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Abstract 

Title of Dissertation: Endocrinological Respcanses to. -the 
AcSministration of Nicotine: Interactions wi-th 
Drug Initiation, Conditioned Effects, and 
Conditicans of Stress 

David Edward Morse, Doctor of Philosophy, 1984 

Dissertation directed by: Neil E. Grunberg, Ph.D. 
Assistant Professor 
Department of Medical Psychology 

The present study used a within subjects (rabbits) design to 

investigate the effects of the chronic intermittent intravenous 

administration of nicotine on several endocrinological and biochemical 

parameters which may contribute to the physiological determinants and 

heal-th ccansequences of cigarette smoking. Specifically, measurements 

were made of plasma ccancentraticns of catecholamines (norepinephrine, 

epinephrine and dopamine), corticosterone, glucose and insulin. These 

hormones and their respective control mechanisms have previously been 

discussed as contributing to: a) the reinforcement of drug taking 

behaviors during the development and maintenance of cigarette smoking, 

b) decreases in body weight and the increased incidence of cardio­

vascular disorcaers among cigarette smokers, and c) responses induced 

by noxious environmental stimuli (stress responses). The ea^eriment 

was divided into three major sections each of which examined a 

different aspect of the role of nicotine in tobacco use, including: 

a) the effects during drug initiation (Phase I) , b) conditioned drug 

respcanses (Phase II) , and c) the reduction of stress induced responses 

(Phase III). 

The results of Phase I of the eaqieriment indicated that the 

administration of nicotine resulted in increases in the plasma 

ii 



concentrations of catecholamines (norepinephrine, epinephrine and 

dopamine), corticosterone and glucose, and in decreased concentrations 

of insul in . The magnitude of the norepinephrine and epinephrine 

respcnses decrecised dviring the f i r s t week of t e s t ing , while a l l other 

responses were found to be re la t ively similar in the "naive" and 

nicotine "ea^erienced" (tolerant and/or habituated) animals. These 

nicot ine induced responses may act as sources of reinforcement in the 

development and modntenance of c igaret te smoking behavior (and may 

mediate the lower body weight whic:h i s apparent among smokers when 

con^ared to non-smokers) by a l te r ing the level of physiological and/or 

endocrinological ac t iv i ty ( i . e . , level of arousal) or the s ta te of 

hunger/satiety being eacperienced by the smoker. 

I t was also observed that increasing doses of nicotine 

resul ted in increasing plasma coneentraticais of catecholamines and 

corticosterone which have been implicated as potent ial mediators of 

several ceirdiovascular disorders. Preliminary evidence suggested a 

posi t ive relat ionship between nicotine and his tological indications of 

nyocardial degeneratican and fa i lu re . 

Phase I I demcaistrated that the repet i t ive acJministration of 

nicot ine in ccaijimcticm with the simultaneous presentation of a 

non-drug stimulus (flaishing l ights) may resu l t in the development of 

conditioned physiological responses. The resul ts of th i s study 

indicated -the presence of both conditioned opponent and primary 

process respcanses. Conditioned norepinephrine responses were similar 

to -those e l i c i t e d by nicotine ( i . e . , an increase in plasma 

concentration) although approximately one-half the s i ze , while the 

ccanditioned dopamine responses were opposite to those produced by 

i l l 



nicot ine acamlnistration. Conditioned responses, such as -those observed 

in -the present study, may contribute to -the tobacco abstinence and 

withdrawal syndromes. I t i s possible that the appropriate presentation 

of -the conditioned stimuli (and subsequent e l i c i t a t ion of -the 

conditicned respcaase) may be of benefit in reducing the discomfort 

associated with abstinence and the withdrawal syndrome by subst i tut ing 

for the administration of the drug. 

The resul ts of the f inal phase of -the experiment indicate that 

-the presentation of noxious stimulatican (physical res t ra in t was used 

in the present study as an exau^le of -the broader class of noxious 

environmental stimuli) produced increases in the plasma concentrations 

of norepinephrine, epinephrine and corticosterone. The acJministration 

of nicot ine to nicotine-eaqjerienced animals did not reduce the 

in tens i ty of physiological respcanses induced by the application of 

noad-ous st imulation. In fac t , the acSministration of nicotine 

concurrent with the application of s t ress resulted in a somewhat 

greater in tens i ty of responciing than was induced by application of the 

s t ressor alone. These resul ts suggest -that the s t ress ameliorating 

effects of smoking are not based on the reduction of s t ress related 

peripheral physiological processes. 
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cigarette smoking is the single most important preventable 

cause of premature mortality and morbidity in the United States (U. S. 

Dept. of Health, Education and Welfare, 1979). It was estimated that 

in 1979 more than 30% of the adult (18 years or older) male and female 

population of the United States were current lasers of cigarettes, 

representing nearly 55 million individuals. In additican, it was 

estimated -that there were approacimately 30 million former cigarette 

smokers in 1979. Therefore, the consequences of current cigarette 

smoking or a prior history of cigarette use may affect up to 85 

million people, approximately cane-half of -the adult populatican. There 

is eactensive evidence that the acSministration of nicotine in animals 

and cigarette smoking in humans produces a variety of biochemical, 

endocrinological and physiological effects. However, despite years of 

research, -the role which many of these responses play in the 

development and maintenance of cigarette smoking and in the etiology 

of the pathologies associated with tobacco use have not been 

established. 

Diseases Associated with the Use of Tobacco 

It has been clearly demonstrated that cigcirette and tobacco 

use are related to increased mortality due to ischemic heairt cSisease, 

cancers of the respiratory tract, and the chrcanic obstructive 

pulmonary diseases (U.S. Dept. of Health, Education and Welfare, 

1979). The overall mortality ratio for all smokers of cigarettes is 

about 1.7 compared to non-smokers of similar age, the ratio increasing 

with the quantities smoked. The primary contributors to the increased 

mortality are coronary heart diseases, including myocardial 



infarc t ion , sudden cardiac dea-th and atherosclerosis . The seccandary 

and t e r t i a r y factors involved in the elevated mortality among smokers 

include: cancers of the limg, oral and buccal mucosa, pancreas and 

urinary bladder, and -the chronic obstructive pulmcanary disorders, 

en^hysema and chronic bronchi t is . The increase in morbidity among 

c igare t te smokers i s primarily due to an elevation in the incidence of 

respiratory system <3isorders, although there is an increase in a l l 

forms of acute conditions ( i . e . , colds and brcanchitis). The increases 

in the mortality and morbidity values are most evident for long term 

(years) users of tobacco and also among former long term smokers. 

Based on -this information i t i s apparent that the health 

consequences of c igaret te and tobacco smoking are severe and these 

ccansequences may affect a very large proportion of the population. 

Therefore, i t i s important that we investigate and understand the 

mechanisms involved in the cigaret te smoking habit and the development 

of i t s heal-th consequences. 

Theories of Cigarette Smoking 

Several -theories have been proposed to ea^lain cigaret te 

smoking behavior. These theories have been reviewed by Jaffe and 

Kanzler (1979) and Ashton and Stepney (1982), and are described 

br ief ly in -th.e following paragraphs. In general, the eaqjlanaticans may 

be grouped into three major categories; social and psychosocial, 

psychological-developmental, and psyehobiological-constitutional 

theor ies . While the majority of the theories are relevant to a l l of 

the stages of c igare t te smoking ( i . e . , development, maintenance and 

cessatican) -they frequently emphasize only one or two stages and 



d i s r e g a r d the remainder. However, i t i s veary l i k e l y t h a t each of the 

t h e o r i e s has some con t r ibu t ion t o a l l s tages of c i g a r e t t e use (Jaffe fi 

Kanzler , 1979). 

I t has been argued t h a t t he development of c i g a r e t t e smoking 

behavior i s p r i m a r i l y governed by s o c i a l and psychological f a c t o r s , 

al-though some r ecen t work (Kozlowski fi Harford, 1976; S i l v e r s t e i n , 

Feld fi Kozlcawski, 1980; S i l v e r s t e i n , Kel ly , Swan fi Kozlowski, 1982) 

has proposed an important r o l e for b i o l o g i c a l and pharmacological 

f a c t o r s in e a r l y c i g a r e t t e use . (Kozlowski and a s soc ia t e s argue t h a t 

-the i n i t i a l s e n s i t i v i t y of the smoker t o the e f fec t s of n i c o t i n e w i l l 

determine whether i t i s rewarding or avers ive bo-th upon i n i t i a l 

ea^osure and on sxibsequent occas ions . More s p e c i f i c a l l y , as the 

s e n s i t i v i t y of the i nd iv idua l inc reases then the avers ive e f f ec t s 

produced by n i c o t i n e aciministratican w i l l become more in tense and/or 

more prominent and w i l l decrease the l ike l ihood of continued n i c o t i n e 

u s e . ) The s o c i a l and psychosocia l t heo r i e s r e l a t i n g t o the 

development of smoking argue t h a t e a r l y c i g a r e t t e use i s a response t o 

s o c i a l p r e s su re s as may be evident in peer groups o r , as proposed in 

Bandura 's Soc ia l Learning Theory, i t i s an imi ta t ion of adu l t or peer 

behav io r s . The psychological-developmental eacplanaticns of smoking 

inc lude psychoana ly t i c t h e o r y , E r ikson ' s Theory of psychosocial 

development (U. S. Dept. of Heal th , Education and Welfare, 1979) and 

the J e s s o r s ' ( J e s so r , 1978) model of adolescent deviant behavior . In 

t he se eaiplanations i t i s proposed t h a t smoking i s a r e f l e c t i o n of an 

under ly ing s t a t e of psycholog ica l turmoi l due t o an a r r e s t in 



psychological development, or it is a normal outcome of adolescent 

rebellion. 

The psychobiological and biological-constitutional -theories of 

tobacco use primarily enphasize eacplanations for the maintenance of 

cigarette smoking and the withdrawal syndrome. The major psycho-

biological theories state -that cigarette use and its associated 

activities (i.e., removing the cigarette from the pack, lighting the 

cigarette, puffing and inhaling the smoke) become conditioned 

secondary reinforcers through repeated association with primary 

reinforcers. (The identity of the primary reinforcers involved in 

cigarette smoking are not clearly established, however it has been 

proposed that changes in plasma glucose concentrations [Hickey & 

Homer, 1973] or changes in autonomic nervous system activity 

[Eysenek, 1973; c.f., Schachter, 1977] may subserve this function.) 

The development of the association between the primairy and conditioned 

reinforcer occurs during -the early phases of cigarette use. Following 

the establishment of its reinforcing cdiaracteristics, the cigarette 

and/or -the act of smoking may be substituted for the primary 

reinforcement in order to satisfy desires or drive states, off-set the 

discomfort of withdrawal, or decrease the effect of noxious stimuli 

(i.e., anacLety, pain, stress, etc.) (Jarvik, 1973; Russell, 1971). 

(Se-veral eacplanations have been proposed to account for the apparent 

stress reducing effects of smoking: a) smoking may reduce wi-thdrawal 

discomfort by replenishing the body content of nicotine which has been 

depleted by physiological changes concomitant with stress (Sciiachter, 

1977), b) smoking may reduce the physiological arousal associated 



with stressful and/or noxious stimuli, or c) the act of smoking may 

focus attention away from the stressor and thereby decrease its inrpact 

on the individual [Ashton & Stepney, 1982].) 

The biological eacplanations for -the maintenance of smoking 

behaviors are probably best eaceirplified by the "titration" model 

proposed by Schachter (1977). This theory argues that the smoker is 

physically addicted and/or dependent upon some component of tobacco 

smoke. More specifically, in this theory it is proposed that the 

smoker is addicted to nicotine or to a metabolite of nicotine (i.e., 

cotinine). The smoker -then adjusts the rate of cigarette intake to a 

level whicdi maintains the concentration within the body of the desired 

smoke component. Insufficient doses result in withdrawal and craving, 

whereas excessive concentrations result in illness and toacicity 

(Herman fi Kozlowski, 1979). While it is widely accepted -that exposure 

to high doses of nicotine will result in illness it has recently been 

proposed that o-ther components of cigarette smoke, in particular 

carbon monoacide and various aldehydes, may contribute to the toxic 

response (U.S. Dept. of Health, Education and Welfare, 1979). 

Eysenek (1973) has also proposed a model of cigarette smoking, 

arguing that cigarette use reflects an attenqpt by smokers to adjust 

-their degree of physiological and psychological arousal to a level 

which is optimal for -the situation. Eysenek's model is based on -the 

assumption -that for any task or situation there is an ideal level of 

arousal which results in optimal performance or responding to the 

situation. Cigarette smoking is known to have a variety of stimulant 

(syn?)athoraimetic) effects upon the autonomic nervous system (U.S. 



Dept. of Health, Education and Welfare, 1979; Larson, Haag fi Silvette,, 

1961; Larson & Silvette, 1968; 1975). Thus, Eysenek (1973) argues 

that -the use of cigarettes by habitual smokers reflects an attempt by 

-the smokers to manipulate their level of physiological (as indexed by 

autonomic nervous system activity) and psychological (as measured by 

electrcaencephalogram) arousal to a level which is optimal for the 

stimulus condition. 

Bo-th the biological and psychobiological eacplanations of 

smoking primarily emphasize reasons for the maintenance of smoking 

behavior. However, each of these -theories has implications regarding 

smoking cessation and the withdrawal syndrome. According to the 

biological theories, cessation of smoking results in the removal of 

the adcJictive agent -thus initiating a noxious physical state of 

wi-thcJrawal. In -the case of the psychobiological (and to some eartent 

the psychosocial) eacplanaticans, abstinence from smoking, while not 

restilting in aversive physical consequences, results in the removal of 

a frequent and thus highly desirable source of reinforcement. In 

summary, it may be argued that both of these groups of theories 

propose that smoking behavior is maintained by its reinforcement 

characteristics (i.e., smoking is maintained by some positively valued 

outcome effect or because of the alleviation and/or avoidance of 

noacious stimulation) , and that smoking cessation results in a noacious 

condition (physical and/or psychological) of withdrawal. 

The Role of Nicotine in Cigarette Smoking 

A number of the con^jonents of cigarette smoke have been 

investigated for their possible contribution to the addictive 



c h a r a c t e r i s t i c s of smoking (U. S. Dept. of Heal th , Education and 

Welfare , 1979; Larson, Haag & S i l v e t t e , 1961; Larson fi S i l v e t t e , 1968; 

1975). The major emphasis in these s tud i e s has been can the ro l e of 

n i c o t i n e . While the ea^er imental r e s u l t s a re sonewhat i ncons i s t en t 

and c o n t r a d i c t o r y , i t appears t h a t n i c o t i n e i s the primary 

phaannacologieal agent involved in c i g a r e t t e add ic t ion . A shor t review 

of s t u d i e s on the con t r ibu t ion of n i c o t i n e in smoking behaviors i s 

p r e sen ted in -the following paragraphs . 

Chemistry and Pharmacology of Nico t ine . Nicotine i s an 

a l k a l o i d conta ined in the leaves of tobacco (Nicotiana tabacum). I t 

i s a c o l o r l e s s , v o l a t i l e base (pk = 8.5) which i s r e ad i l y sellable in 

water (Taylor , in Gilman, Goocaman & Oilman, 1980). Nicotine i s 

r a p i d l y absorbed from the r e s p i r a t o r y t r a c t , buccal mucosa and the 

s k i n . The h a l f l i f e of n i c o t i n e following inhalatican or p a r e n t e r a l 

acamlnistration i s approacimately 30-60 minutes. Approximately 80-90% 

of n i c o t i n e i s metabolized in the body, p r imar i ly by the l i v e r but 

a l s o in the kicSneys and lungs . Nicotine and i t s metabol i tes (cot inine 

and n i c o t i n e - I ' - N - o x i d e ) a re e l iminated by the ki<3neys, -the r a t e of 

e l im ina t i on being dependent upon urinaory pH (excret ion i s increased 

wi-th e l eva t i on of u r ina ry acicaity and i s decreased under condi t ions of 

u r ina ry a l k a l i n a t i o n ; Becke t t , Rowland & Tr iggs , 1965; Beckett fi 

T r i g g s , 1967; Feyerabend fi Rus se l l , 1978; Matsukura, Sakamoto, 

Takahashi , Matsuyama fi Muranaka, 1979; Russel l fi Feyerabend, 1978). 

Nicot ine when a<aministered in low t o moderate doses in man 

(Taylor , in Gilman e t a l . , 1980; U.S. Dept. of Heal th , Education and 

Welfare, 1979) and many animals (Larscan, Haag & S i l v e t t e , 1961; Larson 



& S i l v e t t e , 1968; 1975) has sympathomimetic e f f e c t s ( i . e . , e f f ec t s 

s i m i l a r t o those produced by a c t i v a t i o n of the sympathetic autonomic 

nervous system) ; high dosages have depressant and/or l e t h a l e f f e c t s . 

The complex responses produced by the admin is t ra t ion of n i c o t i n e are 

due n o t only t o i t s ac t ion a t many neurcaeffector and ehemosensitive 

s i t e s , bu t a l s o t o the f ac t t h a t i t has bo-th s t imulant and depressant 

e f f e c t s . The o v e r a l l response t o n i c o t i n e may be viewed as the 

suiranation of n i c o t i n e e f f e c t s a t each of the e f f ec to r s i t e s . For 

eacample, "n i co t i ne may inc rease h e a r t r a t e and blood pressure v i a 

s t imu la t i on of synpa-thetic gangl ia and/or p a r a l y s i s (blockade) of 

pareisyn^iathetic gang l i a . Conversely, n i c o t i n e may decrease heaart r a t e 

and blood p re s su re by p a r a l y s i s of the sYn5>athetic system and/or 

s t imu la t i on of parasyni ia the t ic ne rves" (Taylor, in Gilman e t a l . , 

1980). I t i s probable t h a t the dose of n i c o t i n e received by the 

average smoker has p r imar i ly syii4)a-thomimetie e f f ec t s which are evident 

in i nc rea se s in h e a r t r a t e , blood p ressure ( sy s to l i c and d i a s t o l i c ) 

and ca rd i ac output (U. S. Dept. of Heal th , Education and Welfare, 

1979). 

In g e n e r a l , procedures which have i nves t i ga t ed the poss ib le 

r o l e of n i c o t i n e in c i g a r e t t e addic t ion may be grouped i n t o th ree 

c a t e g o r i e s : a) animal s e l f - a d m i n i s t r a t i o n , b) human se l f -

a d m i n i s t r a t i o n (of c i g a r e t t e s ) , and e) human s e l f - a d m i n i s t r a t i o n 

fol lowing -the exogenous admin is t ra t ion of n i c o t i n e or modificat ion of 

n i c o t i n e b i o a v a i l a b i l i t y . While the r e s u l t s obtained in these 

ea5>eriments are somewhat c o n t r a d i c t o r y , the majori ty of s t ud i e s 

suppor t the p o s i t i o n t h a t n i c o t i n e plays an i n ^ o r t a n t ro l e in the 



regulation and maintenance of smoking. A shoart review of 

representat ive studies i s presented below. 

Self-Acamlnistration of Nicotine in Animals. Several studies 

have investigated the self-administration of nicotine in ra ts (Clark, 

1969; Hanson, Ivester fi Moirton, 1977, 1979; Lang, Latiff, McQueen & 

Singer, 1977; Latiff, Smith & Lang, 1980) and primates (Deneau & 

Inoki, 1967; Yanagita, 1973). Hanscan and associates report that 

following an i n i t i a l "priming" period of drug eacposure, ra ts maintain 

a re la t ive ly constant rate of responding (bar press) for -the 

intravenous administration of nicot ine . Priming i s a procedure during 

which repe t i t ive carug administratican i s independent of the responding 

of the organism and may act to induce a conditican of physiological 

depenc3ence or tolerance to the caarug. The rate of responding was 

dependent upon -the dose of nicotine acaministered in each infusion and 

the level of i n i t i a l eacposure ( i . e . , the rate of self-administration 

tended to be posi t ively re la ted to -the dose of nicotine which was used 

in the priming period) . Gol(3berg and Spealman (1982) found -that the 

intravenous acamlnistration of nicotine had both reinforcing and 

punishing charac ter is t ics depending on the schedule of presentation 

and the reinforcing event. The resul ts of th is study indicate that 

-the charac ter i s t ics of the response to the acaministratican of nicotine 

are not invar iant ; -they are dependent in paart upon tJie schedule of 

presentation and concurrent environmental factors. 

Lang e t a l . (1977) demonstrated that nicotine self-

acaministration was increased by food deprivation (animals were 

maintained at 80% of free feeding body weight) , and when injections 
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were adjunctive (Latiff e t a l . , 1980) to a food presentation schedule. 

In the l a t t e r study i t was found tha t the ra te and pattern of nicotine 

self-acaministratican under the food delivery schedule (food 

presentation was caependent on responding) were higher and more stable 

than un<aer any other condition tes ted. Deneau and Dioki (1967) found 

-that a "priming" period (a period during which 6xug acamlnistration was 

independent of responcaing) was necessary to induce stable patterns of 

self-administratican. However, research by Hanson e t a l . (1977, 1979) 

and Cox (perscanal communicatican, 1983) indicates that priming i s not 

necessary for the development of nicotine self-acaministratiom in r a t s . 

At the present time 1:he evicaence regarding -the necessity of drug 

priming procedures in the study of nicotine self-administration i s 

somewhat equivocal and warrants further investigation. 

Self-Acaministration of Cigarettes in Humans. Investigation of 

the self-acaministration of cigaret tes in humans has taken several 

forms: a) studies of the frequency and quantity of cigaret tes smoked 

following changes in -the nicotine content of the c igare t tes , b) 

changes in smoking behavior after modification of the bioavai labi l i ty 

of n ico t ine , and e) studies of cigaret te use following the exogenous 

administration of nicotine ( i . e . , nicotine deliveiry by some means 

o-ther than smoking). In a number of s tudies , subjects were supplied 

wi-th high or low nicotine cigaret tes and asked to maintain a record of 

how much they smoked. I t was expected that i f the smoker i s smoking 

for nicotine -then there would be an increase in the ccnsumptican of the 

low nicotine c igaret tes as conjjared to those containing higher le-vels 

of n ico t ine . Goldfarb, Jarvik and Click (1970) found no difference in 
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the consuni>tion of high and low nicotine cigarettes among a group of 

habitual smokers. However, the majority of studies have found some 

degree of regulation, ranging from the extremely precise (Ashton 5 

Watscan, 1970) to moderate adaptation (Goldfarb, Gritz, Jarvik fi 

Stolerman, 1976; Kozlcawski, Jaarvik & Gritz, 1975; Kumar, Cooke, Lader 

fi Russell, 1977; Russell, Wilson, Patel, Cole & Feyerabend, 1973; 

Schacditer, 1977). In addition, it should be noted -that Ashton, 

Stepney and Thompson (1979) found that when plasma nicotine concen­

trations were measured it gave evidence that the degree of com­

pensation by smokers was more exact than was eacpected on the basis of 

the number of cigarettes smoked (i.e. , it was found that plasma 

nicotine concentrations were closer to the subject's nonnal baseline 

value -than would have theoretically been predicted based on their 

consun5)tion of cigarettes with various nicotine deliveries). 

In a recent investigatican (Benowitz, Hall, Heming, Jacob, 

Jones fi Osman, 1983), it was reported that nicotine consumption (as 

measured by -the plasma concentration of cotinine, the primary metabo­

lite of nicotine) among a group of habitual smokers was unrelated to 

the Federal Trade Commission repoorted nicotine yield (high or low) of 

the cigarettes they smoked. Further, it was found that plasma 

nicotine (cotinine) concentrations were correlated positively only 

wi-th the daily total consumption of cigarettes. These findings 

provide additional evidence that the consumption of nicotine in the 

habitual smoker is highly dependent on the manner in which the 

cigarette is smoked and is not necessarily dependent can -the nicotine 

delivery of the cigarette. In addition, these findings indicate the 
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n e c e s s i t y t h a t in future research the dose of acaministered n i c o t i n e be 

exper imenta l ly c o n t r o l l e d , or a l t e r n a t i v e l y , t h a t plasma n i c o t i n e 

concen t r a t ions be measured. 

A somewhat d i f f e r e n t approach t o the study of smoking has 

inco rpora t ed i n v e s t i g a t i o n of the topography ( i . e . , the niomber, s i z e , 

dep-th and r a t e of puffing) of c i g a r e t t e use . Henningfield and 

Griffi- ths (1979) repoorted t h a t when the a v a i l a b i l i t y of c i g a r e t t e s was 

r e s t r i c t e d sub jec t s inc reased -the number of puffs taken on each 

c i g a r e t t e and the length of abs t inence was inverse ly r e l a t e d to the 

latencay t o puff ing when c i g a r e t t e s were again a v a i l a b l e . Griffi-ths 

and Henningfield (1982) found t h a t cailution of -the c i g a r e t t e smoke (by 

v e n t i l a t i o n of the f i l t e r system) r e s u l t e d in sub jec t s inc reas ing the 

r a t e and t o t a l number of puffs taken on each c i g a r e t t e . However, 

s u b j e c t s were allowed canly four minutes t o smoke eacdi c i g a r e t t e , and 

t h e inc reased f i l t e r v e n t i l a t i o n r e s u l t e d in a decrease in -the 

q u a n t i t y of -the cigeurette which was buasied during each puff when 

con^iared t o n o n - v e n t i l a t e d c i g a r e t t e s . Therefore , i f the propor t ion 

of -the v e n t i l a t e d c i g a r e t t e which was consumed during each puff was 

decreased -then -the smoker would have t o take an increased number of 

puf fs in o rder t o ecansume equal q u a n t i t i e s of the v e n t i l a t e d and 

ncan-vent i la ted c i g a r e t t e s , -thus o f fe r ing an a l t e i n a t e eacplanation for 

t h e exper imental r e s u l t s ( i . e . , i f an i nd iv idua l smoker consumes a 

r e l a t i v e l y cons tan t amount of each c i g a r e t t e , then -they would have t o 

i n c r e a s e the number, dura t ion or depth of puffs taken on a slow 

burning v e n t i l a t e d c i g a r e t t e ) . Heming, Jones , Bachman and Mines 

(1981) found t h a t smokers increased the volume of each puff when 
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smoking cigarettes delivering lower nicotine yields than their normal 

brand. 

Taken as a whole, the group of studies cited above indicate 

that a regulatoJT^ mechanism is involved in cigarette smoking and the 

probable regulating agent is nicotine. The conclusion is most 

strongly supported by the studies of Goldfarb et al. (1976) and 

Schachter (1977) in which the nicotine content of cigarettes was 

manipulated independent of their tar deliveiry. However, -the role of 

tar and associated taste factors may not yet be dismissed as cdianges 

in cigarette smoking may not be con5)letely accounted for by ciianges in 

cigarette nicotine deliveary, A recent investigation (Stepney, 1981) , 

which independently manipulated cigarette tar and nicotine delivery, 

indicates that cigarette smoking may not be eacplained by nicotine 

yield alone. 

Studies of Cigarette Use Following Administratican of Nicotine 

From a Ncan-Tobacco Source. The final category of studies includes 

those procedures in which nicotine bioavailability was altered or 

nicotine was acaministered o-ther than via cigarette use. Schachter, 

Kozlowski and Silverstein (1977) demonstrated that increases in 

urinary acidity (a condition which increases the excretion of 

unmetabolized nicotine in the urine and thus decreases the nicotine 

content of the body) oresulted in significant increases in cigarette 

ccnsumptican. Lucchesi, Schuster and Emley (1967) conducted a study in 

whicdi nicotine bitartrate (2-4 mg/hr for 6 hours) was administered by 

intravenous infusion to a group of smokers. The results indicated 

that the intravenous nicotine produced a significant caecrease 
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(approximately 29%) in the frequency of smoking and the amount of each 

cigarette consumed as compared with saline control trials. Jarvik, 

Click and Nakamura (1970) using nicotine capsules, and Russell, 

Wilson, Feyerabend and Cole (1976) using nicotine chewing gum produced 

significant (although small, approacimately 15%) decreases in smoking 

among groups of habitual users. Itofortunately, in each of these 

procedures -the subjects were aware that the eacperimental manipulations 

were in some manner related to cigarette smoking — knowledge which 

may have influenced the e35)erimental results. 

Based upon -these studies it appears safe to ccjnclu(3e -that 

nicotine plays an inportant role in the regulation of smoking behavior 

and may be the primaary phaannacological agent involved in cigarette 

addiction. Whether or not nicotine is the sole or most impoartant 

addictive pharTnacological component of-tobacco, -there is no doubt that 

nicotine is present in the smoke of cigarettes and that the smoker is 

exposed to it. Therefore, further investigation is warranted 

regarding the contribution of nicotine to tobacco use and addietican 

and to -the pathological conditions associated with smoking. 

Physiological, Endocrinological and Biochemical Effects of Nicotine 

Ac3ministration 

As was stated earlier in the paper, nicotine produces a 

complex pattern of respcaises which are dependent upon the dose of 

nicotine and its site of action. Nicotine is recognized as having 

effects can the central nervous system (e.g. , -the chemoreceptor trigger 

zone) , on the peripheral nearvous system (especially the sympa-thetic 

and parasyit^athetie autonomic ganglia) , and at peripheral effector 
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organ s i t e s (such as the neuromuscular junct ion) (Gilman e t a l . , 

1980). The response produced by -the acaministraticai of n i co t ine may be 

viewed as the suimnatican of i t s s t imulan t and depressant e f f ec t s a t 

each of -the e f f e c t o r s i t e s . 

An immense quan t i t y of research has been conducted over -the 

p a s t century t o eacamine the phys io log ica l and endocr inologica l e f f ec t s 

of n i c o t i n e and c i g a r e t t e smoking. The reader i s r e f e r r ed t o the 

e x c e l l e n t reviews of Larson, Haag and S i l v e t t e (1961) and Larson and 

S i l v e t t e (1968; 1975) for comprehensive p re sen ta t ions of the ava i l ab le 

m a t e r i a l . Se lec ted re ferences w i l l be used in the following 

d i s c u s s i o n . 

P e r i p h e r a l Nervous System Ef fec t s . Su and Bevan (1970) and 

West fa l l and Brasted (1974) found t h a t n i co t ine has d i r e c t r e l ea s ing 

e f f e c t s upcan norepinephr ine in p e r i p h e r a l post-ganglicanie sympa-thetic 

neurons . The r e l e a s e of norepinephrine appears t o be due t o the 

b inding of n i c o t i n e t o a " n i c o t i n i c type recep to r" on the adrenergic 

nerve t e rmina l (Westfall fi Bras ted , 1972). Maengwyn-Davies and Thoa 

(1973) and Stewar t , Booker and West (1973) repor ted t h a t n i c o t i n e 

administratican produced an inc rease in norepinephrine tioamover in 

c a r d i a c and a r t e r i a l t i s s u e . 

Cent ra l Nervous System Ef fec t s . The adminis t ra t ion of 

n i c o t i n e has been shown t o produce a s i g n i f i c a n t increase in the 

3 
r e l e a s e of r a d i o a c t i v e l y l a b e l l e d norepinephrine(H ) from bra in t i s s u e 

in the ca t (Hall & Turner , 1972) and r a t , while producing no change in 

t h e t o t a l b r a in norepinephr ine concentra t ion (Bhagat, Kramer fi 

S e i f t e r , 1967). Bhagat (1970) found t h a t the chronic adminis t ra t ion 



16 

of n i c o t i n e (0.5 mg/kg, f ive t imes a day for s i x weeks) acce le ra t ed 

the r a t e of disappearance of l a b e l l e d norepinephrine ( i . e . , increased 

t h e tu rnover r a t e ) from r a t b ra in wi thout a f f ec t ing t i s s u e concen-

t ra t ican . In the hypo-thalamus and p i t u i t a r y of r a t s , n i c o t i n e has been 

r e p o r t e d t o i nc rea se norepinephrine r e l ea se (Hall £ Tuanier, 1972) and 

i n h i b i t -the r e l e a se of P r o l a c t i n , probably by the aestivation of 

hypothalamic dopaminergic neurons (Enero-th, Fuxe, Gustafsscn, Hokfel t , 

LofStrom, Ske t t & Agnat i , 1977 a & b ; Fioace, Agnati , Eneroth, 

Gustafsson, Hokfe l t , Lofstrom, Sket t & S k e t t , 1977). The a c t i v a t i o n 

of hypothalamic dopaminergic neurons r e s u l t s in an increase in -the 

r e l e a s e of P r o l a c t i n Inhibitoiry Factor i n t o -the 

hypo-thalamic-hypophysial poirtal blood system, thus r e s u l t i n g in a 

decreased r e l e a s e of P ro l ac t i n from the a n t e r i o r p i t u i t a r y . 

Effec ts on the Adrenal Medulla. In acarenal t i s s u e i t has been 

r e p o r t e d t h a t chronic (xsp t o nine months) exposure t o n i co t i ne p ro ­

duces hypertrophy of medullairy t i s s u e , without producing d i sce rn ib l e 

h i s t o l o g i c changes in adrenal c o r t i c a l c e l l s . In a d d i t i o n , i t was 

found t h a t the medullaar^ hypertrophy was due pr imar i ly to an increase 

in the number and s i z e of norepinephrine conta ining c e l l s (Eranko, 

1955; Eranko, Hopsu & Raisanen, 1959). Biscardi and Wassermann (1966) 

and Kovacic and Robinson (1970) found t h a t n i c o t i n e promoted the 

r e l e a s e of norepinephr ine and epinephrine from the i s o l a t e d ac3renal 

medulla of snakes and dogs, r e s p e c t i v e l y . The r e l ease of ca t echo l ­

amines inc reased with i nc reas ing doses of n i c o t i n e to a maximum l e v e l 

beyond which responding decreased. This p a t t e r n of responding 
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exempl i f ies the b iphas i c s t imulan t -depressan t (aetivatican-blockade) 

e f f e c t s produced by the acamlnistration of n i c o t i n e . 

S lo tk in and Se id l e r (1975) demonstrated t h a t the acute and 

chronic e f f e c t s of n i c o t i n e on acarenal medullaoTr t i s s u e s are 

d i f f e r e n t . Acute ly , high doses of n i c o t i n e <3epleted adrenal 

catecholamines and decreased the number of funct ional sec re to ry 

v e s i c l e s . However, cdircanic acamlnistration a t a l l doses had no e f f ec t 

on r e s t i n g catecholamine and v e s i c l e concen t r a t i ons , but r e su l t ed in 

i nc reased l e v e l s of t y r o s i n e hydroacylase and dopamine /3 hydroacylase 

(bo-th of these enzymes are involved in the syn thes i s of norepinephrine 

and e p i n e p h r i n e ) . The e l eva t ion of enzyme concentra t ions was found t o 

cont inue for s e v e r a l days following the cessatican of n i c o t i n e 

acamlnistrat ion. I-t was obseorved t h a t the increase in -the a c t i v i t y of 

catecholamine syn thes i z ing enzymes might r e f l e c t a compensatoary 

response t o the s ec re to ry e f f e c t s of chronic or frequent n i co t i ne 

acamlnistration ( i . e . , t h e r e was an increase in the a c t i v i t y or 

q u a n t i t y of catecholamine syn thes iz ing enzymes, such t h a t the increase 

in s y n t h e t i c a c t i v i t y counterbalanced the r e l ea se of catecholamines 

which was induced by n i c o t i n e ) . 

Effec ts on Plasma Hormone Concentra t ions . Several s t ud i e s 

have r epor t ed -that t he i n h a l a t i o n of c i g a r e t t e smoke in dogs (Westfall 

& Wat t s , 1962, 1963) and n i c o t i n e i n j ec t i on in dogs and o ther species 

(Kiser , Booher & Wat ts , 1956; N a r i t a , Shiba ta , Waki, Egashira fi 

Suzuki , 1973) produce an increase in the plasma concentra t ion of 

ep ineph r ine . In a d d i t i o n , n i c o t i n e was found t o induce moderate 

i n c r e a s e s in plasma norepinephr ine concen t ra t ion , although these 
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e f f e c t s were no t always s t a t i s t i c a l l y s i g n i f i c a n t . Watts (1960) 

argues t h a t an invearted U shaped curve bes t eacplains the r e l a t i o n s h i p 

of n i c o t i n e e f f e c t s on epinephrine s e c r e t i o n . Increas ing doses of 

n i c o t i n e were found t o promote inc reas ing plasma epinephrine concen-

t ra t icans up t o a maacimum response beyond which the concentra t ion of 

ep inephr ine t a i l e d off (towards b a s e l i n e ) . These r e s u l t s are s i m i l a r 

t o those repojTted by Biscard i and Wasseinnann (1966) and Kovacic and 

Robinson (1970) us ing i s o l a t e d adrenal glands. The fac t t h a t Watts 

(1960) found no increase in plasma norepinephrine may r e f l e c t a 

d i f fe rence in the p e r i p h e r a l plasma ha l f l i f e of epinephrine and 

norep inephr ine . In adrenalectomized animals , the i n t r a - a o r t i c 

i n j e c t i o n of n i c o t i n e was found t o produce no e f fec t s on cardiac 

funct ion or plasma catecholamine concentra t ions (Woods, Richarcascan, 

Richar<3son & Bozeman, 1956), -thus i n d i c a t i n g t h a t the re lease of 

catecholamines from the adrenal glands probably accounts for the 

changes in ca rd iac function and plasma concentra t ions of the biogenic 

amines following n i c o t i n e acamlnistration. 

Tsujimoto, Nishikawa, Dohi and Kojima (1974) repoarted t h a t 

acute n i c o t i n e i n j e c t i o n s in dogs and monkeys r e s u l t e d in increased 

le-vels of plasma catecholamines , glucose and free f a t t y ac id s . In 

both s p e c i e s , n i c o t i n e induced a r i s e in catecholamines -that s l i g h t l y 

preceded -the inc rease in plasma g lucose . Using human smokers, s eve ra l 

stucaies have repor ted t h a t smoking acu te ly e l eva t e s the plasma concen­

t r a t i o n s of epinephr ine and Cor t i so l (Hi l l & Wynder, 1974) and n o r e p i ­

nephr ine and f ree f a t t y ac id (Car ru thers , 1976). Cryer, Raymond, 

Sant iago and Shah (1976) demonstrated t h a t c i g a r e t t e smoking produced 
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an inc rease in catecdiolamine and plasma glucose concentraticans, and 

t h a t t hese e f f e c t s were decreased by acirenergic blocking agents . In 

additicHi, i t was repoarted t h a t smoking r e s u l t e d in increased growth 

hormcane and C o r t i s o l l e v e l s , which were not a l t e r e d by acarenergic 

b lockage . In another study (Spohr, Hofman, Steck, Harenberg, Wal te rs , 

Hengen, August in, Mori, Koch, Horsch fi Weber, 1979), smoking was found 

t o inc rease plcisma coort isol , g lucose , l a c t a t e and free f a t t y a c i d s . 

Effec ts on Urineiry Excret ion of Epinephrine and 

Norepinephrine. C iga re t t e smoking has been found t o increase the 

urinairy exc re t i on of epinephr ine in smokers when con^ared with 

non-smoking periocas (Frankenhaeuser, Myrsten, Waszah, Neri & Pos t , 

1968) and when conpared with non-smokers (Westfall fi Watts , 1963; 

Tuaaibull & Kelvin , 1971). The in j ec t i on of high doses of n i c o t i n e in 

r a t s was found t o inc rease urinaory concentra t ions of epinephrine and 

norepinephr ine while low doses produced increases in epinephrine 

e x c r e t i o n only (Westfa l l , 1965). Myrsten, Pos t , Frankenhaeuser and 

Johansson (1972) found no d i f fe rence in the urinaory catecholamines of 

sub j ec t s allowed t o smoke and those not smoking while engaged in a 

hand-eye coordina t ion t a s k ; the authors propose t h a t -the s t r e s s f u l 

requirements of the coordinat ion t a sk overshadowed the e f fec t s of 

smoking on catecholamine e x c r e t i o n . 

Adrenal C o r t i c a l E f f ec t s . C igare t t e smoking and n i co t ine 

a d m i n i s t r a t i o n have a l s o been repor ted t o a f fec t adrenal c o r t i c a l 

func t ion ing , s t e r o i d r e l e a s e , plasma glucose concentra t ion and hoormone 

l e v e l s , such as i n s u l i n , growth hormone and /3 endoorphin. Several 
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relevant a r t i c l e s have been ci ted in preceding sections; additicanal 

studies are discussed below. 

Rubin and Warner (1975) using isolated cat adrenal coortical 

ce l l s found -that the application of nicotine (6-600 umoles) increased 

the synthesis of the adrenal steroids and increased the action of 

adrenocoorticotrophic hoormone (ACTH) on steroidogenesis. I t was also 

reported tha t nicotine had both direct and indirect effects on 

increasing the secretoary ac t iv i ty of coortical c e l l s . In r a t s , i t has 

been reported tha t nicotine (0.4 mg nicotine baseAg) acaministratican 

resu l t s in an increase in the plasma concentration of corticosterone 

within siacty minutes (Balfoiar, Khullar & Longden, 1975). Turner 

(1975) repoorted that in ra t s which had been demedullated, the increase 

in plasma corticosterone and free fat ty acids following nicotine 

acamlnistration was blunted ( i . e . , the steroid and l ip id concentration 

increased but to a lesser eactent than in animals which had not under­

gone caemedullatioh). I t was also repoorted that demedullation did not 

affect the increase in coorticosterone levels when t e s t animals were 

s t ressed by being placed on an elevated platfoorm, thus leading to the 

conclusion -that the release of coorticosterone under conditions of 

s t r ess i s controlled by a separate mechanism than controls i t s release 

by n icot ine . I t was proposed that the steroid response to the 

administratican of nicotine was primarily meciiated via activation of 

the sympatho-adrenal medullaory system. 

In conscious and anesthetized dogs (Suzuki, Ikeda, Narita, 

Shibata, Waki & Egashira, 1973), i t was found that intravenous 

nicot ine (0.1 mg/kg) produced an increase in the secretion of 17-OH 
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c o r t i c o s t e r o i d s as measured in vena cava blood. Fu r the r , i t was 

apparent t h a t hypophysectomy elioninated the response , i n d i c a t i n g t h a t 

p i tu i taory adrenocoorticotrophic hoormone i s necessairy t o promote the 

r e l e a s e of adrena l g lucocor t i co ids in response t o the acamlnistration 

of n i c o t i n e . In human s u b j e c t s , Hokfelt (1961) found t h a t the smoking 

of two c i g a r e t t e s caused an inc rease in plasma Cor t i so l l e v e l s , with 

-the maacimal response occurr ing approximately two hours following the 

i n i t i a t i o n of smoking. However, no s i g n i f i c a n t d i f ferences were found 

in the plasma coortisol l e v e l s of smokers and non-smokers following 

s e v e r a l hours of smoking. 

The Effects of Nicot ine on Glucose and I n s u l i n . The e f fec t s 

of n i c o t i n e or c i g a r e t t e smoking on plasma glucose concentra t ions in 

animals and human sub jec t s has been reviewed elsewhere (Larson, Haag fi 

S i l v e t t e , 1961; Larson & S i l v e t t e , 1968; 1975). Larson e t a l . (1961) 

reviewed thi i r ty s t u d i e s which had used animals , including dogs, 

r a b b i t s and r a t s , and found t h a t in 28 s t u d i e s the acamlnistration of 

n i c o t i n e had produced inc reases in plasma glucose . Out of a t o t a l of 

2 3 s t u d i e s us ing hiaman s u b j e c t s , 17 were repoorted as having 

demonstrated inc reases in plasma glucose following c i g a r e t t e use . 

Several more r ecen t s t u d i e s using humans (Sandberg, Roman, Zavocanick & 

Kupers, 1973) and r a t s (Bizz i , Tacconi, Media s G a r a t t i n i , 1972) have 

repoorted i nc rea se s in plasma glucose concentra t ion following c i g a r e t t e 

smoking or n i c o t i n e i n j e c t i o n , r e s p e c t i v e l y . Glauser , Glauser , 

Reidenberg, Rusy and T a l l a r i d a (1970) found no d i f ferences in the 

f a s t i n g blood glucose concent ra t ions of seven male smokers before and 

one month a f t e r s topping smoking. However, i t was found t h a t before 
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the cessation of c igaret te use -the subjects displayed elevated plasma 

conc:entrations of glucose thiorty minutes following a glucose challenge 

— a response tha t indicates -that smoking may interfere with the 

noormal homeostatic regulation of plasma glucose. 

Tjalve and Popov (1973) found tha t nicotine had a biphasic 

effect upcan -the release of insulin from isolated pancreatic i s l e t 

ce l l s eactracted from rabbi ts . Nicotine in some concentraticans 

-5 -4 
(5 X 10 - 5 X 10 Molar) produced stimulation of insulin re lease, 

-3 
while a t higher concentrations (10 Molar) i t inhibited the orelease 

of insul in , m huonan subjects , Sancaberg e t a l . (1973) found that -the 

smoking of three c igaret tes resulted in an increase in plasma insulin 

wi-thin siacty minutes; the nicotine effect of increasing plasma glucose 

was evident within -thirty minutes. Winteomitz and Quillen (1977) 

reported -that c igaret te smoking had no effect on insulin concentration 

in human subjects following a four hour fast . Both of -the preceding 

studies repoorted that c igaret te smoking induced increases in the 

plasma concentration of growth hoormcane — a peptide hoormone released 

from the adenohypophysis which in pairt regulates the u t i l iza t ion of 

glucose in conjunction with insul in . In an epidemiological study 

involving over 500 Jamaican adults i t was found that smokers displayed 

a decreased insulin response to a glucose challenge, indicating that 

chronic smoking may interfere with insulin responses (Florey, Milner & 

Miall , 1977). 

To suoraaarize the preceding information, it is evident that the 

administration of nicotine in animals and cigarette smoking in humans 

produces a variety of biochemical, endocrinological and physiological 
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ef fec ts . Specifically i t has been demonstrated -that nicotine and 

smoking promote the release and synthesis of norepinephrine and 

epinephrine in a variety of t i s s u e s , including; the adrenal medulla, 

cerebral cortex and hypothalamus, autcaiomic ganglia and cardiovascular 

t i s s u e s . In addition, i t has been shown that the acute administration 

of nicotine resu l t s in an increase in -the plasma concentration of 

glucocoorticoids (coortisol and coorticosterone) , free fatty acids and 

glucose and -that these effects may be mediated by release of catechol­

amines from the sympathoadrenal medullaory system. The effect of 

nicot ine on insu l in , growth hoormcane and others remains unclear. 

Despite years of psychological and biological oresearch, the role which 

these responses play in the development and maintenance of cigaret-te 

smoking and in -the etiology of the pathologies associated with tobacco 

use has not been established. 

New Directions for Researcdi 

One theoiry of c igaret te smoking has proposed that nicotine 

through i t s stimulatory effects on the release of catecholamines, 

Cortisol and/or glucose has a posit ive reinforcement value for the 

smoker, which ccantributes to the development and maintenance of the 

behavior. Recently i t has been demcaistrated that cigaret te smoking 

promotes the release of vasopressin and /3 endorphin — central 

peptides which may play a role in the modulation of central nervous 

system ac t iv i ty and cognitive functioning (Pomerleau, Feortig, Seyler fi 

Jaf fe , unpublished 1982). Additional information peortaining to these 

e f f ec t s , and i f and how they change over time, may yield much in 

understanding the development and maintenance of cigaret te smoking. 
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I t has been wi<aely recognized and accepted that, elevation of 

plasma l ip ids (free fat ty acids , t r ig lycer ides , cholesterol) i s 

implicated in premature cardiac and vascular disorders which are 

evident amcang smokers. Fuarther, i t has been suggested -that increases 

in plasma Cortisol and catecholamines, acting -through a sensit izing 

effecrt on the myocardium, promote the incidence of sudden coronaory 

death (Eliot , Todd, Claytcai fi Pieper, 1978). A bet ter understanding 

of -the mechanisms uncaerlying these effects would have in^jortant 

implications for trea-tment and prevention. 

Several problems exis t in the maoiner in which ea r l i e r inves t i -

gaticans have attenqpted to study -the endocrinological effects of 

nicot ine and cigaret te smoking. Almost without exception previous 

studies have employed one of the following methodologies: a) 

comparison of human habitual cigaret te smokers under smoking and 

non-smoking conditions, b) con^arison of smoking and non-smoking 

individuals , c) investigation of the acute effects of nicotine in 

animals subsequent to only cane eacposure, d) comparison of the effects 

of chronic nicotine eacposure using different groups of animals for 

each point in time, and e) examination of nicotine effects in isolated 

t i s sues . Unfortunately, the majority of these procedures do not allow 

for the careful examination of responding and changes in responding 

over time on a within subject basis during the initiatican and 

maintenance of drug use. I t has recently been proposed that the 

i n i t i a l ea^osure to nicotine (and other drugs of abuse; Heartzen, 

Kocher fi Miyasoto, 1983) and the severity of the effects produced, may 

influence the pat tern of responding induced by subsequent exposure to 
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nicot ine and -thus deteormine the probabili ty of continued self-

acaministratican (Si lverstein, Kelly, Swan fi Kozlowksi, 1982; 

S i lvers te in , Feld fi Kozlowski, 1980; Kozlowski fi Harford, 1976). More 

spec i f ica l ly , i t has been argued tha t the more severe and unpleasant 

-the consequences of the i n i t i a l ea^josure to nicotine then th i s resul ts 

in subsequent ea^osure also having negative a t t r ibu tes and -therefore 

would decrease the probabil i ty of ccnitinued self-acaministration. The 

severi ty of the effects would be dependent upon -the dose of nicotine 

acaministered and can the sens i t iv i ty of the inciividual to nicotine 

effects ( i . e . , the in tens i ty of the aversive effects induced by 

nicotine wi l l increase as the dose of nicotine acaministered or the 

sens i t i v i ty of -the individual increases). Because these effects may 

be specif ic to individuals i t i s impoortant that future research 

incoorporate within subjects designs which wi l l allow for the careful 

examination of individual dorug ea^osure and respcanse h i s to r i e s . 

Pioorpose of the Study. The present study used a within-

subjects design to investigate the effects of the chronic inteormittent 

intravenous acamlnistration of nicotine on several s t ress and possibly 

disease re la ted endocrinological and biochemical parameters. 

Specif ical ly, measurements were made of plasma catecholamines 

(norepinephrine , epinephrine and dopaonine) , coorticostercane, insulin 

and glucose. The eacperiment was divided into three major sections 

each of which examined a different aspect of -the role of nicotine in 

tobacco use: a) the effects during drug i n i t i a t i o n , b) conditioned 

drug responses, and c) the reduction of s t ress responses. A shoort 
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eacplanation of each phase of the ea^jeriment i s presented in -the 

following paragraphs. 

Phase I of the procedure examined the effects of the acamlnis­

t r a t ion of nicotine on endocrine functioning during dorug in i t i a t ion in 

naive animals ( rabbi ts ) . Subsequent eacperimental sessions examined 

any changes in endocrinological function which occurred as the t e s t 

animals acquired increasing "eaq)erience" with nicot ine. The resul ts 

of t h i s phase of -the study re la te to possible biological mechanisms 

involved in the i n i t i a t i on and maintenance of cigarette smoking and to 

the development of the cardiovascular pathologies associated with 

tobacco use. In paorticular, t h i s phase of the study investigated the 

effects of chronic nicotine exposure can -the response of catecholamines 

and coorticosterone which may seorve as reinforcers of the dorug taking 

behavior, and both of which have been proposed as mediators of -the 

elevated incidence of cardiovascular diseases among smokers (Eliot, 

Todd, Clayton & Pieper, 1978; U. S. Dept. of Health, Education and 

Welfare, 1979). 

The second and th i rd phases of the procedure made use of the 

nicot ine "eacperienced" animals which were developed in Phase I of the 

eacperiment. Phase I I of the study examined whether the nicotine 

induced endocrinological and biochemical responses may be conditicaned 

to non-drug st imuli (flashing l ights were used in the present experi­

ment) . The occurrence of ccanditioning and the intensity and direction 

of Irhe effects ( i . e . , s imilar to the unccanditioned respcanse or an 

opponent process) have important interpretat ions re la t ing to the 

maintenance of c igaret te smoking and reactions to abstinence. I t i s 
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p o s s i b l e t h a t the condi t ioned dorug response may seorve as a 

d i s c r i m i n a t i v e s t imulus for the dorug t ak ing behavior , and in the 

absence of t h e drug may con t r ibu te t o craving and the avers ive 

wi-thdrawal syndrome. 

Solomcan and Corbi t (1973; 1974), Solomon (1980) and Hurvich 

and Jameson (1974) have proposed opponent process models of 

mo t iva t i on -a f f ec t and n e u r a l organizatican, r e s p e c t i v e l y . These 

t h e o r i e s are based upon the concept of negat ive fee<aback systems — 

t h e r e eacist systems -that reduce or counterac t a l l devia t ions from the 

b a s e l i n e value (-the noormal homeostat ic value) whether the devia t ion i s 

p o s i t i v e or nega t ive in d i r e c t i o n . The p re sen t a t i on of a s t imulus 

(unccanditioned s t imulus) r e s u l t s in a devia t ion from base l ine which in 

t u rn i n i t i a t e s the development of a counterac t ing or opponent p rocess . 

The opponent process i s p o s t u l a t e d t o be s luggish in i t s r a t e of 

development, latencay and r a t e of <3ecay when compared with -the primaory 

p r o c e s s . The summation of the primaory and opponent processes y i e ld s a 

value equal t o or approacimating the b a s e l i n e . Following repeated 

p r e s e n t a t i o n of the uncondit ioned stimulios -the opponent process may 

become a conc3itioned response t o cues a s soc ia t ed with the 

unconcaitioned s t imu lus . The opponent process w i l l manifest i t s 

q u a l i t y and i n t e n s i t y when the unconditioned st imulus input i s 

suddenly teorminated or when the concaitioned s t imu l i are p resen ted . 

S iege l (1975; 1977); Poulos , Hinson and Siegel (1981); and 

Pomerleau (1981) us ing an opponent process model, have proposed an 

eacplanation for the maintenance of s e l f - a d m i n i s t r a t i o n and the 

development of t o l e r a n c e e f f e c t s in drug use . The frequent 
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presentation of a drug results in the development of physiological-

biochemical and/or behavioral opponent processes which counteract the 

primaory drug effects. Over a period of time the opponent process will 

increase in intensity and duration, requiring -the ccantinued use of the 

drug in order to maintain noormal functicaiing. Thus, the motivation 

for continued dorug use is the avoidance of the opponent process which 

becomes predominant during abstinence. Under special conditions, the 

presentation of conditioned stimuli may elicit the opponent response 

independent of caorug acaministratican. 

Phase II of the procedure examined the conditionability of the 

endocrinological and biochemical effects induced by nicotine adminis­

tration. In this aspect of the study the test animals were ea^osed to 

stimuli (flashing lights) previously associated wi-th the 

administration of nicotine — hcawever, no dorug was actually 

administered. The intensity and direction of -the conditioned 

responses have implications regarding the maintenance of tobacco use 

and reactions to abstinence. As stated previously, the conditicaned 

drug responses may seorve as discriminative stimuli for the drug taking 

behavior, and in the absence of the drug may contribute to the craving 

associated with abstinence and withdrawal. Alternatively, if -the 

conditioned dorug response is reinforcing to the smoker then it is 

possible that elicitation of the conditioned response may decrease the 

frequency and quantity of, or craving for, continued drug use. 

Phase III of the procedure originates with the "psychological 

tool" model (Ashton & Stepney, 1982) of cigarette smoking and the 

reports of smokers that under stressful situations cigarette smoking 
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has a calming effect (Nesbitt 's Paradox; Schachter, 1973). In th i s 

model i t i s proposed that smoking can have beneficial shoort-teorm 

psychological e f fec ts : the meiintenance of perfoormance under 

conditions of mcanotony and fatigue, increasing -the se lec t iv i ty of 

a t t en t ion , and attenuating the effects of s t r e s s . The model i s 

consistent with the view -that nicotine i s a central aspect of 

c igare t te lose because the psychic effects of smoking are at t r ibutable 

to n icot ine . 

In several studies Schachter and his associates found -that 

when smokers were eacposed to a series of painful e lec t r i c shocks they 

ccansumed more cigaret tes than when under a less s t ressful condition 

(Schachter, S i lvers te in , Kozlowski, Heorman & Liebling, 1977; 

Schachter, Si lverstein fi Perlick, 1977). Silverstein (1976) reported 

-that in a group of habitual smokers, allowed to smoke high nicot ine, 

low nicotine or no c iga re t t e s , the intensi ty of shock which subjects 

were wi l l ing to endure was posit ively related to the nicotine content 

of the c igare t t es . In th i s procedure i t was assumed that the more 

anacious the subjects the less pain they would be willing to to l e ra t e . 

Thus, i f smoking has an anti-anaciety effect the smoker should to lera te 

greater in tens i ty shocks. Perlick (1977) found that subjects smoking 

high nicotine c igare t tes were less i r r i t a t e d by a series of simulated 

j e t over-f l ights than were subjects not allowed to smoke or allowed 

only low nicotine c igare t tes . In both studies i t was found that the 

behavior of -the control ncn-smoking subjects was similar to that of 

the smokers allowed to smoke high nicotine content cigaret tes 

indicat ing tha t continued smoking may act only to a l levia te the 
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discomfoort associated wi-th abstinence. The s imilar i ty of respcanding 

between non-smokers and smokers allowed to smoke indicates that 

smoking has no beneficial s t ress reduction effects other than the 

possible reduction of noxious withdrawal symptoms. 

Cbly a few studies have examined the endocrinological effects 

of nicotine londer ccanditions of s t r e s s . Myrsten e t a l . (1972) 

reported no difference in the urinaory excreticm of catecholamines 

among a cjxovtp of subjects allowed to smoke and those not smoking while 

engaged in a hand-eye coordination task; -the authors proposed -that the 

s t ress fu l requirements of the task overshadowed the effects of 

n ico t ine . Benwell and Balfour (1982) found tha t -the chronic 

administration of nicotine (0.4 mg/kg for 40 days) in rats had no 

effect on adrenocoortical responses to acute s t r e s s . However, in 

contrast to -the no-drug control condition, i t was found that repeated 

exposure to the s t ressful procedure did not resul t in adaptation of 

the adrenocoortical response in animals receiving nicotine. 

The role of nicotine in the s t ress ameliorating effects of 

c igare t te smoking i s not c lear . During Phase I I I of the procedure, 

t e s t animals were mildly stressed (by physical res t ra in t ) for short 

periods of time. The simultaneous effects of the presentation of the 

s t ressor and of nicotine were evaluated on various s t ress related 

physiological parameters; plasma catecholamines and corticostercane. 

The resu l t s of th i s procedure speak to the question of whether the 

s t r e s s ameliorating effects of cigaret te use are physiologically 

based. 
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To suoranarize, the present study used a within subjects design 

to invest igate the effects of the chrcanic inteormittent intravenous 

acamlnistration of nicotine on several s t ress related (and possibly 

disease related) endocrinological and biochemical parameters. 

Specif ical ly , measurements were made of plasma catecholamines, 

coorticosterone, insulin and glucose. The ea^eriment may be divided 

in to three major sections each of which examined a c3ifferent aspect of 

the role of nicotine in tobacco use: a) the effects during (3rug 

i n i t i a t i o n , b) conditioned caorug responses, and c) the postulated 

reductican of s t ress induced responses. 



Methods 

Overview of Design and Procedures 

The study investigated the effects of a) caorug i n i t i a t i on , b) 

conditicaning of nicotine- induced responses, and c) the effects of mild 

physical r e s t r a in t s t ress on several hoirmonal and biochemical 

respcaises induced by nicotine administraticai and changes in these 

respcanses wi-th chrcanic ea^osure to nicot ine. The study included four 

experimental con<3iticjns: three dosages of nicotine and physiological 

sa l ine solution as a control. Eacperimental animals (see section cai 

Subjects, page 37) were randomly assigned to one of the ccanditicans and 

received daily ac3ministrations of 0.025 mg, 0.050 mg or 0.100 mg 

nicotine/kg of body weight or physiological saline solution (see I 

section on Dorug Acamlnistration, page 45). Nicotine was administered 

by indwelling intravenous ca-theters four times a day for thir teen ' 

consecutive days. A con^lete description of nicotine injection i s 

presented in the following section on donag administration. 

The eacperiment consisted of several phases which were 

conducted over a period of approximately three weeks. A time-line 

detsdling -the sequence of experimental events i s presented in Appendix 

A (page A2 , Volume I I ) . Details of each of the eacperimental 

manipulations are presented below. The procedure may be roughly 

separated in to four phases: a) pre-eacperimental manipulations and, 

b) Phases I - I I I of nicotine administration. 

The pre-experimental manipulations included a four day 

gentling period, followed by four days on which body weights were 

measured (see section on Pre-Surgical Procedures, page 38). The body 

32 
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weight values were used to compute carug dosages. Antibiotic therapy 

was in s t i t u t ed on -the f i r s t day of body weight measurements as a 

precaution to decrease -the probabili ty of infection following surgical 

or other ea^erimental procedures. All animals were surgically 

prepared wi-th chronic indwelling intravenous catheters (see section on 

Surgical Procedure, page 40), surgical procedures being conducted 

af ter a minimum of four days of ant ib io t ic therapy, and two days prior 

to the i n i t i a t i on of nicotine a<3ministration. The catheters , cane 

intra-aorterial and the other intravenous were used for the acquisition 

of san^le fluids (aorterial catheter) and for the acamlnistration of 

nicotine or sal ine (venous catheter) soluticans. 

Phase I of the study investigated the effects of nicotine 

acamlnistration on endocrinological function in previously nicotine 

naive animals. This aspect of the ea5)eriment encompassed Days 1-7 of 

nicot ine acamlnistration. Blood (plasma) samples were taken on Days 1, 

3 and 7. Subsequent eacperimental sessions ( i . e . , can Days 3 and 7) 

evaluated changes in -the nicotine induced endocrinological responses 

as the t e s t animals acquired increasing "eacperience" with nicot ine. 

Plasma san^les acquired during Phase I of -the eacperiment were 

analyzed for t h e i r content of catecholamines (epinephrine, norepi­

nephrine and dopamine), coorticosterone, insulin and glucose. An 

outl ine of -the methods used for each assay i s presented in Appendix B 

pages B8-B30, Volume I I ) . I t has been demonstrated in previous 

research tha t catecholamines, glucocorticoids and glucose are affected 

by -the administration of nicotine (see Introduction section for 

discussion of e f fec t s ) . However, i t has not been clearly demonstrated 
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whether the n i c o t i n e induced responses are a l t e r e d by inc reas ing p r i o r 

eacposure t o n i c o t i n e ( i . e . , whether t he re are changes in the carug 

induced responses due t o the development of phaormacological and/or 

3 
behav io ra l t o l e r ance or s e n s i t i z a t i o n ) . 

Phase I I of the investigatican examined condi t ioning of -the 

endoc r ino log ica l e f f e c t s (S iege l , 1977) induced by n i co t i ne adminis­

t r a t i o n . The procedure was based on the work of Siegel (1972, 1975, 

1977) whicii i n v e s t i g a t e d the condi t ion ing of i n s u l i n and moorphine 

induced responses . Throughout Phases I and I I of -the s tudy , a 

f l a s h i n g l i g h t was p a i r e d with n i c o t i n e acamlnistration as a 

cond i t ion ing s t imu lus . To i n v e s t i g a t e the conditicaning of 

endoc r ino log ica l r esponses , phys io log ica l s a l i n e solutican was 

s u b s t i t u t e d for n i c o t i n e and was acaministered t o a l l t e s t animals in a 

manner i d e n t i c a l t o previous n i c o t i n e eacposure. The t e s t for 

cond i t ion ing of endocr ino log ica l respcaises was conducted in the 

mooming on Day 9 of drug acamlnistrat ion, wi-th data from Day 7 used for 

comparison of e f f e c t s . 

As in Phase I , plasma samples were analyzed for 

ca techolamines , c o r t i c o s t e r o n e , i n s u l i n and glucose . Conditioning of 

the endoc r ino log ica l r esponses , and the i n t e n s i t y and d i r ec t ion of the 

e f f e c t s ( i . e . , s i m i l a r t o the uncondit ioned response or an opponent 

p r o c e s s ; cf. S i e g e l , 1975, 1977) may be r e l a t e d t o the maintenance of 

c i g a r e t t e smoking and the abs t inence syndrome ( i t i s poss ib l e t h a t the 

condi t ioned drug response may be avers ive t o the smoker, or i t may 

serve as a d i s c r im ina t i ve s t imulus in the maintenance of c i g a r e t t e 

smoking or for the <aevelopment of craving in the abst inence syndrome). 
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The final phase (Phase III) of the eacperiment originated with 

-the "psychological tool" model (Ashton fi Stepney, 1982) of cigarette 

smoking. In this model it is proposed that cigarette smoking 

(possibly due to the nicotine content of the cigarette) may have an 

ameliorating effect on responses to stress. During -this aspect of the 

procedure, test animals were stressed by being placed under paortial 

physical restraint (Rabbit Restrainer, Model XPL-502-AR, Plas Labs, 

Plastics Manufacturing and Supply, Inc., Lansing, MI 48906) 

ccancurrent with the period of donag acamlnistration. The effects of the 

simultaneous presentation of the stressor and nicotine were evaluated 

on several stress related physiological parameters, including plasma 

catecholamines and coorticosterone. When coii:5>ared wi-th appropriate 

control conditions (i.e., presentation of -the stressor without 

nicotine) -the results speak to -the questican of whether the stress 

ameliorating effects of nicotine, and possibly cigarette use, are 

physiologically based. The test sessicans were conducted on Days 11 

and 13 of nicotine acaministratican, with the order of presentation 

counterbalanced (animals in the saline control condition were stressed 

on canly one day; data for the alternate day were used as No Stress/No 

Nicotine control values). 

Following teormination of all eacperimental sessions a post­

mortem examination was performed on each test animal. Euthanasia was 

performed by the intravenous acamlnistration of a lethal dose of 

Pentobarbital. Determinations were made of ca-theter placement to 

assess the exact site of nicotine infusion and sample withdrawal and 

-the condition of surrounding vessels. Additionally, observations were 
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made on a l l major inteomal organs to deteormine the presence of any 

pathological condition which might influence any of the variables 

being studied. Specific attention was given to any s i t e s of 

infect ion, hemorrhage, emboli or infarc t . Histologic eacamination of 

kic3ney, l i ve r or other t i ssues was made i f warranted by macroscopic 

deteorminations ( i . e . , indications of infection or of thrombus 

foormation). Body weight determinations were made on a l l animals at 

the time of autopsy. 

All plasma samples were collected between 0900 and 12 30 hours, 

coinciding wi-th the f i r s t and second of the four daily acaministrations 

of n ico t ine . Saonples were collected immediately before nicotine 

acaministratican (time zero) and 30 minutes following the in i t i a t ion of 

drug acamlnistration during the f i r s t of -the daily dorug sessions. 

During -the seccand of the daily dorug sessions, samples were collected 

immediately before drug acamlnistration (time zero) and at 15, 45 and 

90 minutes following initiatican of drug infusion. The acquisition of 

multiple samples during each t e s t session peormitted investigation of 

the time-course of drug induced effects on each of -the hoormones being 

studied ( i . e . , time of maacimum response or percent of response at 

specif ic inteorvals). The collection of samples at a constant time of 

day was inten<3ed to decrease variance in hoormone levels due to diurnal 

changes, par t icu la r ly for catecholamines and coorticostercane. 

Summary of Design 

The study examined the effects of the intravenous adminis­

t r a t ion of nicotine on several biochemical and endocrinological 

variables ; plasma glucose , insul in , catecholamines and 
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coort icosterone. Four dorug 4ose condi t ions were included in the 

eacperiment: 0.025 mg, 0.050 mg and 0.100 mg n i c o t i n e A g of body 

we igh t , o r p h y s i o l o g i c a l s a l i n e ( c o n t r o l ) . The i n i t i a l phase of the 

procedure examined the e f f e c t of n i c o t i n e can endocrine responses as a 

funct ion of the eactent of p r i o r n i c o t i n e exposure. Phase I I examined 

whether t h e r e was cond i t ion ing of the n i c o t i n e induced biochemical and 

endocrine e f f e c t s . Phase I I I examined the endocr inologica l responses 

t o s t r e s s wi-th and wi thout the simultaneous acamlnistration of 

n i c o t i n e . 

Subjects 

4 5 
Siacteen male New Zealand White r a b b i t s (Oaryctolagus 

c 

cuniculus ; obta ined from Hazelton-Dutchland Laboratoory Animals, I n c . , 

Den-ver, PA) were used in the eacperiment. Twelve animals successfu l ly 

completed -the two weeks of n i c o t i n e acamlnistrat ion, th ree animals in 

each of the dorug dosage conditicans. The pre-eaiperimental body weight 

for each animal was approacimately 3.0-3.5 kg, corresponding t o an age 

of approacimately 8 mon-ths. Animals were randomly assigned tea one of 

t h e four eacperimental condi t ions ( i . e . , t h r ee d i f f e r en t n i co t i ne 

dosages and s a l i n e cont ro l ) , with the s t i p u l a t i o n t h a t the i n i t i a l . 

mean body weight for each of the condi t ions be approacimately 
. , .̂ 7,8 

equivalent. 

All animals were i nd iv idua l l y housed in s t a i n l e s s s t e e l wire 

cages (61 cm x 61 cm x 37 cm h e i g h t , Lab-Care Caging Systems, Research 

Equipment Co . , I n c . , Bryan, TX) and maintained in an independent 

animal vivarium sepa ra t e from o ther laboratoory f a c i l i t i e s . The f loor 

of each cage cons i s t ed of a s t a i n l e s s s t e e l g r id (with openings 
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approacimately 1 cm x 1 cm) suspended over a removable bedding t r a y 

f i l l e d with absorbent m a t e r i a l (Lab-Sorb, Red River Commodities, 

Fargo , ND). The vivarium was maintained on a 12 hour l i g h t / d a r k cycle 

begioining a t 0600 hours (EST) , with a temperature of 20°+l°C and 

r e l a t i v e humidity of approximately 50%. 

Animals were allowed u n r e s t r i c t e d access t o water (supplied in 

300 ml b o t t l e s equipped with a s i ppe r tube) throughout the ea^eriment . 

Rabbit <3iet (Charles River Rabbit Foormula, Countory Foods-Div. of 

Agway, I n c . , Syracuse , NY) was ava i l ab l e ad l i b i t u m , except t h a t food 

was wi-thdrawn 8 hours (between micanight and 0100 h r s . ) preceding a l l 

s u r g i c a l and eacperimental manipula t ions . Supplementary d i e t , 

i nc lud ing c a r r o t s and green v e g e t a b l e s , was provided a t l e a s t twice 

each week. 

An o v e o m i ^ t f a s t (beginning between midnight and 0100 h r s . ) 

p r i o r t o experimental sess ions was necessaory in order t o achieve 

b a s e l i n e p h y s i o l o g i c a l l e v e l s ( i . e . , t o reduce i n t r a - subjec t 

var iance) for the plasma concent ra t ions of glucose and i n s u l i n , both 

of which a re h igh ly v a r i a b l e depending upon the recency of feeding. A 

p e r i o d of f a s t i n g p r i o r t o surgeory decreased the l ike l ihood of emesis 

induced by -the a n e s t h e t i c . 

P r e -Su rg i ca l Porocedures 

A g e n t l i n g pericad of four days durat ion was ccanducted p r i o r t o 

the i n i t i a t i o n of the eacperiment. During t h i s pe r iod , a l l animals 

were handled twice each day by -the eacperimenter t o accl imate them t o 

human con tac t and experimental manipulat ion. Subsequent t o g e n t l i n g , 

-there was a four <aay pe r iod during which da i ly measurements were made 
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of body weight for eacdi animal. Body weight measurements were made 

us ing a Sa r to r iu s e l e c t r o n i c s ca l e (Model 3801 MP-BCD) equipped with a 

u n i v e r s a l prograiraner/printer (Model 7080). Body weight was computed 

as the average of ten i nd iv idua l weighings. The electrcanic sca le was 

programmed t o au tomat ica l ly meike ten s equen t i a l weighings (approxi­

mately 1/seccand) and t o average the va lues . The average weight 

ob ta ined by t h i s procedure tends t o be more accurate than ind iv idua l 

weighings which may be inf luenced by body movement of -the animal. 

Three days p r i o r t o the scheduled date of surgeory a l l animals 

began r ece iv ing a n t i b i o t i c s . A n t i b i o t i c therapy cons is ted of the 

in t ramuscu la r i n j e c t i o n of 30,000 u n i t s B i c i l l i n / k g of body weight and 

the in t ramuscu la r injectican of 4 mil l igrams Gentamicin Su l fa t eAg-

Gentamicin (Gentavet, Bums-Biotec Labora to r i es , I n c . , Omaha, NE 

68103) was acaministered as a s i n g l e dose in jec t ion on a da i ly b a s i s , 

whi le B i c i l l i n ( B i c i l l i n Foir t i f ied , Wye-th Labora to r i e s , I n c . , 

P h i l a d e l p h i a , PA 19101) was acaministered eveory t h i r d day. B i c i l l i n 

i s a suspension of 150,000 u n i t s P e n i c i l l i n G Benzalrhine and 150,000 

u n i t s P e n i c i l l i n G Procaine/ml , for in t ramuscular injectican. Acamin-

i s - t r a t ion of Gentamicin was continued for the durat ion of -the 

ea^er iment . B i c i l l i n was adminis tered only during t h e . p r e - o p e r a t i v e 

phase of -the study ( i . e . , -three days p r i o r t o surgeory and immediately 

before surgeory). 

The a n t i b i o t i c regimen was intended t o reduce -the p r o b a b i l i t y 

of p o s t - o p e r a t i v e i n f e c t i o n s and/or i n f ec t ions promoted by l a t e r 

eacperimental manipula t ions , m p a r t i c u l a r , the implantat ion of 

indwel l ing chronic ca-theters may provide an exce l l en t route of 
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invasion for pa-thogenic micro-organisms, and therefore necessitates 

the use of precauticnaory measures. Bici l l in acts by interfering with 

the synthesis of bac te r ia l c e l l wall constituents during cel lular 

repl icat ion and i s most effective against gram positive bacteria . 

Gentamicin interferes with protein synthesis in susceptible organisms, 

and i s most effective in combatting infections produced by gram 

negative micro-organisms, m par t i cu la r , Gentamicin is effective 

against infections due to Klebsiella, Proteus and Psuedomonas which 

are frequent pathogens of human pat ients equipped with chronic in t ra ­

venous or urinaory catheters (Physicians Desk Reference, 1980; Gilman 

e t a l . , 1980). The administration of the ant ibiot ics by intramuscular 

injection was necessaory because Bic i l l in and Gentamicin may not be 

mixed in v i t ro with solutions ccantainlng heparin (which was used to 

flush the intravenous ca theters) . All injections were acaministered at 

the end of -the day in order to decrease interference wi-th eacperimental 

variables ( i . e . , conditioning of s t ress related responses). Neither 

B ic i l l i n (personal communication vith Drs. Sylvario and Lewis, Wyeth 

Laboratories, I n c . , Philadelphia, PA 19101) nor Gentamicin (personal 

communication with Drs. Bigbee and Boraski, Schering, Co. for Bums-

Biotec Laboratories, Inc . , Omaha, NE 68103) are known to exert direct 

effects upon any of the endocrinological systems being investigated. 

Surgical Procedure 

Animals were anesthetized with a combination of Ketamine HCl 

(Vetalar, 45 mgAg body weight, Parke, Davis and Co., Detroit , MI) and 

Xylazine (Rompun, 2.5 mgAg body weight. Cutter Laboratories, Inc . , 

Shawnee, KS). Ketamine and Xylazine were administered by 
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in t ramuscu la r i n j e c t i o n in -the region of the gastrocnemius muscle. 

Addi t iona l doses of Ketamine (approximately 5-10 mgAg) were 

adminis te red during the s u r g i c a l procedure as requi red t o maintain 

a n a l g e s i a . 

Ketamine i s a r ap id ac t i ng n o n - n a r c o t i c , non-ba rb i tu ra t e anes­

t h e t i c agent for v e t e r i n a r y use . I t produces an ana lges ic s t a t e which 

has been teormed " d i s s o c i a t i v e , " in t h a t i t appears to s e l e c t i v e l y 

i n t e r r u p t a s s o c i a t i o n palJiways t o the b r a i n . The phaormacological 

ac t ion of Ketaonine i s cha rac t e r i zed by profound ana lges i a , mild 

c a r d i a c s t imu la t i on and respiratoory depress ion , and -the maintenance of 

noormal phaoryngeal-laoryngeal r e f l exes (Marshall fi Wollman, in Gilman e t 

a l . , 1980). Xylazine i s a seda t ive and ana lges ic agent as wel l as a 

muscle r e l a x a n t . I t s e f f e c t s are based on the inhibi t ica i of 

i n t r a n e u r a l t ransmiss ion of impulses in the c e n t r a l neorvous system. 

Ketamine and Xylazine when administered in combination by 

in t ramuscu la r i n j e c t i o n r e s u l t in -the induct ion of su rg i ca l ana lges ia 

in 5-10 minu tes , with a dura t ion of 20-50 minutes. P r e - t e s t data 

demonstrated t h a t acamlnistration of the doses l i s t e d above r e s u l t e d in 

sat isfactoory ana lges i a being maintained for approacimately 35-45 

minutes . Se lec t ion of the combinatican of Ketamine and Xylazine for 

use as s u r g i c a l a n e s t h e t i c s was based on the following charac­

t e r i s t i c s ; a) they have minimal e f f e c t s can blood pressure and h e a r t 

r a t e and t h e r e f o r e would no t con5)romise t i s s u e per fus ion , b) they do 

n o t s i g n i f i c a n t l y decrease r e s p i r a t i o n o r pharyngeal r e f l exes ( i . e . , 

d id no t r equ i r e the use of r e s p i r a t o r y support) , and c) they have a 

wide range of e f f e c t i v e doses wi thout t o x i c i t y . 
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Following sedation of -the animal, the fur on -the ventral 

surface of the neck and dorsal ceorvlcal regions was removed with 

electric shears and depilatoory cream (Neet Cream Hair Remover, 

Whitehall Laboratories, Inc., New York, NY). The skin surface was 

then cleansed wi-th Povidone-Iodine topical antiseptic solutican (Camall 

Co., Washington, MI 48094) and 70% alcohol solution. The animal was 

then transferred to -the operating table and restrained in a supine 

position with the neck hypereactended. All surgical procedures were 

conducted under aseptic ccoiditicxis in designated university facilities 

(Veterinaory Surgeory Division, Depar-tment of Laboratoory Animal 

Medicine, DSUHS). 

A two centimeter incision was made in the skin covering the 

carotid notch left of the midline from the caudal end of the larynx 

toward the suprasteomal notch. Blunt dissection was used to separate 

the muscles ventral to the trachea and eacpose the left common carotid 

arteory (see Fig. 1, Appendix A, page A3, Volume II). Retraction was 

used to maintain visibility in -the surgical field between the 

stemomastoid and stemo-thyroid muscles. The surgical field was 

periodically irrigated with sterile saline solution to prevent 

dehydration of the eaqposed tissues. 

The fascia from the carotid sheath was separated to eacpose 

approacimately 1.5 centimeters of the airtery. Dissection was performed 

using mosquito (fine tipped) forceps to prevent damage to the vagus 

neorve and internal jugular vein which accompany the carotid aortery. 

Two ligatures (surgical silk, 3-0 gauge, Ethicon, Inc., Summerville, 

NJ) were placed on the cephalic portion of the aortery, leaving long 
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l iga ture ends. A bulldog clan^) was used to compress the aorteory near 

the caudal s i t e of exposure. Several additional loosely placed 

l iga tures were s i tuated between the two constricted eireas of the 

aortery. 

Slight tension was put on the cephalic l igatures to prevent 

movement of the vessel while a cut was made in the arteory. Fine 

tipped scissors (Vannas Ultra Micro Scissors, Roboz Surgical 

Instorument Co., I n c . , Washington, DC) were used to make a V-shaped cut 

approacimately 1/3 the diameter of -the aortery, 1±e points of the 

scissors being directed toward the heairt. A catheter (Intramedic 

Polyethylene Tubing, PE-60, ID 0.58 mm. Clay Adams, Div. of Bectcai, 

Dickinson and Co., Parsippany, NJ) was inseorted in the arteory and 

directed toward the hear t . The bulldog clamp was then removed and the 

ca-theter advanced approacimately 4-6 centimeters or unt i l a region of 

adequate blood flow had been reached ( i . e . , a point a t which blood 

could be easi ly withdrawn via the catheter) . The l igatures around the 

caudal aspect of the arteory were tightened and t ied off. In addition, 

the Icang ends of the cephalic l igatures were t ied around the catheter 

to fuorther anchor i t in place. 

Cannulation of the l e f t external jugular vein was conducted in 

a manner s imilar to that used for the carotid artery. The jugular 

catheter was inserted approximately 5-6 centimeters and was directed 

toward the hear t . During surgery the catheters were periodically 

(once every 15 minutes) flushed with s t e r i l e physiological saline 

solution containing Heparin (50 units /ml) . 
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The c a t h e t e r s were eactended subcutaneously t o a po in t over­

l y ing the ceorvlcal spine where they were e x t e r i o r i z e d . Underlying 

t i s s u e and f a s c i a a t -the i n c i s i o n s i t e s were closed with GI chromic 

gut su tu r e s (3-0 gauge. Half Ci rc le Tapered Needle, Ethiccan, I n c . , 

Sunomeorville, NJ) using a continuous appos i t iona l su ture p a t t e r n . 

Cutaneous t i s s u e s were c losed wi-th Ethi lon su tu res (3-0 gauge. Half 

C i r c l e Needle with reverse c u t t i n g edge, Ethiccan, I n c . , Summeorville, 

NJ) us ing a sin5>le discont inuous patteom. A p u r s e - s t r i n g eve r t i ng 

su tu r e Weis p laced around the p o i n t of eacit of the c a t h e t e r s . 

Nitrofurazone 0.2% t o p i c a l a n t i b i o t i c ointment (Wendt Labora to r i e s , 

Minneapol is , MN 55437) was appl ied t o a l l i nc i s ion s i t e s for t h r e e 

days follcawing surgeory. 

Following completion of surgeory each animal was f i t t e d with a 

r a b b i t equipment v e s t , equipped with a s t a i n l e s s s t e e l c a t h e t e r 

harness (Model 410-M, Spalding Medical Products , Arroyo Grande, CA 

93420) caesigned t o p r o t e c t the i n c i s i o n s and c a t h e t e r s . Animals were 

-then retuomed t o t h e i r home cage. The a r t e r i a l and venous ca the t e r s 

were connected t o a -three-chaimel f l u i d swivel (Model 310, Spalding 

Medical P roduc t s , Arroyo Grande, CA 93420) a t tached t o the roof of 

the cage (see F i g . 2 , Appendix A, page A5, Volume I I ) . Jhe f l u i d 

swivel was in tuom connected t o intravenous f l u i d reseorvoirs loca ted 

e x t e r n a l t o the cage. A slow infusion of the t e s t drug or of 

p h y s i o l o g i c a l s a l i n e so lu t ion with Heparin was maintained in each 

c a t h e t e r a t a l l t imes . For a more complete desc r ip t ion of drug 

infus ion and c a t h e t e r maintenance p lease r e f e r t o the sec t ion on Drug 

Acamlnistration. 
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The p o s t - s u r g i c a l recoveory of a l l animals was monitored eveory 

four hours between 0800 and 2 330 hours . Assessments were made of 

p u p i l l a r y and eyebl ink r e f l e x e s , s u p e r f i c i a l t a c t i l e and deep tendon 

pa in r e s p o n s i v i t y , r i g h t i n g response and general locomotor functican 

( i . e . , limb movement). These measurements were made t o deteormine i f 

any p e r i p h e r a l o r c e n t r a l neorvous system damage r e s u l t e d from surgery 

( i . e . , from thrombus foormation). Obseorvations were a l so made t o 

deteormine i f excess ive or unusual b leeding was ev iden t , thus r equ i r ing 

adjustment of an t i coagu lan t therapy . A minimum of 48 hours was 

al lowed for p o s t - s u r g i c a l recoveory p r i o r t o the i n i t i a t i o n of n i c o t i n e 

acamlnistrat ion. 

Drug Acaministraticai 

Nicot ine and phys io log ica l s a l i n e so lu t ion conta ining Heparin 

(Lypho-Med, I n c . , Chicago, IL 60651) were administered v ia -the 

chronic inciwelling in t ravenous and/or i n t r a - a r t e r i a l c a t h e t e r s . The 

dosage of each drug and the voluone of f l u id infused was con t ro l l ed by 

two Manostat Casse t te P e r i s t a l t i c Pumps (Manostat Coirp. , New York, 

NY), see Figure 3 , Appendix A (page A6, Volume I I ) . Operation of one 

of the pumps was regu la ted by a Chrontrol 24 hour mul t ip le 

programmable automatic t imer (Lindburg Enteorprises, I n c . , San Diego, 

CA 92111). 

A p a i r of 7 wat t l i g h t bulbs was suspended 4-5 cm above the 

roof of each cage and b l inked a t a r a t e of approacimately 1 Hz whenever 

the t iming device a c t i v a t e d the p e r i s t a l t i c pump. The l i g h t s were 

tu rned on s imul taneously with the a c t i v a t i o n of the drug infusion pump 

and were maintained in the a c t i v a t e d (blinking) condi t ion during the 
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en t i re 20 minute dorug administratican period (uncaer these conditions i t 

was eacpected -that the activation of -the flashing l ights would s l ight ly 

precede -the deliveory of nicotine to i t s s i t e of e f fec t ) . The l ights 

were operated by a Gerbrands model G4660 28 volt DC Power Supply and a 

model EllOOH Electronic Timer. The flashing l ights were used as a 

conditioned stimulus associated with the acamlnistration of nicotine. 

In Phase I I of -the study, the flashing l ights were paired with saline 

(cirug) administration to examine whether -there was conditioning of the 

biocdiemical responses produced by nicot ine. 

Nicotine hydrogen taortrate (FW=498.44 with 2 HO, BDH 

Chemicals Ltd. , Poole, England) was dissolved in s t e r i l e physiological 

sal ine solutican to make the following dosages; 0.025 mg, 0.050 mg and 
9 

0.100 mgAg of body weight (computed as nicotine base) . Solutions 

were adjusted to pH 7.4 by the additican of NaOH and then f i l te red 

(S t e r i f i l D, 0.22 umeter pore s i ze , Milllpore, Nihon Millipore Kogyo 

K.K., Yonezawa, Japan) to remove undissolved or other par t iculate 

mater ial . All nicotine doses were adoninistered in a volume of 1.5 ml; 

physiological sal ine was administered as a control. These doses of 

nicotine were selected on the basis of reviews of research pertaining 

to the pharmacological and toacicological effects of nicotine (Larson, 

Haag fi S i lve t t e , 1961; Larson & S i lve t t e , 1968; 1975) and also on 

p r e - t e s t data. 

The nicotine and saline soluticans were administered by 

constant rate intravenous infusion over a twenty minute period (0.075 

ml/min, t o t a l volume 1.5 ml). Drug administration occurred four times 

each day between 0900 and 1600 hours. Drug sessions were scheduled to 
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begin eveory two hours during the specified period ( i . e . , sessions 

began a t 0900, 1100, 1300 and 1500 hours). This mode of 

acamlnistration allowed for investigation of the acute biochemical 

effects of nicotine in animals receiving chrcanic inteormittent 

eacposure, and changes in responding with increasing prior ea^osure. 

In addit ion, the pattern of acaministratican is analogous to that of the 

human c igare t te smoker; repe t i t ive self-admanistration during the day 

followed by an overnight period of abstinence. Because of the 

s imi lar i ty to the human condition, th i s method may be a more 

appropriate model for eacaonining cigaret te/nicot ine effects on humans 

than are proceclures using single bolus injections or continuous 

eacposure. 

The nicotine and saline soluticans were administered through 

the venous ca-theters. Between 1600 and 0900 hours, when the venous 

ca-theters were not in use for nicotine administration, the catheters 

were maintained on a slcaw infusion of physiological saline containing 

Heparin to prevent c lo t t ing (flow rate = 0.50 mlAour, ccan cent ration 

of Hepcirin = 25 uni ts /ml) . A two-way valve located in -the infusican 

tubing allowed for al ternat ion between infusican of each of -the 

solut ions . The venous ca-theter allowed for the administration of 

nicotine at a constant ra te of delivery throughout the 20 minute 

infusican period. 

Throughout the eacperiment the aorterial catheters were used 

exclusively for the acquisition of blood samples. Except when samples 

were being taken, the aorterial catheters were maintained by infusion 

of physiological sal ine solution containing Heparin (flow rate = 0.50 
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mlAour, concentration of Heparin = 25 units /ml) . Slight adjustments 

in -the infusican of Heparin soluticans were made as required i f 

excessive hemorrhaging or c lo t t ing became evident. 

Sample Collection 

Blood samples were obtained a t s ix times during individual 

drug sessions. Samples were taken at time zero (immediately pr ior to 

nicot ine administratican) and 30 minutes following dorug in i t i a t ion 

during the f i r s t drug infusion of the day. In addition, samples were 

obtained at time zero and a t 15, 45, and 90 minutes following the 

i n i t i a t i on of the second of the daily dorug infusions. All san^iles 

were approacimately 3 ml of whole blood. The hematocrit (percent 

packed red blood cel ls) for eveory animal was deteormined using blood 

from -the pre-nicot ine , time zero sample. If the hematocrit was 

below 20%, t e s t ing procedures involving -the affected animal(s) were 

discontinued un t i l recoveory occurred. 

The samples were collected in syringes containing 100 units of 

Heparin to prevent c lot foormation. Following collectican, samples were 

immediately transferred to 10 ml polypropylene t e s t tubes and 

maintained a t 4°C (on i ce ) . Within 90 minutes of col lect ion, a l l 

sani)les were centrifuged at 1500 x g for 10 minutes at 4 C to separate 

the ce l l s and plasma. Aliquots of plasma were then transferred to 1 

ml polypropylene sample tubes which were stored at -70 C (or -20 C) 

u n t i l needed in the appropriate assay (see Design and Appendix B 

regarding specif ic assays, pages B8-B30, Volume I I ) . 



Resul ts 

In o rder t o most e f f e c t i v e l y and ccancisely p resen t -the eacperi­

mental f i n d i n g s , -they have been organized i n t o sec t ions corresponding 

t o Phases I - I I I (Phase I : Dorug I n i t i a t i o n , Phase I I : Ccaiditioning of 

Endocr inolgoica l Responses, and Phase I I I : Effects of Nicotine on 

S t r e s s Induced Endocrine Responses) of the eacperiment. Within each of 

t h e s e secticais -the eacperimental r e s u l t s are fioorther organized and 

d i scussed by i n d i v i d u a l assay procedures ( i . e . , catecholamines, 

c o r t i c o s t e r o n e , glucose and i n s u l i n ) . Detai led t a b l e s corresponding 

t o each of the s t a t i s t i c a l analyses are provicaed in Appendix C, pages 

C32-C107, Volume II ' . Detedled f igures p resen t ing the experimental 

da t a a re ccjntained in Appencaix D, pages D108-266, Volume I I . 

Data for Phases I and I I of the eacperiment were analyzed by 

r epea ted measures Analysis of Variance (ANOVA) using the General 

Linear Models (GLM) subrout ine of the SAS S t a t i s t i c s package (SAS 

Users Guide; S t a t i s t i c s , 1982 Edit icai , SAS I n s t i t u t e I n c . , Caory, NC 

27511). (Cnly the da ta c o l l e c t e d from those animals which completed 

-the study were used in the ANOVA procedure , however a l l ava i l ab l e data 

were inc luded in a l l siobsequent a n a l y s e s , t a b l e s and figiores.) In 

each of the analyses Drug Condition ( i . e . . Nicotine dose: 0 .025, 

0 .050 , 0.100 mg b a s e A g or phys io log ica l s a l ine ) was considered a 

between sub jec t s v a r i a b l e , while the Day ( i . e . , the day of darug 

a d m i n i s t r a t i o n and t e s t i n g ) and Sample ( i . e . , sample 0 [base l ine] -5 on 

each t e s t day) were t r e a t e d as wi th in sub jec t s v a r i a b l e s . Subjects 

were t r e a t e d as a random e f f e c t in the ana lyses . (The examination of 

t h e ea^jerimental da ta us ing a repea ted measures ANOVA may be more 

49 
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ccanseorvative than some other possible analyses, such as an analysis of 

covariance using -the sanple 0 baseline value as a covariate.) 

Post-hoc comparisons of individual main effects were performed using 

Tukey's Studentized Range (HSD) s t a t i s t i c . 

Data from Phase I I I of the eacperiment were analyzed using the 

Student 's t s t a t i s t i c for re la ted and unrelated samples, caependent 

upon the comparison being perfoormed. Comparisons were perfoormed 

within each dorug condition between the two tes t ing days ( i . e . , Stress 

wi-th Nicotine and Stress without Nicotine) and for the secjuence of 

samples obtained within each day ( i . e . , the cdiange from baseline 

[san{>le 0 ] ) . In addit ion, the responses of animals in each of the 

nicot ine conditions were con^ared wi-th those of control (saline) 

animals with and without the application of physical res t ra in t s t r e s s . 

A more complete descripticai of -the individual con^arisons accompanies 

the teact of "Phase I I I : Stress Induced Responses" presented la te r in 

t h i s sectican. 

Phase I ; Dorug In i t i a t ion 

Catecholamines: S t a t i s t i ca l ly significant increases in plasma 

concentrations were observed for Norepinephrine and Dopamine, while 

Epinephrine displayed similar although non-significant trencas (see 

Tables 1, 2 and 3, Appendix C, pages C32, C37 and C41, for the ANOVA 

t a b l e s , and Figures 1-15, Appendix D, pages D111-D140 for the detailed 

graphic presentation of the data) . The norepinephrine, epinephrine 

and dopamine responses for Phase I of the eacperiment are presented in 

the figures on the following pages. 
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S i g n i f i c a n t main e f f e c t s in the analyses for Norepinephrine 

and Dopamine were found for the Sample (F=11.50, df=5,40, p-'O.OOOl and 

F=3.50, df^5 ,40 , p<0.0102, r e s p e c t i v e l y ) , while a non- s ign i f i can t 

t r e n d for t h e Sample was obseirved in the ana lys i s of Epinephrine 

responses (F=1.67, df=5,40, n s ) . A s i g n i f i c a n t e f f e c t of the Test ing 

Day was found in the ana lys i s of Epinephrine (F=4.29, df=2,16, p< 

0.0323) , whi le Norepinephrine and Dopamine displayed s imi l a r al-though 

n o n - s i g n i f i c a n t e f f e c t s (E^2.97, df=2,16, ns and F=2.53, df=2,16, n s , 

r e s p e c t i v e l y ) . A s i g n i f i c a n t main e f f e c t for the Dorug Condition was 

n o t found in any of the ana lyses . 

The i n t e r a c t i o n of the Drug Condition and -the San^ile was 

s i g n i f i c a n t for Norepinephrine (F=l-62, df=15,40, p<0.1124), while 

Epinephrine and Dopamine displayed s i m i l a r tendencies but -these were 

n o t s i g n i f i c a n t (F=1.06, df=15,40, ns and F=1.39, df=15,40, n s , 

r e s p e c t i v e l y ) . No a d d i t i o n a l i n t e r a c t i o n s were found t o be 

s i g n i f i c a n t (see Tables 1, 2 and 3 , Appencaix C, pages C32, C37, and 

C41). 

Compariscan of the group mean respcanses for each e f f ec t was 

perfoormed us ing Tukey's Student ized Range Test . Examination of the 

Drug X Sanjile i n t e r a c t i o n in -the ana lys i s of Norepinephrine responses 

i n d i c a t e s t h a t -the admin is t ra t ion of n i c o t i n e in the mediiom (0.050 

mg/kg) and high (0.100 mg/kg) doses r e s u l t e d in s i g n i f i c a n t inc reases 

in plasma norepinephr ine by the t h i r d or fourth p o s t - n i c o t i n e infusion 

sansple, whi le s i m i l a r n o n - s i g n i f i c a n t e f f e c t s were evident in the low 

n i c o t i n e (0.025 mg/kg) cond i t ion ; the adminis t ra t ion of s a l i n e 

s o l u t i o n had no s i g n i f i c a n t e f f e c t on plasma norepinephrine 
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c o n c e n t r a t i o n s . There were no s i g n i f i c a n t d i f ferences in the base l ine 

plasma norepinephr ine concent ra t ions for any of -the dorug groups. 

S imi la r patteoms of responding were evident for epinephrine and 

dopaonine following the acamlnistration of n i c o t i n e (these e f fec t s can 

be seen in t h e f igures p resen ted on -the subsequent pages) , however 

t he se e f f e c t s were n o t s i g n i f i c a n t probably due t o -the small number of 

sub j ec t s used in the study and -the veory high v a r i a b i l i t y in base l ine 

hoormone l e v e l s which were obseorved. 

Although no s i g n i f i c a n t main e f f e c t for the dorug condit ion was 

found in any of t h e analyses of catecholamine responses , i t may be 

usefu l t o d i scuss the p a t t e r n of group re la t icanships . Increased 

plasma concen t ra t ions of norepinephrine and epinephrine were obseorved 

for a l l n i c o t i n e doses when compared with the s a l i n e cont ro l group 

(see Tables 1 and 2 , Par t I I , Appendix C, pages C33 and C38, and 

Figures 5 and 10, Appendix D, pages D120 and D130). 

A somewhat d i f f e r e n t p a t t e r n of responding was evident for 

dopamine (see Table 3 , Par t I I , Appendix C, page C42, and Figure 15, 

Appendix D, page D140) , wi-th increased plasma concentraticans of 

dopamine among animals in the high and medium n i c o t i n e condi t ions when 

compared wi-th those animals r ece iv ing the low n i co t i ne dose. The mean 

dopaonine response for the animals in the s a l i n e con t ro l group f e l l 

between the responses of the high and low n i c o t i n e groups and was not 

s i g n i f i c a n t l y d i f f e r e n t from e i t h e r extreme. 

For a l l forms of catecholamines measured in t h i s procedure , i t 

was observed t h a t a h ighe r mean plasma concentra t ion occurred on the 

f i r s t day (Day 1) of drug admin is t ra t ion than was evident on Day 7 
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(see Tables 1, 2 and 3 , P a r t I I , Appendix C, pages C33, C38 and C42). 

The d i f fe rences in the mean plasma concent ra t ion of epinephrine were 

s i g n i f i c a n t , while the d i f fe rences in norepinephrine and dopamine were 

n o t . For norepinephr ine and dopamine the decrease in the mean plasma 

concentratican was ev ident by the t h i r d day (Day 3) of drug 

acamlnis t ra t ion, -there being no de tec tab le add i t i ona l decrement in 

responding on Day 7. The decrease in epinephrine respons iv i ty was 

somewhat more g radua l , wi-th the mean value for Day 3 f a l l i n g between 

and no t s i g n i f i c a n t l y d i f f e r e n t from those on Days 1 and 7 (the mean 

plasma ccancentration of epinephr ine on Day 7 was s i g n i f i c a n t l y lower 

than t h a t which was measured on Day 1 ) . 

Tables 1, 2 and 3 , Par t IV, subpaort A (Appendix C, pages C36, 

C40 and C44) p r e s e n t the group mean responses of norepinephr ine , 

ep inephr ine and dopamine for each dorug condi t ion on each of the 

observa t ion days during Phase I of the eacperiment. On Day 1 -those 

animals which were adminis tered n i c o t i n e (in a l l doses) displayed 

i nc rea sed mean plasma concent ra t ions of a l l th ree catecholaonines when 

compared t o the s a l i n e con t ro l group. There was a general diminutican 

in r e s p o n s i v i t y over -the remaining obseorvatican days of Phase I (see 

t h e d e t a i l e d Figures 5 , 10 and 15, Appendix D, pages D120, D130 and 

D140). Some except ions t o t h i s p a t t e r n are ev iden t , as i s apparent 

fo r norep inephr ine in the high n i c o t i n e conditican and for epinephrine 

and dopamine in the medium dose cond i t ion . No la rge or cons i s t en t 

p a t t e r n of changes ( increases o r decreases) in the mean plasma 

concen t ra t ion of catecholamines was ev ident for animals in the con t ro l 

group. I t should be noted t h a t d i f fe rences in the base l ine values 
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between the t h r e e t e s t days may in paort eaq)lain some of -the 

i n c o n s i s t a n c i e s ev iden t in these t a b l e s (no eacplanation for -these 

d i f f e r ences was e v i d e n t ) . 

Comparison of -the mean respcanse for each of the s i x samples 

(Saiii)les 0 [base l ine ] - 5) i n d i c a t e s t h a t n i c o t i n e administratican 

r e s u l t e d in c o n s i s t e n t l y inc reased plasma concent ra t ions of a l l -three 

foorms of catecholamines as compared t o the base l ine p r e - n i c o t i n e 

infusican l e v e l s , as i s ev iden t in the graphs of Phase I responses can 

t h e preceding pages (see a l so the d e t a i l e d Figures 2 -4 , 7-9 and 12-14, 

Appendix D, pages D113-D118, D123-D128 and D133-D138). The 

acamlnistration of n i c o t i n e r e s u l t e d in increased plasma concentra t ions 

of no rep inephr ine , wi-th s i g n i f i c a n t d i f fe rences for the comparison of 

t h e group means for samples 2-5 wi-th the base l ine va lue . Epinephrine 

a l s o caisplayed increased plasma concent ra t ions subsequent t o n i co t i ne 

i n f u s i o n , however the mean response for samples 1-5 was not 

s i g n i f i c a n t l y l a r g e r than the sample 0 (baseline) va lue . There was a 

gene ra l i nc rease in plasma concent ra t ions of dopamine over the per iod 

of observa t ion (samples 0-5) although none of the comparisons were 

s i g n i f i c a n t . 

Tables 1, 2 and 3 , Par t I I I (i^pendix C, pages C35, C39 and 

C43) p r e s e n t the mean response da ta for the s a l i n e con t ro l condi t ion 

and the combined da ta for a l l n i c o t i n e doses subdivided by sample for 

Day 7. In Par t IVB of each t a b l e (see Appendix C, pages C36, C43 and 

C47) a re p resen ted the group mean responses for each drug condit ion 

and sample, us ing the combined data for a l l observat ion days during 

Phase I of the procedure . Examination of the mean values and the 
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change scores presented in -these tables indicates that andLmals 

receiving nicotine displayed increased (compared to baseline) plasma 

ccancentraticns of norepinephrine, epinephrine and dopamine, and the 

increases were generally larger (although nonsignificant) than -those 

occurring in -the saline control ccandition (see the Figures of the 

Phase I catecholamine responses which are included in the teact on 

preceding pages). In contras t , the typical response of animals in -the 

sal ine condition was a pattern of fluctuation around (above and below) 

the baseline value for each of the catecholamines. In addition, the 

tables indicate that -the plasma ccancentration of catecholamines was 

influenced by the intravenous infusion of saline solution (this 

conclusion being drawn from the cyclic r i se and fa l l in catecholamine 

levels coinciding with the two "dorug" infusions occurring during the 

obseorvation per iod) , however, these effects were considerably smaller 

than those induced by nicot ine . 

In summary, the intravenous administration of nicotine 

resul ted in s ignif icant increases in the plasma concen-tration of 

norepinephrine (in the medium and high nicotine conditions) and 

nonsignificant increases in epinephrine and dopamine — the increases 

were generally dose related ( i . e . , the magnitude of the response 

increased as -the dose of nicotine increased) . In addition, the 

i n i t i a l eacposure to nicotine (Day 1) was found to resul t in 

s ignif icant ly higher mean plasma catecholamine concentrations than 

were induced by subsequent infusions of nicotine (Day 3-7). A stable 

level of responding was evident for a l l three catecdiolamines within 

3-7 days of the i n i t i a l exposure to n icot ine , providing an indication 
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of the r ap id development of t o l e r ance for n i c o t i n e induced e f f e c t s . 

F i n a l l y , whi le -the admin is t ra t ion of n i c o t i n e frecjuently did not 

r e s u l t in s t a t i s t i c a l l y s i g n i f i c a n t inc reases in catecholamines, i t 

d id r e s u l t in a patteom of e l eva ted plasma concent ra t ions which were 

d i s t i n c t l y d i f f e r e n t from the apparent ly more random v a r i a t i o n of 

c o n t r o l v a l u e s . 

Coorticosterone: S ign i f i c an t inc reases were obseorved in the 

a n a l y s i s of c o r t i c o s t e r o n e respcanses for the main e f f e c t of the Sample 

v a r i a b l e (F=4.90, df=5,40, p-'0.0014) and -the Drug x Day x Sample 

in teract ican (F=1.74, df=30,80, p<0.0263; see Table 4 , Paort I , Appendix 

C, page C45). Non-s igni f ican t t r ends were found for the Dorug 

Condition (F=2.08, df=3,8 , ns) , and the Dorug x San^jle interactican 

(E^ l .42 , dfr=15,40, n s ) . No o the r main e f f ec t s or i n t e r a c t i o n s were 

found t o be s i g n i f i c a n t . A graph which p resen t s -the mean 

cort icostercane response during Phase I for each dorug condit ion i s 

p r e s e n t e d can the following page. 

Convparison of the group means (see Table 4 , Paort I I , J^pendix 

C, page C47) for each condi t ion in the Drug x Day x Sample i n t e r a c t i o n 

(in conjunction with the Drug x San^le i n t e r a c t i o n ) y i e ld s the 

fol lowing conc lus ions . The admin is t ra t ion of the high (0°. 100 mg/kg) 

and mecaium (0.050 mg/kg) doses of n i c o t i n e r e s u l t e d in s i g n i f i c a n t l y 

i n c r e a s e d plasma concent ra t ions of corticostercane when compared t o the 

d a i l y p r e - n i c o t i n e (Sample 0) ba se l i ne va lue . Unfortunately these 

e f f e c t s a re somewhat unc l ea r , as -the s i g n i f i c a n t inc reases in 

c o r t i c o s t e r o n e were no t c o n s i s t e n t l y t ime-locked t o the per iod of drug 

in fus ion ( i . e . , the peak inc reases in coorticosterone did not occur a t 
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a c o n s i s t e n t time i n t e r v a l following the acamlnistration of d i f f e r en t 

doses of n i c o t i n e or the admin i s t r a t ion of n i c o t i n e on caifferent 

days ) . However, based can the i n t e r a c t i o n e f f e c t s , in conjunctican with 

the graph of Phase I : Coorticosterone responses , i t seems f a i r t o 

conclucae t h a t a) -the acaministratican of phys io log ica l s a l i n e so lu t ion 

had no s i g n i f i c a n t or c o n s i s t e n t e f f e c t on c i r c u l a t i n g plasma 

coorticostercane l e v e l s , b) the acamlnistration of n i c o t i n e (in all 

doses) r e s u l t e d in a c o n s i s t e n t p a t t e r n of increased plasma 

concen t ra t ions of coorticosterone (samples 1-5) when compared t o 

b a s e l i n e (san^le 0) v a l u e s , and c) -the administratican of -the medium 

and high doses of n i c o t i n e r e s u l t e d in s i g n i f i c a n t increases in plasma 

coorticostercane when compared wi-th pre-drug l e v e l s . 

While no main e f f e c t s were found for the Drug Ccandition or 

Tes t ing Day, the eacamination of the group means for these va r i ab le s 

may be usefu l in understanding the procedural e f f e c t s . Con^jarison of 

the group means (see Table 4 , Pa r t I I , Appendix C, page C46) for each 

of the Drug Ccancaitions inciicated -that for a l l doses of n i co t ine 

acaministered t h e r e was an increased mean plasma concentra t ion of 

coorticostercane when compared with the s a l i n e con t ro l group (see 

F igures 16-20, Appendix D, pages D141-D150). However, the e leva t ion 

of plasma cor t icos te rca ie l eve l s was no t s i g n i f i c a n t when comparing the 

n i c o t i n e cond i t ions wi-th the s a l i n e con t ro l group. Comparison of the 

group mean values for each of the t h r e e Test Days showed no 

s i g n i f i c a n t a l t e r a t i o n ( increase or decrease) in responding during 

Phase I of the eacperiment. 
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Exaoninatican of the mean response for each of the eacperimental 

Samples ( i . e . , b a s e l i n e 0-5) i n d i c a t e d t h a t the acaministratican of 

n i c o t i n e r e s u l t e d in a two phase response: a) a rapid and 

s t a t i s t i c a l l y s i g n i f i c a n t inc rease in the plasma concentra t ion of 

c o r t i c o s t e r o n e wi th in 15-30 minutes of the i n i t i a t i o n of each drug 

infusican ( there was a s i g n i f i c a n t inc rease in the plasma concentrat ion 

of c o r t i c o s t e r o n e following -the f i r s t [compare Samples 0 and 1] and 

second [compare Samples 2 and 3 , or 0 and 3] of the da i ly dorug 

i n f u s i o n s ) , b) followed by a r ap id ly dece le ra t ing retuom to near 

b a s e l i n e plasma l e v e l s of c o r t i c o s t e r o n e . In a d d i t i o n , there was a 

gradual i nc rease (over base l ine ) in plasma coorticosterone 

ccancentraticns dur ing the four hour obseirvatican per iod (see Table 4, 

Paort I I I , Appendix C, page C48). This l a t t e r e f f ec t may be ascr ibed 

t o the f ac t t h a t the r a t e of decay for the ciorug induced responses was 

n o t s u f f i c i e n t l y r ap id t o r e i n s t a t e base l ine values during the two 

hours i n t e r s p e r s e d between ind iv idua l dorug in fus ions . Thus, 

subsequent responses induced by the acamlnistration of n i c o t i n e were 

superimposed on -the e l eva t ed l e v e l s remaining from p r i o r eacposure, and 

t h e r e f o r e r e s u l t e d in fuorther increcises in coorticostercane l e v e l s . 

In summary, i t may be s t a t e d t h a t ; a) the adminis t ra t ion of 

t h e medium and high doses of n i c o t i n e r e s u l t e d in e leva ted plasma 

concen t r a t i ons of c o r t i c o s t e r o n e when compared to ind iv idua l da i ly 

b a s e l i n e l e v e l s (saor^Jle 0) , b) mean plasma concentra t ions of 

coort icosterone for animals r ece iv ing a l l doses of n i c o t i n e were h igher 

than for the s a l i n e con t ro l ccanditican (although the d i f ferences were 

n o t s i g n i f i c a n t ) , c) the increase in plasma co r t i cos t e rone l eve l s 
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over the baseline values was generally dose related ( i . e . , an increase 

in the dose of nicotine resulted in an increase in the size of the 

coorticostercHie response (see Table 4, Parts I I and IVB, Appendix C, 

pages C47 and C49) , and d) the administration of nicotine resulted in 

a rapid increase and subsequent gradual decrease in plasma 

corticosterone levels within 15-30 minutes of the in i t i a t ion of each 

infusican. There was no diminution in coorticosterone oresponses during 

Phase I of -the eacperiment, suggesting that tolerance and/or 

habituation to the effects of nicotine caid not develop. 

Glucose and Insul in: The administration of nicotine resulted 

'in s ignif icant increrases in plasma glucose concentrations, and 

12 decreases in plasma insulin levels (see Tables 5 and 6, Part I , 

Appendix C, pages C50 and C55). See the graphs of glucose and insulin 

responses which are presented on the following pages. Significant 

main effects were found in the analysis of glucose responses for the 

Drug Condition (F=5.58, df=3,8, p<0.0231) and Sample (F=7.10, df=5,40, 

p<0.0001). In addit ion, ncan-signifleant trends were obseorved for the 

effects of the Test Day (E^2.88, df=2,i6, ns) and for the interaction 

of the Drug Condition by Sample (F=1.49, df=15,40, ns) ; no other 

in teract ions were found to be s ignif icant . The analysis of insulin 

responses showed main effects due to the Drug Condition x Day x Sample 

interacticm (F=1.60, df=30,80, p<0.0505) and the Day x Sample 

in teract ion (F=1.91, df=10,80, p<0.0556). An interaction of the Drug 

Condition by Sample (1^2.06, df=15,40, p<0.0352) was also evident. 

In -the analysis of insulin responses s t a t i s t i c a l l y significant 

effects were observed in the Drug Condition x Sample interaction 
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(F=2.06, d ^ l 5 , 4 0 , p<0.0352). Non-s ignif icant t rends were a l so found 

fo r the Dorug Condition x Day x Sample interactican (F=1.60, df=30,80, 

ns) and the Day x Sample i n t e r a c t i o n (F=1.91, df=10,80, n s ) . 

Examination of t h e group means for the Drug Conditican x Sample 

i n t e r a c t i o n (see Teible 6 , Par t I I , Appendix C, page C57) i n d i c a t e s 

-that -there were s i g n i f i c a n t decreases in the plasma ccancentration of 

i n s u l i n for animals in the s a l i n e con t ro l group (the most probable 

ea^lanaticans for the decrease in plasma in su l in l eve l s as seen in the 

c o n t r o l ccandition a re t h a t a) i n s u l i n decreased as a function of the 

dura t ion of the ea^er imenta l ly imposed per iod of f a s t i n g , or b) the 

"dorug" acamlnistration procedure per se was s u f f i c i e n t t o induce an 

i nc rea se in autcancamic sympathetic nervous system a c t i v i t y which then 

suppressed the r e l e a s e of i n s u l i n ) . No s i g n i f i c a n t decreases in the 

mean plasma i n s u l i n l e v e l s were seen for animals which were rece iv ing 

n i c o t i n e (however, -this conclusion may be misleading and i s discussed 

in g r e a t e r d e t a i l in Footnote 12)(see a l so Figures 26-30, Appendix D, 

pages D161-D170 for a more d e t a i l e d p resen ta t ion of these d a t a ) . 

Comparisons of the group mean responses for each of the caorug 

cond i t ions (see Table 5 , Par t I I , Appendix C, page C51) ind ica ted t h a t 

n i c o t i n e admin i s t r a t ion r e s u l t e d in s i g n i f i c a n t l y e leva ted mean l eve l s 

of plasma glucose when comparing the medium n i c o t i n e dose condit ion 

(0.050 mg/kg) t o the s a l i n e con t ro l group (see a l so the de t a i l ed 

F igures 21 -25 , Appendix D, pages D151-D160). The group means for the 

remaining drug condi t ions f e l l wi th in the range enconpassed by the 

s i g n i f i c a n t n i c o t i n e condi t ion - s a l i n e con t ro l group comparison. 
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Mean plasma levels of glucose were lower (although the effect 

was not s t a t i s t i c a l l y significant) on Day 7 than on Test Days 1 and 3, 

although there were no apparent differences in the magnitude of 

nicot ine induced responses on any of the Test Days (-the decreased mean 

glucose value for Day 7 was apparently due to an i n i t i a l lower 

baseline level which was most apparent amongst animals in -the high 

nicotine condition). Compariscan of the San^le mean values indicated 

tha t the acamlnistration of nicotine resulted in a general increase in 

plasma glucose l eve l s , the effect reaching s t a t i s t i c a l significance 

approacimately two hours following dorug ataministration (see Table 5, 

Paort I I , Appendix C, page C51). The magnitude of glucose responses, 

induced by -the acaministratican of nicotine was posit ively related to 

the dose of nicotine administered (see Table 5, Paorts I I and IVB, 

Appendix C, pages C52 and C54). 

To summarize the findings for glucose and insulin responses: 

a) the administration of nicotine resulted in increased plasma glucose 

le-vels, b) changes in plasma glucose were evident within 30 minutes of 

the i n i t i a l drug infusion of each day and continued throughout the 

four hour observation period, and c) the administration of nicotine 

resul ted in decreased concentrations of plasma insulin. No changes in 

glucose or insulin responses were evident during Phase I of the 

eacperiment. 

Summary of Phase I ; The experimental resul ts suggest that a) 

the administration of nicotine resulted in a posit ive dose-related 

increase in the plasma concentrations of catecholamines 

(norepinephrine, epinephrine and dopamine), corticosterone and 



74 

g lucose , b) n i c o t i n e administratican resul-ted in genera l ly decreased 

l e v e l s of plasma i n s u l i n , and c) paortial hab i tua t ion t o the e f f ec t s of 

n i c o t i n e was ev iden t in catecholamine respcanses but was not apparent 

in coorticostercane, glucose or i n s u l i n responses . 

Phase I I ; Condit ioning of Endocrinological Responses 

Data from Phase I I of -the ea^eriment were analyzed by repeated 

measures Analysis of Variance (ANOVA) using the General Linear Models 

(GLM) subrout ine of t h e SAS S t a t i s t i c s package (SAS Users Guide: 

S t a t i s t i c s , 1982 E d i t i o n , SAS I n s t i t u t e , I n c . , Gary, NC 27511). The 

r e s u l t s of t h e s t a t i s t i c a l analyses for Phase I I were s i m i l a r t o the 

f indings of Phase I . (The s i m i l a r i t y of -the s t a t i s t i c a l f indings i s 

n o t unea5>ected cons ider ing t h a t one-half of -the data used in the 

ana lyses of Phase I I e f f e c t s was a l so included in the analyses of 

Phase I of t h e experiment . ) The r e s u l t s of the s t a t i s t i c a l procedures 

are p r e sen t ed in Tables 7-12 (Appendix C, pages C60-C77) ; the 

s t a t i s t i c a l f indings a re no t d iscussed in the teact of t h i s sec t ion as 

t h i s would be redundant with the p r e sen t a t i on of Phase I . Presented 

in Tables 7-12, P a r t I I I (Appendix C, pages C62, C65, C68, C71, C74 

and C77) a re the coniparisons of responses for the s a l i n e cont ro l and 

n i c o t i n e groups on Day 7 (n ico t ine adminis t ra t ion) and Day 9 (Test of 

Concaitioned Responses); t hese comparisons are discussed below. In the 

a n a l y s i s of Phase I I t he da ta for a l l n i c o t i n e conditicans have been 

combined because -the r e s u l t s of Phase I i nd i ca t ed t h a t the 

acamlnistration of a l l dosages of n i c o t i n e r e s u l t e d in e i t h e r increased 

or caecreased plasina concen t ra t ions of each hoormone compared t o s a l i n e 

acamlnistrat ion. 
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Catecholamines: As described previously, the administration 

of nicotine (Day 7) resulted in increased (although the effects were 

not necessari ly s t a t i s t i c a l l y significant) plasma concentrations of 

catecholamines (norepinephrine, epinephrine and dopamine) (see -the 

Graphs of the Phase I I responses on the immediately following pages) 

when compared to baseline (Sangale 0) levels or 1:he saline control 

condition (see Tables 7-9, Appendix C, pages C60-C68, and the detailed 

Figures 31-42, Appendix D, pages D171-194). Mean norepinephrine and 

epinephrine responses for the sal ine control condition displayed only 

small fluctuaticans around -the baseline value. Qi Day 9 (Test of 

Ccanditioned Response) -the pattern of the norepinephrine response was 

similar ( i . e . , an increase in plasma concentrations) to the effect 

produced by the acamlnistration of nicotine (Day 7) although the 

magnitude of the effect was approacimately one-half that which was 

induced by -the cirug. The epinephrine response of nicotine habituated 

animals on Day 9 was similar to that (3isplayed by subjecats in the 

control condition, suggesting tha t there were no conditioned 

epinephrine ef fects . 

Dopamine responses displayed cyclic changes during the daily 

four hour obseorvation period. For control subjects plasma dopamine 

concentrations were found to r i se gradually during the f i r s t two and 

one-fourth hours of obseorvation ( i . e . , Samples 0-3) , then decrease 

shaorply to near baseline levels (at approacimately two and 

three-fouorths hours following the in i t i a t ion of tes t ing procedures), 

follcawed by a rapid increase in pleisma concentrations (corresponding 

to Sairple 5) . Similar cyclic changes in plasma dopamine 
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concen t ra t ions were apparent among animals rece iv ing n i c o t i n e ( i . e . , 

n i c o t i n e adoninistrat ion r e s u l t e d in e leva ted plasma l eve l s of dopamine 

bu t d id no t a l t e r the c y c l i c changes) . An inverse p a t t e r n of 

responding was ev iden t on Day 9 for animals which had previous ly been 

exposed t o n i c o t i n e . In the condi t ioned response the re was a small 

i n c r e a s e in plasma dopamine l e v e l s during the i n i t i a l two and 

one-fouorth hours of t e s t i n g ( i . e . . Samples 0 - 3 ) , which was followed by 

a l a r g e inc rease and subsequent decrease in plasma concentra t ions as 

measured in Saonples 4 and 5 r e s p e c t i v e l y . I t would appear t h a t the 

c y c l i c changes in plasma dopamine l e v e l s in the concaitioned donig 

response were the reverse (opposite) of -the e f f ec t s induced by -the 

acamlnistration of n i c o t i n e (however, i t i s a l so poss ib le t h a t the 

"condi t ioned response" may have been due t o a s h i f t in the t ime-course 

of t h e noonnal c y c l i c v a r i a t i o n in plasma dopamine l e v e l s ) . 

In suoranaory: a) the acamlnistration of n i c o t i n e r e su l t ed in 

i n c r e a s e s in the plasma concent ra t ions of norep inephr ine , epinephrine 

and dopamine, b) the r e p e t i t i v e administratican of n i c o t i n e in 

ccanjunctican with -the simultaneous p r e s e n t a t i o n of environmental 

s t i m u l i r e s u l t e d in the development of condi t ioned norepinephrine and 

dopamine responses (however t h e r e was no evidence of -the development 

of condi t ioned epinephr ine responses) , c) ccanditioned norepinephrine 

responses were s i m i l a r (althcaugh of a smal le r magnitude) to the 

e f f e c t s produced by the acamlnistration of n i c o t i n e , and d) condit ioned 

changes in plasma dopamine were opposi te (opponent) t o e f f ec t s 

produced by n i c o t i n e . 
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C o r t i c o s t e r o n e , Glucose and I n s u l i n : As described p rev ious ly , 

t h e admin i s t r a t i on of n i c o t i n e (Day 7) r e s u l t e d in increased plasma 

concen t r a t i ons of c o r t i c o s t e r o n e and glucose when compared t o 

respcaises of the s a l i n e con t ro l group (see the Graphs on the following 

p a g e s , and Tables 10 and 1 1 , Pa r t I I I , Appendix C, pages C71 and C74). 

In a d d i t i o n , -the ac3ministration of n i c o t i n e r e s u l t e d in small 

decreases in the plasma ccancentration of i n su l in (see the Graph which 

fo l lows ; and Table 12, Paort I I I , Appendix C, page C77). The drug 

adoninis t ra t ion procedure (as eva lua ted in -the s a l i n e con t ro l 

conditican) had no ccansistent e f f ec t on plasma concentra t ions of 

c o r t i c o s t e r o n e during the obseorvation pe r iod , but r e s u l t e d in gradual 

i n c r e a s e s and decreases in plasma glucose and in su l in l eve l s 

r e s p e c t i v e l y . Responses induced by the acaoninlstratlon of n i co t i ne 

were somewhat l a r g e r than the e f f e c t s produced by the cioaig infusion 

procedure i t s e l f . The patteom of coort icosterone, glucose and insu l in 

responses obseorved on Day 9 (Test of Conditioned Responses) was 

s i m i l a r t o the responses of the s a l i n e con t ro l group, thus suggest ing 

-that ccanditioned carug e f f e c t s d id no t develop for these systems (-the 

r eader may r e f e r t o t h e d e t a i l e d Figures 43-54, provided in Appendix 

D, pages D195-D218). 

In summaary, t he r e s u l t s of Phase I I suggest t h a t : a) the 

r e p e t i t i v e admin i s t r a t ion of n i c o t i n e in conjunction with the 

app rop r i a t e p r e s e n t a t i o n of environmental s t i m u l i r e s u l t e d in the 

development of condi t ioned norepinephrine and dopamine responses 

(concaitioned responses were not obseorved for ep inephr ine , 

coor t icosterone, glucose and i n s u l i n ) , and b) the condit ioned responses 
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were similar or opposite to the effects produced by nicotine 

administration ( i . e . , conditicmed norepinephrine responses were 

s imilar to the changes induced by nicot ine , while conditioned dopamine 

responses were opposite to the effects of n icot ine) . 

Phase I I I ; Effects of Nicotine on s t ress Induced Endocrine Responses 

Data from Phase I I I of the eacperiment were analyzed using the 

Student 's t s t a t i s t i c for related and independent samples (the 

select ion being dependent can the coiiparison being perfoonned). 

Analyses were perfoonned on catecholamine and corticostercaie 

13 responses. Comparisons were performed wi-thin each Drug Ccandition 

between the two Test Days ( i . e . , Stress with Nicotine and stress 

without Nicotine) (see Tables 13-16, Part I I , Appendix C, pages C79, 

C84, C89 and C94) and for the sequence of Samples taken during each 

Test Day ( i . e . , comparisons of samples 1-5 with the baseline [Sample 

O] value) (see Tables 13-16, Paort I , Appendix C, pages C78, C83, C88 

and C93). In addit ion, responses of animals in each of the nicotine 

conditions were compared wi-th the responses of the control (saline 

ccMiditican) animals, when the control subjects were and were not being 

s t ressed by the applicatican of physical r e s t r a in t . 

The majority of -the s t a t i s t i c a l procedures failed to 

demonstrate s ignif icant differences between the experimental 

conditions — -this effect apparently due to the small number of 

subjects used in -the eacperiment and the large var iab i l i ty in the 

magnitude of intersubject responses and differences in baseline 

hoonnone leve ls . The s ta t i s t icc i l findings (including group mean 

response values and standard errors) are presented in Tables 13-16 
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(Par ts I - IV, J^pendix C, pages C78-C97) for the use of the r eade r , 

however, t he se ma te r i a l s w i l l no t be discussed in the teact of t h i s 

sectican. 

Examination of the Graphs presented on the following pages and 

Tables 13-16, P a r t IV (Appendix C, pages C82, C87, C92 and C97) 

c l e a r l y inci icates t h a t for -the con t ro l subjec ts the appl ica t ion of 

p h y s i c a l r e s t r a i n t r e s u l t e d in l a rge and sus ta ined increases in the 

plasma concen t ra t ions of norep inephr ine , epinephrine and 

c o r t i c o s t e r o n e (con5>are the responses of con t ro l subjec ts can the No 

S t r e s s and With S t r e s s t e s t days) (see a l so the d e t a i l e d Figures 55 , 

59 , 63 and 67 , which a re provided in Appendix D, pages D220, D228, 

D236 and D244). Plasma norepinephrine and epinephrine concentra t ions 

a t t a i n e d l e v e l s as high as 300% of the i n i t i a l b a s e l i n e , while maacimum 

responses for c o r t i c o s t e r o n e were approacimately 450% of b a s e l i n e . 

Plasma dopamine concentraticans did no t change in any cons i s t en t manner 

(dopamine l e v e l s inc reased aiid decreased approximately 5% during the 

observa t ion per iod) as a function of the app l ica t ion of the phys ica l 

r e s t r a i n t s t r e s s o r . 

In animals which had p rev ious ly been eacposed t o n i c o t i n e 

( i . e . , chrcanic i n t e r m i t t e n t n i c o t i n e adminis t ra t ion) the app l ica t ion 

of the s t r e s s o r alone ( i . e . , phys i ca l r e s t r a i n t without the 

simultaneous admin i s t r a t ion of n i c o t i n e ) r e s u l t e d in increases in the 

plasma concen t ra t ions of no rep inephr ine , epinephrine and 

cort icostercane which were approacimately equal t o (the same order of 

magnitude) -the responses obseorved in the con t ro l s u b j e c t s . 

Catecholamine and coorticosterone responses for these animals ( i . e . , 
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the nicotine "habituated" animals) were similar or somewhat larger 

(-than the responses promoted by -the stressor alone) when nicotine wais 

adoninistered simultaneously with the application of the physical 

restraint stressor (the reader may wish to refer to the detailed 

Figures 55-70, provided in Appendix D, pages D219-D250). Clearly, the 

acSministration of nicotine in any of the three doses liid not reduce 

-the magnitude of -the endocrine respcaises induced by the stressor. 

The results of Phase III suggest that a) the application of 

physical restraint stress in the control animals resulted in large 

(although statistically non-significant) and sustained (continuing for 

a minimum of 90 minutes) increases in plasma concentrations of 

norepinephrine, epinephrine and coorticosterone when compared with -the 

no stress control trials, b) the effects produced by physical 

restraint in animals which were "experienced" (habituated) with the 

effects of nicotine were similar to responses obseorved in the control 

subjects, and c) the simultaneous presentation of nicotine and the 

stressor (in nicotine habituated animals) resulted in similar or 

somewhat larger respcaises than were induced by the stressor alone. 

These findings suggest that nicotine does not reduce the intensity of 

peripheral autonomic activation induced by stress. 



Discussion 

Tills study used endocrinological and biochemiceil measures to 

examine the effects of nicotine on several processes that may provide a 

better understanding of the biological bases of reinforcement in 

cigarette smoking (Phases I and ll) and the potential role of nicotine 

as a mediator of stress reduction (Phase III). Phase I of the experi­

ment examined the response of catecholamines, coorticosterone, glucose 

and insulin to the intravenous administration of three doses of 

nicotine in naive animals and cdianges in respcaiding as the test animals 

acquired increasing experience with nicotine. The second phase of the 

procedure examined whe-ther it is possible to condition the nicotine 

induced responses to previously non-drug related stimuli. As in Phase 

I, catecholcunines, corticosterone, glucose and insulin were measured. 

The results of this aspect of the study (i.e., whether conditioned 

responses are similar to the effects induced by nicotine or are an 

opponent process) have implications regarding abstinence and therapies 

used in smoking cessation as discussed in the introduction to -this 

article. The third phase of the experiment investigated -the effects of 

nicotine administration on the reduction of endocrinological indices of 

stress. This aspect of the study originated with the "psychological 

tool" model of Ashton and Stepney (1982) and the repoorts of smokers 

•that under stressful conditions cigarette smoking relaxes -them. 

phase I 

The acamlnistration of nicotine resulted in increases in the 

plasma con cent rati can of catecholaonines (norepinephrine, epinephrine and 

dopamine) , coorticosterone and glucose. Nicotine atSoninistration 

105 
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resulted in more rapid decreases in plasma concentrations of insulin, 

but there were short-lived increases in plasma insulin after the floor 

value was reached. In general, these effects were dose related (i.e., 

the magnitude of the response increased with increases in the dose of 

nicotine being adoninistered). The pattern of nicotine induced 

responses of corticostercaie, glucose and insulin did not change 

significantly during the first week of donig administration (i.e., these 

responses did not display indications of habituaticsn or sensitization). 

Increases in -the plasma concentration of catecholamines 

(paorticularly norepinephrine and epinephrine) were greatest cn the 

first day of nicotine acJministration. On subsequent testing days (Days 

3 and 7) the patteom of catecholaonine responses was similar to that 

found on the first.day of drug a<3oninistration, but the responses were 

somewhat reduced in amplitude (i.e. , the maximum and/or total response 

induced by nicotine acSministration was less than on Day 1). Stable 

levels of catecholamine responding (i.e. , unchanging in patteom or 

magnitude) were achieved within three to seven days of the initiation 

of nicotine ac3oninistration. 

The change in catecholamine responses suggests the development 

of a partial tolerance and/or habituation to -the effects of nicotine. 

The rapid development of tolerance and of constant levels of responding 

(wi-thin 3-7 days of the initiation of drug administration) coincides 

with expectaticans based on -the results of the majority of the available 

literature (Larson, Haag s Silvette, 1961; Larson & Silvette, 1968, 

1975). As stated previously, no changes were evident during the first 

week of testing in the pattern or magnitude of the nicotine induced 
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responses of corticosterone, glucose or insulin. Within the context of 

the present experiment these findings have two important implications: 

a) having reached a stable and unchanging degree of responsivity to 

nicotine it might be expected that responding would continue at this 

level for a long period of time, and b) the attainment of a stable 

level of responding suggests that the test animals were "eo^erienced" 

(i.e., acclimated, tolerant and/or habituated) with the effects of 

nicotine and had probably reached a state of physiological, 

endocrinological and biochemiccil responding similar to that of the 

habitual cigarette smoker. In addition, the ccxitinued sensitivity of 

these systems to the effects of nicotine increases the likelihood -that 

these responses are involved in -the development and maintenance of 

cigarette smoking. 

It is a well accepted fact that cigarette smokers tend to weigh 

less than do non-smokers of conparable age and height (Grunberg, 1982; 

Wack & Rodin, 1982).. Exactly why this weight difference occurs is not 

known. In a series of experiments conducted by Grunberg and associates 

(Gononberg, 1982; Gorunberg & Morse, in press; Grxmberg, Bowen s Morse, 

in press) it has been reported -that cigarette smoking in humans and 

nicotine administration in animals results in a decreased preference 

for and consumption of sweet tasting/high calorie focxis. Abstinence 

from cigarettes or the cessaticai of nicotine administration was found 

to result in increased consumption of sweet tasting/high calorie foods 

while not affecting the consuonpticn of o-ther types or categories of 

foods (i.e., bland, salty, etc.). 
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I t has been proposed that hunger and eating behavior may (at 

l ea s t in paort) be regulated by a glucose sensitive mechanism (Friedman 

s Str ieker , 1976; LeMagnen, 1980; LeMagnen, Devos & Larue-Achagiotis, 

1980; Woods, Decke & Vassel l i , 1974). Decreases in the plasma concen­

t ra t ion of glucose resul t in hunger and eating, whereas increases in 

plasma glucose resu l t in sa t ia t ion and the suppression of eating 

behaviors. The suppression of hunger and the induction of a s ta te of 

satiaticMi may act as a highly effective reinforcer for -the maintenance 

of behavior. I t has been proposed that nicotine via i t s effect of 

increasing plasma glucose may be a powerful reinforcer involved in the 

development and maintenance of cigaret te smoking behavior (Hickey & 

Hamer, 1973). 

The resu l t s of the present experiment suggest that a) -the 

administration of nicotine resulted in increased concentrations of 

plasma glucose, b) increases induced by nicotine administration were 

Icirger than increases obseorved in ccsntrol subjects (the increased 

concentrations of plasma glucose among -the control animals were 

apparently mediated ei-ther by the duration of the fasting period or as 

a r e su l t of some aspect of the "donig administration" procedure), and c) 

there was no substant ia l diminution in glucose responding during the 

f i r s t week of drug aciministration. Considering that glucose responses 

were similar in "naive" (Test Day 1) animals and in nicotine 

"experienced" (Test Days 3 and 7) subjects -there appears to be no 

reason to predict a change (decrease or increeise) in the response with 

ccaitinued exposure to nicot ine . 
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Considering the findings of Grunberg et al. and the 

hypothesized role of glucose in the regulation of eating, together with 

the present results suggests how cigarette smoking (nicotine 

administration) may Increase glucose availability and thereby change 

patterns of eating (i.e., taste preferences, food consumption) and body 

weight (i.e., due to changes in nutritive need and caloric intake), and 

act as a reinforcer in the development and maintenance of smoking 

behavior. 

Measurements were made of plasma Insulin levels in an attenpt 

to deteormine the sequence of events involved in nicotine induced 

increases in plasma glucose (i.e., do increases in plasma glucose 

precede changes in insulin concentration or are they subsequent to 

changes in plasma insulin levels). If nicotine has a direct effect on 

increasing plasma glucose then it would be e:^ected that homeostatic 

mechanisms would promote a compensatoory increase in plasma insulin 

levels. However, if nicotine acts indirectly on glucose through the 

insulin regulatoory system then it would be expected -that increases in 

glucose concentration would be subsequent to, or coincide with, 

(3ecreases in plasma insulin. In the present experiment it was found 

that the acJmin is tration of nicotine resulted in decreased concentra­

tions of plasma insulin concurrent wi-th increased levels of glucose. 

These findings, in conjunction with several studies presented earlier 

(Florey et al. , 1977; Sandberg et al., 1973; Tjalve S Popov, 1973) 

suggest -that nicotine (cigarette smoking) interferes with the 

regulation of insulin homeostatic response mechanisms and thereby 
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indirectly results in increases in plasma glucose. However, these 

effects were not clearcut and require further investigation. 

It was found that the administration of nicotine resulted in 

increased concentrations of plasma catecholamines and coorticosterone. 

The measurement of catecdiolamines and corticosterone seirved two 

functions within the context of this experiment: a) together these 

measures provide an indication of the level of autonomic nervous system 

activity (Baum, Grunberg & Singer, 1982; Baum, Grunberg, Lundberg & 

Singer, in press) , and b) responses involving these systems have been 

inplicated as potential mediators of cardiovascular damage (Eliot, 

Todd, Clayton & Pieper, 1978) and increased moortality among cigarette 

smokers (U.S. Dept. of Heal-th, Education and Welfare, 1979). 

Nicotine has been proposed as playing a major role in several 

of the biological and psycho-biological theories of cigarette smoking 

(see the Introduction section for a discussion of the major theories of 

smoking). Eysenek (1973) has proposed that cigarette smoking (the self 

acaministraticai of nicotine) reflects the attempt of -the smoker to alter 

his/her level of arousal. This theoor^ proposes that (at least in paort) 

the motivation of habitual smoking is due to the continued ability of 

cigarettes (nicotine) to affect a change in the level of arousal being 

experienced by the individual. The findings of the present study 

suggest -that the adoninistration of nicotine, even in the cJonig 

"e:q>erienced" (habituated and/or tolerant) organism, results in changes 

in -the level of autonomic neorvous system activity. The changes in 

plasma catecholamines and coorticosterone (indices of autonomic neorvous 

system activity) in response to the administration of nicotine may be 
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interpreted as indicating changes in arousal levels. Thus, it appears 

that nicotine may subserve the role of the modification of arousal as 

is required in the theory. However, it is also possible that the 

changes in autonomic nervous system activity induced by the adoninis­

tration of nicotine may act as reinforcers (or as indices of changes in 

other physiological systems which have reinforcing characteristics) in 

the development and maintenance of cigarette smoking behaviors. 

Cigarette smokers display an increased incidence of premature 

morbidity and moortality due to cardioveiscular disorders when compared 

to non-smokers (U.S. Dept. of Health, Education and Welfare, 1979). 

The development of these disorders in'human smokers becomes apparent 

following years or even decades of cigarette use. Any physiological or 

endocrinological response which habituates within a short time of the 

initiation of cigarette (nicotine) use would be an unlikely candidate 

for mediating (causing or promoting) the cardiovascular diseases 

associated with smoking. However, -this does not exclude the 

possibility that compensatoory changes (i.e., changes in metabolism, 

rate of tuomover, synthesis, storage and release, etc.) induced by 

nicotine use may be involved in the pathophysiologic processes of 

cardiovascular disease. 

It has been proposed that elevated levels of glucocoorticoids 

(e.g., corticostercaie) may increase the sensitivity of cardiovascular 

tissues to the effects catecholamines (Eliot, et al., 1978). The 

increased sensitivity of the tissues to the effects of circulating 

catecholamines may result in frequent over-stimulation (i.e., 

stimulaticai which exceeds optimal levels) which leads to tissue damage 
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and eventual failure. This model has been proposed as an explanation 

of the increased incidence of premature death among smokers due to 

several cardiovascular disorders, including sudden coronary death 

syndrome, ischemic heaort: disease, and myocardial infarction. As 

described previously, the results of this experiment indicate that the 

administration of nicotine in the naive or nicotine habituated animal 

resulted in increased plasma concentrations of coorticosterone and 

catecdiolamines (norepinephrine, epinephrine and dopamine). In 

adcaiticjn, while norepinephrine and epinephrine responses displayed 

paortial habituation, a stable and continuing level of responsivity for 

catecholamines and coorticosterone was achieved within the first week of 

nicotine acamlnistration. The rapid development of tolerance, with the 

subsequent establishment of stable levels of responding, leads to -the 

conclusion that responding might continue at a similar level with 

continued exposure to nicotine. Preliminary findings indicated a 

positive dose related relationship between nicotine and histologic 

15 
evidence of niyocardial degeneration and failure. Thus, it would seem 

that the acamlnistration of nicotine (to nicotine naive or habituated 

animals) induces a series of endocrinological responses which may 

mediate and/or promote ccirdiovascular damage. 

Further research is needed to confirm these obseorvatleans and to 

assess the extent to which these effects may potentiate the cardio­

vascular disorders prominent among cigarette smokers. These fincaings 

have several impoortant implications pertaining to methocas of reducing 

cigarette related cardiovascular damage, for example: a) the reduction 

or elimination of the nicotine ccaitent of tobacco products, 
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and b) the use of pharmacologic blocking agents ( e i the r added to the 

tobacco content of the c i g a r e t t e or taken separa te ly) t o reduce the 

i n t e n s i t y of responses induced by the adminis t ra t ion of n i co t ine 

( c i g a r e t t e smoking). 

In suonmaory, the f indings of Phase I suggest t h a t eo^osure t o 

n i c o t i n e , in the naive or hab i tua ted organism, r e s u l t s in increased 

plasma concen t ra t ions of catecholamines, coorticosterone and glucose, 

and a more r ap id decrease in the plasma concentrat ion of i n s u l i n . All 

respcaiding was maintained a t s i m i l a r or s l i g h t l y reduced l eve l s wi-th 

the ccantinuation of n i c o t i n e acamlnistration ( i . e . , responses induced by 

n i c o t i n e on Day 7 were s i m i l a r t o those produced cai Days 1 and/or 3 ) . 

Continued r e s p o n s i v i t y t o n i c o t i n e has many impl ica t ions r e l a t e d t o 

a) t h e o r i e s of reinforcement in the. development and maintenance of 

smoking b e h a v i o r s , and b) explanat ions of d i f ferences in body weight 

( i . e . , t a s t e p r e f e r e n c e s , food ccaisumption, c a l o r i c in take) and the 

inc idence of ca rd iovascu la r d i so rde r s between smokers and non-smokers. 

Phase I I 

Solomon and Corbit (1973; 1974), Solomon (1980) and Hurvitch 

and Jameson (1974) have proposed opponent process t heo r i e s of 

motivat ion-emotion and neu ra l o rgan i za t i on , r e s p e c t i v e l y . These 

t h e o r i e s are founded upon -the assun^iticai of negat ive feedback — the 

p r e s e n t a t i o n of a s t imulus (unconditioned st imulus) which r e s u l t s in a 

dev ia t ion (primaoiy process response) from base l ine (an increase or 

decrease from the noonnal homeostat ic value) w i l l in turn i n i t i a t e a 

coun te rac t ing or opponent process (secondary process response) . The 

suonmaticn of the primaoiry and opponent process respcaises yielcis a value 
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equal t o or approximating the b a s e l i n e . Following repeated p re sen ta -

ticMi of t h e uncondit ioned s t imu lus , -the opponent process may become 

condi t ioned t o s t i m u l i (conditioned s t imul i ) previously assoc ia ted with 

t h e p r e s e n t a t i o n of the unconditioned s t imulus . The opponent process 

w i l l manifest i t s q u a l i t y and i n t e n s i t y when -the unconditioned stimulus 

i s teonninated or when the conditicaied st imulus i s presented . 

S iege l (1975; 1977), Poulas , Hinson and Siegel (1981) and 

Pomerleau (1981), using an oppcaient process model, have proposed an 

e35)lanation for the maintenance of self-acaministrat ion and the 

development of t o l e r ance e f f ec t s in h a b i t u a l dorug use . The frequent 

p resen ta t ica i of a drug r e s u l t s in the development of phys io log ica l -

biochemical and/or behav iora l opponent processes which counteract the 

primaory e f f e c t s of the dorug (Crowell, Hinson & S i ege l , 1981; Mansfield 

SI Cunningham, 1980; S i e g a l , 1972; 1975). Over an extended per iod of 

donig use the opponent process w i l l gain in s t r eng th and dura t ion , 

u l t i m a t e l y r e q u i r i n g the continued use of -the dorug in order t o maintain 

normal func t ion ing . Thus, the motivat ion for continued donig use i s the 

avoidance of the opponent process (whether i t be phys io log ica l -

b iochemica l , b e h a v i o r a l , cogni t ive or a f fec t ive ) which manifests i t s 

c d i a r a c t e r i s t i c s dur ing periocis of drug abs t inence . Uhder appropr ia te 

circumstances the p r e s e n t a t i o n of condi t ioned d rug- re la t ed s t i m u l i may 

e l i c i t t he opponent process respcaise. 

Solomon and Corbit (1973; 1974) argue t h a t under a l l circum­

s tances a condi t ioned response w i l l be opposi te in na tu re t o the 

primaoiy unccaiditicaied response . When the mocael i s extended t o a 

discussicHi of phys io log i ca l p rocesses involved in donig u se , i t would be 
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ejcpected t h a t condi t ioned responses would be opposite t o the 

unconditicaied drug induced phys io log ica l e f f e c t s . While many s tud ies 

have demonstrated the presence of conditioned opponent phys io logica l 

responses following r e p e t i t i v e donig acamlnistration, many other s tud ies 

have repoorted condi t ioned responses s imi l a r t o -those r e s u l t i n g from 

carug ataoninistraticai (Crowell e t a l . , 1981; Eikelboom & Stewaort, 1979; 

1981; Mansfield fi Cunningham, 1980). The exis tence of conditioned 

primaiY process respcaises can no t be e j^ l a ined by the opponent process 

t heo ry . 

Many volumes of research are ava i l ab le regarding the 

p h y s i o l o g i c a l (endocr ino log ica l , biochemical , e t c . ) and behavioral 

e f f e c t s of the common drugs of abuse ( e . g . , Gilman e t a l . , 1980). 

Extensive research hcis a l s o been ccaiducted on condi t ioning of drug 

induced p h y s i o l o g i c a l processes (see reviews by Eikelboom s Stewaort, 

1982 and Wooc3s & Kulkosky, 1976) with many s tud i e s having successful ly 

demonstrated these e f f e c t s . Unfoortunately, the f indings of many 

s t u d i e s have been c o n f l i c t i n g and q u i t e con t r ad i c to ry , and can not be 

accounted for by the r e l a t i v e l y s i m p l i s t i c opponent process model. 

Eikelboom and Stewaort (1982) have reviewed the l i t e r a t u r e on 

conditiCTied p h y s i o l o g i c a l responses and have proposed a new theory t o 

account for the apparent ly paradoxica l ex is tence of condit ioned 

opponent and primary process responses . The theo ry , as does the 

opponent process model, r e q u i r e s the ex i s t ence of negat ive feedback 

loops in the con t ro l ( regu la t ion) of phys io log ica l p rocesses . The 

au-thors argue t h a t f a i l u r e t o proper ly i den t i fy the s i t e of act ion of a 

drug ( i . e . , a f f e r en t or e f f e r e n t systems) has led t o the confusion 



116 

r ega rd ing previous f ind ings . The model allows for two types of 

condi t ioned responses ( i . e . , s i m i l a r t o the primary process or an 

opponent process) depending on the s i t e of act ion of the drug. In 

a d d i t i o n , i t i s argued t h a t condi t ioning may occur only for those 

responses mediated and c o n t r o l l e d by neura l in t eg ra t ion systems. 

A carug which ac t s upon the a f fe ren t (input) system of a 

feedback loop r e s u l t s in a change in one or more aspects of -the input 

t o -the system. This change in input (the unconditioned stimulus) w i l l 

have an e f f e c t on the feedback system i n t e g r a t o r s imi l a r t o t h a t which 

would be induced by a change in -the regula ted v a r i a b l e . The drug 

induced change in a f f e r en t input r e s u l t s in act ivat icai of the i n t e ­

g r a t o r and of t h e e f f e r en t system, which then mediates the drug 

response (unconditioned response) . .The p resen ta t ion of a conditioned 

s t imulus a l t e r s the a c t i v i t y of the a f f e r e n t , i n t e g r a t o r and e f fe ren t 

systems (e f fec ts being s i m i l a r t o those produced by the cirTig) , 

r e s u l t i n g in a condi t icned response s i m i l a r t o the drug-induced e f f e c t . 

In c o n t r a s t , a drug which ac t s upon the e f fe ren t system of a 

fee<aback loop , or- csn e f f e c t o r o rgans , may d i r e c t l y induce changes in 

the i n t e r n a l m i l i eu . The a l t e r a t i o n in phys io log ica l parameters w i l l 

r e s u l t in ciianges in a f f e r e n t input (unconditioned stimulus) which in 

tu rn r e s u l t s in the a c t i v a t i o n of the i n t e g r a t o r and e f fe ren t systems 

t o oppose (unccaiditioned response) the donig induced e f f e c t s . Thus, 

when a dorug ac t s upon the e f f e r e n t system of a negat ive feedback loop, 

condi t ioned respcaises w i l l oppose the d i r e c t e f f e c t of the donig ( i . e . , 

condi t ioned opponent p r o c e s s ) . 
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In the p r e s e n t study evidence was found suggest ing the 

development of condi t ioned responses for two of the th ree 

catecholamines being measured. Conditioned norepinephrine responses 

were s i m i l a r in p a t t e r n ( i . e . , increases in plasma concentrat ion) 

al though of smal le r magnitude than responses induced by the adminis­

t r a t i o n of n i c o t i n e . In cca i t ras t , dopamine displayed a conditioned 

opponent process respcaise ( i . e . , the cyc l i c changes in the plasma 

concen t ra t ion of dopaonine were opposi te t o those observed for the 

c o n t r o l and n i c o t i n e conciitions) when compared t o the drug induced 

e f f e c t . (An a l teomat ive explanat ion for the ccaiditioned dopamine 

oppcaient process response i s a v a i l a b l e : p resen ta t ion of the 

condi t ioned s t imulus may have r e s u l t e d in a phase s h i f t in -the 

t ime-course of -the usual da i ly c y c l i c variat icai in plasma dopaonine thus 

r e s u l t i n g in i nc rea s ing concent ra t ions during a time per iod when 

decreases would t y p i c a l l y be ev iden t . ) 

Applying the theory of Eikelboom and Stewaort (1982) , one only 

nee<3s t o know -the primaory s i t e of acticai of a donig in order t o p r e d i c t 

t he n a t u r e of the condi t ioned respcaise. Itofoirtunately, such 

infoonnation i s f requent ly no t a v a i l a b l e . In a d d i t i o n , -the s i t u a t i o n 

does no t appear t o be as simple as -the theory imp l i e s , as has been 

demonstrated in a study in which concaitioned responses were found to be 

paor t ia l ly dependent on envircaimental f ac to r s (Eikelboom fi Stewaort, 

1981). Other s t u d i e s (compare S i e g e l , 1972, 1975; Woods & Shogren, 

1972) have repoorted d i f f e r e n t condi t ioned tirug responses , the e f f ec t 

apparen t ly depending on the dose of -the donig used during condi t ioning 

t r i a l s . 
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Neither the opponent process model nor the model of Eikelboom 

and Stewart i s fully capable of explaining the pattern of conditioned 

responses observed in the present experiment. The opponent process 

theory can not account for the fact that the conditioned norepinephrine 

response was similar to the primaory nicotine induced unconditioned 

response. Further, i t i s extremely dif f icul t for the model proposed by 

Eikelboom and Stewaort to parsimoniously account for the presence of 

conditicaied oppcaient and primaory process responses wi-thin two such 

closely re la ted autonomic neorvous system transmitters as norepinephrine 

and dopamine (or to account for -the apparent lack of ccaiditioned 

epihephrine e f fec ts ) . 

Based cai the current s ta te of knowledge, the expected sources 

of norepinephrine and dopamine measured in plasma would be the 

peripheral autonomic neorvous system, adrenal medulla and those 

s t ructures of the central neorvous system (e.g. , hypothalamus -

pituitaory, chemoreceptor t r igger zcaie, p ineal , e tc . ) which have direct 

hoonncaial or chemical communication with blood ( i . e . , an incomplete 

blood-brain b a r r i e r ) . Tradi t ional ly, meeisurements of plasma and/or 

urinaory concentrations of catecholamines have been used as indices of 

autonomic neorvous system ac t iv i ty ; a change detected in one measure 

would be expected to correspond to a change (although not necessarily 

an ident ica l change) in the other measures. 

If dopamine were being released as a byproduct of -the act ivi ty 

of norepinephrine containing ce l l s -then i t would be eoqsected -that 

norepinephrine and dopaonine responses would be similar . The fact that 

the obseorved responses were opposite to each other ( i . e . , one an 
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oppcaient condi t ioned response and the o ther a primary process condi­

t i o n e d response) suggests t h a t pe r iphe ra l plasma norepinephrine and 

dopamine o r i g i n a t e from d i s t i n c t and independent sources . (However 

t h e r e i s an a l t e r n a t i v e explanat ion for t h i s e f f e c t : the p resen ta t ion 

of -the ccaiditioned s t imulus may have induced a change in the a c t i v i t y 

of the catecholamine syn-thetic enzymes, thus a l t e r i n g the i n t r a c e l l u l a r 

r a t i o of norepinephr ine and dopamine and thereby changing the 

q u a n t i t i e s of each being r e l ea sed during synapt ic t ransmiss ion. Thus 

i t i s p o s s i b l e t h a t norepinephrine and dopamine are being re leased from 

-the same c e l l s , but t h a t the r a t i o and/or quant i ty in which each i s 

r e l e a s e d changes as a function of the catecholamine syn the t i c enzymes.) 

One p o s s i b l e source of dopamine i s the hypothalamic-pituitaory system. 

Changes in the a c t i v i t y of -this system could account for the e f fec t s 

obseorved in t h i s eo^eriment . 

In o rder t o account for -the experimental r e s u l t s using the 

model proposed by Eikelboom and Stewart (1982) i t i s necessaoiy t o 

p o s t u l a t e -that n i c o t i n e a c t s on bo-th a f fe ren t and e f fe ren t aspects of 

catecholamine ccaitrol systems. Following from Eikelboom and Stewaort 

(1982) , norepinephr ine responses ( i . e . , inc reases in plasma no rep i ­

nephr ine subsequent t o the acaoninstraton of n i c o t i n e or the p resen ta t ion 

of condi t ioned d r u g - r e l a t e d s t imu l i ) may be eo^lained as being mediated 

by the e f f e c t s of n i c o t i n e on a f f e r en t systems, whereas dopamine 

responses ( i . e . , i nc r ea se s in plasma dopamine subsequent t o the 

acaministraticai of n i c o t i n e and decreases following the p re sen ta t ion of 

condi t ioned s t imu l i ) may be accounted for by the ac t ions of n i co t i ne on 

the e f f e r e n t aonn of the feedback mechanism. To summarize, these 
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f ind ings suggest the following conclus ions : a) n i co t i ne ac t s on both 

a f f e r e n t and e f f e r e n t feedback systems in i t s e f fec t s on pe r iphe ra l 

hoonnone l e v e l s , and b) norepinephrine and dopamine measured in 

p e r i p h e r a l plasma o r i g i n a t e from speara te and independent sources . In 

a d d i t i o n , t hese f indings suggest t h a t response patteoms for a l l forms 

of catecholamines must be analyzed separa te ly because -these measures 

may no t n e c e s s a r i l y covaory as ind ices of autonomic a rousa l . 

The r e s u l t s of Phase I I have seve ra l impl icat ions regarding 

t r ea tmen t in abs t inence from c i g a r e t t e s and the acconfianying withdrawal 

syndrome. As mentioned in the discuss ion of -the r e s u l t s of Phase I , 

glucose and perhaps catecholamines haVe been proposed as agents 

involved in reinforcement during the development and maintenance of 

c i g a r e t t e smoking behavior . The p resen t r e s u l t s suggest t h a t the 

r e p e t i t i v e a<3ministration of n i c o t i n e (as occurs in hab i tua l c i g a r e t t e 

smoking) may r e s u l t in the development of ccaiditioned responses. If 

t h e donig induced response were a p o s i t i v e r e in fo rce r and -the 

condi t ioned response were s i m i l a r t o the unconditioned respcaise, then 

the p r e s e n t a t i o n of -the conditicaied st imulus with the subsequent 

e l i c i t a t i o n of the ccaicaiticaied response would be expected t o decrease 

-the discomfort (withdrawal syndrome) a s soc ia t ed with the absence of the 

drug. In c o n t r a s t , i f t he condi t ioned response were an opponent 

p r o c e s s , then removal of a l l condi t ioned donig r e l a t e d s t imu l i would 

decrease the s e v e r i t y of the wi-thdrawal syndrome ( i . e . , i f the 

condi t ioned response were an oppcaient process then the r e p e t i t i v e 

p r e s e n t a t i o n of the condi t ioned s t imulus would inc rease the i n t e n s i t y 

of the wi-thdrawal syndrome). In a d d i t i o n , i f the condit ioned drug 
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response seirves as a discriminative stimulus for -the donig taking 

behavior, or if it serves as a physiological substrate which is 

labelled as craving and/or withdrawal during periods of abstinence, 

then it would be that removal of all conditioned drug related stimuli 

would decrease the severity and/or discomfoort associated with 

withdrawal. 

To suonmarize the findings of phase II: a) the repetitive 

administration of nicotine (and possibly cigarettes) in conjunction 

with -the appropriate presentation of environmental stimuli resulted in 

-the development of conditicaied physiological responses for norepi­

nephrine and dopaonine, b) the conditioned norepinephrine responses were 

similar to responses induced by the acamlnistration of nicotine while 

conditioned dopamine responses were opposite (or opponent) to -the 

effects of nicotine, and c) conditioned stimuli might help to reduce 

-the caiscomfoort associated with nicotine abstinence and wi-thdrawal. 

phase III 

The final phase of the experiment examined the potential 

contribution of nicotine to the reduction of stress induced responses. 

This aspect of the experiment used meeisurements of plaisma catechola­

mines and coorticosterone as indicators of autonomic arousal. 

Cigarette users frequently report that when under conditions of 

environmental stress they smoke more and that smoking relaxes them. 

Ashton and Stepney (1982) have proposed that smoking may have 

beneficial shoort-term psychological effects, including a) the 

maintenance of performance under ccaicaitions of monotony and fatigue, 

b) increasing the selectivity of attention, and c) attenuating the 



122 

effects of stress. Further, these investigators hold that nicotine is 

a central factor involved in cigarette use because the psychic effects 

of smoking are attributable to nicotine. As discussed in the intro­

duction section, nicotine is a sympathomimetic which elicits a number 

of physiological responses similar to those resulting from activation 

of the sympathetic autonomic neorvous system. How -the self-

acaoninistration of a stimulant apparently results in a calming or 

quieting of stress induced responses is not clear. This set of 

circumstances appears most perplexing and has been teonned "Nesbitts 

Paradox" by Schachter (1973). 

Many smokers repoort Increased smoking when under ccaiditions of 

stress. Schachter and his associates (Schachter, Silverstein, 

Kozlowski, Heoman, fi Liebling, 1977; Schachter, Silverstein fi Perlick, 

1977) found -that when smokers were subjected to a highly stressful 

situation (the repeated applicaton of painful electric shocks) their 

consumption of cigarettes was greater than when under a low stress 

conditicai (the application of mild electric shocks). Both studies 

indicate that for the habitual smoker the application of a stressor 

(noxious stimulaticai) leads to increeused cigarette smoking. 

Several studies have examined the role of cigarette smoking in 

stress reduction. Silverstein (1976) repoorted that in a group of 

habitual smokers allowed to smoke high nicotine (1.1 mg/cigarette) , low 

nicotine (0.3 mg/cigarette) or no cigarettes, the intensity of shocks 

whicdi subjects were willing to endure was positively related to the 

nicotine content of -the cigarettes (i.e. , as nicotine increased -the 

subjects endured greater intensity electric shocks). It was assumed 
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that the greater the level of anxiety ej^erienced by the subjects, the 

less pain they would be willing to endure. Thus, if smoking has 

anti-anxiety effects the smoker (allowed to smoke) should tolerate 

shocks of greater intensity. Perlick (1977) found that smokers allowed 

to smoke high nicotine (1.3 mg/cigarette) cigarettes repoorted less 

irritation in respcaise to simulated jet overflights than did subjects 

not allowed to smoke or those allowed caily low nicotine (0.3 

mg/cigarette) cigarettes. In bo-th studies it was found -that control 

ncHi-smoking subjects displayed similar responses to those of smokers 

allowed to smoke high nicotine cigarettes. Therefore, these studies 

indicate that a) smoking may not have any beneficial effects o-ther -than 

to reduce withdrawal syn^toms produced by conditions (e.g., stress) 

that somehow decrease the bioavailability of nicotine (c.f., Gorunberg, 

Morse fi Barrett, 1983; Schachter et al. , 1977), b) smoking under 

conditions of stress results in respcaises similar to those of 

non-smoking control subjects (i.e. , failure to ccaisume adequate 

quantities of nicotine while under ccaiditions of stress results in an 

increased sensitivity and/or responsivity to the stressor) , and c) 

•these effects are cairectly related to the nicotine content of the 

cigarette. There are two main possibilities for the mode of acticai of 

smoking (nicotine adoninistration) in the reduction of stress induced 

responses. Smoking and/or nicotine may alter psychological process 

involved in the stress response (e.g., cognitive labelling of the 

stressor and its effects; c.f., Schachter & Singer, 1962) or it may 

reduce the physiological activity associated wi-th stress. 
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In the present study, i t was observed that the application of 

physical r e s t r a in t s t ress induced large and sustained increases in the 

plasma concentrations of catecholaonines (particularly norepinephrine 

and epinephrine) and corticosterone (see the Results section for a more 

detai led presentation of these effects) , m animals that had been 

given nicotine for 10 or more days, the administration of nicotine con­

current with the application of the res t ra in t stressor resulted in the 

induction of endocrinological responses similar to or of greater 

in tens i ty than those effects produced by the stressor alone. Using the 

measures of catecholamines and corticosterone as indices of autonomic 

ac t iv i ty (arousal) (c.f . , Baum, Gmmberg fi Singer, 1982) these findings 

suggest tha t the reported s t ress aoneliorating effect of cigarette 

smoking (nicotine acamlnistration) probably i s not mediated by a 

reducticai of s t ress related physiological responses. 

The present resu l t s do not suggest the contributicai of a 

physiological con^jcaient in the oreported s t ress aoneliorating effects of 

n ico t ine , howe-ver -they do not address various psychological 

explanations for the phenomencai. Ashtcai and Stepney (1982) proposed 

tha t the act of smoking allows the smoker to focus attention away from 

the s t ressor and thereby reduce i t s effect . Schachter and Singer 

(1962) demonstrated that the inteirpretation of an undifferentiated 

s t a t e of autonomic arousal was determined by cognitive and 

environmental factors . Stoonas and Nisbett (1970) found that under 

appropriate ccaiditions i t was possible to convince subjects to 

misat t r ibute the source of the i r physiological arousal. Possibly the 

smoker, accustomed to the mild autonomic stimulation (arousal) 
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associated with the consumption of c igare t tes , may misattribute the 

s t ress induced arousal as being caused by c igaret tes . The misa t t r i -

bution of the s t ress induced arousal from the stressor to the cigarette 

would thereby reduce the intensity of the cognitive compcaient of the 

s t r e s s response. Each of these alternative explanations of smoking and 

s t ress effects warrants fuorther research. 

Summaory and Conclusicais 

The resul ts of Phase I of the es^eriment suggested that the 

administration of nicotine resulted in increases in the plasma 

concentraticais of catecholamines (norepinephrine, epinephrine and 

dopamine), corticostercaie and glucose, and in more rapid decreases in 

the concentrations of insul in . While norepinephrine (and possible 

epinephrine) responses displayed p a r t i a l habituation during the f i r s t 

week of t e s t i n g , a l l other responses were found to be consistent in the 

"naive" and nicotine "experienced" (habituated) organism. These 

responses are caiscussed as possible sources of reinforcement in the 

development and maintenance of c igaret te smoking, and also as mediators 

of -the changes in specific food consumption that contribute to lower 

body weight among smokers when compared to non-smokers. 

I t also was obseorved that increasing doses of nicotine resulted 

in increasing plasma concentraticais of catecholamines and 

corticosterone which have been implicated as potent ia l mediators of 

several ccurdiovascular ilisorders. Preliminary evidence suggested a 

dose related relat ionship between the quanti t ies of nicotine 

administered and his tological indications of myocardial degeneration 

and fa i lu re . 
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Phase I I demonstrated t h a t the r e p e t i t i v e adminis t ra t ion of 

n i c o t i n e in ccaijunction with -the appropr ia te p resen ta t ion of envircai­

mental s t i m u l i may r e s u l t in the development of condit ioned physio­

l o g i c a l respcaises. The obseorvations suggest the presence of opponent 

and primaory process condi t ioned responses . Appropriate p resen ta t ion of 

-the ccaiditioned s t i m u l i (with the subsequent e l i c i t a t i o n of -the 

conditicaied response) may help t o reduce -the discomfort associa ted with 

abs t inence and -the withdrawal syndrome. 

The r e s u l t s of Phase I I I of the eoqperiment suggest t h a t the 

acaministraticai of n i c o t i n e t o hab i tua ted animals does not reduce the 

i n t e n s i t y of phys io log i ca l respcaises induced by the s t r e s s of phys ica l 

r e s t r a i n t , m f a c t , the admin is t ra t ion of n i c o t i n e concurrent wi-th the 

appl ica t ica i of a phys i ca l s t r e s s o r r e s u l t e d in a somewhat g r e a t e r 

i n t e n s i t y of respcaiding than was induced by the app l i ca t ion of the 

s t r e s s o r a lone . These r e s u l t s suggest -that the s t r e s s amel iora t ing 

e f f e c t s of c igc i re t te smoking are no t based on a reducticai of the 

i n t e n s i t y of p e r i p h e r a l phys io log i ca l s t r e s s respcaises. 


