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The reticuloendothelial system (RES) has recently been 

under investigation due to its role in immunological reac-

tions and other homeostatic protective functions. Made up 

of a vast number of specialized cells, or macrophages, the 

RES is known to have the capacity for breaking down foreign 

matter and bacteria. In this way, it protects the organism 

from many toxic substances and provides defense against other 

types of environmental stress. 

Employing artificial means, the RES may be either 

"stimulated" or "depressed," such as introduction of certain 

colloids or polysaccharides. Excessive exposure to trauma or 

stress may also depress the system, while stress at milder 

levels when presented repeatedly over time, will stimulate 

its function. During a state of RES depression, immunolog— 

ical and stress resistance are known to be lowered, whereas 

resistance is enhanced during a stimulated state. 

Recent res'earch manipulating levels of RES activity has 

found that avoidance behavior can be established to consuma-

ble substances when they are paired with the onset of RES 

depression. This led to the further investigation involving 

the role of the RES in aversive conditioning, and the effects 



of RES manipulation during the occurrence of other instru-

mental behaviors. The present research explored the role of 

RES manipulation on ongoing Sidman avoidance behavior. 

Fifteen 250—gram male Sprague—Dawley rats were divided 

into two experimental and three control groups. Experimental 

subjects were injected with either an RES depressant (methyl 

palmitate) or stimulant (zymosan) and measurements of the 

system were taken at intervals to insure predicted RES changes 

were occurring and maintaining over time. One control group 

received no drugs, while the other two were dosed with equiva-

lent volumes of the depressant and stimulant vehicles. These 

subjects were likewise tested for RES activity and no signifi-

cant alterations were found. General motor-activity measures 

were also taken to confirm that the drugs did not affect 

other normal activity levels. 

An additional 12 subjects were divided into 4 groups, 

administered a test on RES baseline levels, and exposed to a 

4-hour session of Sidman avoidance acquisition (S-S = 5 sec; 

R-S = 15 sec). After meeting acquisition criteria, subjects 

in the two experimental groups were dosed with the RES depres-

sant or stimulant. One control group received no drugs, while 

the other received an equivalent volume of saline. All sub-

jects were again exposed to 3 daily 2—hour Sidman avoidance 

sessions 24—hours after dosing. Following this, 2 extinction 

sessions of 1 hour each were presented on consecutive days 

wherein shock was administered noncontingently at 15—second 



intervals. An RES measure was taken after the last session 

on all subjects. 

Results of the first phase revealed that both experi-

mental drugs significantly altered RES levels in predicted 

directions after the first measure; however, only stimulated 

subjects maintained significant differences after 5 days. 

No activity-level differences were noted in any subjects due 

to drugs across time. 

Sidman avoidance data indicated that RES-stimulated 

subjects showed significant deterioration in avoidance per-

formance as compared to other groups for the first session. 

Stimulated subjects were also poorer on the second and third 

sessions, but statistical significance was not obtained 

because some saline subjects also showed poorer performance. 

A rank order correlation revealed that a significant negative 

correlation existed between RES stimulation and avoidance 

performance, based on changes in RES levels from baseline 

to the end of the shock program. 

These data suggest that increased stress resistance due 

to RES stimulation may reduce the aversive properties of the 

shock program, thus decreasing motivation for responding. 

It was concluded that artificial methods of inducing stress 

resistance by RES stimulation may be a useful therapeutic 

technique for patients experiencing psychological stress. 
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THE EFFECTS OF STIMULATION AND DEPRESSION 

OF THE RETICULOENDOTHELIAL SYSTEM 

ON SIDMAN AVOIDANCE BEHAVIOR 

The reticuloendothelial system (RES) has been studied 

quite extensively regarding its role in immunological reac-

tions, clearance of inert colloids and foreign particles, 

and its activities in iron storage and metabolism. These 

diffuse activities of the RES serve a complex protective and 

homeostatic function for the survival of the organism (Vernon-

Roberts, 1972). Only in recent years has it become known 

that the RES also plays an apparent role in another survival 

mechanism, learning. 

The reticuloendothelial system is made up of a vast 

number of specialized cells scattered throughout the body 

and concentrated primarily in the liver, spleen, lymph nodes, 

lungs, and bone marrow. RES cells are unique in their capac-

ity to engulf and even destroy foreign particles through the 

complex process of phagocytosis. In this process, foreign 

particulate matter and toxins come in contact with the cell 

membrane and trigger biochemical activity which enables the 

cell to surround and engulf the invader. Once within the 

cytoplasm, further chemical action breaks down and destrovs 

the particle for removal from the body via one of several 

excretory pathways. In providing this critical function, 



these specialized RES cells or macrophages are responsible 

for the removal and destruction of invading bacteria and 

inert particulate matter, as well as clearance of any 

injured and dead cells in the body. To accomplish this task, 

two main types of RES cells, referred to as fixed and free 

macrophages, are known to be involved. Fixed macrophages 

are generally found attached to the walls of the sinusoids 

of the liver and spleen. In these locations, arterial blood 

flow comes in contact with the phagocytic cells, and foreign 

matter may be engulfed and filtered out of the bloodstream. 

Free macrophages engulf foreign particles in the same fashion 

as fixed macrophages, only these cells are found migrating 

freely throughout interstitial fluids, lying loosely in con-

nective tissue, or flowing in the bloodstream and lymphatic 

vessels (Bloom & Fawcett, 1968). 

The capacity of the RES to respond may be "stimulated" 

or "depressed" following the injection of certain substances, 

or the introduction of stress or trauma, generally initiated 

by invasion of foreign bacteria, toxins, or tissue damage. 

Stimulation" or "depression" of the system may be measured 

by the rate at which a standard test dosage of a colloidal 

carbon suspension (india ink) is cleared from the bloodstream 

under various conditions as compared with known control 

levels. Optical densities of blood samples are recorded 

over time following the carbon injection, and decreasing 

densities reflect carbon removal from the blood (Biozzi, 



Benacerraf, & Halpern, 1953). Rates of carbon clearance by 

the reticuloendothelial system are known to be affected by 

the introduction of a variety of substances and physiologi-

cal states of the organism. Previous research has shown 

that administration of bacterial endotoxin (Biozzi, Bena-

cerraf, & Halpern, 1955), specific yeast fractions (Riggi & 

DiLuzio, 1961) , and certain hormonal substances (Heller, 

Meier, Zucker, & Mast, 1957) will accelerate carbon clear-

ance above standard levels--whereas exposure to prolonged 

bacterial invasion, x-irradiation, and overloading of the 

system with foreign particulate matter result in depression 

or "blockade" (Vernon-Roberts, 1972). 

Although the mechanisms of depression and stimulation 

are not fully understood at this time, certain morphologi-

cal and biochemical changes appear to take place in the 

cellular membrane of macrophage cells following introduction 

of RES stimulants and depressants (Vernon-Roberts, 1972). 

Among observations made regarding the reticuloendothelial 

system, it was found that depression or "blockade" can be 

produced by certain colloids and appears to be a dose-

dependent phenomenon, often followed by a period of RES 

stimulation (Dobson, Kelly, & Finney, 1967). Data suggest 

that as larger dosages of RES depressants are administered, 

clearance efficiency increases over time. This phenomenon 

also occurs when repeated injections of blocking agents are 

given over the course of several days. At present, it is 



not known why the delayed stimulation effect occurs but 

there generally appears to be a proliferation of RES cells 

as well as increased individual capacity to phagocytose 

particulate matter, depending on the colloidal agent used 

(Vernon—Roberts, 1972), During the initial blockade, how-

ever, clearance efficiency of the system is reduced either 

because the existing macrophages are loaded to capacity with 

one substance and cannot engulf the test colloid, or there 

has been a depletion of critical substances in the cell mem-

branes which facilitate particle uptake (Jenkins & Rowley, 

1961) . 

Of greater importance than these specific changes tak-

ing place within the RES, however, are the gross systemic 

effects of alteration in RES activity. It has been found 

that when the RES is depressed or blockaded so that particle 

uptake is impaired, there is also a reduced capacity to 

defend against invasion of foreign toxins or bacteria 

(DiLuzio & Wooles, 1964). This follows since macrophages 

must be able to engulf bacteria to destroy them, and in a 

blockaded condition cannot do so effectively. Considerable 

research in this area has revealed that RES depression or 

blockade weakens immunity to a large variety of toxins 

including defenses against allografts (Pearsall & Weiser, 

1968), TB bacilli (Mackaness, 1967), the Schwartzman phe-

nomenon (Beeson, 1947), lethal doses of x-irradiation 

(Talmadge, 1955), and many others. In contrast to impaired 



immunological response during RES depression, the reverse 

holds true when the RES is stimulated. That is, resistance 

to new bacteria, infections, etc., is greatly enhanced dur-

ing RES stimulation {Halpern, 1959; Wooles & DiLuzio, 1963). 

Since particle uptake is more rapid, and greater numbers 

of macrophages appear to be involved during stimulation, 

systemic responsiveness to new invasion is heightened. It 

has been shown that allograft rejection occurs much faster 

in RES-stimulated organisms (Wooles & DiLuzio, 1964), and 

destruction of disease-producing antigens is likewise accel-

erated as compared to controls (Wooles & DiLuzio, 1963). 

Further research which spurred interest in the role 

of the RES in activities other than cellular immunities was 

the work of Selye. Credited with the notion that "stress" 

is a specifically-defined syndrome or pattern of biological 

changes that can be induced by a variety of generalized 

and nonspecific agents, Selye provided new areas of investi-

gation for immunological researchers (Selye, 1950, 1956). 

In developing the concept of the general adaption syndrome 

(GAS), he found that a variety of different types of 

"stressors" could induce this discreet pattern of biologi-

cal changes. Engaging in related research, Noble and Collip 

(1942) sought to further explore the effects of generalized 

stress, and developed a tumbling apparatus which could pro-

duce a graded, well-controlled trauma without the complica-

tions of infection, hemorrhage, or anesthesia, and yet 



produced these specific signs of systemic shock or stress. 

In the course of their work, these authors discovered that 

animals could develop a resistance to the severe effects of 

tumbling when exposed to gradually increasing amounts of 

trauma. Such animals were capable of surviving levels of 

trauma far in excess of normal animals with no signs of 

shock after exposure to the conditioning regime (Noble, 

1942). Carrying this research further, it was found that 

trauma-resistant animals were able to survive a degree of 

hemorrhage that was lethal to control animals (Shorr, Baez, 

Metz, & Zweifach, 1952). in addition, Zweifach and Thomas 

(1957) found that trauma resistance could be enhanced by 

inducing increased tolerance to bacterial endotoxins prior 

to drumming in the tumbling apparatus. Griswald and Gray 

(1957) also demonstrated that animals subjected to a series 

of electroconvulsive shocks showed a greatly enhanced resis-

tance to tumbling. From these studies, it became apparent 

that resistance to the stress of tumbling could be enhanced 

by gradual exposure to increasing amounts of the drumming 

or by building in resistance to other forms of stress prior 

to tumbling. Likewise, resistance to other forms of stress 

could be established by first conditioning resistance to 

the drumming trauma. 

Selye1s concept that stress was a generalized phenome-

non and independent of the type of stressor rapidly gained 

support from these studies; however, the mechanism for the 



transfer of such resistances was not understood until 

Reichard, Gordon, and Tessmer published their research in 

1960. These investigators observed that while normal rats 

subjected to lethal doses of drumming trauma showed signs 

of severe shock and gross metabolic disturbance, trauma-

resistant animals did not. This suggested that the resis-

tant animal, through gradual conditioning, maintains 

homeostasis by stabilizing its metabolic processes--whereas 

the untrained animal is not capable of this. To add more 

convincing evidence, these authors then demonstrated that 

acidified boiled extracts of spleen or plasma taken from 

drum-trauma-resistant animals resulted in a significantly 

greater resistance when injected into animals which had not 

previously been exposed to tumbling. These researchers were 

subsequently among the first to convincingly show evidence 

for a humoral mechanism by linking the reticuloendothelial 

system to the transfer of this type of resistance. 

As research in this area progressed, known RES depres-

sants were administered to gain more direct evidence of RES 

involvement in trauma resistance, and thus demonstrated some 

reliable parallels between generalized stress defense and 

immunological action. One of the early studies was initiated 

by McKenna and Zweifach in 1956. These researchers admini-

stered four different RES depressants which blocked or sup-

pressed phagocytic activity. They discovered that all 

substances effectively attenuated resistance to trauma 
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previously induced by adaptation to doses of increasing 

severity, and likewise reduced tolerance to low levels of 

drum trauma in non-resistant animals when compared to normal 

subjects. 

With the resurgence of interest in the RES in the late 

1950"s, researchers such as Garcia, Kimeldorf, and Koeling 

(1955) further explored a previously observed phenomenon of 

radiation-induced avoidance of saccharin. This research 

along with later studies (Garcia & Kimeldorf, 1960; Garcia, 

Kimeldorf, & Hunt, 1961; Hulse & Dempsey, 1964) revealed 

that when low dosage irradiation is paired with consumption 

of a preferred drinking solution, subsequent avoidance of 

that solution occurs on later preference tests. From the 

framework of a classical conditioning paradigm, it was 

assumed that irradiation was an unconditioned aversive stim-

ulus (UCS) which was paired with the drinking solution or 

conditioned stimulus (CS). Following pairing, the subse-

quent avoidance behavior was then regarded as a conditioned 

response (CR). This explanation was adequate until Scar-

borough, Whaley, and Rogers (1964) investigated a backward-

conditioning paradigm by presenting saccharin after delays 

of up to 12 hours following irradiation. The results 

revealed that the greatest avoidance occurred when CS and 

UCS were presented simultaneously, followed by delay inter-

vals of three, six, and twelve hours. No significant avoid-

ance was observed when saccharin was given more than twelve 



hours following irradiation. In light of these data, the 

backward-conditioning explanation appeared untenable since 

classical research has failed to obtain results with delays 

of more than several minutes. 

At this point an alternative explanation was called 

for, and a humoral mechanism involving the 

active element again emerged. A more conv 

RES as a possible 

mcing case was 

made by researchers for the role of the RES in this special-

ized type of learning (Garcia & Kimeldorf, 1960; Hunt & 

Kimeldorf, 1967). In the former study, Garcia and Kimeldorf 

explored the varying degrees of saccharin avoidance obtained 

by irradiation of isolated areas of the body. They found 

that low dosages applied to the abdominal region produced 

greater avoidance than exposure of other isolated areas, 

with a cumulative effect of nearly 100% avoidance following 

total-body irradiation. These investigators made the point 

that the abdominal region is the locus of a large vascular 

plexis and RES activity predominates in this area in the 

liver and spleen. As further evidence for 

the 1967 study involved using a parabiotic 

circulatory linkages were made between pairs of rats through 

a cutaneous vascular anastomosis. Following this, the ani-

mals were shielded from one another and one rat was irradi-

ated while saccharin was available to both. The non-

irradiated rat was then tested and found to avoid the 

saccharin which had been paired with the irradiation of its 

an RES theory, 

technique wherein 
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partner. As a second part of the experiment, the same 

circulatory linkages were performed between pairs of rats 

to serve as control subjects. In this case, one member of 

each pair was irradiated while water was available to both 

subjects. A second control group was used, wherein animals 

were merely clamped together with saccharin available and 

one member of each pair was irradiated. Results revealed 

no saccharin avoidance in any of the nonirradiated subjects 

of both control groups. Strong evidence supporting the 

critical role of the RES in the avoidance phenomenon was 

supplied by Feinberg in 1966. This study experimented with 

both irradiation and the colloidal suspension Proferrin 

(saccharated iron oxide), a known RES depressant. Feinberg 

found that saccharin avoidance was obtained with both Pro-

ferrin and irradiation individually, with an additive effect 

when used concommitantly. 

By the time this research was completed, the biochemi-

cally induced avoidance phenomenon was well documented and 

had gained considerable generality across species and con-

ditioned stimuli. Harlow (1962) had successfully obtained 

avoidance in monkeys, while others had observed it in rats 

(Garcia et al., 1955; McLaurin & Scarborough, 1963; Scar-

borough et al., 1964) and mice (Peacock & Watson, 1964). 

Avoidance of such CS's as drinking solutions of saccharin 

(McLaurin & Scarborough, 1963; McLaurin, 1964; McLaurin, 

Scarborough, & Farley, 1963; Scarborough & McLaurin, 1964), 
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NaCl (Perry, 1963), chocolate milk (Kimeldorf, Garcia,& 

Rubadeau, 1960), ethanol (Gold, 1967; Peacock & Watson, 1964), 

Kool-Aid (Harlow, 1962), chocolate on food (Hulse & Dempsey, 

1964) , and morphine (Mountjoy & Roberts, 1967) had all been 

reliably obtained. 

Among the questions still remaining at this time was 

what other forms of behavior might also be influenced by 

RES activity. In a recent article by Rozin and Kalat (1971), 

the authors reviewed research in the area as well as data on 

"specific hungers" and poison avoidance, and speculated on 

phylogenetic contingencies as precursors to the observed 

"long-delay learning" phenomenon. Remarking on the data of 

Revusky (1968) and others, these authors suggested that the 

avoidance phenomenon is probably limited to consumatory 

behaviors from an evolutionary standpoint. If an organism 

were to become ill several hours after eating a poisonous 

food, and could not in the future discriminate the toxic 

substance, it would not be likely to survive. However, 

organisms which could make such discriminations even after 

long delays would have higher survival probabilities. The 

humoral mechanism of the RES is therefore the most probable 

survival agent,since RES cells are the first to come into 

contact with mesenteric blood flow from the digestive organs 

and operate to detoxify any substances which enter the blood-

stream from digested foods (Bloom & Fawcett, 1968). Although 

Rozin and Kalat present a salient point concerning the 
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phylogenetic inheritance of "long-delay learning," some 

researchers were not content to limit the role of the RES 

to learning of consumatory avoidance behavior. 

One such pair of investigators was Scarborough and 

Addison. In 1962, these researchers investigated the 

irradiation-induced avoidance of previously conditioned 

instrumental responses. They observed that high dosage 

irradiation presented contingently upon the occurrence of 

specified conditioned responses in fish suppressed the 

instrumental behavior. Since irradiation dosages were in 

the lethal ranges, however, it was possible that the fish 

could discriminate the aversive properties of the irradia-

tion itself or chemical changes produced in the water by 

the X-rays. Despite these questionable results, a possible 

role of the RES in some types of aversive conditioning had 

now been suggested. As a follow-up, in 1972, Park and 

Scarborough presented new data of considerable interest. 

These researchers explored the effects of administration 

of a known RES depressant and stimulant on a stable rein-

forcement baseline and then introduced a tone (CS) followed 

by a non-contingent shock (UCS). After several pairings, 

the rate of ongoing instrumental responding decreased in 

the presence of the tone alone (conditioned suppression). 

Following this, subjects were given either the RES stimu-

lant or depressant and the effects on the amount of condi-

tioned suppression was observed. Results indicated that 
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as RES activity increased, the amount of conditioned sup-

pression decreased, which is an index of increased resist-

ance to the suppressive effects of the shock conditioning. 

Conversely, as RES activity decreased, conditioned suppres-

sion increased, showing a diminished resistance to the 

suppressive effects of the UCS-CS pairing. 

In reviewing these data, the homeostatic activities of 

the RES have been greatly expanded since the early 1950s. 

These include providing defenses against a wide variety of 

stressors, from bacterial invasion to long-delay avoidance 

learning, and coping with aversive stimuli in general. Data 

in the latter area are indeed sparse and provide the impetus 

for the present research. This study explored the effects 

of drug-induced RES stimulation and depression on response 

rate, interresponse times, and performance of rats in a 

free-operant avoidance situation. 

Free-operant avoidance or Sidman avoidance (Sidman, 

1953a) involves the administration of a brief shock at regu-

lar intervals if no responding occurs during the scheduled 

interval between shocks (shock-shock or S-S interval). If 

a response occurs, however, the shock is postponed for a 

fixed period of time (response-shock or R-S interval), and 

the subject may continue to avoid shock as long as it 

responds before the expiration of the R-S interval. If the 

subject fails to respond before the expiration of the R-S 

interval, shock is delivered and shock frequency is again 
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regulated by the S-S interval until another response is 

made. 

Selection of a Sidman avoidance baseline for this 

research was based on literature suggesting that it is a 

useful tool for studying effects of other types of inter-

ventions. For example, consequences of surgical or bio-

chemical alterations such as septal lesions (Duncan & 

Duncan, 1971; Morgan & Mitchell, 1969; Sodetz, 1970; Sodetz, 

1972) or performance variables associated with altered cata-

cholamine levels (Smith, 1973) have been effectively studied 

using free-operant avoidance schedules. Also of recent 

interest to researchers are the behavioral effects of drugs 

on Sidman avoidance performance. Effects of morphine (Dalle-

magne, 1971; Houser & Cash, 1975), psychotropic drugs such 

as sulpiride (Fontaine, Libon, & Richelle, 1974), nicotine 

(Morrison, 1974), marijuana (Herring, 1972; Krasnegor & 

Elsmore, 1972), amphetamines (Beaton, LeBlanc, & Webster, 

1974; Houser, 1973; Milner, 1974) and others have been 

studied. A major advantage of using free-operant avoidance 

schedules in drug research is also that it is highly sensi-

tive to drug effects (Niemegeers, Verbruggen, & Janssen, 

1969) and allows examination of a variety of parameters of 

behavior at the same time (Anger, 1963; Bolles & Popp, 1964; 

Sidman, 1953b). Researchers have found that an abundance 

of useful data can be extracted from animal performance on 

these schedules. For example, Anger (1956; 1963) studied 
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interresponse times and developed the useful behavioral 

datum of IRT/OPP which defines a relationship between the 

opportunity to respond during an R-S interval and the 

actual spacing of responses during any given R-S period. 

This datum proves to be sensitive to many interventions 

which response rate or performance criteria alone would 

not reveal. Furthermore, the type of schedule selected as 

defined by R-S and S-S interval lengths, shock intensity 

and duration, and signaled versus unsignalled shock is also 

useful in increasing or decreasing sensitivity to the types 

of behavioral phenomenon under investigation (Jones, 1969; 

Powell & Morris, 1969; Riess & Farrar, 1972; Sidman, 1962; 

Sidman & Boren, 1957). 

The present research investigated the possible effects 

of drug-induced RES stimulation and depression on Sidman 

avoidance behavior. The specific question under investiga-

tion was whether the increased stress resistance afforded 

by the drug-induced RES stimulation or decreased stress 

resistance due to RES depression would be reflected in any 

of the behavioral parameters measured in rats on an ongoing 

Sidman avoidance schedule. 

Method 

Subjects 

Twenty-four Sprague-Dawley naive male rats (ARS Sprague-

Dawley, Madison, Wisconsin) weighing 250 grams at the start 

of the experiment were used. Standard laboratory food 
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(Purina Laboratory Chow) and water were freely available for 

the duration of the experiment, and animals were housed in 

individual home cages except during experimental sessions. 

Apparatus 

A standard LVE single-lever Skinner box shortened from 

18 to 13 grids by a Plexiglas wall which slanted forward to 

the ceiling was used for Sidman avoidance sessions. The 

electrified grid floor was activated by a BRS/LVE shock 

generator-scrambler, Model SGS 004. The operant lever was 

1 cm thick, 5 cm wide, projecting 2.5 cm into the chamber 

with a vertical excursion of .5 cm upon depression, and was 

located 8 cm above the grid floor. The chamber was housed 

in an LVE sound-attenuated chest equipped with an air blower 

for fresh air circulation around the operant chamber. Shock 

scheduling was programmed by a solid-state modular system in 

conjunction with some electromechanically operated timers, 

counters, and 6-pen event recorder. 

A 33 cm X 36 cm X 15 cm enclosed wooden box was con-

structed with two sets of photocells located centrally on 

opposite walls of the box and connected to recording count-

ers. Activity-level measures were based on recorded counts 

from subject movement which broke the photocell beams. One 

set of cells was located opposite each other, 8 cm from the 

floor of the box. The second set of photocells was placed 

on the two remaining walls opposite each other at a height 

of 3 cm. 
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Drugs and Supplies. Polyethylene cannulas for jugular 

implantation were constructed according to the design out-

lined by Weeks (1967) for intravenous injection of experi-

mental and control drugs. Anesthetics, antibiotics, and 

surgical instruments were used for the surgical cannulation 

procedure. 

Experimental and control injection solutions were pre-

pared especially for this research. The RES stimulant, 

zymosan (Sigma Chemical Laboratories), was suspended in 

sterile physiological saline (20 mg/2 ml) by sonication on 

the pulse mode for 30 seconds in a Branson Sonifer cell dis-

ruptor, model W 350. Methyl palmitate (Sigma Chemical Lab-

oratories) , the RES depressant, was prepared at 37°C by 

pulsed sonication for 60 seconds in a filter sterilized 

0.10% Tween 20 in 5% dextrose solution (DiLuzio & Morrow, 

1971). An initial mixture of 600 mg methyl palmitate per 

2 ml Tween solution was used. However, since the lipid 

increased the suspension volume, the actual concentration 

after sonication was measured to be approximately 222 mg/ml. 

The preparation was maintained at 37 °C until time of injec-

tion to prevent solidification and separation of the methyl 

palmitate. 

A special shellac-free colloidal carbon suspension 

(Cll/1431a, Gunther Wagner: Hanover) was diluted 1:3 with 

sterile physiological saline (Cantrell, 1972; Halpern, 

Benacerraf, & Biozzi, 1953) to an approximate concentration 
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of 25 mg/ml for use as the test, colloid for measurement of 

RES activity (Biozzi et al., 1953; 1955). 

Another preparation used for this research was a .1% 

sodium carbonate solution for lysing blood samples which 

were examined for absorbance in a Beckman 25 spectropho-

tometer at 675 nm following each clearance test. Other 

laboratory equipment and supplies such as syringes, pipettes, 

etc. were also utilized for biochemical measurements. 

Procedure 

Phase 1. The first phase of this research involved 

investigation and verification of physiological processes 

assumed to be occurring under experimental conditions of 

RES depression and stimulation. This phase of the experi-

ment was completed before any animals were subjected to the 

Sidman avoidance program. On the advice of a veterinarian, 

upon arrival all subjects were administered a heavy dose 

of Puromycin (Ralston-Purina Co.) at a concentration of 3 

mg/ml in their drinking water in a 20% sucrose solution to 

compensate for the bitterness of the tetracycline. This 

was done because of repeated problems with respiratory 

infections due to shipping. On a one-at-a-time basis, as 

animals attained a weight of 250 grams, antibiotic treat-

ment was stopped, and healthy animals were surgically 

implanted with jugular cannulas according to the procedure 

outlined by Weeks and Davis (1964). Immediately following 

surgery, each subject was injected with .25 cc penicillin 
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streptomycin (Combiotic, Phizer Co.). No animals were on 

any antibiotics longer than 10 days, and in all cases, 

administration was stopped the day of surgery to allow for 

effects to dissipate before experimental procedures were 

begun. 

Preliminary studies on the effects of antibiotics on 

RES activity revealed that high dosages of tetracycline 

over several days produced a damper effect on the RES 

activity in subjects previously stimulated or depressed. 

The RES remained in a moderately depressed state from the 

antibiotic regime for 3 days following removal of the treat-

ment. Previously stimulated rats showed increased activity 

after the 3-day period, but previously depressed animals 

were not distinguishable from nonexperimental antibiotic-

treated subjects perhaps because moderate depression was 

observed in all subjects. Animals given RES stimulants and 

depressants 5 days after termination of antibiotic therapy, 

as well as controls, showed normal response to the drugs. 

Therefore,this interval was selected as appropriate for 

starting experimental procedures, since subjects were also 

suitably recovered from surgery. 

Following surgery, animals were randonly assigned to 

one of five groups. Two experimental and three control 

groups of three rats each were utilized. Four days follow-

ing the cannulation procedure, subjects in all groups were 
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measured for general-activity level and baseline-RES 

activity. General activity was recorded in the photocell-

activated enclosure for a 10-minute period preceded by a 

5-minute warm-up interval. Carbon-clearance testing was 

administered immediately following the general-activity-

level measure. The test compound, colloidal carbon diluted 

1:3 with saline was prepared fresh daily and subjects were 

injected intravenously through the jugular cannulas with 

5 mg/100 g body weight. The tail of each subject was 

clipped and blood samples were taken from the tail vein in 

.025 ml aliquots. An initial blank sample was taken before 

carbon injection, followed by sampling at 1-minute intervals 

for 10 to 15 minutes after introduction of the carbon. All 

samples were lysed in 2 ml of a .1% sodium carbonate solu-

tion. Following each clearance test, the absorbance of 

each sample was determined spectrophotometrically at a 

wavelength of 675 nm read against a distilled-water reference 

The absorbance value of the blank blood sample was subtracted 

from each sample, optical densities calculated, and data 

plotted on two-cycle semi-logarithmic paper. A best-fitting 

line was drawn by inspection of the data and extreme points 

deleted. Logarithms of these optical densities were deter-

mined and half-time clearance rates calculated for each 

subject from the slope of the regression line by means of 

the formula: 
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T% = •301 minutes (Cantrell, 1972) 

where .301 is the logarithm of 2, and b is the slope of the 

regression line based on a least-squares regression utiliz-

ing the logarithms of the optical densities of blood samples 

across time. The rate constant, K, denoted as the phagocytic 

index, was also recorded for each animal and is equivalent to 

the slope of the regression line (K = ,301/T^). 

Three days following the initial carbon-clearance test, 

subjects in the two experimental groups were injected through 

the cannulas with the prepared suspension of either zymosan 

(5 mg/100 g) or methyl palmitate (140 mg/100 g). Dilutions 

of zymosan and methyl palmitate were established based on the 

maximum quantity of methyl palmitate which would remain in 

suspension and yet not result in an excessive volume for 

injection. Zymosan was diluted to a lesser concentration to 

keep volumes constant. Subjects in two of the three control 

groups received an equivalent volume of one of the drug vehi-

cles according to body weight as if the solution contained 

the drug. All injections of drugs and vehicles were admini-

stered at a rate of .1 cc/min, since injection volumes 

usually ranged between 1.3 and 1.5 cc. The third control 

group received no injection for assessment of effects due to 

clearance testing alone. 

All animals were tested for general-activity levels and 

RES clearance rates, according to the procedures previously 

described, 24 hours after dosing and again 5 days later. 
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Phase 2. Upon completion of physiological assessments, 

12 animals to be exposed, to Sidman avoidance were surgically 

implanted with jugular cannulas according to the same proce-

dures and specifications as described in Phase 1. Four 

days following surgery, all animals were subjected to carbon-

clearance testing and general—activity—level assessment. 

Measurement of RES levels in shock subjects was taken due 

to extensive variability observed in baseline levels during 

Phase 1. Following recording of RES baselines on subjects 

in both phases (n =66), a mean (T% = 6.32 min) and standard 

deviation (SD = 1.09 min) for all animals was calculated. 

Since RES level was critical for this research, to insure 

greater homogeneity, all animals were deleted from the study 

which deviated in excess of one standard deviation either 

side of the mean. Maintaining the proper number of subjects 

in each group in some cases required replication of physio-

logical data previously collected on animals with deviant 

baselines. 

After carbon—clearance testing and activity measures 

were complete, subjects falling within the two standard 

deviation range on RES level were exposed to a 4-hour 

acquisition session of Sidman avoidance in the modified 

Skinner box. This session, conducted two days after clear-

ance testing, involved exposure to a one-half-second 

duration grid shock reading 3 ma across a 10,000 ohm dummy 
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resister on the BRS/LVE shock-generator scrambler SGS-004. 

Shock was programmed to occur at 5-second shock-shock (S-S) 

intervals unless a lever depression occurred. A bar-press 

response postponed shock for 15 seconds (response—shock or 

R-S interval) and produced a momentary flash of light from 

a source located just above the lever. Continued respond-

ing on the lever recycled the 15-second R-S interval with 

each response. If responding stopped allowing the 15-second 

R-S interval to lapse, shock was again administered and the 

5-second S-S interval reinstated until a new response was 

emitted. A holding shock was also programmed to occur if 

the rat held the lever down for over 3 seconds. This was 

to prevent sitting on the lever and disrupting equipment 

operation. 

During the acquisition session, only data on the fourth 

hour of performance were collected. Total responses, total 

shocks, and frequency of responding during R-S intervals 

based on rates within each of six 2.5-second class intervals 

(IRT/OPP) were recorded on counters and across time on an 

event recorder. Criterion for acquisition was defined as 

reducing the number of shocks received by 20% over no respond-

ing as recorded during the last hour. Since variability in 

acquisition levels was again encountered, a mean (53.2% 

avoidance) and standard deviation (14.9%) of avoidance per-

formances was calculated based on data from all animals 
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reaching the 20% criterion (n = 18) as previously described. 

Subjects deviating within one standard deviation either 

side of the mean percent avoidance were deleted to provide 

greater homogeneity. 

Following the acquisition session, subjects meeting 

the above criteria were randomly divided into four groups, 

two control and two experimental, of three animals each. 

Twenty-four hours after the shock session, animals in the 

two experimental groups were injected with either the RES 

stimulant (zymosan) or the RES depressant (methyl palmitate) 

in solution according to body weight as employed in Phase 1. 

Subjects in one control group received no injection and the 

second group received a volume of physiological saline 

according to body weight as the vehicle of zymosan. A 

third control group administering .1% Tween 20 in 5% dex-

trose solution was not employed since no significant RES 

differences were observed between vehicles used in Phase 1, 

and saline was easier to prepare and inject. 

Twenty-four hours after dosing, animals were again 

subjected to a Sidman avoidance session of 2 hours. The 

first hour was designated as a warm-up period, and data 

were recorded for the second hour only. As with acquisi-

tion, total responses, total shocks, and relative rates of 

responding during the six 2.5-second-class intervals of the 

15-second R-S interval were recorded on counters and event 
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recorder. This procedure was repeated at 24-hour intervals 

for a total of 3 days. 

Two days involving 1-hour extinction sessions followed 

the avoidance phase wherein shocks were administered at 15-

second intervals independent of lever pressing, and respond-

ing resulted in no shock postponement. Rate of responding 

during these 1-hour sessions was the only datum recorded. 

The final portion of Phase 2 involved a final measure-

ment of RES and general-activity levels. After the last 

session, animals were removed from the shock chamber and 

returned to their home cages. The standard 15-minute 

activity-level test was given after 5 minutes, followed 

by the carbon-clearance measurement. 

Data analysis was undertaken following completion of 

both phases of the research. Physiological data on RES 

activity was analyzed in a 2 X 5 analysis of covariance with 

repeated measures on one factor. Initial carbon-clearance 

rates for each subject were used as the covariates. The two 

later RES measurements on each animal served as criterion 

values. This analysis was done employing the "phagocytic 

index," K, described by Biozzi et al. (1953). This datum is 

a rate constant reflecting RES clearance and is equivalent 

to the slope of the regression line obtained from semiloga-

rithmic plots of decreasing optical blood densities. Adjusted-

group-mean differences were treated with a Newman-Keuls test 

to locate sources of statistical differences. 
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Gross motor-activity-level data on Phase 1 subjects was 

analyzed using a 3 X 5 analysis of variance with repeated 

measures to assess for an interaction effect between drugs 

and activity level. 

&nd post RES—clearance data on shock subjects in 

Phase 2 were analyzed employing a 1 X 4 analysis of covari-

ance with the baseline K values as the covariate for each 

subject. Comparison among adjusted means was made using 

the Newman-Keuls test evaluated relative to the Studentized 

Range Statistic distribution. Shock-avoidance data was 

statistically evaluated employing a 3 X 4 analysis of covar-

iance with repeated measures. The number of avoided shocks 

divided by the total possible (720) during the fourth hour 

of the acquisition session was used as the covariate for 

each animal. Percent-avoidance data from the second hour 

three postdrug—shock sessions served as the criterion 

measures. This was based on the number of shocks avoided 

relative to the possible 720. A Newman-Keuls comparison 

was made between adjusted group means to locate sources of 

statistical significance. 

To compare possible correlational trends relating to 

changes in RES activity and changes in percent avoidance, a 

Spearman rank order correlation was employed. Subjects in 

Phase 2 were compared in terms of directional change in K 

values between pre and postmeasurements, and mean-percent 
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change across the postdrug-shock sessions relative to indi-

vidual baseline performances. Extinction data were analyzed 

with a Spearman rank order correlation and a 2 X 4 analysis 

of variance with repeated measures. A value of p < .05 was 

set for all statistical significance testing. 

Results 

Results of statistical treatment of data in Phase 1 

revealed significant differences in RES-activity levels due 

to treatments, as well as interaction effects across measure-

ments both within and between subjects (Table 1) 

Table 1 

Analysis of Covariance: K Values 
for Phase 1 Subjects 

Source df MS F 

Between Subjects 13 .0072 

Groups 4 .0224 46.52* 

Error 9 .0005 

Within Subjects 14 .0035 

Tests 1 .0035 21.18* 

Interaction 4 .0109 66.99* 

Error 9 .0002 

< .05 

Although interpretation of overall differential main 

effects is not possible because of significant disordinal 

interaction, a Newman-Keuls test was used to assess simple 



28 

effects. This comparison of adjusted group means for the 

postdrug-RES measurements revealed significant treatment 

differences (Table 2) . Mean comparisons revealed that K 

values of both RES-stimulated and depressed subjects dif-

fered significantly from each other and all control groups 

24 hours after injection (p < .05). No differences were 

found among control groups. 

Table 2 

Newman-Keuls Test of Phase 1 Adjusted-Mean 
K Values: Postdrug Measurement 1 

Group 

1 

3 

4 

5 

2 

Methyl 
Palmitate 

Saline Tween 
Control Control 

3 

.0424* 

4 

.0502* 

.0078 

No-Drug 
Control 

5 

.0503* 

.0079 

.0001 

Zymosan 

2 

.0822* 

.0398* 

.0320* 

.0319* 

*p < .05 

Following the second postdrug-clearance test 4 days 

later (Table 3) K values for the zymosan-stimulated subjects 

were found to be significantly different from values obtained 

for all other groups, while RES-depressed animals were not. 

No differences were found among controls. 
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Table 3 

Newman-Keuls Test of Phase 1 Adjusted-Mean 
K Values: Postdrug Measurement 2 

Group Methyl Saline Tween No-Drug Zymosan 
Palmitate Control Control Control 

1 3 5 4 2 

1 — -013 .019 .023 .249 

3 .006 .010 .236* 

5 .004 .226* 

* 

4 

2 

* 

.230* 

p < . 05 

Graphic plots of mean K values for each group by mea-

surement (Figure 1) reveal the changes across time. While 

zymosan—stimulated rats continue to accelerate across time, 

controls and depressed subjects show a different pattern. 

Measurement of the RES by carbon clearance interacts with 

subsequent tests resulting in an initial stimulation fol-

lowed by moderate depression in controls back to or below 

baseline. This effect obscures, by comparison, possible 

differences which might exist between controls and depressed 

animals on the second clearance test. Although methyl pal-

mitate-treated animals remain depressed on Test 2, the 

effect is diminished relative to Test 1 and changes in 

control subjects. This may account for the nonsignificance 

between depressed and control subjects for clearance Test 2 

reported in Table 3. 
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To evaluate carbon-clearance rates more easily, exami-

nation of half-time (T^) values is useful. Half-time value 

represents, in minutes, how long it takes for the RES to 

clear one-half the quantity of injected carbon from the 

bloodstream. Clearance is known to occur in a logarithmic 

fashion, proportional to the mg/kg body weight dosage. 

Half-time varies depending on what dosage is used, and 

reflects the RES clearance rate in linear terms rather than 

K values, or regression slopes of logarithmic functions. 

Figure 2 represents a plot of mean half-time values for 

each group across the three samples. It may be noted by 

visual inspection that half-time plots show RES depression 

relative to baseline and control data as being greater than 

differences observed between controls and stimulated sub-

jects on both postdrug tests (see Figure 2). This is the 

case because the original function was logarithmic and the 

scores were transformed to make them linear in terms of 

time. K values reflect the logarithmic nature of the orig-

inal function and therefore were used in the statistical 

analysis. Comparison of Figure 1 and Figure 2 may clarify 

this difference. Note also that slope and T^ are inversely 

related, and the functions will be identical inverse rela-

tions when the K or slope values are plotted on semiloga-

rithmic graph paper. 

General motor—activity—level data on subjects in Phase 1 

evaluated by a repeated measures analysis of variance are 
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reported in Table 4. The primary purpose of assessing this 

variable was to investigate whether depression or stimula-

tion of general motor behavior might occur due to any drug 

conditions. 

Table 4 

Analysis of Variance: Motor-Activity Levels 
For Phase 1 Subjects 

Source df MS_ F 

Between Subjects 14 

Groups 4 12574.9 6.0* 

Error 10 2095.6 

Within Subjects 30 

Tests 2 777.8 .324 

Interaction 8 3111.6 1.295 

Error 20 2401.8 

*E < * 0 5 

Statistical significance was not observed with respect 

to interaction; however, preliminary research did reveal 

that method of drug administration affects this variable. 

When experimental drugs were injected rapidly (> .1 ml/min), 

noticeable trauma and even death occurred in some animals. 

Subjects surviving rapid injection showed deteriorated 

motor activity in tests given 24 hours after dosing, but 

recovered baseline levels after 48 hours. Table 4 data 

reflect motor activity on animals dosed at the rate of .1 

ml/min which was used as the standard for all subjects 
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in both Phase 1 and Phase 2. Aside from nonsignificant 

interaction, it was noted that significance was obtained 

between treatment groups, F (4, 10) = 6.0, p < .05. This 

was found to be due to chance assignment of subjects with 

low baseline motor-activity levels to Group 2 (RES-stimulated) 

This factor is not important relative to the interaction 

effects under investigation. It was cause, however, to be 

cautious in assigning subjects to groups in Phase 2. 

Analysis of data in Phase 2 of K values derived from 

differences between pre and post RES clearance tests found 

between-group differences similar to results in Phase 1. (See 

Appendix A.) Employing the MS e r r o r term from the analysis of 

covariance to a Newman-Keuls test with adjusted criterion 

means, RES-stimulated subjects were found to be significantly 

different from all other groups (Table 5). 

Group 

1 

4 

3 

2 

Table 5 

Newman-Keuls Test on Adjusted-Mean K Value 
for Phase 2 Subjects ~ 

Methyl 
Palmitate 

No-Drug 
Controls 

4 

.0251 

Saline 
Controls 

3 

.0408 

.0157 

Zymosan 

2 

.2419* 

.2168* 

.2011* 

05. 
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Methyl palmitate-depressed subjects did remain below base-

line RES levels throughout the study even though statisti-

cal differences between that group and controls were not 

obtained on the final measurement. 

To compare overall RES group means, Figure 3 repre-

sents the predrug and postshock half-times for Phase 2 

subjects. From inspection, it is noted that unlike RES 

levels in Figure 2, control trends differ somewhat among 

shocked animals, especially saline-treated subjects. This 

slight stimulation noted may reflect shock effects when 

compared with shock-avoidance data in Figure 4. Untreated 

control subjects show less variation in both shock perform-

ance and RES levels, while saline controls show some deter-

iorated avoidance performance along with RES stimulation. 

This parallels data with RES and shock results on zymosan-

stimulated rats. 

Analysis of data on shock avoidance revealed signifi-

cant overall differences between groups. (See Appendix B.) 

A Newman-Keuls test on adjusted-percent-avoidance means 

revealed that zymosan-stimulated rats showed significantly 

deteriorated shock-avoidance performance in Session 1 rela-

tive to all other groups, as seen in Table 6. An average 

decrement of 36.5% avoidance relative to subjects in other 

groups was observed for Session 1. Means for Sessions 2 

and 3 were 28.9% and 20.0% below the performance levels of 
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animals in the other groups respectively, although only 

Session 1 was significant. (See Appendix C.) 

Table 6 

Newman-Keuls Test on Adjusted Means: 
Percent Shock Avoidance 

for Session 1 

Group No-drug Methyl Saline Zymosan 
Control PaImitate Control 

4 1 3 2 

4 — 9.9 14.2 44.5* 

1 4.3 34.6* 

3 

2 

30.3* 

*p < .05 

As can be observed in Figure 4, subjects in the saline 

control group show greater variability during shock Sessions 

2 and 3. Performance decrements are apparent as well as 

mild RES stimulation (Figure 3). This suggested a possible 

stimulation effect due to shock or an interaction between 

shock and saline injection. It will be recalled that mild 

RES stimulation resulted in control subjects due to carbon-

clearance test (see Figure 2) and/or increasing blood volume 

due to control vehicle injections. The latter hypothesis 

was based primarily on pilot research with injection rates 

discussed earlier. The data suggest, however, that these 

manipulations may be compounded by stress features of the 
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shock program to produce RES stimulation in nearly all con-

trol subjects. Since the shock data reported in Table 6 

and Figure 4 suggest a relationship may exist between RES 

stimulation and avoidance-performance deterioration, a 

Spearman rank order correlation was calculated. Computa-

tion was based on the directional change in K values (AK) 

on all subjects before and after shock, and the change in 

shock avoidance (A%) from individual baselines across the 

three sessions. A Rho of .64 was obtained (F = 6.8, p < .05) 

supporting the hypothesis that deterioration in shock avoid-

ance is correlated with RES stimulation. Although zymosan-

stimulated subjects were not significantly different from 

other groups for the last two sessions, they were consist-

ently poor in performance throughout the shock regime. 

When subjects were assigned to the four shock groups, 

care was taken to avoid sampling error from extreme RES 

baseline and/or motor-activity levels. Comparison of pre 

and post motor-activity measures by inspection revealed no 

noticeable differences between subjects or groups regarding 

motor-activity levels and shock avoidance or postshock 

activity levels. Statistical significance tests were not 

employed on these data for shock subjects since the primary 

interest was whether or not the drugs affected the motor 

activity. 

Inspection of extinction data revealed that subjects 

with the lowest rates of responding during avoidance 
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sessions likewise produced the lowest rates during extinc-

tion. A rank order correlation revealed this trend to be 

significant with a Rho of .73 (p < .05). A one-way analysis 

of variance with repeated measures on one factor, however, 

revealed no significant differences in the number of responses 

made during extinction between treatment groups (Table 7). 

Table 7 

Analysis of Variance: Extinction Responses 
Following Phase 2 Sidman Avoidance 

Source df̂  MS F 

Between Subjects 

Groups 3 6711.39 1.67 

Error 8 4013.79 

Within Subjects 

Sessions 1 322.67 .214 

Interaction 3 1509.44 1.00 

Error 8 1505.13 

The general pattern among subjects appeared to be that RES-

stimulated rats had the lowest number of extinction responses, 

followed by subjects with low rates during the preceding 

avoidance session. Due to the limited duration of RES-

activity effects, and limited session lengths, extinction 

was not continued until responding ceased. Therefore, it is 

not known how resistance-to-extinction relative to time may 

have been affected by the drugs. 
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Evaluation of IRT/OPP data by graphic plotting and 

visual inspection revealed that when shock performance 

deteriorated in zymosan-stimulated subjects, the proportion 

of responses made during R-S intervals did not change appre-

ciably. Although response rate decreased, and consequently 

percent avoidance decreased, IRT/OPP remained the same rela-

tive to each subject's baseline pattern. Likewise, animals 

which showed improved or unchanged avoidance behavior rela-

tive to baseline during the three shock sessions reflected 

this only in terms of response rates, rather than improved 

or altered spacing of responses. These data are of interest 

relative to the deteriorated shock avoidance recorded in 

stimulated rats. The IRT/OPP data would suggest that if RES 

stimulation were in some way affecting the nature of the 

response itself, a change or decrease in response spacing 

efficiency would show up. The fact that response distribu-

tion during R-S intervals remained relatively stable in 

stimulated rats suggests motivation for responding had been 

reduced. 

It was also noted during observation of animals in the 

shock chamber that RES-stimulated subjects moved about the 

chamber, even during shocks, squealed less, and generally 

appeared less stressed than controls or depressed rats. By 

contrast, suppression of other behavior was more noticeable 

in controls and depressed animals. Stereotyped behavior of 

remaining in a fixed position in the chamber throughout the 
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session was also more frequent. In subjects with poor per-

formances (< 30% avoidance), response patterns involving 

bursts of responding followed by long pauses were recorded. 

Although this was most characteristic of zymosan-stimulated 

rats, when controls exhibited reduced rates, similar pat-

terns were observed. 

Discussion 

In view of the preceeding accumulation of data suggest-

ing RES stimulation results in a reduction of total shocks 

avoided during Sidman avoidance, the most likely explanation 

relates to increased stress resistance. Since zymosan-induced 

RES stimulation is known to result in resistance to other 

types of stressors, it is likely here that stress resistance 

effectively reduces the aversiveness of the shock. The role 

of RES stimulation, then, is probably a motivational one 

wherein the resistance provided serves to reduce the aver-

siveness of a stressor (i.e., shock) allowing responses 

ordinally suppressed under aversive conditions to occur (i.e., 

walking about the chamber, etc.). This supports the research 

of Park and Scarborough (1972) who reported a decrease in 

conditioned suppression in RES-stimulated rats. Ongoing 

behavior maintained by food reinforcement was not disrupted 

in stimulated or stress-resistant animals as much as in con-

trols and RES-depressed subjects. This parallels observations 

made during the present study regarding general motor activity 

during shock sessions. Blanchard and Blanchard (1966) suggest 
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further supporting data in a study involving food deprivation 

and reactivity to shock. They observed that food-deprived 

rats exhibited fewer vocalization responses (squealing) at 

various shock intensities than sated rats. Thresholds for 

jump and flinch responses, however, were not significantly 

different between groups for various shock levels. The 

commonality between these data and the present research is 

that food and water deprivation are known to stimulate RES 

activity (Gordon & Katsh, 1952). Although the only observed 

effect in the Blanchard et al. study was vocalization 

responses, it is not known to what extent the deprivation 

schedule stimulated RES levels. Presumably, the greater the 

RES stimulation, the greater the stress-resistance effects. 

It must be clarified, however, that increased stress does 

not necessarily result in increased resistance, as evidenced 

by Selye's GAS. 

Initial stress conditions result in elevated RES levels 

(Timiras & Selye, 1949); however, prolonging or increasing 

stress results in deterioration of stress resistance over 

time and a decrease in phagocytic efficiency. It is para-

doxical that the same stressor may be introduced at intervals 

over time to enhance subsequent stress resistance and also be 

administered in such a fashion as to blockade phagocytic 

activity resulting in systemic shock and/or death. This must 

be kept in mind when interpreting data on drugs, etc., which 

are said to stimulate or depress RES activity, because both 
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phenomena may be produced under different conditions or 

dosages of the same substance. 

In the present study, it must be noted that electrical 

shock is a stressor and therefore is likely to affect RES 

activity independent of drug-induced changes. This may 

account for variability encountered among controls, since 

initial exposure to the shock probably initiated physiolog-

ical processes to increase stress resistance, affecting 

subsequent sessions and RES levels. Significant differences 

in RES levels between zymosan animals and controls receiving 

shock were probably obtained since the drug was more potent 

than shock as a stimulant over the time interval monitored. 

Prolonged effects of shock following this same regime may 

have revealed RES changes which were slower to develop. 

Furthermore, as can be noted from Figure 4, six of the nine 

animals not in the stimulated group showed somewhat poorer 

performance from Session 1 to Session 2 — a possible RES-

stimulation-resistance effect. Six of the nine subjects 

not in the stimulated group also showed improvement again 

from Session 2 to Session 3, perhaps reflecting the biochem-

ical processes of the system to maintain homeostasis. 

Several factors should be examined at this point, however, 

which may have affected the results of this study and warrant 

consideration for future research. One important variable 

was the shock intensity employed. If a higher shock inten-

sity had been used, it may be the case that the relative 
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aversiveness of high-intensity shock might have maintained 

responding in all animals regardless of stress resistance. 

Secondly, this factor coupled with the Sidman avoidance 

baseline (S-S = 5 sec; R-S =15 sec) yielded performances 

of close to 50% avoidance. This allows considerable possi-

bility for performance improvements or deterioration. 

Furthermore, Sidman avoidance schedules are known to be 

sensitive to the effects of other manipulations and were 

selected for this reason. Manipulation of parameters of 

either of these variables may significantly alter the 

observed outcomes. 

Some other recommendations regarding instrumentation and 

technical problems also warrant mention here. Much variabil-

ity in shock performances was due to the shock apparatus 

itself and variable output to the grid floor. A constant-

current shock would be recommended to reduce the variability 

due to variable shock levels depending on where the animal 

was standing, defecation or urination on the grid, and 

changing body resistances. An alternative to programming a 

holding-shock for the prevention of bar-holding would also 

be advised. The Sidman schedule is sensitive to variation, 

and shocks received which are not on the schedule result in 

greater performance variability. Perhaps a better method 

would be to program the equipment such that a release or 

recycling of the lever is necessary for postponement of the 

next scheduled shock. A final recommendation for modification 
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of this avoidance program would be to construct the lever 

of a non-conductive material, and electrify all four walls 

of the chamber. As occurred during this study, some animals 

stood on one grid and leaned against the Plexiglas sides, 

thus reducing or eliminating shock. The front wall of the 

chamber used in the present study was metal, so leaning 

against it could be prevented; however, since the metal 

lever also extended from this wall, responding during shock 

was inadvertently punished. The ideal chamber would probably 

be one in which the lever was Plexiglas, located high enough 

from the floor to prevent jump-responses from triggering it, 

and all four walls made of metal so they could be electrified 

along with the grid. 

Apart from recommendations for technical considerations 

derived from the present study, some theoretical issues and 

questions have also arisen. A major question lies in deline-

ating the mechanism for the observed results. Although a 

stress hypothesis is viable, other explanations must be ruled 

out. For example, since the site of drug effects is rarely 

specific and circumscribed within a limited sphere, other 

possible actions of the chemicals employed must be determined. 

Although it is known that most RES stimulants operate in a 

similar fashion on the RES, it is not fully known what other 

effects these substances, specifically zymosan, have on the 

total biochemistry of the organism. It may be that a broad 

spectra of biological and chemical changes occur which 
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interact with the design employed. For example, the use of 

shock as the aversive stimulus may have contributed to dif-

ferences because of a unique organismic response to shock 

not present with other stimuli such as loud noise, extreme 

temperatures, etc. This may have led to biochemical inter-

actions between drug effects and shock which could wholly or 

partially account for deteriorated avoidance. Exploration 

of stressors other than shock would be helpful in clarifying 

this variable. 

Coupled with investigation of other stressors is the 

need to delineate other possible effects of RES-reactive 

compounds. Changes in shock performances may reflect activ-

ity at other biochemical levels such as central nervous 

system (CNS) function. It could be the case that the 

threshold of shock detection is raised, accounting for the 

apparent reduction of shock aversiveness. Drug effects may 

include certain nervous system changes which may reduce 

peripheral sensory-receptor sensitivity or inhibit central 

transmission or processing of aversive stimuli. Research 

designed to examine the sensory discrimination capacity of 

RES-stimulated and depressed subjects would be crucial to 

understanding the mechanism of this phenomenon. Coupled 

with examination of CNS involvement, further biochemical 

analysis is needed. Alteration in neurotransmitter substances 

and endocrine, pituitary, and adrenal function must also be 

examined to clarify the biochemical processes occurring under 
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the influence of various RES-active substances. Although 

a stress-resistance hypothesis is most likely, until these 

preliminary investigations are completed, further stress 

research cannot progress with certainty regarding the gen-

erality of the proposed RES mechanism. 

While a complete biochemical picture of the mechanism 

for the results obtained in this research is not available, 

further conjecture about the role of stress and stress-

resistance is not out of order. Stress has long been an 

area warranting more rigorous research. Although more 

recent attention has been given the area regarding disease 

and cancer etiology, psychological investigation has been 

lacking—primarily due to the comtemporary view expoused in 

the 1950s by Selye. The present study, however, raised 

some questions about the suitability of this view. One 

aspect of Selye's stress theory is the notion that stress 

is a generalized phenomenon induceable by a variety of 

agents or stressors (Selye, 1956). It appears to this 

author that often overlooked is the fact that the stress-

induced syndrome is likely to be affected in more specific 

ways by changing parameters of the stressor. Such features 

as intensity, duration, and timing of its introduction to 

the organism may influence the physiological response dif-

ferently. Perhaps a reliable means of assessing correlates 

of these parameters would be to measure RES levels across 

time under graded stress conditions. The reason for this 
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suggestion is based on Selye's notion that resistance is 

finite {Selye, 1956). He concluded from a study involving 

exposing animals to prolonged cold that resistance eventually 

breaks down (stage of exhaustion). Although subjects had 

plenty of water and food to generate necessary body warmth, 

and appeared vigorous and healthy, they all died after sev-

eral months. The conclusion that resistance is finite based 

on these observations is inconsistent with his own notion 

that stimulus variety and change are all necessary for a 

healthy organism. It is conceivable that variations in 

stress levels may be the necessary factor to maintaining 

survival under prolonged stress, and not that the finite 

amount of resistance has run out (Whaley, 1976). If Selye's 

animals had perhaps been exposed to periodic changes in tem-

perature over time, or even loud noises, bright lights, etc., 

the RES and other stress defense systems might have retained 

a responsiveness necessary to deal with the prolonged cold. 

Stress studies which employ carefully graded sources of 

stress and measure concommitant immune-system responses may 

shed light on the notion of whether stress of various types 

and intensities may indeed by necessary for survival. 

Although such treatment as cutting off whiskers in rats, 

dropping animals from high places, or forced swimming situa-

tions are probably stressful, relative comparisons of their 

severity are difficult. Temperature-graded conditions or 

drum trauma as developed and standardized by Noble and 
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Collip (1942) may be more useful to understanding stress 

and its own role in the development of resistance. It is 

likely that "stress" is not a unitary phenomenon, though 

development of resistance through exposure to stressors may 

provide a generalized protective function. This is not to 

say, however, that researchers in areas of stress do not at 

present tacitly agree with this statement—but, the problem 

is that they often continue to make comparisons between 

studies which are not clearly comparable unless one accepts 

a uniformity notion. In particular, comparisons are made 

between data on such stressors as whisker-pulling, swimming, 

or cold temperatures. Often these data are in terms of 

whether or not disease develops after introduction of anti-

gens. Conclusions from these manipulations appear limited 

unless very thorough physiological and immune-system data 

reflect comparative alterations prior to administration of 

the disease toxins. Another problem characteristic to stress 

research is the failure to study stressors which have the 

potential for parametric examination, such as the Noble and 

Collip procedure or graded electrical-shock intensities and 

scheduling. Furthermore, stress research often employs 

procedures where the primary datum is death of subjects. It 

would seem that much more useable data could be derived from 

designs involving manipulations superimposed upon controlled-

stress or stress-resistance baselines. 

Although a critique of stress research is not in order 

here, these points were mentioned because they are relevant 
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to weighing the generalizability of stress research as it 

applied to psychological stress. The specific relevance of 

the present study with respect to clinical psychology may be 

somewhat obscured by the experimental design itself, since 

most people do not frequently operate on Sidman avoidance 

schedules. It is the case, however, that the role of stress 

in psychopathology is far from delineated. As in the case 

with disease etiology, stress may play a larger part than 

has previously been assumed. Much of the problem material 

brought to the attention of the clinician is of a stress 

nature, at least to the client. How the client deals with 

these problems may be affected by his physiological response 

to stress, its duration, and intensity. As seen from this 

study, stress resistance does play a role in dealing with 

aversive conditions in the environment. Of interest is the 

fact that heightened resistance apparently reduced operant 

response directed toward dealing with the stressor and may 

allow continuance of other operant behavior independent of 

the aversive situation. It may be the case that with care-

ful scrutiny of situations involving deteriorated stress 

resistance as reflected by RES depression, this flexibility 

is absent. Although the present research did not demonstrate 

this, the Park and Scarborough study (1972) revealed greater 

suppression of ongoing behavior under stress conditions in 

RES-depressed subjects. From a clinical framework, this 

suggests that a lack of stress resistance may limit the 
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client's flexibility under aversive conditions and lead to 

greater stereotyped behavior directed, perhaps ineffectively, 

toward dealing with the stressor. On the other hand, the 

stress-resistant individual may have greater response flexi-

bility. He may experience less disruption of ongoing 

behavior under stress—perhaps to the point of not doing 

anything about it even when he could. 

If the propositions previously presented in this paper 

are correct--that is, stress resistance effectively reduces 

the relative aversiveness of a stressor and this resistance 

is not finite—it may be desirable to consider techniques 

to accomplish this for clinical purposes. Even Selye speaks 

of giving the immune system a "kick" with a new stressor to 

mobilize it when a person has been ill for a prolonged period 

(1956). This same concept may have application to clinical 

populations having experienced prolonged psychological stress. 

Although psychological stress is not assumed to be unitary 

here either, the introduction of a new stressor or RES stim-

ulant may help to accelerate a generalized resistance to 

combat the existing problem. 

Selye's model proposes that stress resistance follows 

a pattern of decreased resistance (Alarm Stage) with the 

introduction of a stress (see Figure 5). This is followed 

by increased resistance (Resistance Stage) and then loss of 

resistance (Exhaustion Stage). 
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High 
stressor 

Resistance — (resistance) (exnHlistion) 
Low 

Figure 5. Selye's model of GAS stages and levels of 
resistance. 

Although no repeated-measures RES data are available on 

this proposed sequence of events, a parallel is likely since 

RES depression decreases resistance and vice versa. Unlike 

Selye's animals which were exposed to a constant stress level 

(i.e., cold) until they died, normal functioning in an active 

environment is likely to produce a greater range of variabil-

ity in resistance levels during the second stage (Figure 6). 

The pattern may be more as follows: 

High 
stressor 

Resistance 

Low 

Figure 6. Proposed model of changing stress resistance 
in an active environment. 

From this hypothesis it may be likely that animals stressed 

as Selye1s were might survive considerably longer in a more 

stimulating environment, although this research has never 

been done. 

This leads back to the notion of clinically building 

stress resistance in clients undergoing therapy. Although a 

clear distinction between what constitutes psychological 

stress versus biological stress cannot be made at this point, 
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an interaction between the two is quite likely when either 

is introduced. Experimental studies on psychological stress 

have sought to operationalize a definition based on stimulus 

characteristics, response measures, and/or physiological 

functions. Situational definitions have been described as 

limited in utility for two reasons: (a) there is no a 

priori way of knowing whether an experimental condition is 

stressful; and (b) measurement of whether the event is 

stressful must occur after the fact, posing technical and 

circularity problems. Quantitative parametric assessment 

of stressful stimuli is difficult, and at best, only ordinal 

categories can be used (Patkai, 1974). 

Despite these difficulties, situational definitions are 

quite popular. Sells (1970) proposes the psychological stress 

occurs when an individual is called upon to respond when he 

has no adequate response available, and the consequences for 

not responding are important to him. As previously stated, 

however, this definition also suffers from the problem of 

final measurement as well as deciding what constitutes 

"important" consequences. In a review of literature on per-

sonal control and stress, Averill (1973) concludes that no 

simple relationship exists between these two factors, and 

regards data from such research with humans as confounded by 

inaccessible cognitive factors. 

Aside from stimulus definitions, response measures have 

also been employed. Patkai (1974) points out, as with situ-

ational descriptions, there are limitations to response 
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definitions. The first of these is that the definition is 

a n e x P°st facto one; secondly, it appears that such response 

measures lack convergence both within and between stimulus 

and physiological definitions. A third alternative is to 

employ a physiological definition of stress, regardless of 

the source of stress. Again, however, problems arise because 

the most commonly used criteria are measures of the autonomic 

nervous system and endocrine reactions. These systems appear 

to be responsive to a variety of arousal situations regard-

less of their threat characteristics, so are lacking relia-

bility at least relative to present conceptions of stress. 

Ideally, the definition of psychological stress should 

involve all three features—the stimulus situation, response, 

and physiological consequence. With the lack of convergence 

among these measures in the literature, however, it appears 

to be a difficult task. Perhaps part of this problem is the 

physiological measures employed. Autonomic nervous system 

activity and endocrine function do influence RES activity; 

however, they are not the locus of the stress resistance 

mechanism. This resides with the macrophages of the RES. If 

stress, whether considered psychological or biological in 

origin, is examined from the framework of stress-resistance 

mechanisms, it may be possible to understand the response 

variance generated by similar stimuli. The definitional prob-

lem is likely to relate to specific levels of immunological 

and stress resistance in individuals prior to the introduction 

of a stressor. If resistance levels were known for a specific 
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individual at any given time, it might be possible to better 

predict his response to a new stressor of specified parameters 

relative to other individuals. 

From this viewpoint, the author of the present research 

proposes dealing with psychological and physiological stress. 

While some research reports that deterioration occurs from 

long-term psychological stress conditions as well as the 

introduction of new stress (Lazarus, 1974), it is proposed 

that such studies overlook four main features: (a) the level 

of RES stress resistance prior to the introduction of the 

stressor; (b) the timing of stress onset relative to previous 

stressful events; (c) the duration of the stressor introduced 

at any one time; and (d) the magnitude and direction of change 

in RES response to any given stimulus. It is conceivable that 

thorough examination of these factors would reveal specific 

characteristics of stress-induced deterioration which could 

be altered to result in enhanced resistance. As in the case 

of physiological stress, the occurrence of resistance or deter-

ioration is a function of temporal and intensity factors of 

RES response. If the parallel exists with psychologically 

induced stress as measured by the RES, introducing new 

stressors to an already stressed individual may not conflict 

with previous data. What may be critical is the differences 

in type, timing, duration, and intensity of both the stressor 

and RES activity. Only further research will tell whether 

the prevailing views on long- and short-term effects of stress 
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are viable; but the trend is going away from a belief that 

their consequences are totally detrimental. 

With this possibility in mind, it might suggest a new 

approach to treating patients, whether experiencing present 

discomfort or expecting future stress. In psychological 

settings, for example, many patient types significantly 

reduce their social contact, show stereotypic behaviors, and 

otherwise reduce outside sources of stimulation. If such 

stimulation is avoided because aversive components are pres-

ent, perhaps prolonged psychological stress has resulted in 

the deterioration of physiological defenses. If a strategy 

is employed which aims at stepping-up the immune response at 

the physiological level, resistance to psychological stressors 

may be enhanced as well. Stress-innoculation therapy 

(Meichenbaum & Turk, 1976) attempts to expose the client to 

stressors of varying severity with the intent of building the 

patient's resources for coping with stressful environmental 

situations. While this approach appears to be useful, it 

works primarily on cognitive and behavioral components of 

dealing with stress. From the framework of the present 

research, it might be useful to examine what concomitant 

effects occur immunologically during exposure to the struc-

tured stress situations, as well as examining whether gains 

are more or less rapid in subjects given RES stimulants to 

enhance physiological stress resistance. 
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Alternatively, it may be that stress resistance adtually 

reduces training effectiveness for coping with aversive con-

ditions. Since snimals in the present study showed avoidance 

deterioration, a parallel may be evidenced by apathy in human 

subjects. Perhaps the apathy and loss of interest often seen 

in patients reporting high stress levels may in fact be due 

to heightened physiological resistance which serves a protec-

tive function for the organism's survival. If so, it might 

be useful to employ measures which would reduce immunological 

resistance. Treatment utilizing a mild RES depressant might 

reduce stress resistance. This would likely increase the 

aversiveness of the stress conditions and perhaps provide 

impetus for behavior directed at coping with the client's 

problem. 

It may be that in some cases stimulation of immunolog-

ical systems would be helpful for aiding clients through 

short-term stress situations, such as the death of a loved 

one, where coping behavior is not necessarily demanded. In 

this way, the client might be more capable of maintaining 

other ongoing responsibilities with minimal disruption until 

the emotional components dissipate. However, in a situation 

involving exposure to long-term disruptive stress under con-

ditions requiring coping behavior, reduction of immune 

resistance may be helpful. This reduction, combined with 

coping behaviors learned through therapy, could possibly 
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force the patient out of the apathetic, unresponsive role 

into one of dealing directly with the problem. 

Although these propositions regarding stress resistance 

are highly tenuous, they suggest the necessity for further 

psychological research. The testing of RES stimulants and 

depressants is not readily feasible in a psychological 

clinical population; however, patients receiving these 

substances for medical purposes may be a source of informa-

tion. In recent years, cancer research has employed immune 

system "boosters" in an attempt to enhance disease-fighting 

capabilities in patients with terminal cancer. Further 

study of psychological features of these populations might 

shed some light on the role of the immune system in areas 

other than disease. In such studies, however, caution must 

be taken to rule out effects of other medications, and the 

psychological factors involved in patient awareness of the 

terminal medical diagnosis. 

Another population which might supply useful psycholog-

ical information on RES-depressant effects is transplant 

patients. In order to prevent transplant rejection following 

surgery, these patients are placed on a regime of mild immuno-

supressive agents. A delicate balance is maintained between 

RES depression and normal disease protection in order to 

prevent transplant rejection and yet maintain enough immune 

resistance to prevent other infections. 

If other drug effects due to medical problems can be 

controlled, patients in both these populations would be useful 
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in delineating psychological characteristics of various levels 

of immune system stimulation and depression. Studies of 

sensory thresholds to explore questions raised earlier in 

this discussion about the mechanism of the apparent change in 

responsiveness to aversive stimulation would also be possible. 

Aside from examining clinical populations for effects of 

stress resistance, normal populations may also provide useful 

information. Although RES-stimulant and depressant drug 

administration is not normally feasible, immune system response 

may possibly be altered in other ways. One likely mode is 

through physical exercise. As was pointed out earlier, the 

introduction of a stressor at moderate levels for short per-

iods of time will result in RES stimulation. From this 

observation, it is quite likely that jogging and physical 

exercise would serve as RES stimulants. As Cooper (1976) 

reported in his book on aerobics, jogging and vigorous exer-

cise provide multiple benefits. Most of the cited improvements 

were in physical health and psychological outlook. It would 

be surprising to this author if data on RES activity did not 

also reveal stimulation and greater stress resistance with 

regular exercise—the reason being that vigorous exercise 

stresses the body each time it is performed, and thus provides 

a "kick" to the system. The improved outlook of which Cooper 

speaks may likely reflect a reduction in the aversiveness of 

conditions in the environment due to greater stress resistance. 

Although other effects on the physiological system due to 
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exercise are likely, research on people who engage in these 

activities would be enlightening, and certainly less contami-

nated, than research with cancer patients. 

In conclusion, it is the premise of this author that 

psychological well-being is intimately related to the bio-

logical system in which we reside. The importance of the 

role of stress in the environment is only now beginning to 

be examined, and must ultimately be defined by the conse-

quences of an event or situation on the functioning organism. 

Since the aspect of functioning which is readily observable 

is the physiology, both psychological and biological stress 

may have to be defined by the pattern of biochemical changes 

which they bring about. Advances in this area will undoubt-

edly bring about improvements in both the behavioral and 

biochemical technologies and may ultimately lead to clinical 

methods in both medicine and psychology. It is further 

proposed that future research will find enhanced stress 

resistance to be a key factor in healthy psychological 

adjustment. The key to enhancing stress resistance will be 

the intensity, duration, and scheduling of the stress. Just 

as Noble and Collip (1942) worked out the parameters for 

building and maintaining stress resistance with rats, such 

programs need consideration in both medical and psychological 

human research. It may be found that a daily half-hour regime 

of vigorous exercise stresses the system enough to prompt RES 

stimulation and, spaced out over time, may maintain a rela-

tively stable level of resistance. Just as measurable 
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physical parameters of exercise deteriorate when an exercise 

program is terminated, so is the impetus necessary to main-

tain a healthy stress-resistance system lost when no stressors 

impinge upon it. 

Clinically, these procedures may have considerable util-

ity with stressed clients. Since prolonged constant-level 

stress deteriorates the system, a clinician might find it 

helpful to increase the client's stress level along another 

dimension such as exercise. This may ease the clinician's 

task of getting the client to exhibit other behaviors which 

were suppressed by the aversiveness of the patient's stress 

or incompatible with behavior previously directed at coping 

with the stressor. 

The employment of a therapeutic technique which would 

involve increasing a patient's stress level or stimulating 

the RES is not unreasonable. Stimulus variety has always 

been considered significant for physiological and psycholog-

ical survival. If tools which could enhance immunological 

stress resistance in humans are developed and researched, 

they may aid the clinician in helping clients to cope with 

stress or prepare them to face new stress. 
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Table 8 

Analysis of Variance: Pre and Post 
K Values for Phase 2 

*p < .05 
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Source df MS F 

Between Groups 3 .0353 135.08* 

Within Groups 7 .0003 
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Appendix B 

Table 9 

Analysis of Covariance: 
Percent Shock Avoidance 

Source df MS F 

Between Subjects 10 615.8 

Drugs 3 1618.6 10.57* 

Error 7 159.0 

Within Subjects 23 161.5 

Sessions 2 159.8 .836 

Interaction 6 88.0 .46 

Error 15 191.2 

*p < .05 
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Appendix C 

Table 10 

Newman-Keuls Test on Adjusted Means: Percent 
Shock Avoidance for Session 2 

Group Methyl No-drug Saline Zymosan 
Palmitate Control Control 

1 

4 

3 

2 

4 3 2 

3.5 15.1 29.7 

11.6 26.2 

14.6 
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Appendix D 

Table 11 

Newman-Keuls Test on Adjusted Means: Percent 
Shock Avoidance for Session 3 

Group Methyl No-drug Saline Zymosan 
Palmitate Control Control 

1 4 3 2 

1 2.78 12.2 25.0 

4 9.5 22.2 

3 — 12.8 

2 
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Appendix E 

Table 12 

Newman-Keuls Test on Adjusted Means: Percent 
Avoidance Across All Sessions 

Group No-drug Methyl Saline Zymosan 
Control Palmitate Control 

4 1 3 2 

4 — 1.2 11.7 31.0 

1 — 10.5 29.8 

3 19.3 

2 
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