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Evidence linking the development of chronic alcoholism 

with endogenous opioid peptides is reviewed. Particular 

emphasis is placed on enkephalin metabolism with respect to 

its involvement in the development of addiction and stress-

related psychophysiological changes. 

The study was concerned with enkephalin hydrolysing 

activity (EHA) in chronic alcoholism as well as the mood 

changes that reportedly accompany alcoholism. Also of 

interest was the relationship of enkephalin degradation to 

voluntary relaxation. Chronic alcoholics (N = 20), recovering 

alcoholics (N = 20) , and controls (N = 20) were compared for 

EHA, mood, sensory threshold, EMG, and peripheral skin 

temperature. The relationships between these variables and 

alcohol use (recency and average daily intake) and abuse 

(time abstinent since last abuse) were also analyzed. 

Alcoholics had significantly lower sensory thresholds 

and reported significantly more depression and confusion. 

Alcohol use was found to be significantly related to mood, 

EMG, temperature, and sensory threshold. EHA was found to 



be significantly related to EMG, temperature, and anger. 

EMG was negatively correlated with temperature. Training 

effects were demonstrated. 

It was concluded that total enkephalin hydrolysing 

enzyme levels do not appear to operate as a mediational 

variable in the development of alcoholism. EHA did, 

however, seem to account for a significant amount of the 

variance in the performance of a Biofeedback/Relaxation 

task. Alcoholics in institutional settings experience more 

depression and confusion and have lower sensory thresholds 

than either recovering alcoholics or controls. As alcohol 

use increases reported mood disturbance and physiological 

arousal tend to increase, while the ability to relax is 

likely to be impaired. 
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ENKEPHALIN HYDROLYSING ACTIVITY IN ALCOHOLISM AND RELATED 

CHANGES IN MOOD AND ABILITY TO PERFORM A 

BIOFEEDBACK/RELAXATION TASK 

Three to 10 percent (depending on the definition used) 

of the American population will suffer'from alcoholism at some 

time in their lives. The most stringent definition is given 

by the American Psychiatric Association Diagnostic and Statis-

tical Manual (1980)—the DSM-III. Alcoholism (alcohol 

dependence) is defined as consisting of . . either a pattern 

of pathological alcohol use of impairment in social or occupa-

tional functioning due to alcohol, and either tolerance or 

withdrawal" (p. 169). Tolerance is evident when markedly 

increased amounts are required to achieve the desired effect. 

Alcohol withdrawal is characterized by 

. . . course tremor of the hands, tongue, and eyelids, 

nausea and vomiting, malaise or weakness, autonomic 

hyperactivity (such as tachycardia, sweating, elevated 

blood pressure), anxiety, depressed mood or irritability, 

and orthostatic hypotension, that follow within several 

hours cessation of or reduction in alcohol ingestion by 

an individual who has been drinking for several days or 

longer (American Psychiatric Association, 1980, p. 133). 

Associated features include dry mouth, headache, disturbed 

sleep, mild peripheral edema, and brief, poorly formed 



hallucinations, Major motor seizures may also occur. With-

drawal symptoms almost always disappear within five to seven 

days unless alcohol withdrawal delirium or hallucinosis 

develops (American Psychiatric Association, 1980}. Alcohol 

abuse, according to the DSM-III, consists of . . a pattern 

of pathological use for at least a month that causes impairment 

in social or occupational functioning" (p. 169) . Five major 

criteria for pathological use are a) need for daily use for 

adequate functioning; b) inability to cut down or stop drinking; 

c) amnesic periods for events occurring while intoxicated; d) 

drinking non-beverage alcohol; and e) continued drinking 

despite the known exacerbation of a serious physical disorder. 

The four major causes of death in American males lages 20 

to 40—cirrhosis, homicide, suicide, and accidents—are alcohol 

related (Vaillant, 1983). The estimated cost of alcohol abuse 

in the United States in 1975 was put at 43 billion dollars—more 

than the cost of all cancer and respiratory diseases combined 

(Institute of Medicine, 1980). One American family out of three 

is affected by alcoholism, and it is here that the greatest 

costs are to be found. Alcohol related divorce, child abuse, 

delinquency, and unemployment, and the resulting costs of social 

welfare, school failure, aid to dependent children, and criminal 

justice, if added to direct costs, would yield a figure far in 

excess of the 43 billion dollar estimate (Vaillant, 1983) . 

Alcoholism, because of its prevalence and destructive potential, 

has invited vast amounts of investigative attention. The result, 

however, has been controversy rather than clarification. 



Factors that predispose, precipitate, or maintain alcoho-

lism are poorly understood. Cultural* factors, genetics, 

premorbid personality characteristics, learning history/ and 

biochemical makeup have all been proposed as major determining 

factors in the development of alcoholism. Excessive ethanol 

intake is a multidetermined phenomenon whose determinants are 

differently weighted for different individuals (Vail1ant, 1983). 

Genetic predisposition and cultural influences are now widely 

recognized as important etiological variables. Recent evidence 

suggests, however, that premorbid personality plays a relatively 

minor role. 

Behavioral scientists have concentrated primarily upon 

personality factors and learning mechanisms in their studies of 

alcoholism. Alcoholism has long been considered a symptom of 

an underlying personality disorder (Knight, 1973; Jellinek, 

1960; Selzer, 1980). This view has been based on observations 

such as Selzer's: 

Alcoholic populations do display significantly more 

depression, paranoid thinking trends, aggressive feelings 

and acts, and significantly lower self-esteem, responsi-

bility and self-control than non-alcoholic populations. 

Despite occasional disclaimers, alcoholics do not resemble 

a randomly chosen population (1980, p. 1629). 

Recent prospective studies, however, suggest that the person-

ality traits common to alcoholics are a result of chronic 

excessive ethanol use rather than a cause. McCord and McCord 



(1960) first produced results which led to this interpretation. 

They used the records of over 300 youths involved in a study of 

the effects of a counseling program on delinquency. The progress 

notes and delinquency assessment materials were compared, 15 

years later, with evidence for alcoholism from public records. 

Contrary to expectation, pre-alcoholics were found to be more 

self-confident, aggressive, and hyperactive, and less disturbed 

by normal fears. Subsequently, Robins and associates (1962), 

in their prospective study of the records of 286 men admitted 

to a child guidance clinic 30 years previously, reported similar 

results. Premorbidly, alcoholics were not more likely to be 

regarded as impulsive, depressed, or unhappy than non-alcoholics, 

Loper and co-workers (1973) compared the MMPI's (Minnesota Multi-

phasic Personality Inventory) of 38 college students who later 

became alcoholics with the MMPI's of 148 matched classmates. 

Premorbidly, the alcoholics' MMPI's were within normal limits. 

After they were hospitalized for addiciton, their MMPI's were 

significantly elevated on Depression, Psychopathic Deviance, and 

Paranoia scales. 

As recently as 1981, Pohorecky characterized the position 

of behavioral scientists as follows: 

Currently, there are three views to account for alcohol 

abuse. One view is that human alcohol ingestion is related 

to the anxiety-relieving properties of the drug. The 

second view is that alcohol ingestion occurs rather for its 

euphoriant properties. The third view invokes the personal 

power heightening effect of alcohol. (p. 22) 



The first of these, usually referred to as the tension-

reduction hypothesis (TRH), was first formally presented by 

Conger (1956) and is based on two assertions. It proposes 

that alcohol relieves anxiety or reduces tension and that 

people drink to relieve anxiety or tension, Cappell and 

Herman (1972) present an exhaustive review of the human and 

animal research bearing on the first part of the TRH (the 

tension-reducing properties of alcohol). This study reviews 

the literature concerned with alcohol's effect on avoidance 

and escape, extinction of aversively controlled behavior, 

conflict and experimental neurosis, conditioned suppression, 

and extinction and partial reinforcement (frustration). The 

various parameters used to measure alcohol's effect on these 

behaviors include behavioral disruption, psychophysiological 

indicators, biochemical measures, projective and self-report 

measures of affective state, and risk-taking behavior. The 

authors conclude that: 

The TRH enjoys a remarkably good record of confirmation 

in the literature on conflict and experimental neurosis, 

but in the other areas surveyed it does not fare very well. 

Negative, equivocal and contradictory results are quite 

common if not preponderant. Our conclusion is that while 

the TRH may be quite plausible intuitively, it has not 

been convincingly supported empirically (Cappell & Herman.,. 

1972, p. 59), 

The data available in relation to the second part of the 

TRH (i.e., people drink to relieve anxiety or tension) are very 
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equivocal. Most alcoholics state that relief of anxiety is 

their main reason for drinking (Edwards et, al., 1972) or claim 

that they drink to relax (Hershenson, 1965; Wanberg, 1969; 

Holloway, 1972; Deardorff et, al,, 1975), or in response to the 

stresses of everday life (Scarborough, 1957; Mulford, 1977; 

Sadava, 1978). However, blood alcohol level has been shown 

to be positively correlated with subjective distress CSteffen 

et, al., 1974), Alcoholics' anxiety has also been shown to 

increase in anticipation of drinking (Menaker, 1967). Finally, 

most alcoholics report the experience of fear, anxiety, and 

aggression following a bout of drinking (Mendelson, Ladou, & 

Soloman, 1964; Tamerin & Mendelson, 1969) , 

Experimental investigations have demonstrated a negative 

correlation between muscular tension and blood alcohol level 

(Steffen et. al., 1974), Alcohol has also been shown to improve 

the learning of nonsense syllables in stressed subjects (Korman 

& Stephens, 1960); reverse decreases in alertness, increases in 

heart rate, and increases in anxiety brought about by sleep 

deprivation (Peeke et, al,, 1980); and reduce basal skin conduc-

tance (BSC) (Carpenter, 1957; Greenberg & Carpenter, 1957) and 

galvanic skin response (GSR) (Carpenter, 1957; Greenberg & 

Carpenter, 1957; Lienert & Traxel, 1959), Fear induction in 

human subjects has also been shown to increase alcohol consump-

tion (Higgins & Marlatt, 1974), However, contradictory data 

have been reported, including the findings showing alcohol to 

increase heart rate, BSC, and self-reported anxiety in response 



to an electric shock CDenge^ink & Fagan,1978) and increase 

anxiety in driving tasks CLogue et, al«, 19781, Anxiety induc-

tion has also been reported to decrease ethanol consumption 

(Holroyd, 1978),, Pohorecky concludes, from his review of the 

literature "It is apparent fpom the studies reviewed here that 

the association <3f stress relief and alcohol intake is not 

entirely convincing , , ." (p, 221). 

Supportive evidence, both retrospective and experimental, 

exists to indicate that alcohol abuse may be linked to the 

stresses of daily life, However, other studies do not 

support the idea that under experimentally stressful condi-

tions individuals will ingest more ethanol" (p, 222). 

This conclusion is in agreement with previous comprehensive 

reviews of the TRH which also do not find clear-cut support for 

or against this hypothesis (Cappell & Herman, 197 2; Cappell, 

1957; Connors & Maisto, 1979), 

The second hypothesis used to explain alcohol abuse consi-

ders the euphoric properties of this drug most important. 

Support for this view include data indicating that ethanol 

intake occurs to increase positive affect rather than to relieve 

anxiety (Smith, Parker, & Nobel, 1975; Phil & Yankofsky, 1979; 

Perrson, Sjoberg, & Svensson, 1980). Furthermore, these studies 

demonstrate a significant increase in elation and total emotional 

expression (Smith, Parker, & Nobel, 1975) and a decrease in ten-

sion after ethanol ingestion CPeprsson, Sjoberg, &, Svensson, 1980). 

The highest dose produced reports of pleasant, extraverted, calm, 
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and less tense feelings. However, more ethanol was consumed 

in positive affective states than negative affective states— 

especially by normally heavy drinkers (Phil & Yankofsky, 1980). 

Alcohol has frequently been found to improve mood in alcoholic 

and non-alcoholic subjects (Hortocollis, 1962; Ekman et. al., 

1963; Kastl, 1969; Tamerin & Mendelson, 1969; Connors & Maisto, 

1979), low to moderate doses of alcohol have been reported to 

increase euphoria and reduce depression (Williams, 1966; 

Mayfield & Allen, 1967; Mayfield, 1968; Kastl, 1969). It has 

even been suggested that alcohol can be a temporary antidote 

for depression (Russell & Mehrabian, 1975). Initial improve-

ments in affective state, however are followed by prolonged, 

increased depression (Doctor & Bernol, 1964; McGuire, Stein, 

& Mendelson, 1966; McNamee, Mello, & Mendelson, 1968; Tamerin 

& Mendelson, 1969; Nathan et, al,, 1970; Alterman, Gottheil, & 

Crawford, 1975; Thorton et, al,, 1976) . Two representative 

studies ( Mendelson, Ladou, & Soloman, 1964; Tamerin & 

Mendelson, 1969) measured ethanol consumption and subjective 

and objective anxiety for periods up to 24 days. Consumption 

increased from .9 to 6.08 grams per kilogram per day. Although 

initially subjects reported less tension, anxiety levels deter-

mined clinically did not change. Anxiety gradually increased, 

and by the end of the study, subjects showed depression and were 

aggressive. Although there are data demonstrating ethanol-

induced euphoria in humans, it has still not been determined 

whether this effect is sufficiently rewarding to produce further 



excessive ethsuiol • use~<-espee-ially considering ethanol's nega-

tive effects on mood (i.e., fear, anxiety, and depression), 

The third hypothesis postulates that ethanol abuse occurs 

in individuals who have lost or would like to gain a sense of 

power. Little experimental evidence for or against this idea 

exists at this time. 

Two conclusions are apparent as a result of consideration 

of the foregoing evidence a). Neither the TRH nor the euphoria-

induction hypothesis is sufficient to account for the develop-

ment of alcoholism in humans; b) Both ftiood state and the 

organism's response to stress are important factors in the 

etiology of normal and excessive alcohol consumption. Vaillant's 

assertion that ". . .a learning theory of alcoholism must be 

complementary to a theory of pharmacological addiction (1983, 

p. 176), may point to an avenue by which tension reduction and 

euphoria induction data can be reconciled. 

The recent identification of endogenous opioid peptides 

(endorphins) has brought about the suggestion that addiction 

to both alcohol and opiates may come about as a result of a 

dysfunction in the endorphinergic system. The endorphinergic 

hypothesis, as developed through the extensive studes by Blum 

(1980), posits a common mechanism by which alcohol and opiates 

induce their respective dependencies. The products of alcohol 

metabolism, isoquinolines, are thought to interact at opiate 

receptor sites, as do exogenous opiates. Addiction, according 

to this hypothesis, results from a chronic endorphin deficiency 
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caused by either genetic factors or feedback inhibition by 

exogenous opiates or alcohol metabolites. This hypothesis, if 

borne out, promises to account for the addictions through a 

common mechanism, as well as provide means by which behavioral 

and pharmacological data can be integrated into a unified 

theory. 

Endogenous Opioid Peptides 

Specific opiate receptors within the central nervous system 

(CNS) were identified (Pert & Snyder, 1973a,; Simon, Hiller, & 

Edelman, 1973) as a result of investigations of mechanisms of 

narcotic and .analgesic, action. The opiate receptor has been 

defined "« . . as that entity which recognizes and binds opioid 

drugs, with binding transduced into various biochemical and 

physiological sequelae" (Miller & Cuatrecasas, 1978, p, 298). 

The receptor is believed to be a complex stereospecific structure 

which includes both a protein fraction and a lipid component, 

rich in cerebroside sulfate (Loh et.al., 1978; Lee & Smith, 198), 

In his review of the literature on opiate receptor types, Miller 

(1982) reports data characterizing six different types of opiate 

receptors. Although a given opioid might bind to various recep-

tor types, the data suggests that certain receptors have higher 

affinities for specific opioids. Table 1 lists the six types of 

receptors proposed by Miller and their respeetiveisgoni^ts. Anal-

gesia appears to be mediated by both mu Cy) and delta ( §) recep-

tors (Martin, Eades et, al., 1976; Fredrickson et. al,, 1981), and 

behavioral effects seem to be mediated primarily via 6 receptors 
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Table 1 

Postulated Opiate Receptor Types and Their Proposed Agonists 

Receptor Type Agonist ; 

y (mu) 2 5 morphine; DALa -enkephalin; DLeu -
enkephalin (DADL) 

6 (delta) met-enkephalin; leu-enkephalin; 
normorph ine; DADL 

X (chi) 5 
ketocyclazocine; bremazocine; met -

6 7 
enkephalin-arg -phe ; Dynorphin 

a (sigma) N-allylnorcyclazocine (SKF 10,047; 
cyclazocine; phencyclidine (PCP) 

e (epsilon) 3-endorphin 

Dynorphin dynorphin 

(Krieger, 1982). Sigma (a) receptors are thought to be ̂involved 

in hallucinatory and sedative states (Holzman, 1981; Miller 

1982). Various actions are postulated for the other three 

receptor types, many of which overlap. It must be noted, 

however, that research in this area is still in the initial 

states as Simon (1981) cautions, although there is evidence 

for multiple opiate receptors types, it is not known:'whether a 

given receptor type bears any special functional relationship 

to one endorphin as opposed to another. So far, the data are 

merely suggestive. Numerous data, however, attest to close 

relationships between receptor binding affinities and opioid 

effects (Snyder, 1979; Snider, 1980). In addition, displacement 

of agonists from opiate receptors by antogonists results in 

corresponding attenuation, reversal, or blockage of agonists 
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actions. The most widely studied antagonist is the drug nalo-

xone which is generally viewed as a pure antagonist at conven-

tional doses (Jasinski et. al., 1967? Johnstone el. al., 1974). 

The distribution of these opiate receptors is widespread. 

Besides the many loci in the central nervous system (CNS), 

including the amygdala, periaqueductal gray, hypothalamus, 

medial thalamus, caudate nucleus, hippocampus (Mudge, Leeman, 

& Fischback, 1979; Synder, 1980; Ho & Allen, 1981), nucleus 

raphe magnus, and substantia gelatinosa of the spinal cord 

(Simon, 1981). Receptors have also been detected in peripheral 

tissue. Adrenal (Lewis et. al., 1981), pancreatic (Cushman, 

1981), vascular (Clement-Jones et.al., 1980? Morley, 1980; 

Hanbauer et. al., 1982), and intestinal (Smith, Hughes, 

Kosterlitz, & Sosa, 1976; Miller, 1982) tissue have been 

found to contain high densities of opiate receptors. 

In 1975, the first endogenous substances that could bind 

to opiate receptors were described (Hughes, 1975; Hughes, 

Smith, Kosterlitz et. al,, 1975; Kosterlitz & Hughes, 1975). 

These were two similar pentapeptides, met (methionine)-enkephalin, 

with sequences TRY-GLY-GLY-PHE-MET and TYR-GLY-GLY-PHE-LEU. 

Since that time, they have been joined by approximately 20 

additional peptides which are capable of stimulating opiate 

receptors (Miller, 1982). 

The term "endorphin" (endogenous morphine-like substance) 

was coined by Simon in 1975, and is now widely accepted as a 

generic descriptor for this whole class of substances (Goldstein, 
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1976). All the endorphins have in common sequences 61-64 of 

the beta-lipotropin (3-KPH) molecule, with met-enkephalin con-

sisting of sequences 61-65 and S-endrophin consisting of 

sequences 61-91 (Goldstein, 1976; Krieger, 1982). Figure 1 

illustrates the structural (amino acid sequence) similarities 

of the endogenous opioid peptides. 

To avoid confusion, the term "endorphin" will be used 

throughout this paper to denote the whole class of endogenous 

opiates. When a specific opioid ligand is being referred to, 

that peptide will be specified (e.g., g-endorphin, ̂ -endorphin, 

met-enkephalin, etc.). Also, a distinction will be made 

between "enkephalins" and "long-chain endorphins." "Enkephalins" 

contain the TYR-GLY-GLY-PHE-MET or TYR-GLY-GLY-PHE-LEU sequence 

or have C-terminal extensions that are structurally unrelated 

to 3-endorphin (Krieger, 19 82) (met-enkephalin, leu-enkephalin, 

met-enkephalin-arg-phe, «-neo-endorphin, and dynorphin). The 

term "long-chain endorphin" will refer to those substances 

containing sequences 62-77 of the 3-LPH molecule (3-endorphin, 

^-endorphin, y-endorphin, des-tyrosin-y-endorphin, etc.). (See 

Figure 1 for graphic representation of these relationships). 

Numerous studies describe enkephalins and 3-endorphin as 

having different distributions (Boom et al., 1978; Watson et 

al., 19 77; Vermes et al. , .1980; Steiner et al., 1980; O'Donohue 

& Dorsa, 1982), different metabolisms (Hambrook et al., 1976; 

Meek, Yang, & Cost, 1977; Miller, Chang, & Cuatrecasas, 1977; 

Miller & Cuatrecasas, 19 78), and different control mechanisms 

(Smith et al., 1981; Panerai et al., 1982). 
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Neural cells seem to contain either 3<-endorphin or 

enkephalins, but not both (Bloom et, al., 1978) , High concen-

trations of 3-endorphin are found in the hypothalamus, pitui-

tary, pre-optic nuclei, thalamus, cerebrospinal fluid, and 

peripheral blood (JRossier et. al., 19771. The arcuate-median 

eminence region of the hypothalamus has the highest concentra^ , 

tion of 3-endorphin in the human brain (Kikes et. al., 1980). 

Enkephalins are present particularly in the adrenal medulla 

(Hanbauer et. al., 1982? Lewis et. al-, 1982; Stine et, al., 

1980; Viveros et. al., 19791, pancreas, myenteric plexus of 

the gut (Polak et, al., 19771, striatum (Smith, Hughes, 

Kosterlitz, & Sosa, 1976), globus pallidus (Simon, 1981), 

hypothalamus (Killer & Cuatrecasas, 1978; Ho & Allen, 1981), 

and amydgala (Hughes, Kosterlitz, & Smith, 19771, Significant 

levels of enkephalin have also been found in the kidney, liver, 

atria (Smith, Hughes, Kosterlitz, & Sosa, 1976), pre-optic 

nuclei, and spinal cord (Hughes, Kosterlitz, & Smith, 1977), 

Concentrations of enkephalin are greater than those of B-endor̂ -

phin, both centrally (Simantov et- al,, 1977; Watson et. al., 

1977) and peripherally (Krieger, 1982), with the highest concen-

trations in humans localized in the adrenal medulla (Viveros et. 

al., 1979; Krieger, 19821, 

All opioid peptides exhibit opiate-like activity when injected 

intraventricularly-,. This activity includes analgesia, respira-

tory depression, and a variety of behavioral changes including 

the production of a rigid catatonia (Simon, 1981), excessive 
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grooming (Wiegant et. al., 1977), fear and anxiety relief, 

relaxation, euphoria (Richie, 1975; Jaffee & Martin, 1980), 

decreased locomotion (Kameyama & Ukai, 1981), and learning 

and memory effects (Olson & Olson, 1979; de Kloet & de Wied, 

1980), Various behavioral and physiolgoical changes have also 

been induced by systemic administration of opioid peptides, 

including reduced audiogenic seizures (Plotnikoff et. al., 

1976), vasodilation, and hypotension (Florey & Mediavilla, 1977; 

Wei, Lee, & Chang, 1980), Opiates depress the electrically 

stimulated release of acetylcholine from the guinea-pig ileum 

and norepinephrine (NE) from the mouse vas deferens (Miller, 

1982). 

Endogenous opioids have been implicated in stress^induced 

hyperglycemia (Amir & Bernstein, 1982), placebo analgesia 

(Levine, Gordon, & Fields, 1978), acupuncture analgesia (Mayer, 

Price, & Rafii, 1977; Pomeranz, 1978), stress-induced analgesia 

(Akil et. al., 1976; Madden et. al., 1977; Bodnar, et. al,, 

1980; Jensen & Smith, 1982; Lewis et. al., 1982; MacLennan et. 

al,, 1982), hypotension (Cowan, Doxey, & Metclaf, 1976), hypo-

thermia (Holaday & Faden, 1980), lipid utilization (Yamashiro 

& Li, 1974),, and constipation (Morley, 1980) . Preliminary 

evidence suggests a role for the endogenous opioid system in 

various other normal and abnormal behavior including sexual 

performance, overeating, and certain mental and emotional dys-

functions (Simon, 19811, Endorphin deficiency symptoms, 

according to Verebey (1981), ". . . would include low pain 
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threshold, anxiety, super-sensitivity to stress, rage, agges-

sion, depression, paranoia, suicidal ideation, and low self-

esteem" (p. 116)« 

Various behavioral and pharmacological treatments affect 

levels of endorphins. Physical exercise, in the form of 

treadmill running (Farrell et. al., 1982), physical condition-

ing (Carret. al., 19 81), and jogging (Colt et. al., 1981; 

Gambert et. al., 1981) increase plasma endorphin levels. 

Several studies (Guillemin et. al., 1977; Rossier et. al., 

1977) suggest that exercise may stimulate a general stress 

response resulting in increased secretion of adrenocorticotrophic 

hormone (ACTH) and endorphins into peripheral venous blood. 

This is consistent with the findings that vigorous exercise 

results in improved mood (Bahrke & Morgan, 1978) and reduction 

of anxiety, depression and anger/hostility (Markuff, £yan, & 

Young, 1982)—changes which correlate with plasma endorphin 

levels (Farrell et. al., 1982). 

Verebey (Verebey et. al., 1978) suggests a major physio-

logical role of endorphins to be the preservation of "psycholo-

gical homeostasis," He characterizes endorphins as "brain 

shock absorbers." This characterization is based on the 

observation that stressful stimuli result in an autonomic 

response, usually a sympathetic discharge, likely to result 

in dopamine and NE hyperactivity in the limbic system. Without 

some compensatory activity, he predicts signs and symptoms of 

psychosis to be the result. In the "normal" individual, however, 
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simultaneously with the sympathetic discharge, a stress-induced 

release of endorphins promptly antagonizes dopamine and pro-

duces inhibitory modulation to most stimulant neuronal activities 

The limbic system's high density of opiate receptors (Ho & Allen, 

1981; Simon, 1981) provides partial support for this view. 

Behavioral effects of narcotic analgesics in normal human sub-

jects are also consistent with such a formulation. Simon (1981) 

contends that these limbic system receptors are involved in the 

affective aspects of pain perception as well as opiate-induced 

euphoria (or dysphoria). Opiates' direct interference with the 

pain source is insignificant. They are efficacious (the most 

potent pain relievers known) through control of the emotional 

components of pain (Richie, 1975; Jaffee & Martin, 1980), by 

acting to create a state of indifference to otherwise unaccept-

able pain (Jaffee & Martin, 1980). 

Ethanol/Opiate Interactions 

Although narcotic addiction and alcoholism have tradition-

ally been considered separate phenomena, recent evidence suggests 

a common underlying mechanism. As early as 1970, the following 

conceptualization was proposed by Davis and Walsh: 

The temporal and proportional differences involved in the 

development of alcohol addiction, on the one hand, and 

narcotic addiction, on the other, have greatly contributed 

to concealing the possible identity of these phenomena. 

Because of the resemblance of symptoms occuring on with-

drawal of either alcohol or the opiates . . . it seems 
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possible that the addictions may be similar and that the 

real distinctions between the two drugs could be only the 

length of time and dosage required for development of 

dependence, (p, 1005) 

Several lines of evidence have emerged which support this con-

tention, including behavioral similarities between opiate and 

ethanol effects, interactions between the two types of drugs, 

and similar actions at the biochemical level. 

Narcotic addicts use alcohol when herion or morphine are 

not available (Jackson & Richman, 1973), Opiates and ethanol 

both cause analgesia (Wikler et. al., 1945; Richie, 1975; Jaffe 

& Martin, 1980), euphoria (Verebey & Blum, 1979), tranquiliza-

tion (Wikler et. al, 1945; Jaffee & Martin, 1975), hypothermia 

(Breese et, al., 1975; Cott et. al., 1976), and are often 

employed as informal methods of stress management (Achterberg & 

Lawlis, 1980). Both classes of drugs affect memory (Panksepp & 

De Eskinazi, 1980; Parker, 1983) and protect against audiogenic 

seizures (Greenberg & Lester, 1953; Plothikoff et. al., 1976). 

It has even been suggested that similar personality types are 

common in alcohol and opiate dependence (Pittel, 1971). 

Ethanol potentiates the effects of exogenous opiates 

(Borowsky & Lieber, 1978). Narcotic addicts frequently combine 

the use of opiates and alcohol (Halpern & Rho, 1966; Weppner & 

Agar, 1971). Ethanol also produces a cross-tolerance to seda-

tive and hypnotic drugs which have actions in the limbic system 

and thalamus (Morgan, 1981), as well as synthetic (Kynch, 1982) 

and organic morphine (Ross, 1975). 
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There is an accumulation of evidence in the animal 

literature suggesting similarities in the development of 

tolerance/dependency to ethanol and opiates (Blum, Hamilton, 

& Wallace, 1977). Voluntary alcohol intake is reduced by 

opiates in several species (Sinclair, Atkins, & Walker, 1973; 

Ho, Chen, & Morrison, 1977), and increased during opiate 

withdrawal (Sinclair, Atkins, & Walker, 1973). Ethanol-induced 

withdrawal is inhibited by opiates (Blum et al., 1976). 

Animals tolerant to ethanol show tolerance to morphine-induced 

stimulation of striatal dopamine synthesis and reduced morphine 

receptor affinity (Tabakoff, Urwyler & Hoffman, 1981). Ethanol 

and opiates' cross-tolerance has been reported to occur to 

the production of hypothermia (Khanna, Kaland, Le, & LeBlanc, 

1979), the inhibition of electrically-induced contraction of 

smooth muscle (Mayer et al., 1980), and the depletion of 

calcium in the CNS (Ross, 1977). 

Chronic alcohol (Coppage & Cooner, 1965; Southern et al., 

1973) or opiates (Cushman, 1973; Cicero et al., 1976) result 

in lowered levels of testosterone and hypogondadism in males. 

Acute ethanol (Bellet et al., 1971; Kakihana & Butte, 1979) 

or opiate (Cushman, 1972; Meites et al., 1979) administra-

tion elevates growth hormone levels. NE levels are decreased 

in mice as a result of chronic (two months) ethanol (Rawat, 

1974) while acute morphine attenuates stress-induced NE 

release (Taborsky et al., 1979). The reader is referred 
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to Rawat (1981) and Cushman (1981) for detailed reviews of the 

neuroendocrine effects of alcohol and opiates, respectively. 

Blum, Hamilton, and Wallace (19 77) provide a detailed review 

of the similar neurochemical and physiological effects of 

these substances. 

Blocking or reversal of drug effects by naloxone is 

generally accepted as evidence of interactions at the opiate 

receptor (Lorens & Sainati, 1978). Kosterlitz and associates 

(1973) demonstrated a high correlation between the inhibiting 

effects of opiates on isolated guinea pig ileum contractions 

and their ability to produce analgesia in man. Furthermore, 

the relative potencies of opiate antagonists (e.g., naloxone) 

correlate well (r = .986) with their potencies to reduce 

stereospecific binding in rat brain homogenates (Pert & Snyder, 

1973b). Blocking or reversal of alcohol effects by naloxone 

can therefore be considered evidence of action at the opiate 

receptor. 

Naloxone has been found to reverse the depleting effects 

of both morphine and ethanol on cerebral calcium levels in 

the rat (Ross et al., 19 74; Ross, 19 76; Blum, Futterman et 

al., 1977), inhibit ethanol dependence in mice (Blum, 

Hamilton et al., 1977; Blum Futterman et al., 1977), atten-

uate ethanol-induced narcosis in mice (Blum, Wallace et al., 

19 76), and block the excitatory effects of ethanol in rats 

(Lorens & Sainati, 19 78). In humans, naloxone has been shown 

to prevent impairment of psychomotor performance induced by 

alcohol (Jeffcoate et al., 1979) , reverse alcohol-induced 
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coma (Sorensen & Mattisson, 1978; Mackenzie, 1979), and 

reverse ethanol-induced narcosis (Schenk et al., 1978; Ho & 

Ho, 1979). 

Tetrahydroisoguinolines (TIQ's). Alcohol has no direct 

action at the opiate receptor. Independent investigations by 

Davis and Walsh (1970) and Cohen and Collins (1970), however, 

have yielded results which indicate a possible biochemical 

mechanism by which ethanol may indirectly interact at the 

opiate receptor. Davis and Walsh (1970; Yamamaka, Walsh, & 

Davis, 1970) hypothesized an alteration in the metabolism of 

dopamine and the production of morphine-like alkaloids known 

as tetrahydroisoquinolines (TIQ's) as a result of the bio-

transformation of ethanol to acetaldehyde. Two such alkaloid 

metabolites, tetrahydropopaveroline (THP) and salsolinol (SAL), 

are structurally similar to morphine (Tregear & Coghlan, 1981). 

Davis and Walsh (19 70) demonstrated a significant elevation in 

THP synthesis in the rat brainstem with ethanol and acetalde-

hyde infusion. Administration of THF-C14 to rats resulted in 

"biotransformation of this compound" and localization in the 

" . . . brain fraction . . . which would contain such alkaloid 

as normorphine, morphine, norcodeine, and codeine" (p. 1006). 

Cohen and Collins (1970) demonstrated in vitro formation of 

TIQ's after exposure of biological systems to acetaldehyde or 

ethanol. Both SAL and THP were generated from these catecho-

lamine -acetaldehyde reactions. Other investigations have 

subsequently demonstrated TIQ synthesis in brain as a result 

of acetaldehyde or ethanol injection (Collins, 19 77) or 
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continuous ethano! intoxication (.Co!ins & Bigdeli, 1975? 

Hamilton, Blum, & Hirst, 1978; Hamilton, Cardenas & Geller, 

1978) . The process by which this occurs is described by 

Davis and Walsh (.19701; 

Ethanol ingestion by man inhibits the normal oxidative 

metabolism of the intermediate aldehyde produced by 

deamination of the corresponding biogenic aminos 

serotonin and norepinephrine . . . . ethanol-induced 

alterations in neuroamine metabolism involves compete-

tive inhibition of aldehyde dehydrogenase by acetalde-

hyde, the primary metabolite of ethanol, both in vitro 

and in vivo . . . acetaldehyde blocks the normal conver-

sion of the amine-derived aldehyde to the corresponding 

acid . . . inhibition of the nicotinamide-adenine 

dinucleotide (NAD)-linked aldehyde dehydrogenase after 

ethanol ingestion may result in localized elevated 

concentrations of aromatic aldehydes in tissue rich in 

biogenic amines. These intermediate aldehydes are highly 

reactive compounds . . . . In the case of the condensa-

tion of dopamine and its aldehyde (3, 4-dihydroxypheny-

lacetaldehyde) the product is a benzyltetrahydroisoquinoline 

alkaloid, tetrahydropopaveroline (THP). (p. 1005) 

Figure 2 presents a schematic representation of this process 

along with structural diagrams of TIQ's and morphine. 

Recent evidence has been reported indicating that TIQ's 

bind to opiate receptors (Greenwald et. al., 1979; Hamilton & 
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Figure 2 

The Formation of Tetrahydrolsoquinoline (TIQ) 

Acetaldehyde reacts with dopamine to form salsolinol. Dopamine 

may also be converted to 3, 4 dihydroxy phenylacetaldehyde (in 

the presence of monoamine oxidase) which can also react with 

dopamine to form tetrahydropapaveroline (THP). THP is struc-

turally very similar to normorphine. Also, if CH3 is substituted 

for H in the normorphine molecule, the resulting structure is 

the morphine molecule. 
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Hirst, 1980) . SAL has been shown to act as a partial agonist 

at opiate receptors in smooth muscle (Hirst, Hamilton, & 

Marshall, 1977) and to potentiate ethanol-induced narcosis 

(Marhsall & Hirst, 1976; Hirst, Hamilton, & Marshall, 1977). 

SAL has also been shown to act independently, and to bind to 

opiate receptors (Dougan, Wade, & Mearrick, 1975; Hamilton, 

Marshall et. al., 1976). Chronic infusion of THP or SAL into 

the lateral ventricle of the rat brain has been shown to 

increase ethanol preference (Myers & Melchior, 1977) . Rats 

which normally rejected ethanol, drank ethanol solutions in 

increasingly excessive amounts as a result of treatment. This 

was accompanied by symptoms similar to those seen in dependence 

and intoxication. Tregear and Coghlan (1981), in their review 

of the evidence involving TIQ's, endogenous opioids, and 

alcohol addiction, conclude . . in view of the experimental 

evidence it must be conceded that at least some aspects of 

alcohol intoxication and dependence involve an interaction 

with the opiate receptor system" (p. 120). 

Endogenous Opioids in Addiction 

The role of endorphins in addiction is of particular 

relevance to the present study. As early as 1967, Dole and 

Nyswander proposed that herion addiction was based on a dis-

turbance of metabolism. Based on observations of the effect 

administration of exogenous hormones have on endogenous > 

hormone production, Goldstein, Lowney, and Pal (1971) sug-

gested that exogenous opiates might suppress synthesis of 
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endogenous opioids. Subsequent studies by Goldstein (1976, 

1978)1 maintained chronic deficiency of endorphins, due either 

to genetic factors or feedback inhibition by exogenous opiates, 

to be the underlying cause of chronic herion addiction. 

Endorphin levels have since been found to be three times 

lower in herion addicts than in controls (Ho, Wen, & Ling, 

1980). Data subsequently presented by Millan and associates 

(1981), provide further support for the endorphinergic hypo-

thesis by demonstrating a 50% decrease in levels of endogenous 

opioids in pituitary, straitum, and plasma following chronic 

(over 30 days) daily exposure to morphine in rats. Genazzani 

and associates (1982) compared plasma and cerebrospinal (CSF) 

levels of ACTH, |3-LPH, and ^-endorphin in a group of 21 chronic 

alcoholics and in eight control subjects. Although no signifi-

cant differences were found in peripheral concentrations, 

alcoholics had (̂ -endorphin levels in CSF that were three times 

lower than controls. ACTH levels were four times higher in 

alcoholics. No differences were found in 3-LPH, 

Several studies report elevated endorphin levels (Simontor 

& Snyder, 1976b) or no effect (Childers et. al., 1977; Crabbe 

et. al., 1981) as a result of "chronic" treatment by alcohol or 

exogenous opiates. However, in these studies, what is charac-

terized as "chronic" treatment is actually of less than 30 days 

duration. Schulz and co-workers (1980) found acute ethanol 

administration to increase met-enkephalin and g-endorphin levels 

in rat brain. Chronically (30 days) supplied ethanol caused a 
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depression of met-enkephalin and $-endorphin levels in most 

of the brain areas investigated, Withdrawal of ethanol 

resulted in complete recovery of endorphin levels in the brain 

and pituitary within two weeks. 

Chronic administration of ethanol (Gianoulakis et. al., 

1981) as well as morphine (Hollt, Haarmann, & Herz, 1981) has 

been shown to interfere with the biosynthesis of proopiocortin, 

the precursor to 8-endorphin GLowry et, al., 1977; Mains et. 

al., 1977; Vermes et. al., 1980; O'Donohue & Dorsa, 1982). 

This indicates a reduction in the rate of 0-endorphin synthesis. 

At this early stage in the development of this area of research, 

however, Herz' (1981) conclusions seem pertinent ". . . the 

sustained disturbances of opiate withdrawal may be explained 

by a deficiency of endorphins at the receptors. Besides 

reduced endorphin synthesis (and possibley release) an increased 

breakdown of endorphins . , . also has to be considered" (p. 

179). He cites Malfroy's (.1978) observation of increased 

activity of a "high affinity enkephalin-degrading peptidase" 

in mice after a three day morphine treatment as justification 

for this view. 

Role of Enkephalins in Addiction. Enkephalins have been 

reported to produce physical dependency in rats, with naloxone 

precipitating a typical "morphine-like" withdrawal syndrome 

(Wei & Loh, 1976) . Wei (1978) examined seven enkephalin 

analogues of differing potencies. The procedure consisted of 

continuous, three-day infusions into the periaqueductal gray 
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region. A quantifiable withdrawal syndrome was produced in 

each case upon administration of an opiate antagonist. There 

was a good correlation between analgesic activity and produc-

tion of dependence. Mello and Mendelson (1978) report that 

intravenous injections of the potent enkephalin analog, 

FK-33-824, effectively substitutes for morphine in reinforcing 

operant responding in morphine-dependent rhesus monkeys. 

A cross-tolerance has been observed between morphine and 

met-enkephalin in animals implanted with morphine pellets 

(Waterfield et al., 1976). Ho and Allen (1981) studied the 

effects of enkephalin on animals' volitional consumption of 

alcohol. They found a significant reduction in ethanol con-

sumption lasting for days as a function of infusion of enke-

phalin. This acute suppression of ethanol consumption was 

blocked by naloxone. 

Blum and associates (19 79) found significant reductions 

in basal ganglia content of enkephalin as measured by the 

immunohistochemical method in hamsters during a free choice 

10 percent ethanol exposure for over 12 months. Clouet and 

Ratner (19 76) had previously found levels of receptor-linked 

enkephalin to be reduced by acute morphine and further reduced 

with chronic morphine administration. More recent experi-

mental evidence (Schultz et al., 19 80) indicates increases in 

met—enkephalin with acute ethanol treatment and decreases with 

chronic treatment. 
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Experimental evidence on enkephalin-related physical 

dependence, volitional consumption of alcohol, and alcohol 

cross-tolerance as well as the effects of chronic alcohol's 

effect on enkephalin levels led Verebey and Blum (1979) to 

speculate that ". . . ethanol—or possibly the metabolite 

(isoquinoline)—saturates opiate (endorphin) receptor sites 

and produces negative feedback-inhibition of enkephalin pro-

duction" (p. 308). However, subsequent investigations suggest 

a different mechanism. In vivo experiments, in which the K+-

induced release of enkephalin from striatal slices was studied, 

did not show significant differences between slices obtained 

from morphine-treated rats and controls; naloxone or morphine 

did not affect the stimulated enkephalin release, neither in 

morphine pre-treated, nor in naive animals (Childers et. al., 

1978; Richter et. al., 1979; Osborne & Herz, 1980). Similar 

results are reported for hypothalamic enkephalin levels 

(Childers et. al., 1978). Increases in degrading enzymes, 

however, have been reported as a result of chronic morphini-

zation or rats (Malfroy.et. al., 1978). This suggests that the 

relevant biochemical changes as a function of addiction occur 

in the turnover, rather than tissue levels of enkephalin. 

Stress-Enkephalin Interactions. Stress has been long held 

to be an important component in alcohol addiction. As Jellinek 

reports, "In spite of a great diversity in personality struc-

ture among alcoholics, there appears in a large proportion of 

them a low tolerance for tension coupled with an inability to 

cope with psychological stresses" (1960, p. 153). This view is 
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supported by the physiological evidence that the hypothalamic-

pituitary-adrenal axis is severely disrupted in alcoholics 

(Mendelson, Osata, & Mello, 1971; Merry & Marks, 1972; Merry, 

1973). It has even been hypothesized that alcoholics have an 

impaired sympathetic nervous system which may be normalized 

by ethanol (Feldstein, 1971), 

The coexistence of enkephalins and catecholamines in the 

adrenal medulla (Lewis et. al., 1979; Viveros et. al., 1979; 

Lewis et. al., 1980; Yang et.al., 1980; Miller, 1982) and 

the observation that enkephalins are released by sympathetic 

activation or trauma (Viveros et. al., 1979; Hexum et. al., 

1980) suggest a role for these peptides in the adaptive 

response to stress. It has been demonstrated that catecho-

lamines and enkephalin-like peptides are released simultane-

ously from the adrenal glands by electrical stimulation of 

the splanchnic nerve. This resulted in a fall in basal systolic 

and diastolic blood pressure which was reversed by naloxone 

(Hanbauer et. al., 1982), 

Under normal conditions endogenous opioid peptides are 

probably released only to a small degree from nerve terminals. 

However, extensive evidence indicates that application of 

stressful stimuli (inescapable pain, cold water swimming, or 

other intense stressful stimulation) results in activation of 

the endorphinergic systems (Emrich & Millan, 1982). Hayes \ 

and associates (1978), for instance, demonstrated an increase 

in pain threshold after electric shock. Similar results have 
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been reported for cold-water stress (Bodnar et. al., 1978) 

and inescapable painful stress (Madden et. al., 1977; Miller 

et. al., 1981)—effects which were reversible by naloxone. 

Blasig and associates (1978) found a naloxone-reversible 

stress-elicited rise in body temperature. Amir and Amit 

(1978) demonstrated a remarkable decrease in escape latency 

in rats under immobilization stress as a result of naloxone 

administration. 

Akil and associates (1976) demonstrated a significant 

increment in enkephalin levels and a concurrent decrease in 

pain responsiveness (tail-flick latency) brought about by 

acute stress (foot shock). This analgesic effect was parti-

ally blocked by naloxone. It was also found that these 

biochemical and behavioral responses "habituate" with repeated 

exposure to stress. After 12 days, stress no longer increased 

enkephalin levels or tail-flick latency. The authors conclude 

that the contribution of enkephalins ". . . to pain blockage 

during stressful situations would indicate their critical role 

in survival and their potential function at the interface of 

hormonal, sensory, and emotional mechanisms" (p. 69). This 

conclusion is not unlike Verebey's characterization of endo-

genous opioids as "brain shock absorbers," Pain suppression 

might prove more adaptive under conditions of emergency, when 

attention to noxious stimuli could disrupt effective coping 

(Liebeskind et. al., 1976). 
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Additional evidence for an enkephalinergic role in stress-

induced analgesia were reported by Lewis and associates (1981). 

They found enkephalins to be released from the adrenal medulla 

and found adrenal medullectomy or adrenal medullary denerva-

tion to be effective in antagonizing the opioid-dependent forms 

of stress analgesia. These authors used procedures which 

ruled out catecholamines as the source of the effects. In a 

subsequent study, Lewis and co-workers (1932) provided further 

evidence that adrenal medullary enkephalins play a significant 

role in stress analgesia. They found that both prolonged and 

brief stress elicited potent analgesia in sham operated rats. 

Adrenalectomized, adrenaldemedullated, and adrenal-denervated 

groups all showed less analgesia after prolonged stress than 

the sham operated group, but did not differ from each other. 

Their study also showed levels of corticosterone not to be 

correlated with analgesia—arguing against a critical role 

for corticosterone. Adrenalectomy has been shown to attenuate 

a naloxone-sensitive form of stress analgesia (Bodner et al., 

1980; MacLennan et al., 1982) but not affect a naloxone-

insensitive form (Glusman et al., 1980). These data implicate 

the adrenal medulla in a form of enkephalin-dependent stress 

analgesia. Although the data cited above is from the animal 

literature, it is important to note that stress-induced 

analgesia has been found in humans as well (Wilier et al., 

1981). 
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Eiden and Ruth (1982) report evidence that enkephalins 

modulate atrial catecholaminergic function by binding to 

specific opiate receptor sites on the myocardium, B-endor-

phines and various enkephalins had no effect on the basal 

beating rate of isolated rat atria. The positive "chrono-

tropic" effect of norepinephrine (56% increase in atrial 

rate) was, however, significantly attenuated by enkephalins 

(42% decrease). B-endorphin, in contrast, did not signifi-

cantly affect norepinephrine stimulation of atrial rate. 

Naloxone completely reversed the effect of met- and leu-

enkephalin. The authors suggest that opiate peptide antagonism 

of catecholamine function may be a general feature of the 

mammalian nervous system. Catecholamines have also been 

shown to have a number of structural similarities to known 

inhibitors of enkephalin degrading enzymes (Craviso S Musacchio, 

1978; Blumbert et. al., 1981). Furthermore, it has been dem-

onstrated that all three naturally occurring catecholamines 

(dopamine, norepinephrine, and epinephrine) are potent inhi-

bitors of enkephalin aminopeptidase activity in brain and 

peripheral tissue (Caffrey & Hodges, 1982b). 

Opiates (Herze, Blasig, & Papschi, 1974) and alcohol 

(Rawat, 1974) can decrease norepinephrine (NE) activity and 

turnover. It has also been demonstrated (Kuhar, 1978) that 

NE cells of the locus coeruleus (LC) are inhibited by systematic 

and iontophoretic administration of enkephalins. Gold and 

Pottash (1981), considering these observations, were prompted 
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to put forth the "NE hyperactivity" hypothesis to account for 

the opiate withdrawal syndrome. They proposed that the 

absence of exogenous opiate-mediated inhibition of ascending 

NE neurons and the absence of adequate inhibitory neurotrans-

mitters at the level of the NE nucleus would result in a 

large increase in NE activity, release, and turnover. 

Many inter-relationships have been described between 

ethanol, opiates, and endorphins. Table 2 and 3 present some 

of the most relevant of these in tabular form in an attempt 

to clarify these complex relationships. 

Table 2 

Comparison of Effects Produced by Acute Administration Of 
Ethanol (ETOH), Exogenous Opiates, and Enkephalins 

Acute Effects 

Symptons ETOH Opiates Enkephalins 

Euphoria X X X 

Analgesia X X X 

Respiratory Depression X X X 

Anxiety Relief X X X 

Fear Relief X X X 

Decreased Locomotion X X X 

Seizure Reduction X X X 

Vasodilation X X X 

Hypotension X X X 

Elevated GH X X ? 

Elevated Endorphin X X 

Increased Enkephalin Hydrolysis •? 
T X 
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Table 3 

Comparison of Symptoms Produced by Ethanol (ETOH), Exogenous 
Opiates, and Enkephalins as a Consequence of 

Chronic Use and Withdrawal 

Consequences 

Chronic Withdrawal 

Symptoms ETOH Opiates ETOH Opiates Enkephalins 

CNS Calcium 

Depletion X 

Lowered Testosterone X 

Hypogonadism X 

Tolerance X 

Decreased NE Levels X 

Lowered ^-endorphin X 

Lowered Enkephalin X 

Anorexia X 

Depression x 

Paranoid Thinking X 

Agression/Hostility X 

Lowered Self-Esteem X 

Low Stress Tolerance X 

Tremor 

Autonomic Hyper-
activity 

Anxiety 

Irritability 

Increased NE Activity 
and Turnover 

Malaise or Weakness 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 3—Continued 

Consequences 

Chronic Withdrawal 

Symptoms ETQH Opiates ETOH Opiates Enkephalins 

Disturbed Sleep X x x 

Hallucinations X X X 

Seizures X X X 

Diarrhea x X 

Enkephalin Metabolism 

Enkephalins are synthesized in a manner different from the 

longer chain endorphins. Unlike 3-endorphin, they are not 

derived from proopiocortin, and they are not produced in the 

pituitary (Guilleman, Ling, & Vargo, 1977; Rossier et. al., 

1977) . Instead, the highest concentrations of enkephalins have 

been localized in the adrenal medualla (Viveros et. al., 1979; 

Stine/et. al., 1980; Hanbauer et. al., 1982) and the striatum 

(Smith, Hughes, Kosterlitz, & Sosa, 1976; Childers et. al., 

1978). Extensive ablation studies by Childers and associates 

(1978) indicate that the striatum is the source of at least 

one major enkephalinergic pathway. Enkephalins have also been 

shown to be synthesized and stored, along with catecholamines, 

in chromaffin granules of the adrenal medulla (Lewis et. al., 

1979; Viveros et. al., 1979; Lewis et. al., 1980; Stine et. 

al., 1980; Yang et. al., 1980; Miller, 1982). 

Recent evidence (Steiner et. al,, 1980) has suggested 

that a carboxypeptidase B-like enzyme (an endopeptidase) is 
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the final processing enzyme fop enkephalin biosynthesis. 

This endopeptidase apparently acts on a derivation of a large 

polypeptide which contains multiple sequences of enkephalin 

to yield met- or leu-enkephalin (Knight, Plotkin, & Tamminga, 

1982). 

The primary step in the degradation of met- and leu-

enkephalin is thought to be the cleavage of the TRY-GLY amide 

bond. This step results in complete inactivity of the 

residues (Hambrook et. al., 1976; Jacquet et, al,, 1976; 

Meek, Yang, & Cost, 1977; Miller, Chang, & Cuatrecasas, 1977). 

Schwartz, Malfroy, & De Jja Baume (1981) have recently suggested 

a different enzyme as the principle agent of enkephalin inacti-

vation. They propose a dipeptidyl carboxypeptidase (an endo-

peptidase) which acts at the GLY-PHE bond as the most active 

agent in enkephalin degradation. However, in a test of this 

hypothesis, Caffrey and Hodges (1982a) measured the effects of 

a carboxypeptidase A inhibitor (D-phenylalanine) and as inhi-

bitor of dipeptidyl carboxypeptidase (des-tyrosyl-enkaphalin) 

as compared to an aminopeptidase inhibitor (puromycin). 

Puromycin was found to inhibit approximately 95% of the total 

enzyme activity, while the other inhibitors failed to affect 

enzyme activity. These findings are consistent with previous 

Studies demonstrating aminopeptidase as the predomiant enzyme 

involved in enkephalin inactivation • (Barclay & Phillips, 1978). 

Enkephalins are rapidly metabolized. Jacquet, Marks, and 

Li (1976) demonstrated in vivo metabolism of 30-40% of their 
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four minutes and to be com-

Inturrisi et. al., 1980). 

sample within the first minute, increasing to 80% in 10 

minutes. The appearance of N-terminal TYR before LEU or 

MET indicated an aminopeptidase wa.s the principle proteolytic 

enzyme. The effects of met-enkeptyalin-arg-phe andmet-enkephalin 

have been shown to peak at two to 

pletely dissipated at 10 minutes 

The half-life of enkephalins has been calculated to be approxi-

mately four minutes (Schwartz, Malfroy, & De La Baume, 1981). 

Rapid degradation of met-enkephalin has been observed even 

under the conditions of the binding assay (Birdsall et. al., 

1976) . The large amount of aminopeptidase activity contained 

in the opiate receptor fraction of brain commonly used for 

the binding assay (Meek, Yang, & Costa, 1977) would explain 

the rapid degradation observed under these conditions. 

Enkephalin hydrolysing activity (EHA) has been detected 

in both the CNS and in peripheral tissue. EHA has been 

localized in the CNS and CSF and d[n. sy nap to somes (Birdsall 

et. al., 1976; Schwartz, Malfroy, 

Peripheral EHA has been observed i[n t h e ileum, adrenal glands 

(Caffrey & Hodges, 1982b), and in plasma (Lane, Ranee, & 

Walker, 1977), It has even been demonstrated that human poly-

morphoneuclear leukocytes (PMN) degrade and oxidize met-

enkephalin to its sulfoxide derivative (Turkall, Denison, & 

Tsan, 1982). These results suggest the localization of an 

aminopeptidase on the surface of PMN's. The authors conclude 

that this arrangement contributes to pain at the site of 

inflammation, 

& De La Baume, 1981). 
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It is because of this rapid degradation that special 

procedures have been utilized to demonstrate enkephalin 

effects (Morely, 1980). Without special precautions, intra-

cerebral (Birdsall et al., 19 76; Miller, Chang, & Cuatrecasas, 

1977) and systemic (Inturrisi et al., 1980) administration 

have often failed to produce characteristic effects. The 

most common procedures utilized have been the substitution of 

D-alanine for glycine in the 2-position to form an enkephalin 

analog which is resistant to aminopeptidase hydrolysing 

activity (D-Ala^-enkephalin) (Miller, Chang, & Cuatrecasas, 

1977), or the use of the antibiotics, bacitracin (Turkall et 

al., 1982) or puromycin (Barclay & Phillips, 1978; Caffrey & 

Hodges, 1982b), which inhibit aminopeptidase activity. These 

procedures result in enkephalin potency equal to, or greater 

than morphine (Miller, Chang, & Cuatrecases, 1977) which 

suggests degradation rate as an important governing component 

in enkephalin activity. Also apparent is the important role 

played by aminopeptidase in this process. 

Measurement of enkephalin metabolizing enzyme activity 

levels may be a better indication of enkephalin activity than 

direct measurements. Due to the rapid degradation and sporatic 

release of enkephalins, direct measurement has some inherent 

inaccuracies which are difficult to correct. Measurement of 

EHA levels, however, result in an indication of the organism's 

overall, tonic readiness to allow enkephalin action as well as 

an indication of the potency (in terms of ultimate effect at the 
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site of action) of whatever enkephalins are released. There-

fore, EHA level represents the current metabolic condition 

of the enkephalinergic system. As such, EHA levels are 

preferable for determining the long-term condition of the 

enkephalinergic system. 

The present investigation will utilize a procedure 

developed by Caffrey and Hodges (198 2a) which employs radio-

iodinated enkephalin as substrate for evaluating enkephalinase 

activity. It is a simple, precise, and highly sensitive 

method which has been shown to have several advantages over 

other methods such as scintillation counting. Basically, it 

involves incubation of radioactively labelled enkephalin with 

the degrading enzyme followed by quantification of the cleaved 

N-terminal products. 

Behavioral Treatment of Alcoholism 

Most therapy currently provided to alcoholics involves 

the use of traditional behavior therapy methods. The types of 

behavior therapy provided range from cognitive behavior therapy 

to conditioned aversion. Conditioned aversion has received the 

most attention as a behavior modification technique for treating 

alcoholics. In fact, for many years the terms behavior therapy 

and electrical aversion were synonymous to many non-behavioral 

people. 

Electrical Aversion. Early investigations of electrical 

aversion in alcohol treatment consistently reported positive 

results (McGuire & Vallance, 1964; Blake, 1965; Hsu, 1965; 

MacCulloch et al., 1966; Sandler, 1969). Invariably, however, 
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these studies utilized small numbers of subjects, short 

follow-up periods, relatively small proportions of patients 

maintaining abstinence, and lack of direct assessment of 

actual conditioned aversion to ethanol. Furthermore, these 

studies typically lacked a "standard treatment" control group. 

More recently, studies incorporating better designs 

(control groups, more subjects, and better outcome measures) 

have raised serious doubts about the efficacy of electrical 

aversion. Vogler and associates (19 70? 1971), for instance, 

reported encouraging short-term abstinence data but excessive 

losses of subjects from electrical aversion treatment groups. 

Miller, Hersen, Eisler, and Hemphill (1973) used a matched-

subjects design incorporating two attention-placebo groups 

(low intensity/non-aversive shock and group therapy). Alcohol 

consumption was measured by a "taste test" in which subjects 

were given a variety of alcoholic and non-alcoholic beverages 

and instructed to rate each on taste—drinking as much of each 

beverage as they liked. Analysis of the data revealed no 

significant differences in reduced consumption or attitudes 

toward alcohol between the three groups. Hedberg and 

Campbell (1974) compared four separate behavioral treatment 

approaches and reported that electrical aversion, unlike 

behavioral family counseling, systematic desensitization, and 

covert sensitization, had no apparent impact on drinking by 

alcoholic subjects. 
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Wilson, Leaf, and Nathan's (1975) direct test of the 

widespread presumption that electrical aversion procedures 

actually establish a conditioned aversion to ethanol provides 

a convincing demonstration of the apparent ineffectiveness of 

this approach as a treatment for alcoholism. A large number 

of aversion conditioning trials were administered over several 

days. The alcoholic subjects were then permitted to drink ad 

libitum in a laboratory setting. Comparison of consumption 

during pre- and post-treatment ad libitum periods revealed no 

difference. The authors concluded that conditioned aversion 

had not been established. 

Wilson's (.1978) comprehensive review of the literature <: 

concerning electrical aversion draws the following conclusion 

. . the evidence on the efficacy of electrical aversion 

conditioning . . . is overwhelmingly negative. Its uses as 

a treatment modality with alcoholics should be discontinued" 

(p. 453). 

Chemical Aversion. Reports on chemical aversion as an 

approach to treatment of alcoholism date back to the 1940's. 

The data in this area seem a bit more promising than for 

electrical aversion. 

Several studies describe the procedures at Shadel 

Hospital (Voegtlin, 1940; Lemere et, al., 1946; Lemere & 

Voegtlin, 1950). Patients received five treatment sessions 

on alternate days during a 10 day hospital stay. An emetine-

pilocarpine-ephedrine mixture was administered intravensously; 
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producing nausea within two to eight minutes. The patient 

was then given a drink of his/her preferred beverage to smell 

and taste at the earliest sign of nausea. Additional drinks 

were given over a 30—minute to 60—minute period as nausea and 

vomiting persisted. "Booster" reconditioning sessions were 

offered to all patients at any time they felt an urge to drink 

subsequent to original conditioning and, routinely, at six and 

12 months after initial treatment. 

Follow-up data from 4096 of 4468 patients treated over 13 

years at Shadel Hospital yielded a follow-up rate of 92 percent 

of original patients. Forty-four percent of these patients had 

remained totally abstinent through 2 to 13 years. An additional 

seven percent had relapsed and then been successfully re-treated. 

Sixty percent of the follow-up patients had been abstinent for 

one year, 51 percent for two years, 38 percent for five years, 

and 23 percent for 10 years. 

Similar positive results have been reported by other 

facilities offering chemical aversion treatment. Thimann 

(1949) reported a total success rate of 51 percent of patients 

located for follow-up seven years after emetine conditioning 

treatment at the Washingtonian Hospital in Boston. Similarly, 

Wiens and associates (1976) reported a 63 percent success rate 

of 261 alcoholic patients treated by emetine conditioning at 

Raleigh Hills Hospital in Portland after one year. These 

authors considered patients who could not be located for 

follow-up to be treatment failures. 



44 

Rates of success reported in these studies, however, may 

be due to factors other than the efficacy of chemical aversion, 

per se. First, patients who chose chemical aversion programs 

must have sufficient private financial resources or health 

insurance to pay for the costly inpatient treatment. This 

factor selects for recent or current employment and, as a 

result, a certain minimal ability to function. The higher 

educational and socioeconomic levels selected for also indi-

cate superior treatment potential. Furthermore, to complete 

a chemical aversion treatment sequence, patients must be 

very highly motivated to change their drinking behavior since 

the treatment is extremely unpleasant. 

There is no definitive proof that chemically induced 

nausea produces a reliable aversion to alcohol in humans 

(Nathan & Goldman, 1979). Burt (1974) interviewed 34 patients 

who had relapsed an average of 18 months after completing the 

Shadel program. Only five percent of these patients reported 

nausea or fear before their first drink. Similarly, Voegtlin 

(1947) stated that some of his patients did not develop 

alcohol aversions despite vomiting during the conditioning 

process. Considering the prevalence of endogenous opioids 

in the gastrointestinal tract and the relationship of enkepha-

lins to stress reactions, an endorphinergic (enkephalinergic) 

explanation might prove more fruitful. 

Relaxation Techniques. Mediation, desensitization, pro-

gressive relaxation training, and biofeedback have all been 
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used as a means of reducing anxiety/arousal and inducing rela-

xation. Relaxation training in one or more of these forms is 

frequently suggested as a therapeutic technique with alcoholics 

(Strickler et. al., 1977) . 

Kraft and Al-Issa (1967) report the use of systematic 

desensitization with a 20-year-old alcoholic who suffered from 

long—standing severe anxiety related to talking to strangers 

or before groups. Relaxation was induced by hypnosis and 

through the use of Wolpe's (1958) hierarchical method of 

systematic desensitization. The patient was provided with 

23 densensitization sessions, each of one hour duration. The 

patient's social adjustment gradually improved and alcohol 

consumption was reduced. After the 13th session, his craving 

for alcohol had disappeared and he found a half of pint of 

beer sufficient. A 15 month follow—up found that the patient 

had remained sober, occasionally drinking a small amount of 

beer. While conclusions cannot be drawn from a single case 

study, this account does suggest that where anxiety is a major 

determining factor, desensitization can be effective in modi-

fying alcoholism. 

Kraft and Wijesinghe (1970) reported a psychometric 

evaluation of change in nine alcoholic patients whom they had 

treated with desensitization. The authors found significant 

reductions in the anxiety level on the Taylor Manifest Anxiety 

Scale, in the neuroticism scores on the Maudsley Personality 

Inventory, and on all scales on the MMPI. No change was found 
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in extraversion or direction of hostility- They suggested 

that desensitization was effective in modifying symptoms and 

certain attitudes associated with them but had little or no 

effect on the central personality traits and attitudes. The 

lack of controls in this study make generalizations inappro-

priate. 

Strickier and associates (1977) report the results of a 

single brief session of directed relaxation instructions on 

the electromyograph (EMG) responses of abstinent alcoholics to 

drinking-related stimuli. They found that this single session 

was sufficient to reduce significantly the frontalis EMG levels 

in these seven male alcoholics as well as protect them from the 

tension-inducing effects of drinking-related stimuli (audio) 

as compared to seven attention-placebo control subjects who 

heard a description of a pleasant scene, 

A study by Madden (1983) of 95 alcoholics in a VA 

inpatient treatment program measured relaxation as an adjunct 

to the regular treatment. They used progressive muscle relaxa-

tion twice each week for approximately nine weeks. Self report 

measures (POMS) of tension showed that experimental and control 

groups became significantly less tense without a significant 

difference between the two conditions. The experimental group, 

however, did show significant differences on the POMS Tension-

Depression (combined scores from the two scales) and on a fear 

scale. The control group showed significant decreases on the 

fear scale only. When the experimental and control groups were 
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combined, post-one month drinking correlated directly with 

Tension—Depression on the POMS at three weeks (—.51), six 

weeks (-.64), nine weeks (-,46), and post-one month (-.52). 

They conclude that . . the alcoholics who stay tense are 

more likely to drink after leaving the program" (p. 16). 

These results are in support of the suggestive, but inconclu-

sive data presented by Steffen (1975) indicating that relaxa-

tion may reduce alcoholics voluntary ethanol self—administration. 

Gilbert, Parker/ and Claiborn (1978) compared the effects 

of a single session of progressive relaxation, meditation 

training, and quiet rest on mood state as measured by the POMS 

in 30 male alcoholics in a VA substance-tabuse program. Both 

progressive relaxation and meditation training produced 

measureable decrements in self-reported tension and depression, 

and a trend toward increased vigor. Quiet rest controls 

showed no change on any of the six subscales. In a related 

study, Parker, Gilbert, and Thoreson (1978) found that both 

progressive relaxation and meditation training were useful for 

reducing blood pressure in alcoholics. 

In studies using electroencephalograph (EEG) biofeedback 

as a treatment for alcoholics, Wong (1976) found that after 15 

one-hour alpha-EEG training sessions a) alcoholic patients did 

not improve on the Experiencing Scale, b) the experimental 

group showed greater congruence between ideal and acutal self-

concepts, c) the experimental group showed significantly more 

improvement in their Repression-Sensitization Scale scores than 
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the control group, and d) the experimental group learned to 

increase production of alpha. Passini and associates (1977) 

gave alcoholic patients 10 one-hour alpha training sessions. 

When compared to a control group, the alpha group had greater 

production of alpha, but this failed to correlate with the 

anxiety measures, which included the MMPI, multiple adjective 

checklist, Nuckerman's sensation scale, Watson's anhedonia 

scale, and state-trait anxiety. The Alcohol Consumption 

Follow-up Questionnaire found a significant difference in 

drinking behavior only concerning the longest period of time 

without drinking during the follow—up period, which differed 

in favor of the treatment subjects; no differences were found 

on the other 12 variables related to drinking behavior (e.g., 

number of days abstinent, number of excessive consumption 

days, number of alcohol-re la ted re-hospitalizations, number of 

weeks employed). The results suggested that the therapeutic 

effect of alpha biofeedback training was very limited. 

Eno (1975) used EMG training to reduce anxiety in 50 

alcoholic patients. Patients were assigned to either the 

control group, Jacobson relaxation group, EMG combined with 

Jacobson relaxation, EMG, or no treatment group. Alcoholics 

were found to have higher state and trait anxiety than non-

alcoholic controls. The combination of Jacobson relaxation 

and EMG produced the most significant results in comparison 

to the other groups. No follow-up is reported on abstinence 

however. 
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The long-term effects of chronic alcoholism on neuro-

musclar control was investigated by Tarbos (1983). Alcoholics 

were compared to non—alcoholics regarding their ability to 

relax the frontalis muscle group via EMG biofeedback. Alco-

holics were found to be as capable as non-alcoholics in 

reducing muscle tension. Alcoholics, however, were found 

to demonstrate significnatly higher baseline levels of muscle 

tension prior to relaxation training. 

Similar results were reported by Weingarten, Hartman, and 

Holcomb (1980) who found alcoholics able to significantly 

reduce frontalis EMG. This study was particularly interested 

in the relationship between EMG biofeedback training and drop-

out rate. They found that dropouts did not differ from remainers 

in pre-treatment EMG levels. Comparison within dropouts, how-

ever, indicated that early dropouts (less than 10 sessions) had 

significantly higher initial EMG levels than late dropouts (10 

to 19 sessions). The early dropouts terminated treatment in 

spite of significant reduction in EMG. 

Shirley and co-workers (1982) present data which may help 

to clarify these puzzling findings. In their study, 36 under-

graduates received EMG biofeedback from multiple muscle sites, 

from the frontal site, or no biofeedback. Multiple-site bio-

feedback was effective in reducing several indices of autonomic 

arousal (pulse rate, finger pulse volume, and skin temperature), 

which frontal biofeedback was not. During a "generalization/ 

stress" phase, all subjects were threatened with and received 
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electric shocks and were told to apply the relaxation techni-

ques they had learned during training though no additional 

biofeedback would be provided. Multiple-site biofeedback was 

effective in reducing self-reports of anxiety and autonomic 

arousal but frontal biofeedback was not. Bazon talis EMG may 

therefore be less reliable as a measure of autonomic arousal 

than more comprehensive indices (e.g., multiple site EMG, 

peripheral skin temperature). 

Research in the area of peripheral vasomotor tone suggests 

skin temperature biofeedback as a potentially useful technique. 

Teichner, in 1965, noted a characteristic tendency toward vaso-

constriction (as measured by f inger temperature in a temperatvlre-

controlled chamber) under "emotion-producing" stress. Stress 

(threat of electric shock) resulted in progressively increasing 

vasoconstriction. Highly or overly aroused subjects were found 

to vasoconstrict more rapidly and to greater degree under the 

conditions of experimental stress. According to Malmo (1972), 

"Constriction of the blood vessels in the skin is an integral 

part of the overall physiological mechanism £hst is designed 

for action" (p. 976). He further states that increases in 

peripheral skin temperature indicate relaxation of vasomotor 

tone and are associated with increased amplitude of plethysmo-

graph pulse and decreases in blood pressure. Snyder and Scott 

(1972) also find peripheral vasomotor tone, reflected by peri-

pheral skin temperature, to parallel changes in blood pressure. 

In reporting their data on the psychophysiology of sleep, they 

note a: 
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. . . direct parallelism of blood pressure or body move-

ment curves on the one hand, and skin temperature or CO2 

tension on the other. The latter pair of measures would 

also correspond to EEG measures of sleep "depth, while 

the former would be inversely related. (p» 665). 

Cinciripini (1982) recorded frontalis EMG and digital 

skin temperature in 63 subjects in eight 40-minute biofeedback 

sessions. He found significant reductions in EMG and increases 

in skin temperature between baseline and feedback periods. 

Multiple regression analysis showed baseline EMG levels to be 

the best predictors of skin temperature changes. The relation-

ship between the two variables were characterized by an overall 

negative correlation of .32. 

Bahrke and Morgan (1978) found that acute physical activity 

non-cultic mediation, and quiet rest were equally effective in 

reducing state anxiety. Light or moderate exercise had been 

previously been found to have no influence on state anxiety 

(Morgan, Roberts, & Feinerman, 1971), Bahrke and Morgan con-

clude that " . . . two procedures representing opposite ends of 

the quiescence-arousal continuum produce a similar effect--

anxiety reduction" (p. 324). Therapies of various types, 

including autogenic training, biofeedback, hypnosis, mediation, 

progressive relaxation, and exercise have been employed as 

means of reducing anxiety. In this context it is noteworthy 

that acute physical activity (Byrd, 1965; de Vries, 1968; de 

Vries & Adams, 1972; Morgan, 1973; Morgan, 1978) and meditation 
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or relaxation techniques (Wallace & Benson* 1972; Benson et 

al., 1975), two seemingly divergent therapeutic approaches, 

are both capable of reducing tension and improving psycholo-

gical states. Furthermore, it is not insignificant that each 

of these procedures and their effects may be related to the 

production of endogenous opioid peptides. For this reason, 

any study of the effect of endogenous opioids on relaxation 

would have to take into account physical exercise as a related 

variable. 

Purpose and Scope of the Study 

There were four major objectives of the present investi-

gation. Our first objective was to determine if enkephalin-

hydrolysing activity (EHA) was related to chronic alcoholism. 

If EHA levels were found to be related, a second objective 

was to determine if these levels return to normal after one 

year's abstinence from alcohol. The third objective was to 

determine the relationship between EHA and the ability to 

relax. Finally, the statistical design also evaluated the 

impact of EHA level on mood in alcoholics and controls, as 

well as take into account such variables as exercise. 

The first hypothesis is composed of three parts and 

concerns biochemical, emotional, and sensory correlates of 

chronic excessive alcohol use. It was hypothesized that 

increasing alcohol use would be related to a) increasing 

elevations of enkephalin-degrading enzyme activity; b) increa-

sing emotional distress (measured by the POMS scales); and 
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c) decreasing sensory threshold. The first part of this 

hypothesis (la) is based upon the theoretical formulation 

presented above which suggests that a disruption of the 

endorphinergic system is involved in the development of 

alcohol addiction. Hypothesis la presents enkephalin-degrading 

enzyme activity as a putative mediational variable in this 

process. That is, elevated EHA levels could elevate the rate 

of enkephalin degradation resulting in enkephalin deficiency, 

requiring suplementation by alcohol ingestion. The second 

part of this hypothesis (lb) is based on the findings of previous 

researchers which consistently report emotional distress for 

alcoholics. The third part of the first hypothesis (Ic) is 

derived from the theoretical reduction in endorphins related 

to chronic excessive alcohol consumption. If there is an 

endorphin deficiency, there should be an enhanced sensitivity 

to touch. 

The second hypothesis is likewise composed of three parts. 

It was predicted that with increasing elevations of enkephalin-

degrading enzyme activity, there would be related a) increased 

emotional distress (measured by the POMS scales); b) decreased 

ability to perform a biofeedback/relaxation task, reflected 

by changes in arousal level during training (measured by 

peripheral skin temperature and EMG); and c) lowered sensory 

threshold. Based on previous findings that enkephalin 

deficiency is related to depression, aggression/hostility, 

and anxiety, and that enkephalin-degrading enzymes inactivate 

enkephalins, hypothesis Ila simply predicts a relationship 
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in the expected direction. Hypothesis lib makes a similar 

prediction—increased EHA, having been related to decreases 

in enkephalin (a substance which promotes relaxation), should 

be related to a decreased ability to relax. Hypothesis lie 

is related to hypothesis Ic:. Hypothesis lie proposes a role 

for EHA in enhancing sensitivity to touch (assuming hypothesis 

Ic is supported). 

Method 

Subjects 

Subjects consisted of abstinent, non-alcoholic males 

ranging in age from 18 to 65 (Control group), recovering 

alcoholics currently attending Alcoholics Anonymous on a 

regular basis who have been abstinent for one year or more 

(Recovery group); or alcoholics admitted to the Alcoholic 

Rehabilitation Unit (ARU) of the Veterans Administration 

Medical Center, Waco, Texas, who agreed to participate in 

the study, and who had been abstinent less than 60 days 

(Alcoholic group). Criteria for admission to the ARU include 

the following: a) a drinking problem which has caused signi-

ficant damage to the person's health or personal or social 

functioning; b) good reality contact; c) absence of medical 

problems which would prevent full participation in the ARU 

program; d) capable of functioning with minimal supervision; 

e) deemed capable of functioning outside an institution if 

sobriety could be achieved; f) agreed to stay in the program 
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until designated discharge date (30 to 60 days); and g) absti-

nent from alcohol at least 10 days prior to admission. 

Sixty subjects were utilized including 20 in the Control 

group (non-alcoholic, abstinent non-patients, 10 in the 

Recovery group, and 20 in the Alcoholic group. All subjects 

were males ranging in age from 18 to 65. An Informed Consent 

form (Appendix C) was signed by each subject. 

Measures 

Seven assessment devices were used in this study, 

including one standardized mood scale (Profile of Mood States), 

two physiological measures (peripheral skin temperature; EMG), 

one biochemical measure (EHA level via blood sample), and two 

self-report measures (Alcohol-Related History Questionnaire; 

Health Questionnaire), and one psychophysiological measure 

(sensory threshold). 

Profile of Mood States (POMS). Developed by McNair, 

Lorr, and Droppleman (1971), this rating scale consists of 

65 adjectives that describe transient moods or feelings 

which are rated by how strongly they are experienced, from 

"not at all" to "extremely." The adjectives can be easily 

understood by anyone with as little as a seventh grade 

education. There are six affective dimensions tapped by the 

POMS: a) Tension-Anxiety, b) Depression-Dejection, c) 

Anger-Hostility, d) Vigor, e) Fatigue, and f) Conflusion-

Bewilderment. The POMS Tension factor refers to increased 

musculoskeletal/psychomotor tension, while the Depression 

factor represents a mood of hopelessness, guilt, and 
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emotional estrangement from others. Anger-Hostility taps 

feelings of annoyance, as well as combativeness. Vigor 

ratings are negatively correlated with the other five scales, 

and refers to a mood of abundant energy. Fatigue refers to 

low energy level and weariness. Confusion does not unequivo-

cally measure a mood state. "There is doubt as to whether 

the factor represents a trait of cognitive inefficiency, a 

mood state, or both" (McNair et al., 1971, p. 8). 

Norms are available for both college student and psychia-

tric outpatient samples administered the POMS. Kuder-Richardson-

20 internal consistency values for the POMS factors are quite 

acceptable. In a study of 350 male psychiatric outpatients, 

values obtained for each of the subscales exceeded .87. 

Test-retest stability over a three-week period ranged from 

.65 to .74. Scores on the Manifest Anxiety Scale (MAS) 

correlated .80 (P < .01) with the tension factor of the POMS 

for a sample of 200 outpatients (McNair et al., 1971). For 

a normative sample of 1000 persons seen in a psychiatric 

clinic, the average profile score on any mood was 50, with 

approximately 95 percent scoring between 30 and 70. Scores 

for each of the six dimensions was calculated as well as a 

Total Mood Disturbance score. 

Frontalis Muscle Tension (EMG). Frontalis muscle tension 

was assessed prior to treatment and at the termination of 

treatment. 

Peripheral Skin Temperature (PST). Peripheral blood 

circulation was assessed indirectly by a Cyborg Thermal 
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P642 biofeedback thermometer with the thermistor attached by 

millipore tape to the volar surface of the middle finger. 

Enkephalin Hydrolysing Activity Level (EHA). Rate of 

enkephalin hydrolysing activity (EHA) was assessed through 

measurement of enkephalin metabolizing enzyme activity levels 

in circulating blood. The procedure developed by Caffrey 

and Hodges (1982a) utilizing radioiodinated enkephalin was 

employed. Radioactively labelled enkephalin was incubated 

with whole blood then cleaved N-Terminal products were 

quantified. 

Alcohol-Related History Questionnaire. This question-

naire , consisting of 29 fill—in type questions, is concerned 

with information about drinking history (e.g., type beverage, 

amount, frequency, date last drink taken, etc.), alcohol-

related problems (previous treatment, arrests, DWI's, etc.), 

and socioeconomic factors (education, occupation, etc.) (see 

Appendix A). 

Health Questionnaire. This questionnaire consists of six 

sections designed to assess: current health status, caffeine 

intake, use of vitamins, cigarettes, medication, and type and 

amount of exercise (see Appendix B). 

Sensory Threshold. A Rowan/NASA aesthesiometer was used 

to measure the tactile threshold on the superior lateral 

eminence of the non-dominant knee. The touch pressure of the 

instrument ranged from 2300 milligrams (mg.) down to 300 mg. 

where the touch "whisker" was maximally extended. Each 
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threshold was determined using the psychophysical method 

of limits consisting of four series of ascending and descending 

trials. The final threshold result was taken as the average 

value of the four series. The subject was seated with knee 

bent. The knee was screened from the vision of the subject 

during the test. The aesthesiometer whisker was slowly 

applied to the subject's knee so that additional pressure 

due to velocity would be minimized and was kept perpendicular 

to the surface of the skin. The whisker was applied as 

uniformly as possible from trial to trial. Each subject 

was required to respond with a verbal "now" which coincided 

with application in order to be credited with detection. 

Alternate descending and ascending series were used. A 

given series ended at that level at which the subject first 

failed to say "now" (descending) or first sad "now" (ascending), 

The room was in the normal range of temperature for all 

subjects and each subject was seated in the room for at 

least ten minutes prior to testing. 

Procedure 

Each subject in each group was administered the POMS, 

the Alcohol-Related and Health Questionnaires and the 

Sensory Threshold test individually after a blood sample 

(14cc) was drawn by an experienced laboratory technician 

in the hospital laboratory. The subject then participated 

in a single session of biofeedback-assisted relaxation. 
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Pre- and post-training peripheral skin temperature data and 

frontalis EMG data was collected on each subject. All subjects 

received individual training in the same temperature-controlled 

room. Auditory and visual feedback on the current absolute 

peripheral skin temperature was presented via a tone-and 

digital readout display. The tone varies in frequency with 

temperature variations, decreases in frequency indicating 

increases in temperature variations in graduations of 0.1°F 

(0.55°C), while an accompanying visual scale (2.0 x 11.0 cm) 

which corresponds to variations of 0.01°F (0.006°C). 

Each training session was conducted in the following 

manner. The subject was seated in a comfortable armchair 

facing the biofeedback thermometer. The thermistor was 

attached by millopore tape to the volar surface of the middle 

finger of the non-dominant hand. The subject was then read 

the following instructions: 

Today you are going to listen to a tape which has been 

helpful in teaching various people to relax. You will 

be asked to feel and be aware of certain sensations in 

parts of your body. In so doing, you will begin to 

notice how your thoughts actually produce a deeper 

feeling of calmness throughout your body. To help you 

become aware of these changes the biofeedback thermometer 

will be attached to your finger. The numbers you see 

displayed will get larger (go up) as your hand temperature 
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increases. Also, with, very small increases in temperature, 

the tone will go down as the lights move from left to 

right. Normal hand temperature is about 90°, and blood 

won't flow as easily through tight muscles. As you 

become more successful, at relaxation, your hand temper-

ature will approach 95°. 

All you have to do is listen to the tape, follow the 

instructions as well as you can, and be aware of the tone 

and changes in temperature. You may keep your eyes open 

or closed—whatever feiels best to you. Just let the 

relaxation happen—don't try to force it. 

At some point during this training, you will be 

asked to tense and then relax certain groups of muscles. 

If any instruction doe>s not feel comfortable to you, 

ignore it. The purpose of the exercise is to help you 

experience the most relaxed feeling that you have ever 

experienced. Do what feels most comfortable for you. 

If you have had an injury to any muscle, remember not 

to tighten that area. Instead, just tell those muscles 

to relax more deeply. Are there any questions? 

After allowing five minutes for adjustment to the apparatus, 

the biofeedback thermometer and EMG 

first temperature and EMG data were 

were activated and the 

recorded. Feedback 

from the thermometer was initiated as the audio tape was 
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begun at a comfortable listening level. The experimenter 

then left the room, to return within 30 seconds of the end 

of the audio tape to record the ending temperature and EMG 

level. The audio tapes utilized consisted of T. H. 

Budzynski's "Tense Slo Relax" from his Relaxation Training 

Program, published by BMA Audio Cassette Programs, 270 

Madison Avenue, New York, 10016. 

Results 

A multivariate analysis of variance (MANOVA) utilizing 

11 dependent variables by group (Alcoholic, Recovery, or 

Control) was performed for the following variables: EMG 

difference, pre- to post-training; temperature difference, 

pre- to post-training; sensory threshold; Total Mood 

Disturbance (TMD), as measured by the POMS; EHA level; 

Tension-Anxiety; Depression-Dejection; Anger-Hostility; 

Vigor; Fatigue; and Confusion-Bewilderment. This procedure 

yielded a statistically significant group effect (£ < .05). 

Univariate F-tests of significance were performed for each 

of these variables and produced significant F ratios for 

three variables—Depression-Dejection (p < .001), Confusion-

Bewilderment (p < .01), and sensory threshold (p = . 05). 

These results are presented in Table 4. See Tables 5, 6, 

and 7 in Appendix D for means and standard deviations of 

all variables in the study., 
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Post-hoc Newman-Keuls comparison of means indicated 

more reported Depress ion-Dejection for Alcoholic (M = 43.7) 

than for either Recovery (M = 37.2) or Control (M = 39.6) 

groups. The post hoc comparisons of Confusion-Bewilderment 

scores between groups found the Alcoholic group scores to 

be significantly different (p.< .05) from the Recovery group 

scores. Group means indicate highest Confusion-Bewilderment 

reported by the Alcoholic group (M = 43.1) with the Recovery 

group reporting the lowest (M = 34.9). The control group 

mean was intermediate in its reported Confusion-Bewilderment 

(M = 39.4). A significant difference was found between the 

Alcoholic group and the Control group (p < .05) for sensory 

threshold. Differences between the other groups were non-

significant. Group means show the Alcoholic group to have the 

lowest sensory threshold (M = 1190.6) with little difference 

between Recovery (M = 1525.6) and Control (M = 1523.8) groups. 

Thus, the Alcoholic group reported significantly more 

Depression-Dejection than either of the other groups and 

significantly more Confusion-Bewilderment than the Recovery 

group. The Alcoholic group also had a significantly lower 

sensory threshold than the Control group. 

Pearson product-moment correlations were also computed 

for each of the measures of alcohol consumption—months 

abstinent since last abuse (ABS) and an alcohol use index 

(Index)—as well as EHA, as related to each of the dependent 
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measures across all subjects. (These correlations, as well 

as intercorrelations between all variables in this study are 

presented in Table 8, Appendix E). The Index was computed 

using the following formula: average daily consumption of 

alcohol (in ounces of alcohol) divided by number of months 

since last use. Both ABS and Index, respectively, were 

found to be significantly correlated to the following 

measures: sensory threshold (.36, -.27); Total Mood 

Disturbance, as measured by the POMS ( — .40, .27) ; Tension-

Anxiety (-.41, .27); Depression-Dejection (-.54, .47); and 

Confusion-Bewilderment (-.54, .39). Levels of significance 

vary between p < .05 and p < .001. These results suggest 

that subjects reporting the greatest alcohol use (as measured 

by the Index) also reported higher levels of Total Mood 

Disturbance, Tension-Anxiety, Depression-Dejection, and 

Confusion-Bewilderment. These subjects were also found to 

have the lowest sensory thresholds. Similarly, subjects 

from the Alcoholic and Recovery groups who had the most 

time abstinent from alcohol since last abuse reported lower 

levels of Total Mood Disturbance, Tension-Anxiety, Depression-

Dejection, and Confusion-Bewilderment. They also were found 

to have the highest sensory thresholds. 

EHA levels were found to be significantly correlated 

with the following measures: Anger (.2 8, p <.05) ; EMG 

difference (.23, £ < .05); and temperature difference 
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(-,31, p •< .05). It should be noted here that EMG difference 

(ending level minus beginning level) was computed such that 

a smaller difference score indicates increasing relaxation. 

Temperature difference (ending temperature minus beginning 

temperature), although computed the same way, indicates 

increasing relaxation for larger difference scores. No 

statistically significant correlation was found between 

EHA level and sensory threshold. Therefore, it would seem 

that those subjects with the highest EHA levels showed the 

smallest reduction in muscle tension and the smallest 

increases in peripheral skin temperature, as well as the 

greatest reported anger. 

EMG scores and temperature scores, pre- to post, were 

analyzed via one-tailed t-tests for dependent samples to 

determine if the changes in these measures across all subjects 

represented a significant difference pre- to post-training. 

These differences were found to be statistically significant 

for both EMG (t = -3.20; p < .01) and temperature (t = 3.30; 

p < . 01). 

In addition to the results cited above, several other 

findings are worthy of mention. Of particular interest are 

the following significant Pearson product-moment correlations: 

EMG difference and temperature difference were significantly 

correlated (-.27, p < .05), indicating that as muscle tension 

decreased, peripheral skin temperature increased and vice versa. 



66 

Index (alcohol use) was related to beginning EMG (.33/ p < .01) 

EMG differen-e (-.35, p < .01) , and temperature difference 

(.28, p < .05), suggesting that as recent alcohol use 

increased beginning muscle tension, decrease in muscle 

tension, and increase in peripheral skin temperature all 

rose. ABS was positively correlated with beginning temper-

ature (.33, p < .05) showing the subjects from the Alcoholic 

and Recovery groups who had the most time abstinent from 

alcohol since last abuse to have the highest beginning 

peripheral skin temperature. Age was related to sensory 

threshold (.30, p < .05), EHA (-.22, p < .05), and Vigor 

(.26, p < .05). The older subjects had higher sensory 

thresholds, lower EHA levels, and reported feeling more 

vigorous. Vigor was also reported to be higher in those 

subjects who used less caffeine (-.28, p < .05). The greatest 

decreases in muscle tension during training (as measured by 

EMG difference) were found in those subjects reporting the 

most exercise (-.24, p < .05). Cigarette use was highest 

in those subjects reporting greater amounts of Tension-

Anxiety (.24, p < .05) and Fatigue (.34, p < .01). 

Discussion 

Separating the six research hypotheses into the two 

general categories of alcohol use correlates, and EHA corre-

lates, the general statement may be made that the hypothesis 

predicting correlates of alcohol use received fairly strong 
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but partial support and those predicting EHA correlates 

received rather weak support. This statement requires 

further elaboration and such an undertaking will be attempted 

on the following pages. 

Alcohol Use Correlates 

Of the hypotheses involving alcohol use correlates 

tested by this study, research hypothesis la, that alcohol 

use would be positively correlated with EHA, was not 

supported. Alcohol use, measured either by the Index (taking 

into account both recency of use as well as average daily 

amount consumed across all three groups of subjects) or ABS 

(latency since last abuse of alcohol for Alcoholic and 

Recovery group subjects) did not seem to be related to 

enkephalin-degrading enzyme activity (EHA) level. Analysis 

of variance of EHA level by group revealed little difference 

between groups. There was little variation between groups 

as well as within groups, as indicated by means and standard 

deviations. Additionally, the correlations between EHA and 

Index and EHA and ABS were non-significant. It would appear 

therefore, that measures of EHA did not vary as a function 

of alcohol use in this study. It should be noted, however, 

that our procedure involved storage of the blood samples 

at -60°C. to prevent decomposition. One consequence of 

freezing at such low temperatures is destruction of the 

membrane surrounding the red blood cell. Because a major 
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portion of enkephalin metabolizing enzyme is located within 

the red blood cell (Jasowski & Caffrey, 1983), certain 

provisions were made prior to storage, including analysis of 

the blood samples to find hematocrit and red blood cell 

count per sample. Therefore, our measures of EHA are a 

reflection of the total amount of enkephalin-degrading 

enzyme. Thus, we may conclude that alcohol use did not 

elevate the total amount of enkephalin hydrolysing enzyme 

available. The possibility remains, however, taht alcohol 

may "normalize" EHA levels in individuals (those predisposed 

to alcoholism) who have unusually high baseline levels. If 

this were the case, alcoholics could be described as drinking 

for the temporary reduction in EHA levels and the resulting 

elevation of circulating enkephalins. Finally, it is possible 

that a longitudinal study, following individuals more immedi-

ately after cessation of drinking might yield different 

results. Since the present investigation was concerned with 

an enzyme with a half life of 120 days, this was not a critical 

issue. Due to the storage procedure employed, no differential 

measures could be made of the relative amounts of enkephalin 

metabolizing enzyme located within red blood cell. There 

were, however, no signigicant differences in red blood cell 

counts between groups (see Table 5, Appendix D) . 

Ruling out total enkephalin hydrolysing enzume as a 

regulator of circulating enkephalins is consistent with the 

recent findings by Jaskowski and associates (1984). These 
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investigators, studying enkephalin metabolism as a function 

of exercise, also found no difference in red cell or plasma 

EHA. However, when the metabolic capacity was evaluated in 

whole blood, the "unfit" subjects metabolized the peptides 

significantly (p < .01) faster than their "fit" counterparts. 

This procedure, called "in vitro half—life," is a reflection 

of the capacity of whole blood to metabolize enkephalin 

under conditions as near in Vivo as possible. The authors 

suggest the difference to be due to "circulating factors" 

which slow the rate of peptide inactivation. If this were 

the case, such factors would certainly have been diluted out 

with the present assay which involves dilution of the siample 

by a factor of 400. 

An alternative possibility might be that degradation of 

enkephalins is regulated by the red blood cell membrane!. Since 

the majority of enkephalin metabolizing enzyme is located 

within the red blood cell, the rate of turnover of red cells 

could affect levels of enkephalins by releasing the enzymes 

into the blood stream. The red cell membrane may also become 

more or less permeable to enkephalins, thereby resulting in 

inactivation within the red blood cell at different rates. 

Of course, the negative findings in the present investi-

gation may be due to the fact that enkephalins are metabolized 

in the CNS rather than the circulatory system. Finally, it 

must be conceded that a similar study utilizing 3-endorphin 

or dynorphin rather than met-enkephalin might produce 
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different results. The study of circulating endorphins is 

relatively new and their involvement in various physiologic 

processes as well as their enzymatic inactivation remains 

very complex and poorly understood. Further investigation 

will be required to rule out or confirm the various possi-

bilities outlined above. 

Hypothesis lb, that alcohol use would be positively 

correlated with emotional distress, received partial support 

from the data analysis; that is, subjects in the Alcoholic 

group reported significantly more depression than those of 

either other group. Alcoholic group subjects also reported 

significantly more confusion than Recovery group subjects 

(the difference between Alcoholic and Control groups showed 

a non-significant trend in the same direction). In addition 

to the multivariate analysis, analysis of correlational data 

provides further support. Both measures of alcohol use were 

significantly related to depression and confusion as well as 

reported tension and Total Mood Disturbance in the predicted 

direction. Anger and Vigor, however, showed non-significant 

correlations to alcohol use. Considering the previous 

research indicating the association of depression with 

alcohol use (e.g., Loper et al., 1973; Selzer, 1980) and the 

contradictory data on the relationship between alcohol use 

and tension/anxiety (Cappell, 195 7; Cappell & Herman, 1972; 

Connors & Maistro, 1979; Pohorecky, 1981), the present results 

with regard to these mood states are not surprising. That 
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the alcoholic group should report more confusion is also 

not surprising. In addition to the neurological effects 

of chronic excessive alcohol use, it should be noted that 

only the Alcoholic group were hospitalized patients. In 

fact, the psychological ramifications of hospitalization 

alone may be sufficient to induce feelings of depression 

and confusion. It should also be noted that of the demographic 

variables which showed significant correlation among groups, 

work history is the one most likely to have contaminated the 

results. Those individuals reporting the highest levels of 

confusion and depression were also more likely to be in the 

Alcoholic group and most of these individuals were unemployed. 

These results would have been much more meaningful if alcohol 

use as well as these modd measures had been related to EHA 

level as was predicted. In fact, alcohol use was not found 

to be related to EHA and, as we shall see, neither were these 

particular mood measures. 

The support found for hypothesis Ic, that alcohol use 

would be negatively related to sensory threshold, is particu-

larly gratifying since this proposition is based upon the 

endorphinergic theory of alcohol addiction, and runs contrary 

to what would be predicted based upon conventional wisdom 

and the evidence relating alcohol use to neuropathy. As 

predicted, increasing alcohol use was related to decreases 

in sensory threshold. This is consistent with what one should 

expect considering the evidence linking chronic alcohol use 
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with decreased 3-endorphin (Genazzani et al., 1982) and 

enkephalins (Blum et al., 1979). Of particular interest is 

the finding that increasing time abstinent from abuse (ABS) 

was also related to increasing sensory threshold. These 

results suggest recovery as a function of abstinence and are 

consistent with previous direct measures of 3-endorphin and 

met-enkephalin with animals (Schulz et al., 1980). 

In addition to data cited above, several other findings 

related to the first hypothesis are of interest. Increasing 

alcohol use (Index) was associated with increased beginning 

muscle tension as well as larger decreases in muscle tension 

and increases in peripheral skin temperature. Also, increased 

time abstinent since last abuse was related to increased 

beginning peripheral skin temperature. These results suggest 

that baseline tension levels (as determined by physiological 

measures) were higher for those individuals involved in the 

greatest alcohol use and/or with the least time abstinent 

since abuse. These findings are not unexpected considering 

the data previously cited concerning alcohol use and the 

Tension-Reduction Hypothesis, or, alternatively, the endor-

phinergic hypothesis. On the one hand, it could be argued 

that this is a reflection of the alcoholic's higher baseline 

tension levels for which alcohol serves as a calming agent. 

On the other hand, it could also be argued that these 

findings demonstrate sympathetic nervous system arousal 

related to increased norepinephrine activity as a result 
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of endorphin deficiency and withdrawal from alcohol's partial 

compensatory effects (Rawat, 1974; Gold & Pottash, 1981). 

More difficult to explain are the findings that both 

reduction in muscle tension and increase in peripheral skin 

temperature were greater for those individuals reporting 

greater and more recent alcohol use (Index). A plausible 

explanation is that the alcoholics (those with the highest 

Index) started at higher levels of arousal and could therefore 

benefit more from biofeedback/relaxation training (law of 

initial values). In fact, the Alcoholic group did begin 

training with the highest beginning EMG and the lowest 

beginning peripheral skin temperature. It is also to be 

noted that even after training the Alcoholic group maintained 

the highest level of muscle tension although they were 

intermediate with respect to temperature. 

EHA Correlates 

Hypothesis Ila, that EHA would be positively related to 

emotional distress, received only weak and partial support 

from the data analysis, in that EHA levels were related to 

only one of the seven indicators of emotional distress 

(Anger-Hostility, as measured by the POMS). Those individuals 

with the highest levels of EHA reported the greatest amount 

of anger. There are at least three possible explanations for 

this disappointing outcome: a) of the moods measured, EHA 

is related only to anger; b) the scale used was more sensitive 

to anger; or c) this is simply a type I error which emerged 

from the numerous correlations computed. One would have 
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expected EHA levels to be related, not only to Anger, but also 

to Tension, Depression, and Confusion as these have all been 

related to the endorphinergic system. If these findings are 

valid, they suggest different physiological regulators for 

these mood states. 

Of the hypotheses involving EHA correlates investigated 

in the present study, only hypothesis lib, that EHA would be 

negatively related to ability to relax, received strong 

support. Those subjects with the highest EHA levels were 

more likely to show smaller decreases in muscle tension and 

smaller increases in peripheral skin temperature during 

training. One might therefore speculate that enkephalin-

degrading enzyme levels account for a portion of the variance 

in ability to perform a biofeedback/relaxation task by 

hydrolysis of available enkephalins. Higher concentrations 

of enkephalin-degrading enzymes would thus lead to greater 

hydrolysis and less available enkephalins which, in turn, 

would reduce the ability to relax. 

Hypothesis lie, that EHA would be negatively related 

to sensory threshold, was not supported by the results of 

this investigation. The relationship between EHA and sensory 

threshold was non-significant. These results together with 

the data related to hypothesis Ic (alcohol use versus sensory 

threshold) lead to the conclusion that although endogenous 

opiates may be involved, the total available enkephalin-

degrading enzyme levels do not operate alone as a governing 
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mechanism in this process. The various possibilities remain 

as outlined above regarding hypothesis la. 

Training Effects 

One might have expected the Alcoholic group to show 

significantly less ability on the biofeedback/relaxation task. 

This, however, was not the case. In fact, there was no 

significant difference in beginning, ending, or pre- to post-

scores on EMG or temperature. There was, however, a significant 

reduction in muscle tension and a significant increase in 

peripheral skin temperature across all subjects pre- to 

post-training. This would indicate that, as expected, the 

biofeedback/relaxation task was effective in producing 

decreases in autonomic arousal. 

Additional Findings 

Some additional findings emerged which deserve further 

elaboration. Muscle tension tended to decrease with increases 

in peripheral skin temperature. These results corroborate 

findings by previous investigators indicating peripheral skin 

temperature changes to be a reliable index of physiological 

arousal (Malmo, 19 72; Snyder & Scott, 19 72) and muscle 

tension specifically (Cinciripini, 1982). Decreases in 

muscle tension were also associated with increased exercise. 

This is consistent with previous findings by Bahrke and 

Morgan (1978) suggesting that acute physical activity was 

effective in reducing state anxiety. Since there was no 

similar association with temperature, one might speculate 
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that increased muscular control (as a function of practice 

effects) provides the best explanation for these data. 

Conclusions 

In the introduction the endorphinergic hypothesis of 

alcohol addiction was described and proposed as a vehicle by 

which the contrasting Tension-Reduction Hypothesis and the 

euphoria-induction hypothesis could be integrated into a 

unified psychopharmacological theory. It must be conceded 

that our measure of EHA was unrelated to alcohol use. As 

previously stated, there remain various alternative means by 

which enkephalin metabolism or synthesis could be involved 

in the addiction process. 

In terms of the specific purposes of this study, the 

following conclusions may be made. Total enkephalin-

degrading enzyme levels (as measured by the present study) 

do not appear to be related to alcohol use. As such, this 

measure of EHA does not meet the criteria for a mediational 

variable in producing enkephalin deficiency in alcoholism. 

This conclusion, however, remains clouded by the question 

regarding the storage procedure involving keeping blood 

samples at extremely low temperatures. It is important to 

note, however, that the storage procedure was not responsible 

for the negative findings. The procedure simply did not 

allow the measurement of alternative physiologic control 

mechanisms of the endorphinergic system (e.g., RBC membrane 
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functioning). If there had been a difference in proteolytic 

enzyme levels, the present procedure should have identified 

it. Future research should also be designed in a manner 

which would allow for an assay via the in vitro half-life 

procedure. This measure of metabolic capacity may well yield 

different results. 

It appears unlikely, from the findings of this study, 

that EHA is related to mood. Although the data suggest a 

relationship with anger, there was no relationship found 

with any of the other mood measures. Considering the number 

of relationships explored, it is quite possible that this is 

a type I error. 

Alcoholics in institutional settings experience more 

depression and confusion than recovering alcoholics or 

controls in non-institutional settings. The design employed, 

however, does not allow for separating the effects of 

alcohol use from those of institutionalization. Variables 

such as living situation, work status, environmental stressors, 

and recent significant loss must have accounted for and 

discriminated from the direct effects of alcohol use in 

investigating alcohol's involvement with mood changes. 

That sensory threshold should decrease with increasing 

alcohol use and increase with increasing time abstinent 

since abuse suggests: a) depletion of endogenous opioids 

as a function of alcohol use, and b) recovery of these 

endorphin levels as a result of abstinence. Not only do 
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these results support the endorphinergic hypothesis, they 

also point to new research directions. Future research 

utilizing precise measures of sensory threshold with 

alcoholics in different phases of alcoholism and recovery 

analyzed with respect to such variables as endorphin level, 

endorphin metabolism, drop-out rate, success in treatment, 

and physiological arousal might lead to important new 

discoveries. If a reliable relationship were established 

between a category of endorphins and sensory theshold, the 

result would be a non-invasive measure of that particular 

endorphin analogous to the tail-flick response used in 

animals. The relationship between EHA and changes in 

physiological arousal during training lead to the conclusion 

that enkephalin metabolism is an important factor in one's 

ability to relax. 

Alcohol use appears to be related to baseline levels of 

muscle tension (EMG) and sympathetic arousal (peripheral 

skin temperature) as well as the ability to reduce these 

measures. These results again point to the involvement of 

tension/stress in alcoholism. Unfortunately, the specific 

nature of this involvement has not been clarified. One 

cannot help but wonder at the corresponding relationship 

between EHA and the ability to relax. Again, alternative 

measures of EHA could yield more fruitful results. Also, 

it should be reemphasized that the effective concentration 

of neuroenzymes is a function of the balance between release 
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and degradation, perhaps the major physiologic control 

mechanism is to be found on the other side of the balance 

(i.e., release). The present investigation focused on a 

specific aspect of enkephalin hydrolysis. Much more research 

will be required before a clear understanding of this complex 

system is achieved. In general, therefore, it may be 

concluded that endorphins remain a rich area of research 

which promises greater understanding of the development of 

alcoholism. This area remains a likely source from which 

a unified psychopharmacological theory of addiction may be 

derived. 
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Appendix A 

ALCOHOL^RELATED HISTORY QUESTIONNAIRE 

1, Name Address 

Telephone 

2, Age Marital Status (Circle One): Married Divorced 

Separated Single Widowed 

3, Your main occupation(si 

4, Date you last worked Last worked as a 

5, Highest grade completed in school 

6, Other Training 

7, Do you have a job to return to? Will you have dif-

ficulty finding work? 

8. What medical or emotional problems do you have? 

2, Why did you enter this hopsital? 

10, Are you committed by a court of law? Date of 

committment 

11, What problems have you had related to drinking? 

12, About when did you admit drinking was a problem? 

13. Have you been in this hospital before? if so, 

how many times? What is the approximate total 

length of time you have spent in this hospital on all 

previous admissions? 
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14. Please list other hopsital you have been in for problems 

related to drinking or emotional, nervous, or mental 

problems, and the approximate dates you were there 

15. About how much total time have you spent in these other 

hospitals for problems related to drinking, or emotional, 

nervous, or mental problems? 

16. Please list any halfway houses, domiciliaries or other 

treatment or rehabilitation facilities you have been in 

and the approximate dates 

17, How ma,ny times have you been charged with DWX? 

Please give approximate dates Are 

any DWX charges pending now? _______ Are you on probation 

or parole? / For what? 

18, How ma,ny times have you been arrested for other offenses? 

Please list anv charges pending for other than 

DWI 

19, Have you ever used drugs other any as prescribed by a 

doctor? ' (If so, please list the drugs and give 

brief details) 

20. What is you behavior like when drinking? (How do you act?) 
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21. Do you want to cut down your drinking? Or quit 

entirely? 

22. What income will you have while in the hospital? 

23, About how many AA meetings haveyou attended outside? (not 

counting while in a hospital) 

24, Do you want to be transferred to the Alcoholic Rehabili-

tation Unit? Yes Undecided No (Check one) 

25, Having read the rules of the Unit, will you do your utmost 

to abide by these rules if you enter this program? 

26, How long are you .willing to stay, if accepted in this 

program? 

27, if accepted in this program would you be willing and &ble 

to participate in: Exericse program? 

AA meetings in town? Reading Program? 

Activity and/or work assignment? 

28, Date today ;' . Date last drank__ Date admitted to 

this hospital 

29, On the back of this sheet, please describe your drinking 

patternr—what you drink, how much, how often, when, where, 

what happens, etc. Also please list any questions that 

you may have about this program. 
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ALCOHOL-RELATED HISTORY QUESTIONNAIRE-R 

1. Name Address 

Telephone 

2* Age Marital Status (Circle one): Married Divorced Single 
Widowed ^Separated 

3. Your main occupation(s) 

4. Date you last worked Last worked as a 

5. Highest grade completed in school 

6. Other Training 

7. Do you have a job? 

8. What medical or emotional problems do you have? 

9. Have you ever been in this hospital? 

10. What for? 

11. Have you ever had any problem related to drinking? 

12. Have you ever been diagnosed as an alcoholic? 

13. If you have been in this hospital before, how many times? 
What is the approximate total length of time you have spent'Tn 
this hospital on all previous admissions? 

14. Please list other hospitals you have been in for problems related 
to drinking or emotional, nervous, or mental problems, and the 
approximate dates you were there 

15. About how much total time have you spent in these other hospitals 
for problems related to drinking, or emotional, nervous, or mental 
problems? ' 

— —| — — — — - - — —— — _ 

16. Please list ant halfway houses, domiciliaries or other treatment 
or rehabilitation facilities you have been in and the approximate 
dates • • • : ; : 
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17. Have you ever been charged with DWI? if so, how many? 

18. N/A 

19. Have you ever used drugs other than any as prescribed by a 
doctor? (If so, please list the drugs and give brief 
details) 

20. What is your behavior like when drinking (How do you act)? 

21. N/A 

22. N/A 

23. About how many AA meetings have you attended? Over what 
period of time? ? what for? 

24. Date last drank? How much did you drink of what 
beverage? ' ' 

25. How much do you drink in a typical week? 

26. Below and on the back of this sheet, please describe your 
drinking pattern—what you drink, how much, how often, when, 
what happens, etc. 
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Appendix B 

HEALTH QUESTIONNAIRE 

Name Age ___ Date 

Height Weight 

I. Do you have or did you have 

1. Cancer Cages ) 

_2. Turnover (ages ) 

3. Thryoid disease Cages 

_4, High blood pressure Cages 

_5, Ulcers (ages_ ) 

Q. Cirrhosis Cages ) 

%« Hea,rt disease Cages ) 

8 „ Angina Cages ) 

9, Pancreatitis Cages 

.10, Sickle cell disease Cages 

11, Diabetes (ages 

12, Stomach touble (ages 

13, Asthma Cages 

14, Chronic Bronchitis (ages 

15, Emphysema Cage ) 

II, Do you drink: Coffee? cups/day (caffinated or decaf) 

Tea? cups/day 

Cola?_ bottles/day 

Diet drinks? bottles/day 
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III. Do you take vitamins? If yes, circle type and list 

amount of each daily,, 

Brand Name: 

Amount Vit A 

Vit D 

Vit E 

Vit c 

Vit B^ (Thiamine)' 

Vit B2 (Riboflavin! 

Vit B^ (Niacin) 

Vit Bg (Pyridoxine) 

Biotin 

Pantothemic Acid 

Vit B^2 

Folic Acid 

IV, Do you smoke cigarettes? if yes how many packs/day? 

How long? 

V, List all medications or non-prescribed drugs you are now 

taking and any you have taken over the past six months. 

N a m e Amount How Often How Long 

1, _ _ 

2 , _ _ _ _ _ 

3 • 

4, 

5, 

6, 
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VI: How much exercise have you engaged in over the past six 

months? 

1. Little or None: 

2. Moderate amount: 

3f Regular, strenuous exercise; 

How long? 



88 

Appendix C 

INFORMATION ABOUT 

"ENKEPHALIN HYDROLYSING ACTIVITY IN ALCOHOLISM AND RELATED CHANGES 

IN MOCD AND ABILITY TO PERFORM A BIOBEEDBAQyRELAXATION TASK" 

The main purpose of this project is to determine the effect of chronic 

alcohol abuse on body chemistry and how these changes affect the way you 

feel. We hope the results of this project will tell us more about how 

alcoholism develops and how we can determine its severity in an accurate 

manner, as well as point to the most effective treatment. 

Each subject volunteering to participate in this project will be asked 

to complete a Profile of Mood States questionnaire, a Health questionnaire, 

an Alcohol-Related History questionnaire, and a blood test. In addition, 

each subject will be asked to participate in one 15-minute Relaxation/ 

Biofeedback session and a pressure sensitivity test. 

Your identity as a participant will not be revealed in any public or 

oral presentation of the results of this project. Reasonable precautions 

will be taken to protect the confidentiality of information and to prevent 

disclosure and misuse of the information. Subjects will be given a code 

number so that their names do not appear on records containing the test 

results. A code list which matches names and code numbers will be available 

only to the researcher. 

There are no known risks, inconveniences, or harmful side effects of 

Relaxation/Biofeedback training. There is evidence, however, that this type 

training can be beneficial—especially in improving mood and increasing 

comfort. Also, the pressure test involves no risks, inconveniences or pain. 

As you may already be aware, any time the skin is punctured, there is a 

risk of infection. The blood test, therefore, does present this risk 

as well as the possibility of a minor blood clot forming under the surface 

of the skin. These rarely occur under the conditions of this project— 

where blood is drawn with disposable syringes by experienced laboratory 

technicians. 
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In the unlikely event you are injured as a result of participation in 

this study, the Waco VAMC will furnish medical care as provided by Federal 

statute. Compensation for such injury may be available to you under the 

provisions of Title 38, United States Code, Section 351, and/or the Federal 

Tort Claims Act. For further information contact the VA District Legal 

Counsel at 756-6511 ext. 626. 

Participation in a research project is always voluntary. If you do not 

want to participate, you are free to withdraw from the project at any 

time without negative consequences. 

You nay consult Dr. Zakhary or Dr. Hardt regarding participation in the 

study if you wish the opinion of someone uninvolved in the study. If 

you have any questions about participating in this project, please 

mention them to the researcher before signing the VA Form 10-1086. 

I , certify that the above 

written summary was discussed and explained fully to me by 

Larry Benoit on this date. 

date signature 
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Appendix D 

Table 5 

Means and Standard Deviations of 
Physiological Measures by Group 

Measure Group 

Alcoholic Recovery Control 

Beginning EMG 

Ending EMG 

X 

SD 

X 
SD 

EMG Di f fe ren ce 
X 
SD 

Beginning Temperature 
X 
SD 

Ending Temperature 
X 
SD 

Temperature Difference 
X 
SD 

Enkephalin Degrading Enzyme 
(nanomoles/min./mg. protein) 

X 
SD 

Red Blood Cell Count 
(cells per ml^ 

X 
SD 

4.62 
2.46 

2 .88 
2 .22 

-1.74 
2. 84 

91.08 
5.24 

93.66 
3.32 

2.59 
4.24 

2.17 
0.27 

Sensory Threshold 
X 
SD 

5098.5 
345.4 

1190.63 
474.24 

3.44 
1. 76 

2.46 
1.01 

• .98 
1.73 

9 4.14 
1.52 

94.64 
1.64 

.50 
1.30 

2.09 
0.30 

5129.0 
476.0 

3.61 
1.92 

2.81 
1.95 

- .80 
1.60 

91.26 
5.35 

92.47 
5. 81 

1.22 
3.62 

2.27 
0. 34 

5031.0 
3 89.9 

,16 

. 77 

,34 

06 

23 

14 

.21 

1525.63 1523.75 
501.91 486.04 

05 
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Table 6 

Means and Standard Deviations of 
Psychological Measures by Group 

Measure 

Tension-Anxiety 
X 
SD 

Depression-Dejection 
X 
SD 

Anger-Hostility 
SD 

Vigor 

Fatigue 

X 
SD 

X 
SD 

Confusion-Bewilderment 
X 
SD 

Total Mood Disturbance 
X 
SD 

Alcoholic 
Group 
Recovery Control 

4 1 . 8 0 
5 . 9 6 

4 3 . 6 5 
4 . 6 0 

4 3 . 0 5 
4 . 3 8 

60.00 
12.00 

4 5 . 9 5 
7 . 9 0 

43 . 05 
6 . 89 

2 6 . 4 0 
27 . 32 

3 8 . 6 0 
5 . 2 7 

3 7 . 1 5 
2 .68 

4 2 . 1 5 
4.12 

38. 85 
7 . 0 2 

3 9 . 6 0 
6 . 3 9 

4 4 . 3 0 
6 . 2 5 

3 9 . 9 0 3 9 . 3 5 
8. 80 6 . 90 

. 1 9 

.00 

. 4 0 

6 3 . 2 5 6 1 . 0 0 . 5 2 
6 . 84 7 . 9 8 

4 6 . 4 5 4 5 . 1 5 . 86 
8 . 9 5 4 . 8 2 

.01 

7 . 7 0 1 6 . 2 0 . 0 8 
1 9 . 0 3 2 9 . 5 8 
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Table 7 

Means and Standard Deviations of 
Demographic Measures by Group 

Measure Group 
Alcoholic-: Recovery Control p 

Caffein 
X 
SD 

8. 85 
6.42 

10.45 
6.05 

6 . 85 
4.93 

.16 

Cigarettes 
X 
SD 

28.15 
14.68 

26.65 
25.01 

4.50 
12.41 

.00 

Antibiotics 
X 
SD 

0.05 
0.22 

0.15 
0.37 

0. 05 
0.22 

.43 

Exercxse 
X 
SD 

2.15 
0.67 

1.80 
0. 83 

1.90 
0.79 

. 34 

Age 
X 
SD 

42.15 
10.64 

48.50 
10.6 8 

38.30 
10. 87 

.01 

Work Status 
X 
SD 

0.30 
0.73 

1. 80 
0.52 

2 .00 
0.00 

.00 

Education (years) 
X 
SD 

12.45 
1.61 

13.15 
2.06 

16.70 
2. 83 

. 00 

Abstinence (months) 
X 
SD 

0.26 
0.40 

53.35 
32.35 

.00 

Alcohol Use Index 
X 
SD 

14. 88 
7.52 

0 .28 
0.18 

0 .00 
0 .00 

.00 
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