

of physical dependence. 

A Need for Precision 

The foregoing reasoning, although consistent with 

dependence theory, can be misleading because it makes as

sumptions about behavior as a function of the vague and 

largely undefined internal stimulus conditions of physical 

and psychological dependence. Typical doses of morphine 

will, by definition, cause physical dependence when re

peatedly administered. However, the concept of physical 

dependence does not typically extend into the realm of stim

ulant drugs possibly because the temporal characteristics 

of drug abstinence are different, and there may be with

drawal symptoms that are less apparent than those seen with 

opioids. The issue is difficult to resolve. 

The distinction commonly made between psychic and 

physical dependencies is, conceptually, a useful notion. 

Physical dependence has typically been described as an 

adaptive state of the organism manifested by physical dis

turbance when administration of the drug is suspended. 
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The onset of physical dependence is often, but not always, 

associated with the development of tolerance. Conversely, 

psychic dependence has been characterized as a state of 

mind or feeling of satisfaction and a "psychic drive that 

requires periodic or continuous administration of the drug 

to produce pleasure or to avoid discomfort (Eddy, 1968, p. 1)." 

Despite the apparent need for a distinction between 

the learned and the unlearned physiological components of 

dependence, the utility of the preceding definitions is 

minimal. There can be no more than historical justification 

for such mentalistically encumbered descriptions of poten

tially valid concepts. What is needed is to reexamine the 

drug dependencies according to a theoretical model of behav

ior that is consistent with notions of tolerance and other 

nervous system adaptations to changes in input. 

Self-administration studies have provided a reli

able technique for assessing the reinforcing potential of 

drugs. Active infusion of drugs by animals is a reasonably 

good demonstration of "psychic dependence" if the behavior 

is not motivated by the onset of "withdrawal distress" 

(Thompson, 1968). When this is the case, the drug is an 

unconditioned positive reinforcer. If there is withdrawal 

distress, then the behavior may be a result of escape or 

avoidance, according to Thompson. However, in the case of 

self-administration, the animal is making a unitary response 

so that a clear distinction between approach and avoidance 
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is not easy. The differences in patterns of administration 

seen with morphine and amphetamine (Thompson and Pickens, 

1970) cannot be used as a significant index of the type of 

dependence since the stimulus conditions (i.e., drug effects) 

are probably not comparable. 

Typically, the occurence of withdrawal distress is 

inferred when opioid or analgetic drugs are infused and then 

withheld. Specifically, it is generally agreed that opioids, 

alcohols, and barbiturates cause some withdrawal distress. 

Indeed, the pharmacological screening methods designed to 

assess the physical dependence liability of new drugs are 

primarily derived from events that characterize the physical 

dependence of known analgesics. Some of the currently used 

techniques for screening new drugs for physical-dependence 

liability are the development of opiate-like tolerance; the 

onset of withdrawal distress induced by the opiate antago

nist, nalorphine; weight loss, body temperature and metabol

ic rate decreases, which are generally characteristic of 

analgesic dependencies; opiate-like wet-dog shakes and vari

ous autonomic changes; elevation of pain thresholds, which 

is a defining characteristic of analgesics; hyperalgesia 

during withdrawal; hyperglycemic tolerance as found in rab

bits after morphine administration; cat-mania response as 

based on a morphine prototype; etc. (Cochin, 1968; Glassman, 

1971). With criteria such as these, it is not too surpris

ing that analgesic/sedative drugs are most frequently found 
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to cause physical dependence. More precisely, analgesics 

and related drugs are probably the only compounds capable of 

causing physical dependence as it is currently measured. 

As an alternative to the above, certain fundamentals 

must be acknowledged. Dependence that occurs without learn

ing must be considered to be exclusively rooted in physiolo

gy, or more specifically, cellular chemistry. Evidence that 

this occurs is Corssen and Skora's (1964) demonstration of 

dependence and tolerance to morphine in isolated cell cul

tures. Since in the real world, however, this is rarely 

the case, learning variables are superimposed on the neuro

chemical foundations. Because learned dependence can be 

manifest as either an appetitive or an escape/avoidance 

acquisition of behavior, there is a need for a new technique 

that can expand the learned side of the dependence dimension. 

In this connection, physiological dependence provides some 

aversive internal stimulus conditions that motivate or pre

cede the avoidance response. Therefore, it may be that 

learned avoidance behavior patterns of drug dependence can 

actually characterize the existence of a physiological/ 

neurochemical basis of dependence. To assess the relative 

contributions of positive and negative reinforcers to the 

occurrence of the self-infusion response, it would be most 

helpful to acquire some indication of the subjective feeling 

state just prior to the infusion response, or when the ani

mal is abstinent. In a general sense, we must look beyond 
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the gross behaviors that occur when a drug is withheld and 

avoid judgments as to the existence of physiological de

pendence relative to prototype symptomatology. The more 

significant variable indicating aversive control and there

fore physiological dependence is the internal stimulus con

ditions that precede drug administration. 

Determining the Existence of Aversive Control 

To experimentally eliminate the development of the 

learned component of dependence, the drug infusion must be 

non-contingent on a particular operant behavior such as 

bar-pressing. By active infusion of the drug into the ani

mal in a manner which is independent of its behavior, the 

conditions for operant learning are not present. 

If the drug abstinence phenomenon does constitute a 

truly aversive motivational state, precipitated by, repre

sentative of, or associated with a change in the nervous 

environment, then it should be possible to respondently con

dition the behavior elicited by that stimulus. Specifically, 

the objective is to develop a general technique for deter

mining the nature of the reinforcement associated with drugs 

that animals will self-administer. Thus, it is necessary to 

distinguish those drugs that support self-administration on 

an approach schedule from those that support it on an avoid

ance schedule, thereby distinguishing positive from negative 

stimulus control. Since it is possible to demonstrate 



operant learning of a response that avoids an apparently 

aversive feeling state (Schuster and Thompson, 1969), then 

it should also be quite feasible to respondently condition 

that same aversive state, such that it can be elicited by a 

conditioning stimulus (CS). If, however, the self-

administration operant is purely approach and not preceded 

by any strong aversive stimulation, it is not expected that 

conditioning could be demonstrated since the subjective ex

perience preceding the drug infusion would not constitute 

a constant and definable stimulus capable of conditioning. 

The occurrence of responses to diffuse aversive 

stimuli such as those associated with withdrawal distress 

would probably be quite difficult to interpret. In a typi

cal escape or avoidance paradigm, the motor response can be 

described as a function of stimulus intensity, duration, etc. 

With drug-oriented behaviors, the stimulus parameters that 

precede the avoidance response are not available for direct 

measurement. Further problems also reside not only in the 

difficulty of determining the nature of the unconditioned 

aversive stimulus, but also in justifying the assumption 

that the behaviors are under aversive stimulus control. The 

observation of behavior as an index of withdrawal discomfort 

does not afford an opportunity to objectively evaluate the 

stimuli controlling the behavior. An alternative and theo

retically more reliable approach would involve moving the 

dependent variable back into the nervous system, the source 
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of the behavior. Specifically, as Seevers and Deneau (1963) 

have commented, a physical-like dependence is a function of 

nervous control, thus it would seem appropriate to monitor 

changes in nervous activity as an index of an aversive sub

jective state. This would presumably circumvent the tenden

cy to interpret physiological/avoidance-based drug dependence 

according to the analgesic/sedative model of withdrawal be

havior . 

Electroencephalographic Sensitivity to Drugs 

Khazan, Weeks and Schroeder (1967) have reported 

that with voluntary self-administration of morphine, rats 

are typically asleep prior to re-infusing the drug. They 

further noted that the rats would often awaken from an ex

tended sleep, and immediately begin pressing the infusion 

lever. The contiguity of the behaviors suggests that perhaps 

the animals may have been awakened by the hypothetical, aver-

sive motivational state. More recent and far more impelling 

evidence supporting this contention has been reported. 

Khazan and Colasanti (1971a) traced the changes in frontal 

EEG voltage during cycles of morphine dependence and with

drawal in the rat. They showed that high voltage electro-

corticogram (ECoG) slow bursts associated with morphine 

infusions gradually returned to normal once the dependency 

had been established. Furthermore, withdrawal of morphine 

from a dependent rat was shown to result in a progressive 



decline in the mean integrated voltage occurring in both 

sleep and waking states of dependent rats. REM sleep volt

age was also reduced up to the third withdrawal day, fol

lowed by a voltage rebound (Khazan and Colasanti, 1972). 

High voltage activity was reinstated following renewed mor

phine infusions. This voltage sensitivity following depen

dence was still somewhat intact six months after withdrawal 

(Khazan and Colasanti, 1971b). Voltage decreases in all 

cases coincided with the development of behavioral signs of 

hyperirritability and wet-dog shakes. Similar voltage sen

sitivity to morphine dependence has been reported in the 

rabbit (Goldstein and Aldunate, 1960) and in the rat (Takagi, 

Aishita and Yamatsu, 1969). These data are in agreement 

with Wikler's (1954) generalization that EEG changes in man 

occur in association with anxiety, hallucinations, illu

sions, and tremors, regardless of the nature of the drug. 

Clearly, EEG changes are not unique to morphine; Goldstein, 

Murphree and Pfeiffer (1963) reported that a decrease in 

voltage output of the EEG accompanied the behavioral stimu

lation and excitation seen after amphetamine administration. 

Nicotine (Yamamoto and Domino, 1965), alcohol (Guerrero-

Figueroa, et al., 1970), mescaline (Fairchild, et al., 1967) 

and codeine (Shiomi, Abe, and Takagi, 1971) have also been 

reported to precipitate a variety of changes in the EEG. 
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The relationship between changes in brain activity 

and centrally-active drugs is well documented. Since with

holding some drugs after repeated administration precipi

tates the aversive subjective experience, possibly the 

"craving" for the drug is associated with a predictable 

change in the EEG pattern. According to some theories, at 

a grosser level, "physical dependence" may be due to a 

change in the homeostatic balance of the nervous environ

ment (Himmelsbach, 1943). Thus, when the repeatedly admin

istered drug is suspended, the new balance is upset. 

Theorizing a bit, it is possible that the low voltage 

activity reported by Khazan and Colasanti (1971a) and 

Goldstein and Aldunate (1960) is a biophysical representa

tion of the homeostatic change, or, according to Martin's 

(1970) pharmacological redundancy theory, representative of 

enhanced excitability. Thus, at the behavioral level, 

craving may be the manifestation of CNS changes reflected in 

an EEG shift to low voltage activity. 

Conditioning of Drug States 

An alternative method of inferring the existence 

of aversive stimulus characteristics is the conditioning 

of the aversive experience to an external physical stimulus. 

Wikler, et al. (1971) and Wikler and Pescor (1970) have shown 

that a discriminative sensory stimulus became reinforcing 

after repeated presentation with an opioid reinforcer. 
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Similarly, the aversive abstinence phenomenon has been 

respondently conditioned (Wikler and Pescor, 1967). They 

showed that the environment associated with drug abstinence 

elicited significantly more behavioral symptoms of ab

stinence during retest than were elicited in a neutral 

environment. Presumably, if a broad conditioning stimulus 

such as the environment can come to elicit the abstinence 

phenomenon, then a discrete sensory stimulus presented 

during the period of drug abstinence should have a very 

high propensity for conditioning to the withdrawal pain. 

Objective 

In this study, an attempt was made to respondently 

condition an internal state, which may follow the withhold

ing of behaviorally non-contingent drugs known to be rein-

forcers, to an auditory CS. Accordingly, the demonstration 

of conditioning was to be regarded as indicative of aversive 

control and therefore, a physiological/neurochemically-based 

dependence. Concomitant time-sampled monitoring of ECoG 

voltage shifts provided information about nervous system ac

tivity as a function of drug intake and was used as a cor

relative dependent measure of the internal state. Voltage 

change was subsequently regarded as the conditioned response 

(CR) during post-experimental tests using the CS. 

The voltage shift during morphine, withdrawal re

ported by Khazan and others may be: 1) unique to morphine, 



or 2) unique to all drugs that are known to cause some dis

comfort when withdrawn, or 3) an artifact unrelated to 

either of these. In attempt to tease out these possibil

ities, this study compared two dosage levels of morphine, 

pentobarbital and amphetamine and two saline controls. 

Pentobarbital was chosen for its capacity to cause a strong 

dependence followed by withdrawal discomfort during absti

nence. Amphetamine is typically inferred to cause only a 

learned dependence through its positive reinforcing poten

tial, and was, therefore, deemed to be an interesting com

parison drug. 

If the ECoG voltage shifts during withdrawal are 

common to other drugs that cause dependence through aversive 

control, and if aversive control can be demonstrated by 

conditioning, the technique may have broad implications for 

screening of new drugs for which the dependence potentials 

are unknown. 



METHOD 

Subjects 

The experimental and control subjects were eight ex

perimentally naive, male albino rats (300-350 gms.) of the 

Wistar strain. The animals were anesthetized with Nembutal 

(35 mg./kg. ip.), which was supplemented with ether as need

ed for the surgical procedures. Up to three rats were 

tested simultaneously during which they were maintained ad. 

lib, on both food and water while remaining in the experi

mental cages for the full duration of the procedure. After 

baseline ECoG measures on the fourth post-surgical day, the 

six experimental subjects were infused continuously with 

drug solutions dissolved in an isotonic saline vehicle. 

Technique and Apparatus 

Electrodes were constructed from stainless steel 

screws (080 thread, h inch long) according to a modification 

of the Phillips and Bradley (1966) technique. The binding 

heads were ground down to a rectangular shape of approxi

mately 2 mm. X 3 mm. The electrodes, inserted through rec

tangular holes made with a #1 dental burr were rotated 90° 

and then nuts turned down to contact the dorsal surface of 

the skull until slightly more than finger-tight. Shielded 

18 
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lead wires of approximately 30 gauge were previously soldered 

to the shaft end on the screw. 

A nasopharyngeal catheter made of Clay-Adams Intra-

medic polyethylene tubing (PE 60) was threaded caudally 

through a subcutaneous channel on the dorsal surface of the 

snout. The tubing and the electrode wires ascended through 

the bore of a coil spring (20 cm. long, 0.40 cm. inside diam

eter) , preventing the rat from access to the wires and tub

ing, as well as serving as an additional electrical shield. 

All these elements, tubing, electrodes, wires and spring 

were encased in a mound of acrylic dental cement. 

A technique of skull anchoring was used to provide 

additional stability of the cement mound. Holes were 

drilled in the dorso-lateral flexures approximately 1.5 mm. 

anterior to bregma as suggested by Draper and Venator (1972) 

and also, posteriorly through the dorso-lateral projections 

of the cranium approximately at the junction of the cerebral 

and cerebellar cavities. These holes, however, did not in

vade the intracranial cavity. Teflon-coated wire was 

threaded through these holes instead of the 30 gauge stain

less steel suture recommended by Draper and Venator. Teflon 

is non-reactive in extra-cerebral tissue (Usher and Wallace, 

1958) and the insulation avoided the possibility, albeit 

remote, of artifacts contaminating the signal coming from 

the intended generators. The teflon wire was subsequently 
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joined and twisted at two locations along the midline. The 

complete arrangement just prior to the addition of the 

acrylic cement is shown in Figure 1. 

The top of each rat's home cage was electrically 

shielded except for the center, across which' lengthwise 

runners held a free-rotation sleeve on the distal end of the 

spring emanating from the rat's head. A 20 gauge needle 

fitted to PE 60 at its point of emergence from the spring 

was stabilized in acrylic cement. This needle was poked 

through a rubber plunger into a small reservoir of solution 

that was continuously fed by the syringe driver. Therefore, 

rotational movements of the rat did not crimp the tubing, 

or interrupt the fluid seal since the needle was able to 

move freely inside the rubber plunger. 

The free-rotation system was connected at the distal 

end to an automatic infusion device via modified Yale 20 

gauge needles. The infusion device was basically comprised 

of three parts, including three ten cc. Plastipak syringes 

that have a full stroke of 2.4 inches, a 2 r.p.h. drive 

motor, and a threaded rod with 20 turns/inch. The motor, 

accordingly, turned the rod, which forced a plastic plate 

down onto the syringe piston, driving it at a rate of one 

inch every ten hours, such that after 24 hours each animal 

received a constant ten cc. of drug solution directly into 

the stomach. Each morning the cycle began again after re

loading the syringes. 
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The recording leads ran from the coiled springs to 

input plugs of three Grass (P-5) AC Pre-Amplifiers which 

were set to follow 50 percent amplitude of frequencies be

tween the extremes of 1.5-100 Hz!. Bipolar recordings were 

obtained between the left frontal region (approximately 

five mm. anterior to bregma and five mm. lateral from the 

midline suture) and the right parietal region (five mm. 

posterior to bregma and five mm. lateral from the midline). 

Each signal leaving the pre-amplifiers was split into two 

channels at an impedance-matching amplifier. One of these 

was simply a raw AC EEG record, whereas the other was essen

tially a rectification of the AC wave that provided informa

tion about gradual voltage changes (DC level). Accordingly, 

for each rat, two traces were displayed on a Honeywell 

Visicorder (906-C) optical oscillograph. The DC level from 

each animal was shorted to ground every 15 seconds so that 

the true running voltage could be determined relative to the 

point of zero potential. The traces were translated into 

discrete data by measuring the DC excursions relative to the 

galvanometer deflection to microvoltage conversion function 

plotted from the test pulses of a Grass SWC-1 Square Wave 

Calibrator. All pre-amplifiers were linear between 50-200 

microvolts. The EEG records were time sampled at four hour 

intervals for three minutes on selected days during the 

dependence-withdrawal cycle. 
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Concurrent with the drug infusions, a Foringer tape 

puller, programmed at variable interstimulus intervals of 

20, 30 and 40 seconds, provided auditory conditioning stim

uli (CSs) generated by a simple audio oscillator. When the 

animals were getting drug infusions, a high tone CS (approx

imately 2,000 oscillations/second) was presented, whereas 

during withdrawal, a low tone CS (approximately 300 oscilla

tions/second) was sounded. 

Procedure 

Baseline ECoG was recorded on the fifth post

surgical day, followed by onset of the drug infusion program, 

the maintenance dosages in the morphine condition (morphine 

hydrochloride) were 30 and 60 mg./animal/day. With ampheta

mine (d-amphetamine monophosphate) the dose levels were 2.5 

and 5.0 mg./animal/day. The barbiturate group received 

12.5 and 25 mg./animal/day of nembutal (sodium pentobarbital) 

for their top level maintenance doses. Both control animals 

were given isotonic saline daily without interruption. In 

all cases, the experimental animals were given one fourth 

of their full maintenance doses on day one, followed on sub

sequent days by 100 percent increments until on the fourth 

infusion day, the full stabilization level was attained. 

After the drug had been continuously infused for 

nine days, all animals got only saline infusions for 24 

hours. During these drug-withholding periods, the CS was 
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switched to the low tone. Resumption of drug infusions and 

the high tone CS began again on day 11, followed by another 

24 hour of saline on day 12. While all rats were awake, 

48 hours after the end of the infusion program, a post-

experimental ECoG was recorded for one minute, followed by 

a counterbalanced presentation of the conditioning stimuli 

in attempt to demonstrate elicited changes in the voltage. 



RESULTS 

Morphine 

After nine days of continuous morphine infusions, 

the substitution of saline caused a steady drop in the EEG 

voltage relative to the highly variable voltage shifts 

measured at four hour intervals during the maintenance 

phase. Individual data points as well as morning and after

noon means are shown in Table 1. Shortly after the renewed 

morphine infusions on the eleventh experimental day there 

was an increase in ECoG voltage in both the high dosage (HD) 

and low dosage (LD) rats. The peak voltage increase in the 

lower level of dependence (30 mg./day) was observed 12 hours 

before the maximum output from the animal maintained at 60 

mg./day. Figure 2 shows the data from both dosage levels. 

During baseline and maintenance, each data point is a mean 

of the three afternoon or morning voltage measurements 

whereas each four hour reading during reversal is plotted 

to illustrate the time course of voltage swings during with

drawal and morphine challenge. 

With the HD rat, the voltage samples continued to 

decrease until the middle of the ninth maintenance day at 

which time the wave amplitude recovered to within the range 

of pre-drug baseline excursions. 
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Table 1. ECoG voltage samples and half-day mean voltages 
selected from two morphine-infused rats. 

P .M. A.M. 

30.0 mcr./day 2 6 10 X 2 6 10 X 

•Baseline 99 91 210 133 159 209 060 176 

First - - - - - - - -

Third 132 - 141 136 182 192 132 169 

Sixth 102 191 194 162 197 123 117 146 

Ninth 155 171 158 161 84 100 150 111 

•Tenth 152 155 129 145 94 85 84 88 

Eleventh 82 164 195 147 156 134 140 143 

•Twelfth 88 97 101 95 - - 105 105 

P, .M. A.M. 

50.0 mg./day 2 6 10 X 2 6 10 X 

•Baseline 129 178 208 172 184 164 148 165 

First 182 168 167 172 168 - 132 150 

Third 109 154 137 133 116 124 126 122 

Sixth 88 111 121 107 71 93 116 93 

Ninth 66 95 72 78 163 93 176 146 

•Tenth 163 145 93 134 74 91 68 78 

Eleventh 66 124 84 91 88 172 176 145 

•Twelfth 77 118 84 93 7o 77 77 77 

*No drugs administered. 
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Nembutal 

Table 2 summarizes the mean voltages recorded for 

each time sample of the nembutal condition. Although no 

clear changes from baseline to maintenance emerge in the 

low dosage data, there was an abrupt increase in voltage at 

the higher dosage, just after the onset of the drug infu

sions. This trend, however, did not persist into the next 

day of recording, day three. 

The nembutal data are presented graphically in 

Figure 3. In the reversal phase, no tendency toward a dose-

response effect is apparent, and the inter-animal consis

tency is quite obvious. On day ten, both rats dropped to 

new low voltages that were well below the range of values 

recorded earlier. Resumption of drug infusions on day 11 

returned the voltage to levels consistent with the trend 

seen during maintenance. However, after the first 12 hours 

of drugs on day 11, another reversal toward lower output 

occurred. This time, however, the voltage remained low 

until the 10 P.M. reading on day 12, a response that appar

ently does not follow the independent variable. Nevertheless, 

when the voltage did rise, the trend in both animals was, 

again, similar. 

Amphetamine 

In Figure 4, the effect of abrupt cessation of 

amphetamine infusions on the ECoG voltage is not apparent at 



Table 2. ECoG voltage samples and half-day mean voltages 
selected from two nembutal infused rats. 

P, .M. A.M. 

12.5 mq./day 2 6 10 X 2 6 10 X 

•Baseline 155 140 142 146 75 135 100 103 

First 143 152 142 146 - 139 97 118 

Third 155 112 157 141 83 175 94 117 

Sixth 78 150 3.51 126 131 160 89 127 

Ninth 180 159 104 148 101 82 174 119 

*Tenth 70 100 96 89 79 73 69 74 

Eleventh 114 120 110 115 96 59 58 71 

•Twelfth 66 57 116 80 75 65 81 74 

P .M. A.M. 

25.0 mq./day 2 6 10 X 2 6 10 X 

•Baseline 118 135 85 113 148 77 70 98 

First 165 96 188 150 162 136 205 168 

Third 155 97 88 113 132 92 93 106 

Sixth 162 153 158 158 91 145 143 126 

Ninth 83 78 133 98 146 83 112 114 

•Tenth 103 70 87 87 74 77 78 76 

Eleventh 138 93 114 115 118 84 74 92 

•Twelfth 74 71 112 86 116 84 108 103 

*No drugs administered. 
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either the 2.5 (LD) or 5.0 (HD) mg./day maintenance levels. 

Although the LD rat did show a voltage drop early in the 

tenth day after amphetamine cessation, that voltage drop 

was below the range of voltage swings measured during the 

baseline condition (Table 3), and neither was the effect 

replicated on the second day of saline infusions (day 12), 

nor was there any replication of this effect at the HD level. 

The only other strong deviation from baseline pre-

drug voltages occurred in the final days in the HD animal. 

Except for 2-3 deviant data points, there was a steady drop 

from the 99 microvolts recorded at 2 P.M. on day 10 to 21 

microvolts at 10 A.M. on the twelfth day. This may have 

been due to resistivity changes at the electrodes, since 

this rat completely dislodged his acrylic mound two days 

later; however, it is clear that the voltage effect did 

not follow manipulation of the independent variable. 

Saline Controls 

The data in Table 4 and Figure 5 describe the two 

saline-infused controls. Aside from a large difference in 

absolute observed voltage between the two rats, there is 

little unusual information contained in these data. 

CS Tests 

Nothing of interest appeared in the data of the 

post-drug attempt to elicit voltage changes with the CSs. 

In the morphine condition, where the effect of independent 



Table 3. ECoG voltage samples and half-day mean voltages 
selected from two d-amphetamine-infused rats. 

P .M. A.M. 

2.5 mq./dav 2 6 10 X 2 6 JL0 X 

•Baseline 186 185 190 187 128 98 114 113 

First 133 143 76 117 85 - 72 78 

Third 78 173 150 134 92 81 157 110 

Sixth 57 55 95 69 68 65 65 66 

Ninth 88 84 76 83 - 134 138 136 

•Tenth 54 78 96 76 103 89 109 100 

Eleventh 117 97 96 103 108 105 56 90 

•Twelfth 121 - 70 95 95 103 97 98 

P, .M. A.M. 

5.0 mq./day 2 6 10 X 2 6 10 X 

•Baseline 81 116 82 93 67 63 94 75 

First 92 69 74 78 150 - 71 110 

Third 94 178 95 122 93 97 106 99 

Sixth 60 66 112 79 100 67 69 79 

Ninth 49 78 115 81 73 88 85 82 

•Tenth 99 98 95 97 96 93 82 90 

Eleventh 78 73 57 69 57 41 93 63 

•Twelfth 30 68 49 49 42 44 21 36 

*No drugs administered. 
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Table 4. ECoG voltage samples and half-day mean voltages 
selected from two rats during control saline 
infusions. 

P.M. A.M. 

3ntrol 1 2 6 10 X 2 6 10 X 

Baseline 80 55 62 66 66 58 55 60 

First - - - - - - - -

Third 62 54 68 61 56 72 48 59 

Sixth 39 30 36 35 30 28 39 32 

Ninth 34 29 36 33 78 28 32 46 

Tenth 35 36 32 34 25 36 33 31 

Eleventh - 31 34 32 - - - -

Twelfth - - - - - - - -

P. M. A.M. 

Control 2 2 6 10 X 2 6 10 X 

Baseline 145 117 93 118 135 80 150 122 

First 133 170 87 130 157 90 83 110 

Third 121 74 146 116 73 68 144 95 

Sixth 165 74 146 128 98 162 163 141 

Ninth 88 83 77 83 103 80 75 86 

Tenth 167 135 135 146 146 75 111 111 

Eleventh 126 70 92 96 141 70 129 113 

Twelfth 73 72 89 78 111 58 126 98 
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variable manipulation caused the largest voltage fluctua

tion during the reversal phase, presentation of the high and 

low tones within the four minute test periods after post-

baseline was never associated with more than a 10 microvolt 

increase or decrease in ECoG voltage. Behaviorally, the 

rats didn't even orient to the stimuli. The data from the 

other drug-group animals were equally unrevealing. 



DISCUSSION 

Morphine 

When sampled during the third drug maintenance day, 

the records of the LD animal did not reveal any abrupt in

creases in ECoG voltage over the baseline level. According 

to the previous work of Khazan et al. (1967), it was ex

pected that an increase in voltage would accompany the early 

stages of drug administration. However, the possibility 

that morphine-induced voltage increases may have already re

turned to a baseline level after three days suggested the 

need for more data during the first day of drug maintenance. 

Therefore, subsequent sessions with the HD rat began with a 

monitoring of day one voltage as well. Even so, it is clear 

from Table 1 that at no time during the first 24 hours of 

morphine infusions into this rat was there a mean voltage 

in excess of the baseline samples. Among the possible fac

tors that may account for this incongruity are differences 

in technique such as dosage level and route of administra

tion. Khazan and his associates always infused the morphine 

directly into the vascular system in discrete one hour in

jections. In the study reported here, the infusions were 

continuous and quite likely, the central effects different 

and more insidious. 

37 
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Perhaps the overwhelming difference between Khazan's 

work and these data lies in the assessment of the dependent 

variable. The Drohocki voltage integrator used by Khazan's 

group provides discrete information about voltage swings 

within a narrow band of time. The integrated voltages were 

subsequently compared with the San-ei EA 201 analyses of 

frequency information. Within this framework, they were 

able to make precise statements about the voltage relative 

to the frequency patterns of the ECoG. The method of volt

age determination in the study reported here was a contin

uous monitoring of energy in a wide frequency band so that 

small second to second voltage fluctuations were not obvious 

due to the slow decay time of the DC level. Furthermore, 

at such low paper speeds, the integrity of frequency in

formation is largely lost without concurrent spectrographic 

analyses of frequency bands. Therefore, the inability to 

confirm Khazan's report of early high voltage slow bursts is 

undoubtedly due to procedural and instrumentation variables. 

In the maintenance phase, of Figure 2, assuming a 

minimum of inter-subject variability, there is a striking 

dose-response relationship. Both animals were brought up 

to the full maintenance levels by day four. Nevertheless, 

the HD animal was observed to have a consistent decrease in 

ECoG voltage that did not recover to baseline levels until 

the last 12 hours of the drug maintenance phase. This ef

fect stands in sharp contrast to the LD rat mean voltages, 
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which remained near baseline pre-drug levels. According to 

Khazan et al. (1967), in the early stages of morphine de

pendence there is a pronounced decrease in the total amount 

of time spent in sleep. Reduction of this functional state 

and its corresponding predominance of high voltage activity 

may account for the observed voltage decreases during main

tenance in the HD rat. However, this inference must remain 

speculative since no concurrent activity measures were taken. 

Clearly, the least ambiguous effect occurred during 

the reversal phase. At both dosage levels, the voltage out

put was highly responsive to manipulation of the independent 

variables. The 24 hour voltage decrease on the tenth day 

was quite invariant relative to the hourly fluctuations seen 

in both baseline and maintenance phases (Table 1). When the 

animals were challenged with another 24 hours of morphine on 

day 11, an abrupt increase of 113 ̂ xv was observed in the LD 

animal between the 2 P.M. and 10 P.M. samples. The maximum 

voltage differential of 110 jjlv spanned a 20 hour period from 

2 P.M. to 10 A.M. at the HD level. In both cases, the lowest 

voltage output occurred at 2 P.M. of day 11, approximately 

three or four hours after the morphine infusions had begun 

again. This lag time, however, is not unreasonable since 

the drug solution had to displace the saline all through the 

polyethylene tubing. More importantly, at a fluid drive 

rate of 1.0 cc. in 2.40 hr. which supplied 3.0 and 6.0 mg. 

respectively for LD and HD rats, the likelihood that these 



quantities could rapidly offset withdrawal from a nine day 

continuous dependence is, indeed, quite slim. 

Possibly, the 12 hour differential in voltage peaks 

on day 11 may be dose-related, if not due to inter-subject 

variability. This issue is, of course, difficult to resolve 

without more data, but the notion of delay in voltage rise 

for the more dependent animal has some intuitive appeal. 

Khazan and Colasanti (1971a) have reported that the voltage 

increases that they observed corresponded to the attenuation 

of the behavioral manifestations of withdrawal discomfort. 

Thus, since the intensity of discomfort may not be linearly 

related to dose, the rise-time delay may actually be a dos

age effect, indicative of the time required for remission of 

the abstinence syndrome. 

Nembutal 

One of the interpretative difficulties of the bar

biturate data is the lack of background literature dealing 

with the same dependent measures used here. Since sleep 

states tend to drive the voltages up, in the analysis of the 

morphine data it was helpful to know that withdrawal is asso

ciated with voltage drops in both sleep and waking states 

(Khazan and Colasanti, 1971a). Specifically, with nembutal 

(Figure 3), the 10 P.M.-2 A.M. rise in voltage on day 12 for 

the HD rat and the 10 P.M. rise for the LD rat are open to 

several interpretations, none of which can survive without 
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more information. One of these is the possibility of a 

phasic response change away from the resting state when stim

ulating conditions change. This proposal, however, is weak 

due to the rise-time delay after the drug is withheld on 

day 12. 

If the inter-animal consistency weren't so compelling, 

it would perhaps be most parsimonious to simply dismiss the 

effect as random variability. Support of this notion can be 

adduced from Table 2. The 12 hour means for the LD and HD 

animals during reversal are clearly consistent. The LD rat 

begins at a 119 ̂ liv mean on the last 12 hours of drug main

tenance. When the drug is withheld on day 10, the two 12 

hour means drop off to 89 and then 74 ̂ iv. The first 12 hour 

mean on day 12 is a return to 115 jiv. Coincidentally, the 

HD rat was time-sampled at a mean output of 114 ̂ iv in the 

last half of day nine, followed by 87, 76 and then back up 

to 115 ̂ iv on day 11. The correspondence is striking. Sim

ilarly, on the second half of day 11, both rats showed a 

voltage drop. The HD rat voltage fell to 92, and the LD 

animal dropped to 71 /iv. The return to saline seemed to 

have little immediate impact on the voltage, as the former 

was sampled at a mean of 86, and the latter 80 pv. Not until 

the final 12 hours did the records deviate extensively. The 

LD rat voltage dropped further to 74 /iv, whereas the HD rat 

climbed to a mean of 103. When analyzed in this context, 

with respect to the means, the concept of random variability 
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is somewhat less difficult to accept, and assuming consis

tency in the data, may be the only way at this stage to deal 

with the effect. 

The higher voltages early in day 11, clearly are in 

the same direction as the morphine effect discussed previous

ly. The rapid drop of voltage later in the day is less 

meaningful for the LD rat since the syringe driver needle 

that fed his catheter was leaking badly at 10 A.M.; no evi

dence of the leak was found at 10 P.M. of the previous eve

ning. This suggests that the rat was at least partially 

drug-deprived during the indicated period. With this per

spective, the early rise and subsequent reduction of voltage 

seen with the 25 mg. rat may reflect a rapid attenuation of 

withdrawal discomfort, with an associated voltage peak that 

decays when an adjustment is made to the new state. The 

significance of the voltage shifts will be expanded in the 

general discussion section that follows later. 

Amphetamine 

When initially planned, it was the intention of the 

investigator to develop a technique for assessing the 

dependence-liability of a wide range of centrally-active 

drugs. It was hoped that the voltage shift would hold prom

ise for objectively evaluating the dependence characteris

tics of all drugs, especially non-analgesic drugs, in terms 

of gross, easily measured, nervous system changes that may 
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co-vary with the development of tolerance and other adapta

tions to novel stimulation. The justification for this ex

perimental strategy, detailed previously, developed 

generally from the suspicion that currently available be

havioral techniques for assessing unlearned dependence were 

biased toward morphinizing agents, or, at least, to some ex

tent, were incompatible with the neuropharmacological and 

behavioral activity precipitated by stimulant compounds. 

The absence of any clear trend in the data leads to 

a variety of conclusions, with the most preliminary of these, 

by necessity, involving experimental design variables. It 

is well within reason that the temporal parameters of central 

adaptation to amphetamine extend beyond the two-week period 

of this study. Expansion of that domain, however, will re

quire more sophisticated simultaneous infusion-recording 

procedures, since one year of pilot and experimental data 

from this study indicated that the approximate mean expecta

tion for high integrity implantations is three weeks. One 

rat went up to 35 days before dislodging his acrylic-cement 

mound. It is quite likely that even more extended infusions 

would be necessary to notice an EEG voltage sensitivity to 

manipulating amphetamine intake conditions. Herman, et al. 

(1971) reported a study in which they evaluated the effects 

of amphetamine withdrawal after nine months of 3 mg./kg./day. 

Despite the above possibility, lack of EEG voltage 

changes during amphetamine manipulation may be important. 
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The fact that there were differences in central response be

tween morphine-nembutal and amphetamine when non-contingently 

infused may have implications for a true bio-physical di

chotomy of dependencies, thereby providing a common basis 

for the notion of physiological dependence. These ideas 

will also be presented in the general discussion section. 

Saline 

As expected, there is no net trend in the saline 

data. The low voltages of control rat #1 were undoubtedly 

due to poor electrode contact (Figure 5). Supporting this 

supposition is the premature termination of the session on 

day 11 due to dislocation of the electrode mound. Since no 

discernable differences appear between the pre-saline base

line and the saline infusion sessions, it is safe to assume 

that the infusions themselves are inert with respect to the 

dependent variable assessed here. For rat #2, pre-infusion 

voltages range from 80-150 ;uv, compared to 58-167 jiv during 

infusions. Range comparisons are less meaningful with con

trol rat #1 due to the progressive voltage decreases before 

detachment. 

Conditioning 

Unfortunately, despite the evidence for withdrawal 

and drug challenge becoming manifest at the nervous system 

level in four of the six drugged animals, there was no 
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indication that this supposedly unconditioned response (UR) 

of ECoG voltage could be elicited by a CS. In retrospect, 

there are several reasons that may account for this. 

The evidence for respondent conditioning of aspects 

of the withdrawal syndrome has been reported by Wikler and 

Pescor (1967) and Goldberg and Schuster (1967). As a quan

tifiable index of abstinence, Wikler and Pescor (1967) 

counted the number of wet-dog shakes that occurred during 

the primary abstinence phases. It was their observation 

that the frequency of this respondent was higher at the site 

of primary abstinence than in a neutral environment when 

the effects of both were compared at various intervals after 

drug maintenance. This observation is quite interesting, if 

not somewhat surprising. Typically, respondent conditioning 

is demonstrated within a tight, discrete paradigm, whereas 

the evidence reported by these authors shows that a CR can 

also be elicited within a loose, and long-term simultaneous 

conditioning procedure. This observation, clearly, provides 

some indications of the potency of withdrawal discomfort as 

an unconditioned stimulus (US). Thus, it was on this as

sumption that the present study attempted to elicit a CR by 

pairing a discrete sensory CS with the US of withdrawal dis

comfort . 

The differences in procedure between this condition

ing paradigm and the ones reported earlier are quite impor

tant. The auditory CS of withdrawal used here was, 
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presumably, made more discriminative by balancing it with a 

different frequency tone during drug infusions. However, it 

seems that the total stimulus complex is more significant 

than any discrete aspect of the conditioning environment. 

The mechanics of simultaneous infusion and recording made it 

difficult to actually change the room after the period of 

primary abstinence, and consequently, the stimulating con

ditions were not strictly comparable with Wikler and Pescor's 

(1967) study. Undoubtedly, future work within this frame

work would be most successful if the entire sensory complex 

(i.e., visual, auditory, tactual, olfactory, gustatory, 

vestibular, and even kinesthetic/proprioceptive) were made 

overwhelmingly distinct during withdrawal. 

Another point of departure, one that raises an in

teresting theoretical question, concerns the UR-CR selected 

for this study. Depending on the orientation, brain voltage 

can be viewed as either a UR to the subjective experiential 

effects of the drug withholding and challenge conditions, or 

an event that either coincides with or is actually repre

sentative of the withdrawal discomfort and is therefore a 

US to the abstinence behavior (UR), or some vague gray area 

between the two. The task essentially requires focus on 

the interpretative significance of voltage shifts. The 

shifts may represent the neural correlate of subjective dis

comfort, abstinence behaviors, or both simultaneously, or 

may be unrelated to either in a meaningful way. Resolution 
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may be possible if there were simultaneous information avail

able about the location of specific cortical and subcortical 

generators that contribute to the surface potentials and the 

correspondence of their activity to concomitant autonomic re

cordings. This proposal, of course, assumes-the verity of a 

stimulus-response model at this level such that discomfort 

elicits, or at least precedes abstinence behaviors, and thus, 

these states are more than the subjective and objective as

pects of the same functional condition. Wherever the truth 

may lie, the issue is reminiscent of the venerable William 

James' question as to whether running is a stimulus or a re

sponse to fear. In both cases, if the subjective and objec

tive components occur simultaneously in response to exogenous 

stimulation, the issue requires no further resolution because 

the stimulus-response dichotomy breaks down at this level. 

General Discussion 

Clearly, since the conditioning attempt did not pro

vide any new objective method for indicating the existence 

of subjective discomfort, the basic problems with dependence 

assessment for aversive control remain unresolved. Objective 

evaluation of a subjective state will never surpass the cor

relational stage, but, serial deductions can strengthen in

ference. At this stage, respondent conditioning of the 

feeling state to the environment has been demonstrated by 

Wikler and Pescor (1967). However, the assessment of 
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conditioning in their study still involved motor responses. 

Since, ultimately, we want to be able to assess the presence 

of aversive internal stimulus conditions caused by new, un

familiar drug compounds, the judgments cannot be based on 

prototypic withdrawal behaviors. Independent evaluations 

are essential. If the voltage shifting can be shown to oc

cur reliably during the withdrawal of many compounds already 

known to cause behaviorally non-contingent dependence, such 

that the shifts coincide with the discomfort of withdrawal, 

then the effect on the voltage shifts of non-pharmacological 

attenuation of the discomfort (i.e., hypothalamic stimula

tion) might prove enlightening. The objective, of course, 

would be to determine the relationship between the voltage 

patterns and the internal stimulus conditions. As an ad

junct, endocrine responses such as increased glucocorticoid 

levels would also be good correlative, but nevertheless, ob

jective estimates of the feeling state. Compilation of a 

battery of scales for evaluating subjective discomfort, 

based on physiological effector systems, would provide the 

information needed for determining aversive control of drug 

self-administration operants. Undoubtedly, with a well-

defined index of subjective discomfort, respondent condition

ing of this state to environmental stimuli present even 

during a behaviorally non-contingent paradigm could easily 

be demonstrated. Then it would be possible, even with only 

correlational indices, to evaluate subjective drive-states 
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leading to aversively controlled drug self-administration. 

Traditionally, in the applied domain, the determination of 

the physical dependence-liability of drugs is a way to as

sess abuse potential. Clearly, a more salient and direct 

route to this goal would be a determination of aversive con

trol liability since this alone has to be the critical factor 

that precipitates abuse through highly extinction-resistant 

negative reinforcers. 

From the data available so far, no cause-effect re

lationships of subjective discomfort to withdrawal-induced 

voltage drops can be inferred. Although the significance of 

the voltage effect is still largely unknown, there are bases 

for speculation. The demonstration of voltage drops in with

drawal with subsequent increases during drug challenge in 

four of four animals infused with two different drugs, both 

widely recognized as causing a physiologically-based depen

dence, suggests an intriguing mode of action. Full resolu

tion of issues concerning voltage shifts and aversive/ 

physiological control of amphetamine dependence will require 

a more long-term analysis with concomitant evaluations of 

subjective discomfort. But if we can temporarily accept the 

traditional posture that amphetamine dependence is largely 

learned and, thus, not founded in physiology, it provides 

an interesting contrast. 

Undoubtedly, it is more than chance that precipi

tated the apparent adjustment of basal-voltages in nervous 
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systems adapted to maintained input of morphine and nembutal 

when these 200+ hours of continuous and invariant infusions 

were abruptly terminated. After 24 hour adaptation to these 

new stimulus conditions, another change in input was also 

followed by a voltage adjustment. It may be that a defining 

feature of physiologically based dependence lies in the ex

tent to which the nervous system actively accommodates or 

incorporates a drug. Specifically, if active or plastic 

neurochemical changes occur following the onset of drug 

maintenance, it would be expected that further adjustments 

would be necessary when the new steady-state is disrupted by 

withholding the drug. By contrast, drugs that cannot pro

duce dependence without learning may be creating a passive 

or static activation, such that unlike the former category, 

the normal activity of the nervous system is not fundamen

tally adjusted to accommodate the new input. From this anal

ysis, it would follow that the intensity of withdrawal 

discomfort as a stimulus condition might be represented on 

a continuum of nervous system adjustments to drugs ranging, 

at the extremes, from plastic to static activation. Plastic 

activators, such as morphine and barbiturates disrupt the 

physiological homeostat and unlike static activators require 

neural readjustments when withheld. 

The above type of homeostatic notion is certainly 

not new. Its most general form, suggested by Himmelsbach 

(1943) was that chronic morphinization stimulated 



51 

contra-adaptive forces that opposed changes away from the 

zero point of the physiological homeostat. Presumably, 

these "forces" cause the phenomena of tolerance and physical 

dependence. Interestingly, Kalant, LeBlanc and Gibbins 

(1971) state that all hypotheses proposed so far are variants 

of this same homeostatic mechanism. Perhaps the most ad

vanced is Martin's (1970) proposal that functionally-

parallel pathways in the nervous system are differentially 

sensitive to toxins. Depression of one pathway causes 

functional hypertrophy in the less sensitive channel through 

negative feedback at the effector site. Termination of drug 

maintenance, he suggests, causes increased excitation due 

to return of activity in the depressed pathway, adding to 

the already-present activity in the redundant channel. From 

this position, Khazan and Colasanti (1971a, p. 498) suggested 

the "efforts of the CNS to counteract the EEG synchronizing 

effects of morphine intoxication" was the basis for the 

decreased voltage output when the morphine-factor was re

moved. That is, both the normal and the redundant channels 

were inhibiting synchrony. 

Whatever the precise mechanism may be, the data of 

this study suggest that, at a descriptive level, it may be 

useful to conceptualize centrally active drugs as residing 

somewhere on a dimension between the extremes of plastic and 

static activators, characterized by their propensity for 

disrupting resting activity when intake conditions are 
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manipulated. Within such a framework, the voltage shift 

data presented here for an opiate, barbiturate and central 

stimulant are largely in agreement with the traditional 

quantifications of dependence-potential ascribed to these 

drugs. Additionally, the shifts provide a foundation for a 

physiological-dependence mechanism that is consistent with 

the popular homeostatic explanations. 
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