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Vale tar 80—!00 dya old ra.s mannTa:ned on 2 73 75 hour water
deo'zva.lon schedule were Tralned To reqoond on & CR= schedul
. -. Ks . .
S'Djeéfs were *hén lewly‘shl :red from the CQF schedule toran FR 20

.seven days rollow1ng #he schedule shift, Three control grouds. werg

- . »

_schedulef}n incremenfs of 2 resoonses'per ﬁay, over 10 Gay perlod

The sub]ec‘s were maun.axned on- the FR 70 schedule or S’daVS, +hen
suddenly‘shxr.ed o e|+Her-an ¥R 80 (20-80%, R 4@ £20-40)" or

maintained on The FR-?O‘(ZO—ZO) schedule of reinforcement for up to

-

‘

maintained .hrouchou +he experimént, for later comparison. One

group (WDNQ) was watei® deprived and ohdced. in the test chamber but

not- required” o emit -any. responses’ for reinforcement .(i.e., non
. . . . ", B . T

operanr) A. second croupl(WD} was Qa?ér deprived_bu+ not placed in
the test chambex. “A third group (Ad le) was not water deprived
and also had no experience‘ih the jesf chamber. AT various ifter-

vals following *+he shift in operanv schedule, sub jects were sac-

it ficed to determine +he effect of the-size of FR shif?

4 T, f ané duration

of *ime on various physiochemical indices. An equa!.numder of

’

sut jects from The experimental,” and prodédUral contro!l groups were

sacrificed on Days 2, 4 and .8 fallowing the shiff in schedule, at

P

+he jFime of their usual exposure *¢ the operant condition. Blood

plasma {rec¢ bloed cells, whiTe.blood cetls and ‘hemoglobin) relavive

.
-

circulating white leukdeytes (lymphocyves, neutrophils, manCyTes,
basophi!s and eosinophilsy, and glandulaer Weighf'(aﬁsolufe thyroid,

’
- ) v . . -



[~]

+hymus, spleen, adfenal anc testicle) measures were- collecte for

. - . . -

N . . . 'Y
ali.subjects. Two way ANOVAs demonstrated significant main effects

hetween groups for white blood cells, nemogiobin, lymphocytes,

neytrophils, ﬁbsolUTe‘Thyroid, thymus, and reiative fhymds and
adrenal measures. Length of exposure To *the FR schedule shift was
faund to have a significant effect on only The white blood cell

measure. No significant interactions existec either between .The

croups or acrdss the days of testing. |7 is guite evident from
3

-t
0

h investigation that oM certain physiochemical indices were

] .

atfected by FR schedule shifts. The white b lood cells, relative
teukocytes,, (i.e., lympochyres and neutrophils), hemoclobin,
absoléfg +hyroid, thymus and relative Thymus and adrenal measures
responded quickly tc -The size of the °R ghif+*. Since There were no

significant Trends which seT the éxperimen#ai and control subjects
apart for red blood céIIs, relative leukecytes (i.e., monéCyTés,
basophfls and eosinoﬁ?ils) spieen and tesTicle weigbfs, it is
evident That invesfiggfors uéing a similar methodological apﬁroa;h
in fu?ﬁre experimentation neep not be concerned with collecTing
these measures. Focus should be directed 1o those measures which
did sho “significant differences between The groups. in addi#IoQ
i+ wduld be of great importance fo further examine the size of FR

{

schedule shift over a longer amount of +ime.
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L 'CHAPTER 1.
v INTRODUCTION -

Seiye (1952, 195Q) has maintained that organisms must have the

1. . . L .k, : T -
ability to adjustf to environmental situations otherwise they would

~

quickly perish. QrganismsT thus can‘be viewed as adaptive mechanisms

with the ability to-adjust. ko a number of physical conditions (ie.

temperature) via their physiochemical response sysfém%.

"'Squg;s (1946).éarlier fbseareh showed that.organisms Hhad the
. [

ability to adjust to no@ious sfimulus conditions (i?. carcinogenic
agents). Yet in. some c}rcumétanpes'organisms exhibited exhausfion
if th§ aﬁount pflfhe noxious stimulus was too inteﬂse. His ré;éarch
demonstrated that continued exposure to physical stimu1u§ events wouIdA
nof only lead to bhyﬁioiogical changes (ie; endocrine gland atropy)
but aléo blood plasﬁa changes would be diSpléyea in éerms'of inéreased
oﬁtput of total white blood cell count. Othgrs have aT§6 shown that"
organfsms react to thréaténing conditions by exhibiting changes in
blood measures (Palmblad, Cantell, Strander, Ffobérg, Karlssoq,'Levi,
Granstrom & Unger, 1976); In -fact Pa[mb]ad et-al. (&976) have hinted
at the iﬁterrelationship between endocrine gland atropy and the produc-

tion and release of white blood cells. Until this point, it has been

consistently shown that physical conditions (ie. noxious agents) affect

,,gﬁ,a4gaqism”by caus%ng total white blood cells to increase and endo-

'+

crine glands to atropy. ‘Furthermore, recent Investigétofs have
suggested that sudden changes in 1ife events can generate both im—
mediate and loné term changes in.the probability of behavioral

disorders and physiochemical immuno]ogical‘pathélogies (Holmes and

.



‘Hasuda, 197h Rahe and Lsnd- 1971 Rahe aed Paasikfvi,,197l°.Holmes )
l and Holmes, 1970) ) These stud'es have suggested ‘that. changes in Tufe
events by evoknng adaptatlon efforts whnch are faulty in degree and
-duratiqp,lower bodily re51stance and enhance the probability of

fdisease ocgurrences (Holmes and Masuda, 1974 )

| Therefore, the present study.is concerned with ut;Lizipg both :
Selye's model of organ:smnc response to ‘physical stressors and Holmes
* and Masuda s model of lee event changes and applylng these 10 the‘
-model of FR schedule shtft and.phy5|ochem|cal response. By suddenly
increasing an FR. schedule of reinforcement (ie. FR 20-40 or FR 20- 80)
to which an organism has greviously adjusted will establish whether

or not a "shift'' from a previously predictable event (ie. FR 20) to an

unpredictable event, (ie. FR 40 ar FR 80) will serve as a ''stressor’

o
~ -

ondlt:on and result in physiochemical changes in an organxsm. 1f ..
preductabn]uty is a grecursor of life change adaptation and FR schedules
are suddenly shuftedIW|thout prior warning, organisms-may display ;hls
effect in terms of physiochemica] disruption. In fact such an event

may serve as a “psychological strégsor” and consequently display organ-
ismic changes comparable to those shown by ''physical stfessers” as
discussed by Selye (1952, 1946), sinee boe%‘stressors are known to cause
similar physiochemical-innerva;ion.

Thus; the main objective of the following experiment is to'in—
vestngate FR schedule shifts and the 1mpact of these shifts on blood and
organ systems in the rat. It is predicted that the size of FR schedule
shift'(ie. size of the stressor) and the amount of time which an organism

is exposed to the event (ie. schedule change) will produce physiochemical

changes.



A Revnew of the Area of Stress 7 T

Adaptat:on to the ever changnng envaronment is Sne’of.the most
|mportant physnologlcal adJustments an organlsm makes durJng its life
(Selye, 1952; 1950 and 1946). Selye (1950) has pounted out that an
organism must have the abn]uty to adJust to external stlmult in

. 'order to survive. In fact organisms succumb to dnseases as a result
of thetr inability to adapt to envuronmental events (Se]ye, 1952) .
Studies have shown that diseases of adapttbnlnty play the same un:que
role in pathology as noted in the General Adaptatxon Syndrome (GAS),
whereby some an:mals are unable to adjust to stressful events and .
;onsequentlylperish (Selye, 1952; 1950; 1946).

Selye's |n1t:a1 ‘investigation in the area of stress focused
.upon fabrlcatlon of a "model" which would elucudate the mechanisms
responSIble for organismic instability upon exposure td stressful '
situations. Thus, Selye (1550) suggested that stress should be
viewed as a non- spec:flc response of an organism's body to any
‘physical d:ﬁand. He assumed that under stressful stimulus conditions,
organisms would respond in non-specific ways. This reaction could.
vary behaviourally, physio!og}cally or chemically, depending upon the
state of the organism when the stress was presented (Se]yé, 1952;‘1950).

Since little was known concerning the area of stress, Salxg/pfegised

the following questions concerning his model:
1], To what extent was this syndrome nonspecific?
2. What could one expect as the observable effects of stress?

3. How does stress develop in time; specifically is the



4

degree of its manifestation.Merely proportional to the

magnityde of the damage at all times; or does the

.

_b. - To what extens-do specific actions by agents influence

the manifestation of the non-specific syndrome?

0

5. To wﬁat extent‘cduld the stressor facilitate pathol-
'ogical insult t;.the organigm?“

Selve (1946) conceded that one could not possibly study
stress l"per se'" but mere1§ inyéstigate the effects oF-predis-'
pésition to certain pHysical conditions (e.g., exp95uremto cold,
infections,-and no;ious chemical injections). Ruff‘aﬁd Korchin.
(1967) verified Selve's hypotheses that stress occurred when an
organism was forced into a strenuous condition which Eequired an = ¢
increased rate and duration of responding. Furthermore, Bajusz
(1968} expanded Selye's definftion of stress to include the
suggestion that stress was intended to express the emergency
endocrine mobilizaten of organismic adaptation.

Due to the lack of knowledge concerming stress, Selve was
encouraged to explain his model. Hence he u%flized emoirical
data to show how an organism reacted when it was exposed to
stress. Selye noted that the initial stage of "alarm'' consiste
of two phases: the {irst, described as the ''shock phase" \\H

represented the immediate effect of the noxious agent's ability

to Fapilitate'physiologieii‘irritation of the cell tissue (Selvye,

s
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lSSZ:‘léh&)l‘,The second s#feferred té as the '‘counter shogk phase"
represenﬁed fhe geFensive,efFort 6f the organism to phys{olog?call& .
édjust (i.e.,:adrenai cortex enlargmeq&} to ho#?oué hgents}.

The second stage of Selyé's mode!l was aptly termed the ”Stagé
.;f resiétancg”lbe;ause organiéés Qould a;temﬁt to res}st noxious
stimuli: However, repeated exposure to these‘agents could only o "~\\\\\--—d
be resisted for a limited per}od after which the organism would "’ : '

e

succumb to the pathological effects induced by these stimulus

-'.b!_._'

cond{tions (Selye, 197Sa;-1975b: 1952 19%8). oE the state of
arousal continued", an organism would eventually succumb to a ._. ' ~J
"stage of exhaustion'' in which physicaf breakdown aandr death

would occur. This triphés?c respénse pattern was referred to'by

Selye as the General Adaptation Syndrome (GAS).

The Effect of Stress.on the Endocrine and Nervous Systems

Man? investigators have exam}ned the various pathways of the
Central Nervous System (CNS) in order to discover how stressors
affect organisms. Bajusz {ISéS)lhas suggested that glthoﬁgh ;he 7
modes of operation for the CNS and the Endocrine systeﬁ are ) '
different, these two major co-ordinating circuits are morpholog-
jcally-and physiologically integrated. ?Furtﬁefmorejlhe has-
suggested that experimenta} medicine has succee&ed in demonstra-
ting that the CNS is in a sense, 3 complex Physio-chemical system
capable of producing chemical substances (neurohormones) that
control the internal secretory functions of glandular organs and

requlate a number of other physio1ogica1 activities. Thus, the
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§$Udy of N§uroendocfinology has evolved as an area of -néurophysio-

" chemical E?{g;}aLkalrffi;édded focus upon the physiOfpathology,

of diseases in the endocrine and nervous sy tems (Bajusé. 1969) .

HActivation of the sympathetic branch of the ANS facilitates
stimulation of the adrenatl medulla which causes'adrenaliAe
(epinephriﬁe) to.be re]eased:in;o bloﬁd‘plasma (Bagsett.s Cairn-
cros§: 1975). This allows for Ehe spontaneous burst of energy
which is ;equired during initial stress induction in ''fight or
flight" iike situatiqns (Cannon, 1932}. }n response to long
term stress, the CNS activatgs the eﬁdécrine system to dissipate
the é%Fects‘of naxious sgents (Bajusz, 1969: Gray, 1971).

, Gray {ié?a)'has arqued that stréssful stimuli are_meﬁiated
throughout the organism via the'CﬁS. These'stressorg eventually
) _make contact with the 1imﬁic, and reticular activatiag system;.
hippocampai and hypothalamic strgctLresr(Bajusz. 1869). Various
nuclei of the hypgthalamus are indirectly stimilated and subse-
quently glay an ‘essential role in the release of adrenccortico-
trophin hormone (ACTH) (Oken, 1967). Although the hypethalamic
cells are not priﬁary reQuTaths of thé CNS, they cecordinate
and transmit impulses from Higher centres of the brain via a
corticotrophin releasing hormone (CRH) (Hil]house, Burden &
Jones, 1975} ahd relay them to the pituitary gland via the
neurohumoral and/or nervous system (Bajusz, 196%). Once stim-

ulated, the pituitary gland releases ACTH into the hypophyseal

portal vascular system. This substance then circulates through-
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lood system, eventually making contatt with the adrenal.

out thé
glands. Excitation of the adrenal corte; uué ACTH, causes
é]ucocdrticoids (GC) and mnneralocort:coxds (MC) to be- released
into the blood system (Haynes £ Larner, 1975: Gray, 1971.*Fort|er,
1956; Selye, 1952).
| The MC inflﬁenc; the anti-inflammatory processes in an
organism whéreas the GC (e.g., hydroxycpr;icoste;one
corticosterone and cortisone hormones) transform non-sugars into
sugars and ipcrease the deposnt:on of sugar in liver (Grav, 1971}.
The GC continue the task |n|t1ally undertaken by nor- -adrenaline
during the alarm-stage of stress, thus provndnng the body with
rapidly moBi]ized sources of energy. In effect the GC are long
rerm Yenerqgy stores' which continue physiological activation of
the organism when nor-adrenaline is.depléted during loiizggﬂ{/
stress. . ‘ - |
Conversely, the GC facilitaté the'peristaltic action of the
b1ood vésselglto quickly transport adrenaliné and noradrenaline
throughout the organism i€ a stressor persists for any period of
time, (Gray, 1971; Bajusz, 196§). Blood containing both MC and
GC, flows throughout the organism thereby_completing a '"feedback
locp'' to the b;ain, thus inci;ing the hypotha1a%us to either
inhibit or mediate ACTH release from the pituitary when requfred
(Kaynes & Larner, 1975) . However, in situations involviqg a
hidh degree of séreés the ihhibitory feedback.mechanism may be

modified or by-ﬁassed via the activation‘of higher cortical centres

l\\
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suz: as the hippocampus (Bassett 8'Cairncross,_1975b). The -

severity of the SLressor détermines fhe.exteht.of the humoral
or neural involvement (Mekara, Sgark,'HafFon. g Meszarq. 1972) .
Hence, c&nginued styess triggérs-thg réléase‘of ACTH when it is
ﬁeeded. R
Selve (l%?Sa? 1975b;- 1948) has noted that the GC havé the

tendency to Ihhibit Foémation.of antiboéies.‘decreaSQ white
blood cells (1ymphocytes) and cause invﬁlution of the thymus.
Other physiological effects of stressors include atrqph; of ihe
fhyrqid, éoﬁads, spleen, hvpophysis decrease in body weight,
‘nephrosclerosis of'the kidﬁey and gastro-fnfestinal ulcers
(Selye, 197535;-19h8; Séjusz, 1969). With these considerations
in mind Price, Thaler and Mason (1957} hav;\posited that the
pituitary-adreﬁbcq(tical system is not only related to emotional.
‘processes associated with single specific emotional states such

as anxiety and fear but more motably to emotional states with

relatively undifferentiated components of distress.

'Neuroendocrinoloqical & Physiolegical Stresé Related Studies e

~

Research in the area of Nedroéndocrino16gy has focused almost
exc]usively upon respondent conditioning situations and related
physiologica] events (Brady, 186%) . However, Brady'has suggested
that future invéstigation should empha5i2e-fhe effects of instru-
mental conditioning experiments on the physiology of an organism.

| More recently investigators have shown that the respiratory

and cardiovascular systems can be easily affected by stressors
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_and to a greater extent the endocrnne system can be influenced by

. instrumental perFormance (wetss, 1972 Levi, 1969: Brady, 1966_'

Mason, Brady, Robinson,‘TayTor Tolson~8_angey, 1961a; Mason,

Mangan, Brady, Conrad A Ruoch L961b)t. In fact a number of re-

_ ports have called attent1on to somewhat transient phy5|olog|ca1'

‘J

changes related to performance in 1nstrumenta1 COHdIt!OﬂlNQ

'experuments B lood pressure, plasma ﬁepsinogen. and heart rate

» ;
have all ‘been operantly condltloned in animals, via electrical

shock induction‘(Perez-Cruet, Tolliver, bUnn, Marvih, g Bradv,

1963; Wenze}l 1961; Hearst, Beer, .Sheatz, ¢ Galambos, 1960:

Shapiro &/Horn, 1955) .

in e?fect, the appliéation of operant metﬁpdo1ogy to the

“experimental analysis of ps§chophysiologica1 relationships has

provided a aegree of contnrol 6¢E{“Esii::0ura] processes, especs

ially those assocated with neurophysiolog?cal investigations
(Brady, 1966). 'Brady.(1966) has reasoned that unlike most “of thé
behaviourally produced reSplratory'and cardiovascular alterations
which reportedly last only as long as the instrumental procedure
is maintained, the endocrinological effects associated with

behavioural conditibning are somewhat longer lasting.

Short and Long Term Effects of Stress

Recent investigation has shown that operant conditioning
experiments <an have an effect on the neuroendocrinology of an

organism. In initial experiments by Mason, Brady, and Sidman

(1957) monkeys were placed in three conditions which required

PPy R
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three different contingeht_reéﬁbnses. in the first condition
_monkeys were reinforced with food on either a fixed ratio (FR)
20 or variable interval (V1) 60 second schedule. Blood samples

_were taken from animals and anaTyze&&fcr-elevation in plasma 17
hydfoxycorticosteroid,(OH-CS).levéIs one hour beﬁ;re and after
sess?oﬁs\(Mason, et ai. {é57l. Bloéajsamples were also taken
following FR éO schedules and after animals Had been shifted to
‘FR 100 schedu{es. In no cases were sigéificant e]euations'in
pfasmé 17 OH-CS levels found 'during the course of the experiment.
AAImals were further tested by MaSonfet al. {1957) in -anxiety
condjtionfng and conditioned-qvo}dahce tasks. l; a conditioned
anx}ety s?tuation where énimals were electrically shocked following.
' presentatién‘of a conditioned stimulus, (CS) {a ;licking tone),
was noted to facilitate an increase in 17 QH;CS levels in bloqd,
p]asm;. Mason et al. j1957) Further‘nofed that monkeys,'requireq
to bar press to delayed electric foot shock had increased levels
of 17 OH-CS in'plagma for 'up to one hour following exposure to
this situation.
élevation in 17VDH-CS levels via conditioning has been noteé
by many investigators. In Factiﬁhen monkeys were required to
lever press intermittently over a two hour period a s?gni%icant
‘ncrease in plasma 17 OH™ES occurred jrrespective of whether the
animals had avoided fhe-;hock. (Sidman, Mason, Brady, Thach,

1962). Further experimentation by the same investigators, using

repeated exposures to this conditioned avoidance task caused a

[
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sfgnificant'rise‘iﬁ ﬁlésma 17 OH-Fé Tevels with a retdrn to

baseline within, a Féw‘hders Foilowing the task. '
-ln_an.attempﬁ to clarify these studies, Br;dy {1966)

decided to investiggté the effectg of varving responsé-stimuﬂus

intervals dur:ng avo:dance cond:tnonung Although the results

of this study were not entirely clear, Brady noted that hngh

» . ’

rates of 1ever press:ng were associated Wlth a rtse in plasma 17
OH=-CS levels. Furthermore, experimentation not onIy revealed

that ;he Freqhency of bar press:ng to escape shock_prodqced sug-'
" nificant elevations in plasma 17 OH-CS but also the frequency of .
the shock presentation facilitated a significant increase of this

chemical substance in blood samples. To control for the-effects

of shock and lever pressirg; Brady (1966) deéided to manipulate
these_{ndepend;nt variables in an.attempt to get Elearer‘results.
He decided to present a CS pritor to eléctrically shocking the
"animals. Results showed thag ]éver bressing activated the
pituitary—adrenocortjcal sysfem to produce increases ir blood
-steroids, irrespective qF whether or not the animals had Eeen
shocked (Brady, 1966). Elevafion in plasma 17 OH-CS level was
noted to occur even when no shock was administered during the
foilowing two hour session'(Brady, 1966) .

The evidence presented up to this pofnt suggests that animals
placed in "emotionally arousing'' situations showed elevations in

steroud levels (17 OH- -CS) irrespectivigaf the avoidance condition-

ing task. However, this resulted only if electrical shock (CS)

[ o

D
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produced anxiety. However, since these studies were onlv investi-

gated over a short period, they may have tested for nhe short
term effects of ceﬁaitioﬁing procedures.

Experiments controll|ng for long term changes |n stero:d

.)

‘ Ievelg.have also. been undertaken by Brady ard his colleagues

1

(1969). Mason, Brady,'Polish, Bauer, Robinson, Rose & Taylor

-(iSSIc) have investigated corticosteroid and pepbsinogen levels in

morkeys SUbJECt&d to a Sidman-avoidance condntuonung procedure for
a 72 _hour per:od' A]though there was an increase in plasma’ i7
OH-CS dur;ng this t:me the' plesma peps:nogen levels were consis-
tentlv depressed below baseline levels. Yet, durjng thekrecovery
period from conditiened-avoidance respond?ng, the pTaSﬁa pepsin~
ogeé/;%vels récovered within 48 hours. In a Fo]lpw-uQQeeperieent,
Mason et al. {1961¢) attempted to -assess whether o; net the Eetes-
Skinner conditioned suppression method oF’Tnducing stress in
monkeys wquld produce contrasting effects from those prevfousiy
noted in the Sidman* conditioning procedure. Animals tested.in

the Estes=Skinner conditioning situat;on were found to respond
simi]af]y in chemical-bloqd measure analysis (Mason et al. lSSIc):
Conversely there appeafed to be less epinephrine secretion in-
creases (Mason et al. 1961¢c). While the elevetibn in 17 OH-CS
level was high following conditioning, epinephrine‘levels were
relatively low (Ha;on, et al. 1961¢). However, animals. that

had been exposed to threatening situations consisting of either

condut:oned avo:dance suppression technlques reacted by showing

an eleye;;on in both chemical substances (17 OH~CS) and epinephrine)..’
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has also been invest ted by Mason et ;l.i(1961a). They sub-

Jjected monkevs to Sidma avoidance sessions 72 hours in duration.

Significant. elevaclons were noted.in urrnary 17 OH -CS and

eplnephr:ne !eveIs wuth these return|nq to baseline levels wuthun

"6 or 3 davs respect:vely (Hason et al. 1861a). Althouqh the -

noreplnephrune levels rose on]v .slightly during the av0|dance

~

. _condntlonrng period they showed cont:nued ssqn:F:cant e]evatlon

"

and returned to normal wrthun 6 davs. Urnnarv androstcrone and

estrone levels dropped to below half the bascline value ddriné
\_thé stféSs period;‘but showed significant increaseslfrpm 3 to 6
davs foilowing'the‘;onditioning sessions. Thyroid hormone
(thyroxine) levels as reflected in butanol e;tractable ioding
(BE1} measurements also showed a significant slow rise to over
twice the basel ine value‘and reached .a peak 1evef éérly in the :
6 dav }ecévery'period. “In esseﬁEe these results demonstrated
that the hormones tested by Mason et al. (1961a) underwent sig-
nificant e]evatioﬁs during.activation of the pituitary adreno;
cortical system. o
Organisms show physiochemical responses during initial

exposure to stress-like conditions. For example, during exposure

/’to a.stressor a certain amount of steroids may be required by the

’

organism to dissipate noxious.effects. Conseauently, chemical

paﬁhways associated with the endocrine system must provide for ~

~this compenéatory need (i.e., if ACTH is required in large amounts
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“to produce stero&d Synthe5|s and release; hypothalamnc secretorv

-

' Cells must facxlntate the release of thlS substance from the *

adénoh?pophisis (Bray. IS?I;;Bajusz, 1369).. However, this causes

. ramificating circuits from both the adenohypoohisis (ite., to the

anads, adrenals and thyroids)_and neurohypophysfs (i.e., to-the

kidneys and uterus) to show decreased hormonal outputs. As a

result decreased hormonal flow causes organs to-atroshy and

initiaé%}éimpaifmeht of endocrine functign. )
Brady (1969; 1966) has contended that endocrunoloq1cal-

behav:oural investigation seems toO represent one oF the more

'systematic_apancat:ons of operant methbdology to the experimental

-

analvsis of psychophysiologicad relationships. Horeover, Brady
(1966) has reasoned that the emphasis upOn neuroendocrunoloanca]

processge reflects the importance of these critical phy5|olog1cal

systems in the mediation of basic psychosomat:c relationships.

Hence,'he has cautioned that future attempts to validate the

nature of mediation processes'in the production of altered phvsio-"

logical states-and patholegical somatic conditions build upon the
applications of behavioural analysis techniques to neurcendocrin-

o1& ical processes.

Chemical and Morphological Effects of Stress

Until this decade mosﬁcﬂ’the research concerned with physio-
- ) ?

;hem?cal effects of learning was associated with electroshock

avoidance conditions. In addition, much of the research was

concerned with steady-state behaviour. Then Halasz (1968) intro-

-
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duced é new condeoé into the behéViou}aI testing of neuro- |
pathoiAQigal eorreiétes that involye,changes in new sch;duTeﬂdf_

' reinforceﬁent d;mands. Egsentially'HeJasz viewed tﬁe organism
as a fype of hgmeostatic résponse matri; pb which systeﬁé theory
coula bé applied.-'lf the organism wa§lp1aced ina conditiqn

which reguired .adaptation to new demands such as a change in-

schedule of reinforcement, Halasz (1968) hypothesized that changes

in physiology,wouid occur.  That such response-flexibility exists

in an organism which has been subjected to a schedule change, has

been demonstrated manv times (Halasz, Hughes, Humphrevs &

Persinger, 1971: Persinger, Lafreniere & Ossenkopp. 1974a;
Persinger, Valliant ¢ Falter, .1976; Persinger, et al. 1978).

Changes in the organism's physioﬁogy and chemistry would Aot

be unexpected, especially the more 1abiie response svystems at the

biqlogical'leve]s (i.e., blood chemistry). In-fact significant

increases in plasma corticostercne have been found in operant

situations where rats were- exposed to emotionally arousing situ-

r

ations (Davis, Memmott,-HcFadden & Levine, 1976; Goldman, Coover
£ Levine, "1973; Levine,/ﬁbldman & Coover, 1972; Coover,;Goldman
¢ Levine, 1971).
.
Although the area of stress has béen investigated for the
past four decades, ther%;Ls still a lack of information concerning
its effects on organisms (Levine et al. i972). Mo;t documented

cases report that during a stressful event, hormonal activation

is induced. Bajusz (1969) has pointed out that the pituitary-



H

16
4

adrenocortical response occurs over short and long-term periods as

Y .

a Pesulg of exposure to stress. He has contended that adreno-

cortical hormones are' necessary for: the devéWOpmen; of adaptation

to stress-like situations {Bajusz, 1969).

- .

Well documented studies (Levine et . al. 1972: Brady, 1969;

Brady, 13966: Mason et al. 13961a; 1961) ‘support the notion that the

pituitary-adrenocortical SysteA‘gay be activated by physical

+ . Ll
injuries, physiological events and aversive threatening stimuli of

psychological origin. In fact Levine and his colleagues have re-,

ported that,pituitary-adrenécortfcal gctivation méy occur when an
organﬁéé Féils to reEeivé some expected reinforcement {Levine et at.. .

LA .
1972) . | o :
| fn addition Coover et al. (1971} have demonstratea that rats
trained to lever press for water-on a;continuous reinforcement

‘

schedule (CRF) showed a significahf elevation in plasma cortico-
sterone aféer being shifted to.an extinction sche&ule.‘ Conversely
a control group did riot display the same elevation of corticoster-
one. Seemingly the frustration which occurred as 3 result of
withdrawal of-reinforcement when s;ch was expected was sufficient -
to activate the pituitarv-adrenocortical system. Other investi-
gators have also demonstrated that rats subjected to various '
reinforcement schedules, tﬁen suddenty shi%ted to either lower or
h%gger reinforcement contingencies showed an increase in plasma

corticosterone (Levine.et-al. 1973; 1972). Essentially these

experimenters concluded that onceexpectancies were no longer



reinforced or available, activation of the arousal centres enhanced-

the endocrine system to respond in subjggts (Levine et al. 1973

1972; Coover et al. 1971).

More recent expcrimentétion has shown that rats shifted from

a stabilfzed FR. 20 reinforcement schedule to cither a higher re-

sponse per lower reinforcement contingency (i.e., FR 40) or to a

non-reinforcement (i.e., Extinction) schedule, caused a significant
increase in plasma corticosterone. Yet, when the rats were required

to emit less responses per reinforcement {i.e., being shifted from

* FR 20 to CRF) there was a notable decrease in plasma corticosterone

(Goldman et al. 1973). . '

Many investigators have attempted :g;explain the mechantsm

-

invelved in pityitary adrenocortical activation, however at present,

. the theory behind this model is only speculative (Bajusz, 1969).

Levine et al. (1972) bave utilized a unique idea to elucidate this

mechanism. Based upon Sokolov's '‘habituation model', Levine et al.

(1972) have suggested that. a novel stimulus causes activation of an

alerting mechanism and this produces physieological innervation of

the organism's svstem. This includes activation of the brain,

z

decreased blood flow to extremities, skin resistance changes and

-

. increased adrenal corticoid circulation. However, following re-

.

peated exposure to a novel or threatening coMition, the organism
y
finally habituates to the stimulus condition and physidlogical

(:t) innervation no longer occurs. >

L] .
A number of conditioning studies have demonstrated that the



i
.

18

.

effects of res?stance,and/or'exhaustion are obvious in blood

chemistry measures, (Selye, 13523 1948; Douglas & white, 19&7;'

ighh)‘ahd morphelogical changes in an organism (Persinger,
_Carrey..Lafrenier<and Mazzuchin, 1378; Persinger, Ossenkopp,
Kamaya S_Péap..léghb. Baésett‘g Lairncross, 1976 1975: Bajusz,
1969: Selye, 19%6). - |

Persinger et a). (1978) have aemons;rated that roants
trained déily,For two weeks on differential reinforcement-of-low
-rateS'(DRL55 Secona-schedules and later shifted to DRt = 12

-

second scheduies showed significant elevations in alkaline

[

phosphatase, sérum alutamate oxaloacetic rransaminase (SGOT) and
relative blood {ymphocyte‘numbers,_as compared to DRL'— 6 second
controls. Eurther%ore, highlv significant diﬁFerences existed
between tﬁe 80% bodv weight of DRL testeg réts and the non-

tested ad. libitum controls for: glucose, blood‘urea,.nitrogen,
chloride, carbon dioxide, calcium, alkaline phosphatase, serum
pfruvate oxaloacetic transaminase (s60T), triglycerides and relat-
ive testicle weights.

Earlier ;esearch by Persinger et al. (19?4)-ha§ also shown
that.rats slowly shaped up to, and maintained on a FR 50 schedule
for 10 days and then sgddenly shifted to an FR 125 schedule on
Day 11 showed significant decreases in blood eosinophils (within
4O minutes) relative to the control animals maintained on the

FR 50 condition. The ''response strain' demonstrated by rats

placed upon the FR 125 schedule showed the usual response djis-

v
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ruption. transients associated with pituitary-adrenocortical
activation. PRersinger et al. (1974) have argued that physio-

‘Clem?cal or anismid changes S]lOU]d QCgur as "]an term' e ieCtS
org . 9 e
L -

in addition to those found over a short term period. In fact they

-

_have stated that organisms attempting to adjust to tramsient

shifted schedules of reinforcement without prior notice will show

stressful reactions in their physio-chemistry (Persinger et al.

1974) . ,
| Bassett.aﬁd Cairncross {1975a) have also noted physiological .
changes in‘rats exposed to stressful conditions. Rats placed in -
a one-wav active avoidance Cond?tién ranging from 1 to 75 Days

with repgatea pairing of irregular footshock Fréﬁ which thev

could es;ape, showed signiffcant'mdrphological changes. Pfonqunced
necrosis of the heart giSSue and igt{eases in pFfasma, 11 hydéoxy—
corticosteroid levels were noted. Furthermore, there.was a sig-
nfffcant‘hypertrophy of the adrenais and a significant decrease in

overall body weight. iﬁhe noted changes in body weight and adrenal

.

glands were obvious effects of stress. Bassett and Cairncross

Pl

(197Sa)mﬁbve’contended that the morpholoéical changes were produéed
GLQ increased activation of the GC, as a result of exposure to long-
term stress. Pollard, Bassett and Cairncross (1976) have further
shown that by utilizing the same procedure ;s reported by Bassett

énd Cairncross (1975a), caused significan£ morphological changes =
in rats adenohypoﬁhysisland generated elevations of 11 hydroxy-

corticosterone in blood plasma. However, unltike Bassett and
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* Cairncross' (1975a) study these changes.only occurréd up to Day

' *

20 of the 60 day stress period. ‘Thes; ré;ults are impqrtaﬁt
because- the Aata Euggests‘that animals have the ébility to adépt
'tq stres;ors.wjthin a ‘short period of Iim; (Pollardlét'al..19?6).'-
The findjngs previogst disdusséd are of interest to those
investigating the effects of stfeséors upon drganisms. However,
the results of lower animal studies are of further interest to
Buman stress resea}ch. Recent investigations have demongtrated
that sudden:changes'fn an indivfdualts life style can‘produée
.behavfoural and physiologica[ immunological disorders. Sudden
changes in an organism's previous'scﬁedu1e of reinforcement is
-suffﬁcient to generate sggess-re]ated maniFestat]oné'in physio-
chemistry (Holmes & Masuda, 1974). 'In fact magy of the symptoms
reported Inf&]ve psvchosomatic-like profiles and marked similar-
ities to general s%ress symptoms (Masuda & Holmes, 1974) . The
initial steps of organismic adjustmént to 1ife stvle changes
are apparently manifested or correlated with derﬁatological
difficulties and are followed by respiratory-immunological and
endécriné’genItourinary-Fardiovascular effects (Holmes & Masuda,
1974) . The major significance of the human data is that sudden
.«/—- ’ .
life style changes, {i.e., comparable to shifts in reinforcement),
evoke inira-organismic adjustment demands. |If there are too many

adjusements or if the adjustment is too severe, disease like

syndromes begin to appear.
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Ratiorale for Proposed Area.of Research

Any homeostatic system exposed to réla;{ygly unstable con-
ditions will show marked‘phvsio-chemica] dev'ationé &uring syddén
in:ensé éhanges in demand (Persinger et a1<{T;;7; i97gf. 1 the
suaden change is transient and returns to prévious lévels then
adjﬁsthen; will occur relatively quickly and perturbations Qill
decrease in the $rqanism (Persinger et al. 1978: 1976)1 Essen-
tua]lv sudden change ;n reinforcement schedule’ For a behavnou?a]
system (rat) that has been maintained. fer a. perlod of time on 3
pa;ticuiar stimulus response pattern, may induce unstable stress-
like conditions within the animai‘s physio-chemical system (Per;
singen: 1976 et al.) Following transient and immediate changes
in labile short latency systéms (i.e.. blood chemistry}.mérpholog-ﬂ
ical changes would occur in organs in which stress (demand .or
activity) is greatesg}(Persnger, 1978; 1976: 1974a: 1974b;
Bassett & Cairncross,‘4?763: 1976b; 1975a; 1975b) .

Animals exposed.to stressful conditions cons?stqptly react
in a similar‘way. As previously mentioned, Brady (1969: 1966)
has shown that rats placed in enotuonally arousing tasks tend to
show elevations of 17 OH-CS in plasma Other investigators have
also found that changes in reinforcement'échedule facilitates
stress-1ike syndromes in organisms. Coover et al. (1973) have
shown_that:shifting an organism from a CRF to an Extinction
schedule gaused increases_Ef;;@rticbsterone in bleod. Further-

. !
more, -Levine et al. (1972) and Goldman et al. (1973) have demon-
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siréfed thét rats maintained on a schedule of reinForcemeét Fo? a
stabilized pgriodf then shifted to either'a-higherldr Jower
response per rethorcgment conti%genéy expectation, showéa‘iﬁ-
cre;ses in plasmagcbrtico§terone. These stud?es!suggest thét
changes in EeinForcement contingency initiate unstablé;stétes
within a system ds demonstrated by elevatibn in plasma steroids
(17-0ﬁ:§8: corticosterone) (Goldman et al. 1973: Levine et al.
1972 Coover et al. 1971). In addition. Peringer ot ol (1974b)
have demonstrated that rats shifted from a FR 50 to ?R:fis '
schedule of reinforcement aftér a stable 10 dav ﬁeriod showed a
.significant decrease in blood eosinophils, |
One would susgett, on thé.basis Sfjthe General ‘Arousal Model
as proposed by Holmes and"Masuda (Iﬂjh); that the specific tissue

systems (i.e., Endocrine) influenced would vary as a function of

the time of the stress-like (schedule change) épplication. - in

r

this case the time since £he abrupt schedule change. Yet
accord}ng to-Persinger'et al. (1974b) blood chemical changes

occur immgdiate]y and-return to baseline or neaf baselinaﬂ}evels
du}ing the first two to three sessions after the'changé. Further,
morphological changes in the related tissues begin shortly there-
after and display continued structural changes until the organism
is able to adapt to the condition (Persinger et al. 1975b) . These
investigators have hypothesized that endocrine structures should

demonstrate the largest changes within 3 to 7 days and then de-

crease to baseline conditions. Persinger (1978) has argued that
”
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. such -patterns of stress induction should closely parallel the data

presented by“Holmes and Masuda (1974).

Thus, the objectives of the following study are to determine

the immediate and long term behavioural and physiochemical effects
of abrupt and transient changes in non-shock reinforcement schedules
between gqroups of subjects following long term static situations,

The organs of the Endocrine system (thyroid, adrenal, spleen, thymus

and testicle), blood chemistry {red blood cells, white blood cells,

Y*and circulating white leukocytes {lymphocytes, neu-
trophils, honocytés. hasophils and eosinophils) most affected by the
schedule change will be examined for the effects of the shift in FR

schedule. |t is expected that the thyroid, thymus, spleen, and

testicles weight wil) atrophy whilé the adrenal gland hypértrdphies

under the effects of FR schedule shift. Additionally the FR shift is

expected tp increase the number of white blood cells and percentage

of _hemoglobin in blood plasma. _The circulating white leukocvtes

are expected to show some alteration as a result of FR schedule shift.
4t is hypothesized that the lymphocytes will decrease in number

whereas the neutrophils will increase.

*
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CHAPTER 11 , -

METHOD.

Subjects

Ninety male Wistar 80-100 day rats were used in this experi-
ment. All subjects were bred and reared ‘in the University of
windior APsychology Breeding Colomy. Squects were housed in

single cages for the duration of the study.. Teﬁperature in the

laboratory was maintained at 22°C * 1.5°C. Lighting in the

colony room was maintained by flourescent lights which remained

on between the hourg of 08.00 te 16.00 hours.

Apparatus

Two 26 cmx 2lem x 23 cm operant chambers constfucted of~
Plexigras sides aﬁﬁ metal walls were used in this exper iment
(Figure 1). Each chamber contained a 1.5 an x 2.0 cm lever
{requiring a 7gm force to depréss it) mounted 3 cm above the grid
floor on the right side of the front-wall. Three anh‘a half cm.
to the left of the lever projected a Lehigh Val]ey‘Electronics
(LVE) MQdeI 1351 water dipper delivery systém. Eachk operant
chémber was i1lluminated by 3'15 watt light bulb located behind

a white translucent panel, positioned directly above the operant

lever. Mhite noise was delivered throughout each chamber by 5cm

diameter speakers connected to a LVE White noise generator. Both
operant chambers were housed in sound attenuated units equipped

with air circulation systems manufactured by'the LVE company.
1 . N
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Operant chambers were connected to automatic programming

equipment 1n an adjacent room, equipped to record responses and

»

reinforcements. : '

Procedureé

Subjeﬁts Qere placed on a 23.75 hour water deprivation
schedﬁle.For two days. Thg fo]lo@?ng davy subjects were trained
to respond on a continuous ?einfortemen§ (CRF) schedule. At fhe
beginning of the expe}imené each léve{ press activated the water,

dipper system te deliver 0.02cc of water. Subjects were tested

30 minutes per dav, seven days @ week. Each subject was tested

in the same operant chamber throughout the entire experiment. The
grids of the chambers were cleaned with a solution of C.5% acetic |

acid and dried in order to_ attenuate olfactory cues (especially

.

‘those later associated with schedule changes). Fecal boluses were

counted and removed from each chamber following individualstesting
sessions. Subjects were returned to their home cages and given

15 minutes of water, 30 minutes following each daily session.

.

‘Food (Purina rat chow) was available ad libitum.

O0n the first day of CRF training the éugjectg in all operant .
groups were not'allowed’to make more thén 180 reinforced responses
per day. This was done in order to allow for ]ever press acqui-
sition and to attenuate the disruptive effectﬁ'of the schedule
changes following excessive C&F training. The next day subjects

were slowly shifted from CRF to FR 20 in increments of 2 responses

per day, over a 10 day period. Next all operantly trained sub-
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J?ggs were. dnvuded 1nto\one of the Fol]ow1ng operant condntlonS'
‘1) Experumental FR 20-20 Expertmental FR 20 <40, and 3) Experlmental
FR 20-80 Essentna]ly, an Expernmental FR 20-20 group conSISted of*
SUbJECtS who had been operant1y trained to respond to a FR 20 schedu]e;
They were malntalned on the FR 20 condition for five days and on the
'sixth day, when a shlft in reinforcement schedule was initiated for
both eiperimental groups (i.e., FR 20-40; FR 20-80) ‘this group was
maintained on the FR 20 schedule. The FR 20-40 ard FR 20-80 |
rexperimental groups, unluke the Experlmental FR 20 group, were sgabnl-
ized for five days on the FR 20 schedule, and on the nghift day”,
required to respond to FR ) and FR 80 schedules, respectxvely

In addition to-these groups of subJects, three “ccnfrol groups

were maintanned for later comparison. One group was given food and
water ad fibitum (Ad Lib) and maintained in 1nd|vxdual cages in the
colony room throughout the experiment. A second group with no operant
training but water deprived (WDNO} was exposed to an operant chamber.
A third group was-water depr]ved (W0) and.remained in the home cage
throughout the experiment. At various intervals following the shift
in operant schedufe demand, subjects were sacrificed to determine the
pﬁysio]ogical effect of the shift. An equal number of subjects from
the Experimental groups (i.e., FR 20-20. FR 20-40. FR 20-80) as well
as thé Procedural Comtrol (AD LIBITUM; WDNO; WD) groups were killed on

Day 2; L and 8 following the shift in schedule (e.q., 1) on Day 2

(i.e., one day following the shift to the new schedule 2), on Day 4
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(three days following.the shift) and 3) on Day 8 (seven. days " -
following the shift). — ’
o Al subjects were killed at the time of their usual exposure -

P to the operant chamber (about 23 hours since last testing). =~ .

Instead of being taken to the operant room, the subjects were

taken to a surgery laboratory and decapitated. Consequently all’

" physiochemical changes which occurred would be correlated

with the effects of the treatmént (change in operant schedule

.

demand) rather than acute post-sessional changes of th%)experimentu

.Glandular Measurement. Following the experiment the subjecﬁs

were weighed and then sacrificed by decapitation. A thyroid,
. thymus, “spleen, 3dfénal and testicle were removed from the.rats
body and wet weight taken within 15 minutes following death. -

~

Blood Measurement. Whole blood samples (5cc.) were taken

from each fat upon décapitatfon and placed in.stoppered test tubes.
Sambles were transported to £he Windsor-Western 1.0.0.E. Hospital
for analysig. A Coulter Coungér Model F4 apparatus was ;sed to ‘
analyze both red blood cell (RBC) and white blood cell (WBC)

- counts. (See Appendix A for specific blood analysis technique).

A .01 ulicf b}bod-was taken from the test tubes for each
éubjectland smeared on standard-ﬁicrpscope siides. A total of 100
white Slobd cells Ber slide were counted over a wide.fjeld for
each rats' two best blood smears at 1000 x under oil immersion; the
average number of each cell type was converted into percent of
total populaiion. wr}ght's staining-technfque was used to colour

the leukocytes and then the cells were counted for differential
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Téukocyte profiles (1ymphocytes. neu;rOphils, monocytes,

eosimnophils, baso;;hils). - ‘, Lot

* Behavioural Data. The total nﬁﬁbér of respoésesrand rein=
force;s for egch individual rat in the Operénﬁ_chambpr were
" recorded by counters and cumulative records. Operant chamber
- feca) boluses were counted daily after each éession and water
‘consumptioﬁ }ecofded for home cage feeding. - .

-

- u’:’



CHAPTER 111
RESULTS

The resuifs“for this experiment were evaluated by two way

L3

=~:(3 x 6 Factorlal de51qn) analyses of variance (ANDVA),‘analyses

of covariance, a priori t-tests, means and standard dev1at1ons
end analyses and Pearson Product R correlatlons, u5|ng.the
statfstica1 program for social sciences iSPSS). The minimal level
of sEétisteal s{gnificance-accepted for the measures was p < -95.
The main effects for the between factors (Groups) and the

within factbre (Davys) were analyzed'fo} blood plasma measures
(mean number of red (106/mm3) and whfte blood (103/mm3) cells and ™
mean percentaqe of hemoglobin in grams per 100 milT%liters {gm/d1)
of blood plasma); circulating white leukocytes {mean percentage of
]ymphocyfes, neutrophils, eosinophils, monocyt sland basophils per
100 white blood cells); and glanduiar weights (mean weight for
thyroid, adrenal, thymus, spleen and testicle)t Aksolute and
relative.glaﬁdu]ar welght measurements were recorded and analyéed.
This was done to determine whether or not animal body weight was
a contributing factor to anv 51gn|f1cant dgifference between the
experimental'and contéol groups. In addition, behavuoural data
was analyzea for water consumption by groups (mean total consumed
over days of testing) and Fecai boluses (mean total after shift
InISChedule) deposited in the operant chamber over the davs of

testing.

30
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Blood Plasma and Circulating White Leukocyte Measures .
. ’ LT

Two way ANOVAs for-the six conditions (20-20, 20-40,.20-80.
AJALibftum, WDNQ and Wb) and the thr;e kill days (1, 3 and 7) for-
“the bléod plasma and tirculétiqg whife leukocyte measures showed
“significant (p «<.05) main effects of Groups and only one signif- -

icant Day effect: No significant inferaétions were noted for any
~of the measures. Table | contains the heans and standar§ dévia-
tioﬁs for these measures. g
Theltwo way ANOVAs demonstrated.signiffcant main effects for’
Groups in red blood cells (F = 3.1%, df = 5,72, p <.001), white

cod cells (F = 12.47, df =_S,72, p =< .60]), hemoglobin (F = ?.69;
df = 5,72, p =.001}, lymphocytes (F = 20.59, §f = 5,72, p-<;.00])
and neutrophils (F = 21.95, df = 5,72, p< .001). The above
mea;ures remained statisticalily s}gnificant when covafiance for
body weight was performed. There were no significane main effects
' of Groups for monocytes (F = 0.62, df = 5,72, p > .05), eosinophils
(F = 2.17, df = 5,72, p> .05) and basophils (F = 0.39, df = 5,72,
p =.05).

Two way ANOVAs for blood plasma and circulating white leukocyte
measures further showed that only the white blood cells were sig-
nificant over<days of éesting (F=5.87, df = 2,72, p =« .005)

(Refer to Figure 3).. There were no significant main effects for
red blood cells (F = 1.17, df = 2,72, p = .05}, hemoglobin(F = 1.80,
df = 2,72, p :,.05),%ymmhocytes (F = 0.60, df = 2,72, p > .05),

neutrophils (F = 0.19, df = 2,72, p > .05), monocytes (F = 0.62,
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df = 2,72/% >.05), eogiﬁobhils (F'= 0.10, df = 2,72, p>.05) or *
Hgﬁophi s (F = 0.19, df =‘2,72, p :;.OS)'errl;he seven day
‘-_tééting periéd. (Seé Tébles 7, 8 and 9 for significant hifférences
on the Individual-daQS of testing.) EurtherlanaIQSis of the data
yés_dpnefto determine»where tge.diffe}eﬁﬁes were in blood plasma

apd.gircdlatTné‘whité leukocyte measures for both the groups ané}
- . . ,

aproSs'days. One way ANOVAs-showed that significant 'differences

remained for red blood cells (F.= 3.47, df = 5,84, p< .01), white

blood cells (F = 10.74, df ; 5,84, p'<;.ocl). SeéogIOSin (F = 7.66,

df = §,84, p 1;1001); 1ymphoc§tes (F =22.12, df =.5,89, p.< .OOi)

and neutrophils (F = 22.62, df = S;Bh.-p<r .001}.

In addition, a prieri t-tests were_pe:}ormed on the datg to
determine where the significant‘contrasts were betwgen groups for
blood plasma and circulat?ng.white leukocvte measures (Refer to‘
Figures 2 to 6 Fgr a representation of the effects bétwgen aroups
and across days). The significant differences between groups as-
determined by a priori t-tests are presented on Table 6 (page AL).
As can be seen in Figure 2 {(page3l) there was a significant dif-
ference between groups for mean number of red bloed cells but no _
significant difference across davs of testing. In fact a close
look at the data reveals that there was no trend in pattern between
the groups in terms of the output of red blood cells as a result of
an increase in the TR shift. Significant Groups 'and Dav effects

appeared for only the white blood cell measure. Figure 3 (page 36)

shows that the greater shift in FR schedule condition between

A
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MEAN NUMBER OF RED BLOOD CELLS x 10 = PER CU MM OF BLDOD PIASHA

8.0 -

7.0 |

.

6.0 |

500

(Note:

! | L _
1 3 7
DAYS ’ '

'Figufe 2. Mean number of red blood cells per cu mm of biood plasma

for groups of rats ExpOSed to FR schedules or control con-

ditions over a seven day testing period

The scale for the 7 day testing period is not drawn on
a continuum for Figs. 2-14.)
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groups resulted in an Ln;reaséd outout 9‘ whi te blood cells in the
plgsma b?.subjects. ”A; a'priori t-tésx contrast showed that there
was‘a gigniffcant differenge-In white blood cefls over dsys. The
major day effécts-exigted between‘Day 1 and Day 3 when compared Ep
Day 7. As can be éeeﬁ from Figure 3, there-was'a significant in-
creased 6utput‘of whifé blood cells 3 days after the schedule

shift for the.FR 20-20g FR 20-40 éroups. The total outbﬁt of
whkte'b}ood cells asymptoted on Day 7. toward that value noted

for Day | of. testing. Conversely, t};e;FR 20-80 schedule shift
condition as can be seen From_Fiéure'S (page 36) showed an increased
ﬁroduction QF white blood cells over.the 7 day testing period. With
increased testing the FR 20-80 condition " subjects showed no asymn-
'tote in output gf white-blood cells to ghe ”streésful”.task. Itf
‘can probably bela;sumed that level of “stress' as reflected from
shift ié schedule of reinforcemént was an important factor which
contributed to white blood cell outﬁu;. {n fact, a priori t-tests
showed that the severity of the increase in FR schedule conditiéﬁ .
(i.e., 20-80, 20-40, and 20-20) produced significant differences

in the white blood cell measure (Refer to Table 6, pagebh).

As prgviously.mentioned there was a'signiffcant difference
be tween groups for mean total percentage of hemoglobin output.
As c¢Bn be seen in Figure 4, (page 37), the schedule shifted grouos
- .
(i.e., FR 20-80, R 20-40) showed an increase in level of hemoglobin -

in blood plasma as compared to the experimental control group

FR 20-20 and the relative control groups of subjects (i.e., Ad Lib,
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m 20-80

12001

20-40

10.0 "

'3 PER CU MM OF BLOOD PLASMA

AD-LIB

8.0
" __O WDNO

20-20

MEAN NUMBER OF FHITE-BLOOD-CELLS x 10

6.0 L

[\ N
A\

DAYS
thure 3. Mean number of white blood, cells per ci mm of blood plasma
for groups of rats exposed to FR schedules or control .condi-

. tions over 3 seven day testlng pericd -

~



y PER CU MM OF BLOOD PLASHA

EAN PERCENTAGE OF HEHOGLOBI

n

1700 =

180}

16.0

150L

=
=

| DAYS
Figure 4. Mean percentage of hemoglobin per cu mm of blood plasma for

. groups of'rat?\pxpOSed to FR schedules or control conditions

over a seven day testing period
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WDNO and WD) . TH?E is a significant.finding; singe "'stress' s
known to cause an ihcreésed.consumption of oxygeﬁ‘(the ox§gén
molecule binds with h;ﬁogloﬁin;_ah oxvaen-carrying pfgmént'o?'the

‘erythrocytes)‘(%fiel, 1974) . Thus one would expect phié signifid-
ant percéntége ofhhemOglobiﬁ in the highly stﬁesséd‘groups.l it

can be ‘argued that this effect is a direct result of the ''stress"

: . -
of the task and not merely the increased exposure to bar pressing,

since subjects were killed approximately 23.5 hours after their
fast session of testing in the operant chamber.

e

As canm be seen from.Figures 5 (page 39 and 6 (pagehn), with

-

shifts in FR schedules the mean percentage of lvmphocytes signif-
icantly decreased and neutrophils signi}icaﬁtly increased. |
Lvinphocvtes were found to significant]y dec;ea;elas a function of
the intensity of.the shift in FR schedule condition whereas
neutrophils were noted to increase. - This finding is in line with
what others have found for this measure (Persinger, 1978). Essen-
tially gféhps of subjects shifted to higher schedules of reinforce-
ment (i.e., FR 26-40 and FR 50-80) were found to have significantly )
less lymphocytes and sign;?TEantly more neutrophils in their blood
plasma aipcompared to the experimental control (i.e., FR 20-20
condition) an& other relative controllcohditions (i.e., Ad Lib,
WDONO, WD).

Trend (polynomiai) analyses for the 6 conditions over the

seven days of testing showed that the red blood cell change approx-

imated quadratic terms (F =502, df = 1 B4, p < .05): white blood

-



MEAN PERCENTAGE OF LYMPHOCYTES

90.0

80.0

70.0

-

3 : 1

DAYS
Figure 5. Mean percentage of lymphocytes for %rouns of rats
exposed to FR schedules or control conditioneover a

seven dav testing period



HEAN PERCENTAGE OF NEUTROPHILS
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Figure 6. Mean percéntage of neutrophils for qrouns of rats

exposed to FR schedules or control conditions over
a sevenQ testing neriod T e T
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cellg approxumated llnear (F = 9 01, df = ]lﬁh p == .005); quad- .
ratic (F = 16 R, df- =1 Bh P <; 001) and cubnc terms (F = 23.8,
df = l 8h P <. 001), percentage of hemoglobin approxlmated linear
(F = 6.99, df = 1,84, p<.001) cubic™(F = N.11, df = 1,84, p <.005)"
and quartic terms (F = 9.6k, df = 1,8&, P <:.063): percentage of

| ymphocvtes approxtmated linear (F = 25.7, df ="1 Sh. P. <7.00])

' . quadratic (F = 19.11, df = 1,84, " p< .001) and cubic terms (F 61.03,

]

df 1,84, p < .001); pcrcentagé of neutrophils approximated linear

(F = 25.60, df = 1,84, p < .001), quadratic (F = 16.80, df = 1,84,

. p < .001) and cubic terms (F - 61.60. df = 1,8, p< .00V).__Table 2

contains the means and standard deviations for these measures.

Glandular Measures

"~

TableJS (pageQAJ)'contains the means and the standard devi;-
cions of the glandular {both aésoiute and relative) and body weight
measures. Two way ANOVAs: demonstrated significant main effects
between the six schedule condltlons in absolute weight for thyrond
(F =5.20, df = 5 Jz, p <« .001), thymus (¢ = 16.15, df =.5,72,

5 < .001) and spleen (F = 8.83, df = 5,72, p <.001); and relative
wei;:t for thymus (F = 13.50, df = 5,72, p < .001), adrenal (F =
2.43, df = 572, p.<:.05) and testicle (F = L.ln, &f = 5,72,

p <« .005). There wefe no significant main effects between groups
in absolute weight for adrenal (f = 1.03, df = 5,72; p =.05) or
resticle (F = 2.04, df =‘S,72, p :;705) and relative weights for

thyroid (F = 2.28, df = 572, b =.05) and spleen (F = 0.94,

df = 5,72, p > .05). Furthermore, two way ANOVAs showed no sig-
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nificant effects over  seven day.ﬁeriod.df testing:for‘absolute
glandular measures for'thyroid (0.029 df = 2,72, pax .05),
thymus (F = 0.78, df = 2,72, p > .05), spleen (F = O.TB, df =

2 72, p = .05), adrenal (F = 0.48, df = 2,72, p = .05) and testicle

(F =_0.3h, df = 2,72, p >.05). No significant interactions existed |

for any of the measures. “L _

| ., Analysis of the gjandu[gr measures was further evaluated to
determine where the significant-dffferences exiﬁtéd between groups
'.oF subjects. One way ANOVAs between. qroups for glandular wenghts
demonstrated significant dqfferences in abso]ute measures For

' thyroid (F = 5.81, df = 5,84, p <.001), thymus (F =17.58, df =
‘ 5,84 p <:.0015 and spleen (F =9.99, df = 5,84, p « .001) and
relative measurement fo? thymus (F = 14h82 daf = 5,34, pLg:.OOI),
adrenal (F = 2.49, df =5 Sh, p =<.05) and testicle (F = 4.07,

‘ = S,SQ; p < .005). No significant one way ANOYAs existed
across days of festing for either absolute or relative g]andu]af.
measures. A priori t-tests were performed on the data to show
where the significagt differences existedabetwysen grbups for the
glandu]ar weights. The sIgnichant differences between groups
are presented on Table 6 (pagegh ). As can be seén From Figure 7
(pageh7.) the FR schedule conditiong (FR 20-20, 20-40, 20-80)
signifjcaﬁtly varied from the control conditions (Aa Lik, WONO,
WD). Yet, as shown from Figure 7 the FR 20-?0 group of subjects
varied in thyroid weight in the same direcﬁion as the other two

FR schedule shift conditions (FR 20-40, 20-80). This seems to

-ri
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sFigure 7. Mean absolute thyroid gland wel
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"However, as observed from the relative thyroid weight, Figure 8
- L . ‘ :

48
suggest that the FR 20~ 20 sub;ects may have been suffnc:entlyir
stressed" by the task to cause an atrophy of their thyro:d gland

When the thyrond was further analyzed for relative weight no significanf

differences were noted between groups. The dufferences noted in

Flgure 7 were a result oﬁ large abso]ute body wenghts between groups.

-

-

(page 49), the intensity of the shift in schedule seemed tg produce
a decrease in gland size of those groups. subJected to th:s condition.

Figure 9 (page 50) shows that the schedule sh:ft (l.e., FR 20-40,

. 20-80) significantly affected‘thé size oF the thymus gland. Sin fact,

" there seems to be a basic trend showing up in the data. Hith;increasfng

"intensity of the task (i.e., Ad Lib - (a8 no stress group) to FR 20-80 -

(a greatly stressed . group) the size of the absolute thymus gland sugnu-

ficantly atrophned - ‘ ' . | T .

- ° Although there was-a significant difference between groups for
; X
mean absolute spleen weight as can be seen in Figure 10 (page 51),
it is evident that the significant differences occurred between most

groups {FR 20-40, 20-20, 20- 80, WDNO and WD} when compared with only

the Ad Lib control group. This finding seems to suggest that either

the Ad Lib group was the only group not subjected to, a stressful

task or poesibly that body weight differences between the groups may
have caused this significant dsfference. The second assumption may
undeed be more correct.than the first due to the fact that mean
relative spleen gland we:ght was not significant.

Further analysis ef the glandular measures using a priori t-test
comparisons for relative thymus, adrenal and testic]e weight, showed
only the meen thymus weight (Figure 11, page'52) to consistenf]y

vary as a function of the level of shift in schedule
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" Figure 9. Mean absolute thymus gland weight for groups of rats exposed
to FR schedules or control conditions over ‘a seven day testing

. period
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condition. In fact with an increase’in netress't, thé thvmus gland
e~
atrophied most: 51qn|F1cant1y with the qreatest FR shlft in schedule

-

- This data agrees Wlth the earlier results for absolute thymus q]and -

l weight. As can be seen from Flgure 12 (Dage 54) the shift in FR

schedule conditnon from FR 20-80 produced_a significant increase
in relative adrenal welght. In fact a.priori t;tésts'%howed
(Refer to Table 6 ‘page 64) that the sugnlfncant dlfferences for

this measure existed only between the FR 20-40 versus FR 20-80

l‘group; FR 20-80 versus Ad Lib group, and Ad L|b versus WONO and WD

-

group. This suggests that wnth an :ncreaSe in FR schedufe shift

the size of the adrenaI gIand hypertroph1ed as a direct functuon
*
of the :nt%nS|ty of. the stress aSSOClated wnth the task. This

-

: Fundtng is in agreement wuth Sere (1975a, 19755, 1952, 19&6) and

Bassett and CaFrncross {1975) who aiso ‘showed that under ”stress
the adrenal gIand would hypertrophv as a result of ‘the increased

stumulatldn by ACTH.

-

Furtheqnore, as can be seen from Figure.l3 (pages55) there
see@gd to be no general trend for relatuve Pestlcle welight to /,
vary as a funct:on of the intensity of the\ghlft in FR sched;ﬂe
condltlon. Although significant differences existed for 'this
measure, it can be seen in Figure 13 as well as evidenced by a
priori t- tests (Refer to Table 6, pagebl ) that the testicle
weight significantly differed between the Ad Lib group and ail

other conditions (i.e., FR 20-20, FR 20-40, FR 20-80, WOMO and

WD) . However, as can be observed in Figure 14 {pagess )} the FR

L o~y
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schedule shifted groups (i.e., FR 20-40; FR 20-80) showed lighter .
absolute testicle weights than .the experimental .control (FR 20-20)

and relative control groups (Ad Lib; “WDNO, WD).

Y

Yeb‘these_differ-
ences were ot significant. '

Trend (polynomial) analvses for the six conditiqns over the
seven day testing'period demonstrated that tﬁé var%ous‘glandular_
ﬁeasures showéd.different trends. The absolute thyroid weight
spproximated linea; ;erm§ (F = 20.54, df = ],84,.p 45.0013;

“ relative thyroid weight approximated.linear terms (F = 9.77, df =
1,84, p q;.OOS);VaSSolute thymus approxmiated_iinear (F'='23.58,

(df = 1,84, p =<.001), cubic (F = 22.41, df = 1,84, p < .001} and

qyértic (F = 7.40, df = 1,84, p < .01) terms; relative thymus
approximated linear .(F = 18.52, df = 1,84, p <:.Q01), cubic

k4

(F = 19.86, df = 1,84, p<«< .001) and quartic (F = h.13; df = 1,8&

b
o

P < .05) terms: absélutefspleen approximated 1}near (F ='6.93,;

df ;i],8&,1:<:.01), quadratic (F = 9.42, df = 1,84, p <« .005),
cubic (F‘= L.88, df = 1,84, p < .05), quartic (F = 4.74, df = q,SA,
p < .05) terms; the absolute testicle measure approximated linear
“terms (F = 5.48, df = 1,84,‘p <:.65); lasfly the,relative testicle
" measure approximated quadratic (F = 7,18, df = 1,84, p .01) and
quartic terms (F = k.26,.df.= 1,84, p < .05). Table b'contéins =

the means and standard deviations for these measures.

Blood Plasma and Glandular Measures Correlated

The blood plasma and ‘glandular weight‘measures were further
" & )

analyzed for correlation by using a Pearson Product Moment Corre-

.



00+ £b'Q 61'07F 40| aM

SL'0 ¥ L6
£1°0 ¥°98°0  92°0 % 960 HZ'0'¥ 96°0° . ONOM .
o . : . »
wn T T0 L0l Z2T0T 0L 220 F Rt q17 py (6/6w)
. £2°0 ¥ 490 £1°0 T 49°0 910 ¥ 69°0 08-0Z Y4 snwAy| o2Ajle|9Y
-90°0 % LL70 . TI'0T §L°0 L1'0T OL'O0 O4-07 Y4
E1107 18°0 ~ 91°0 % ¢6°0 . 02°0 7 16°0  0Z-0Z ¥4
) - £0°0 7 8E°0 .90°0 7 9£°0  £0°0 ¥ 6£'0 an
- : 01°0 ¥ :m“c‘ 60°0 ¥ 9€°0 11°0 7 9£°0 ONOM .
« LI'0F 050 90°0F ER0 HITOF 0570 911 pv - NOR
60°0 7 £2°0 9070 % £2°0 90°0 7 $2°0  08-07 ¥4 snwAyy 21n|osqy
H0°0 7 L2°0° #0°0 7 92°0 070 7 £2°0  04-0Z ¥4
. 50°0 7 82°0 80'0 % HE'O 00 ¥ Z£°0. 0Z-07 Yd
L . £ . l a dnoday . danseay
: ‘ o sheg ' . ) ‘
L . por4agd deq [ e 1on0. (gp ‘NN

+ H

S n311qi| Py) suOIIIpuys [013u0d 4O (08-0Z ‘O4-0Z ‘02-07 ¥d)

SUOJ1{puUo) 131yYs 3 npayad y4 03 pasodx] SIeY JOJ SDUNSEDY Je|npue|y

BAlle|ay pue 21Q|0sqy Joy (¥) suoliejaaq piepuels pue sueay

. L . | .4 3|qey



6170 T 19°H €570 F HE'H 0470 F LE'Y .
SH'O T gk 6E°0 T.69'h KGO F [8°H ONGM :
1€°0 7 €8°C €90 T LI’y 19°0 ¥ 80'H q17 PV, : .
€°0 FO£°y  56°0 T hg'H  9T0 F RG'H  08-0Z ¥4 - (211531 2A11e|3y
U 190 7 g8h  0£70 ¥ LEW 550 ¥ 99'h  04-0C Wi .
89°0 7 98'% BE'0 T gS'H  9E'0 F SL°h  0Z-0T ¥4
"H0°0 ¥ £9°0  60°0 7 £9°0 69707 29°0 . -GM
80°0°F 09°0 .0L°0 ¥ #9°0 500 ¥ 29°0 ONGM
£0°0 7 [L70 6070 T SL°Q 11°0.% $L°0 a1 pv (6)
710 7 65°0 (170 ¥ 55°0 6070 7 19°0  08-02 ¥d usa|ds 2In|0sqy
80°0 7 65°0 [0°0 7 65°0 .40°0 ¥ 09°0 -'04-0Z ¥4
£0°0 ¥ 950 01°0 7 09°0 [0°0 ¥ 85’0 0T-0Z ¥d —
) { o.G\a 2.UNSEIY C .

panu13uo) h 9|qeL

K,



V - ‘ l' i . .. 60
_Tatidn;CoefFicfent SPSS.qugrng Both white and red blood cells

.are known to be storéd by the tﬁymus aﬁd'spleén-glandﬁ; resﬁehtive]Q
(B1oom Snd Fawcett, 1962;-Ham,:1957}. Therefore it was assumed

" that eitﬁér an increase or decrease in the‘humber of‘thesg specific
blood celIs'hoqu_be cqrrelated with atrophy of hyﬁertrophy of the
Specificaliy relaged'éndotrine gland. énalysis of the datacgging

a Pearson r program showed ﬁhat'mean numbér of white blood cells

- was hegativg&y and ;jgnificantlv correlated with both the absolute

-0.37, df = 88, p <.001)me

thymus gland weight (r = -0.31, df.= 88, p < .005).. Né'significant

thymus gland weight (r

[}

correlations existed'for red blood cells when they werq‘corfelated .

with either absolute spleen gland_weight (r‘;a0.08, df = 88, p = .05}
or Felative spleen gland weight (r = 0.05, df = 88, » :-QOS);

Selye (1975a and b; "1952; "1946) has pur forth the hypothesis
that “stressful' conditions increase the- cortex size qf the adrenal
gland as a result of constant stimelation by ACTH. The adrenal gland
consequently releases GC into ‘the organism to.allow fdr increased
'aétivité of the physiological gystem (Selye, 1975a and 1975b; 1952).
An end result of this increased output of GC's is an atrophy of the
thyroid, thymus, spieen and testié]é measures. Therefore, cgrre-
lation coefficients were performed begween absolute and relative
adrenal weights and sfmilar respective weights of the thyroid;
thymus, spleen and testicle becagse of the effect that the adrenal

gland may have had on these glands. Significant positive corre-

lations existed between absolute adrenal and absolute weights of

0



61.

the thyroid (r“ 0.24, of = 88, P<- 05) thymus (r = 0. 25,

-

df = 88, P < .01) and spleen (r =.0.30, df -= 88, p < oos) No.

. SLQNIFICEDE correlat:on was noted between absolute adrenal and

absolute test:cle we:ght (r = 0. 06 df = 88 P>, 05). Further-

-~

more, when measures were analyzed for relattve welght of the

. SUbJeCtS the adrenal weight was positively and sugnrf;cantly

correlated thh relatlve wenghts of ‘the thyroid (r =0.21, df = . |

88, p <:.05) sp]een (r =0.21, df = 88, p< .05) and:testicle

(r = 0.28, df = 8&,;3<:.005), No significant correlation existed
between relative adrenal_and relative thymus weight (r = ?0212,

df = 88, p> .05). .

Behavioursl Measures

The means and standard deV|at:ons for behaviourai measures

of those groups that shoired defecation response (i.e .,.20-20,

' 20-40, 20-80 and WDNO) in number of boluses deposited in the operant

chamber following the initial “shift day“ in'FR schedule and second-
ly water consumption for all groups (FR 20 =20, 20-49, 20-8n, Ad Lib,
WONO and WD) are presented on Table 5 (page62 ). Two way ANOVAS

for mean number oF boluses deposited in the operant, chamber over

the seven day testrng period Fo]lowxng the sh:ft in FR schedu]e was
not significant (F-= 1.09, df (TAB, P~ . 053 between the qroups

of subjects._ However, there was a significant difference (F = 466,

= 2.48, p < .05) for this measure across days of testing, Further

analysis showed that this measure was signifigant (F = 4,72, df -
2.57, p << .05) when evaluated with a one way ANOVA. An a driori

e
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_ Table 5

62

'Means. and Standard Deviations (*} for Last Behavioural Measures

Before Décapitétfbn From Rats Exposed to FR Schedule Shift Conditions

_(20-20, 20-40, 20-80) or*Control Conditions (Ad Libitum, WONO, WD)

Over A Seven Dé§ Testing Period

Day + 7

Groups Da§.f ] Day + 3
20-20 0.14 % 0.31 0.70 * 0.63 , 0.98 * 0.43
Number of  20-40  ..0.00 * 0.00 0.34% % 0.4% 0.56 * 1.09
Boluses 20-80 0.00° * 0.00 0.26 * 0.2k 0.78 % 0.4]
WDNO 0.40 * 0.89 0.00 * 0.00 0.40 * 0.89
‘ . o>
2020 17.8 £ 0.8 19.2 £ 1.1 184 x|
20-50  18.2 .% 1.5 18.2 % 1.5 19.0 * I.7
Water 20-80 18.4 = 1.3 17.6 £ 1.1 18.6 = 1.
-Consumption  Ad Lib 346 9.1 37.6 *10.6 32.2 t 4.5
' | WONO 19.6 % 1.1 20.2 * 2.2 -18.8 % 1.1
WD L20.4F (% 1.3 20.0 * 2.2 20.4 % 0.5
20-20  360.0 *h2.0 371.0 %35.0 352.0 *47.0
20-40  364.0 * 35.0 378.0 % 15.0 350.0 * 45.0
Body 20-80 354.0 % 41.0 '352.0 % 42.0 364.0 = 73.0
Weight Ad Lib 440.0 # 80.0 412.0 * 66.0 469.0 * 76.0
WONO 378.0 % 23.0 375.0 * 23.0 301.0 * 08.1
WD 383.0 * 37.0 371.0 # 52.0 394.0 * 31.0
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t-test was utilized to evaluate where the significant effect

_exist%d-over‘tha seven day testing period. The only signjficaﬁt

differenbe noted (t = 3.03, df = 57, p <::05)-was be;weén Day 1
and Day 7 values.. ) . o, ,’*'\\ ‘ 4

~——

A two way ANOVA for water consumption demonstrate%)that there
was a s1qnlf|cant dlfference (F = 60.34, df ‘5, 8&, p < .001)
between the six groups. Further analysis of the data using an a
pruor1 t-test showed that the Ad Lib control group consumed a sig-

nificantly greater (F = 30.23, df & 57, p < - .001) amount of water

.than any of the other groups. “There were no signif:cant d:fferences

noted across days of gesting for the water consumption measure

(e = 0.47, df = 2,72, P ~ .05). Also, there were no significant

interactions for this measure.

«
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CHAPTER HV. .

DISCUSSION‘

The results of - thus exper:ment showed that rats gradually shaped

-

L omm peeealweel T

W

to respond to an FR 20 schedule and matntalned on this for f:ve ‘days, <

then suddenly. shifted to hlgher schedules (e g., FR 20- hO FR 20-80)‘
demonstrated major‘changes in their blopd plasma circulating whlte

Ieukocytes; absolute and relatuve glandular weight measures. These

-

significant f:ndlngs were a functtOn of the size of schedule change. (ie.

relative sh:Ft in FR schedule ‘condition) that the subJects were ex-

posed to as compared to the length of exposure to the task.

Essentlally, a shift in the FR schedule condntlon caused a 5|q-

nificant increase in the number‘of white blood cells, hemoglobin,

heutrophils and a decrease in red blood cells and lymphpcytes. In
additioh the FR schedule shifts caused a signiricant.decreaae in the
absolute thyroid, -thymus and relative thymus wenghts and a sngn:F:cant
increase in the relative adrenal gland welght Figures 2 to 7 |nclu-
sively and 9, 11 .and 12 showed that as the :ntensnty of the task

greatly increased (i.e., FR 20-40; FR 20- 80) these measures either

increased or decreased in the direction that was previously hypoth-
L S )

-

esized (see page 23):

With increased ledels of stress, Sei;e {(1975a; 1975b; 1552; 1946)
has mainpained that one would expect‘ah increased odtput of White -
hlopd cells, hypertrophy of. the adrenal giand and atrophy of the

thyroid, thymus, spleen and testicle weights of subjects. This would

occur within a period of a few minutes and ‘continue for a number of

68 .
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_qf.the-glands.' Although Selye (1975a; 1975b: 1

'with physiological stress.

- 69

days or until the organism had adapted to.the stressful condition.

»

This is based on the fact that "'stress” .facilitates the production

and release of gLuCOCOtbicosterpids (GCs)-info an. organism's vas-

*

cu}ér system, The steroids arg_dzrectly +espons' le for thelatrdbhy.
1946) has util-
ized pharmaco]ogical and caréinbgenic agents.t 'phisfological
stress in the brgaﬁism, his basic assumption that blood plasma ana
glandular. alteratlons occur as a function oF these chemicals is im~

peratnve to our understanding of the sequence of events assoc:ated
.

It is evident that the experimental design used by investigators

is instrumental in determining the effgéts of certain conditions upon
the physiochemical pénameters‘of an organisim. For example, Persinger
et al. (1978) found‘thaﬁ there was a significant decrease in lympho-
cytes and a signi?ic;nt%increase in neutrophils and relative testicle
weight jn subjects expo;ed.fo a shift in DRL éthedule (6-125. Further=-

more earfier-gxperiments_conducted by Persinger et al. (1974b) showed

that abswvlute thyroid \5: thyhus-nodules significantly decreased in

those subjects shifted firom an FR 50-125 schedule of reinforcement

- condition. These results suggest that not only the type of schedule

of reinforcement (DRL versus FR) but also the intensity of the shift

in schedule demand affects the cutcome of the changes in physiochemical
. . . 7{ °

measures,

The results of this experiment different somewhat from the find-

ings reported by Selye (1975a3; 1975b; 1952; 1946) and Persinger et al.
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(1978; 197kb)“ For'example, the present |nvest|gat|on was de5|gned to

tudy effects of FR schedule shifts upon the physuochemncal |nd|ces of

sfress in the ra+ Therefore, Two d:fferen+ |eve!s of schedule sh:fTs
were- 1nc|uded in the experlmen+ to fest Thls assumpflon SubJec+s were

randomly assigned to an FR 20-20 (exper:mental‘control group),_FR'ZO-hD

or FR-ZO-BO-Eoﬁé'tion- The experimental.control subjects were

requnred to contnnue reSpondnng to _the FR 20 schedule Conversely,

exper1mental groups were shifted to either FR 20~ hO or FR 20-80

-cqndntlons These lncreased schedule demands requ:red enther twice

or four times as mugb,:espond:ng.for a comparable amount of rennf{iﬁers
a;[prg§iousfy Egee{ved'In the FR 20 condition. lt;was predictéd that
these shifts i%J?R.sgbeduie:would produce changes in bloqd.p]asma;
circulating white‘léﬁkocytesland g]andular'measures in £he rat ‘his
hypothesis was confirmed since the shifts in FR schedules di dgproduce
sagnlflcant-changes in the above measures (1 .e. increase in white
bIood cells, hemogiobun, neutrophn]s and ;drenals and a decrease in
lymphocytes thyroid and thymus). Converse!y, Persinger et al. (1974b;
1976; 1978) found only one measure significantly dsfferent, those
subJects sh:fted from a DRL 6 12 schedule showed heaV1er testscle
weights than controls. ]

Earlier }nvesfigat}on by Persinger'egaal. {1974b) only’
dealt with the short term effects of changes in‘an FR schedule

1)

(i.e., FR 50- 12?) upon physnochem:cal measures in the rat. The

-
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present experﬁheht attempted  to &e@onstréte-the_imﬁe&iéte-and_lbng‘
ter%s effgcfs of.shifts'fn FR schedﬁ]é conditions on'phfsioégémicaf
indices. Although the results obtaiqéd;from‘xhis—experiment differ
’ fcow Per?ingeff% (1978, 18974) f}néings; they support hgs thébry
gﬁat.mérphological_chénges wou}d‘be ek;ected tosoccur in these
glandd?ar‘measufes in which stress was grea;es;. o
As‘previously discussed, the gIan&Q]ar weights significantly
varied ‘as a result of‘thg effects ;F ACTH acting on these Eéasures.
The ACTH upbn stimplating the adrenal éené;éted a feléase of GCS
" into the blood system (ﬁajusz, [;69)._lA[though the GCS provided-
-the requ}red energy, essengialfxo mainta;;ing hpmeostasis in the
organism, this subsfgncé activated the ummunologlcal system, thus
causing a release of white blood ceils and atraghy of those
glands associated with this response system. .
Solémon et al. (1974) have suggested that.”thS|olog|cal and:
psychological stressors' have 5|m|iar nnfluence upon the
immunological system via CNS and endocrine mediation. The results
of this e#periment support the assumption that a stressor such as
”schgdule shift" with its {ncreased demand in activity had the ability
té influénce the blood chemistry, circufating white Ieukocy;es and

gIandular weights of the subJects. Solomon et al. (1974) haye advo- E

cated that increased stz’g; can cause immunologic breakdown in the
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organism. For example, once'the immunologic system has been- incap-

Ieated by-”stress 1ike" manifestations.éﬁéﬁ*aS‘schedule shifts it no

» -

longer produces macrophages -to remove’dead or damaged cells or

~

releases 1nterferon, a non~immunologic protein (produced by Iymphocytes)

to antagontze virus :nfect:onS'(Solomon et al. Is?k) Thus one could
i
expect to find an_increase in the. breakdown or death of an organ;sm.-

_The Findings in this expe?imept somewhat support the assumption
that the immunologic system wee activated by the shift in Fﬁ.schedule~
Iﬁ fact the significant resultS'obtained for the white blodd'eells and
both absolute and relative fhymus gland weighis leed supporf to ﬁhis
'aseumptibn. White blood cells'are manufactured in the bone marrow
Aand stored in the thymus gland{(Bloom & Fawcett, 1962). "Physiclogical'
or'bsychologlc;l stresgd‘is known to actsvate~the :mmunologlc system and
thereby cause a reIease of white blood cells from the thymus gland
" into the vascular-system of the-organism.\ That there was'a significa;t
iﬁcrease in odeputaof yhiee blood cells and a decreese in the weigﬁt of
the thymus glapd suggests that_these-measured are more responsive to
FR schedule cHanges which may be equatedeith “stresé like“.condition.
The significant increase in the white blood cells and the decrease in

thymus gland weight substantiates the fact that these measures quickly

‘responded to stressful changes in the organism, because of their immun-
- . . -

ologic association.  The mmunologic éystem is in a continual state of
arousal in an organism in order to create homeostasis, . Thus, the

immunologic system must be capable of responding in a very short period
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blood cells and thymus gland weights (absolﬁte and relative) were
neéativély and significantly correlated, further supports the _ -

assumption. that they are interrelated in terms of immunologic

-

response. .
Both absolute and relative body weights were taken for the
thyroid, thymus, spleen, adrenal and testicle meésurq;. This was done _

~

- . j '
to inSure that the animal body weight was not con‘ibuting to the

s:gn:f:cant difference between the groups. However, as shown from the

data the glandular measures were not significant in all cases for both

absolute and relative weights. For example, the thymus gland was the

-

only measure thaf.provgd to be ;ignifiéant in both”absolute and rela-
tive weights. These results {mp]y tﬁe importance of collecting both
absolute and relative'weights'since the body weight of the subjects
did vary s}gnificantly between contro} and egperimenta] groups.

‘Close inspection of the significant measures (absolute thyroid,

thymus, spleen and relative adrenal, thymus and testicle) showed that

the significaht differences for the absolute spleen and relative
testicle méasures existed only between the Ad Lfb group when compare&
with all other groups individually. (However, it should be noted that
the FR schedule shift did produce a decrease in the absolute.testicle
measure but this difference was not significant) ‘The s;gnlf:cant
drfference between the Ad Lib group and all other groups in terms of
the absolute spleen measure may be due to the fact that the Ad Lib

group was not water deprived nor exposed to a stimulus change condition

-
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(i.eq» placed in an operant chamber containing white noise) or

_tequired' o-respond on an FR schedule. Statustncal analyses using a -

~

priori test contrasts showed that neither the stlmulus change _

condition . nor the- p0551b]e exposure to the schedule shift had any

.effect on the subJects. Ev:dence for these findings are supported

by the results obtauned from the WD and WOND groups. First the WD .

-
group was. not exposed to a stimulus change condltnon nor requured to

respond to the FR schedule._ Thus one would expect that these factors

were not responsible for any of the changes.in the WD group. Further-

more the WDNO group was efposed to the stimulus dhange condition bugg

‘not required to respond to the FR schedule. Therefore one would sus-

pect that the WONO anleD groups would‘show contrasting chahges in .
either blood plasma or glandular measures because of the’different .
conditiohs that they were exposed to. However, a priori t-tests did
not show any significant differeneee between the WDNO or QD groups.
This suggests that the stimulus chenge condition could not have coh-
tributed to differences in glandular weight between groups.

’ Second, the FR 20-20 group was eiposed to the stimulus change
condition and reqﬁired-to respond to the FR schedule. Yet, a priori
t-test contrasts did not show ;ny-significant differencee for the FR

20-20 group when cpmpared with either the WD or WDNO groups on the

absolute spleen and relative testicle measures. This suggests that

exposure to the stimulus change condition combined with the require-

ment to lever press for reinforcement did not contribute in any way to
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the significant differences between the groups.
As previously explained the body weight of a éubjec; affectsi
the glandular weight measures. Therefore it is imperative that both

absolute and relative weights be taken of the subjects to obtain a

clearer outlook concerning significant differences between the groups

. in terms of glandular weights. "As mentiodned, the body.weight of a

subject can clearly affect the weight of a glandular measure. One

example of this was observed for the testicle weight measure. The

. = -~

relativefweight. of .the testicle showed that all groups si§éLFiEantly

differed from the Ad Lib'group. However, analysis of the aSsolute

. -
k]

testicle wé?ght showed that the FR schedule shifted groups had smaller
testicles than;the contrtol g}oups. é@uch a diffgrence in ﬁéasﬁrgs
sqbstantiafés the fth:Phat‘it is imperativé to coiléct b;th absolute
and relative'me35ures‘in'expériments dealing with g]andulsr weights
especiélly'when the groUp; of animals are known to vary in body.
weight.

The results of this experihent showed that over a seven day
period of testing only certain measures responded to the size of the

shift in schedule. The white blood cells, relative leukocytes { i.e.

“lymphocytes, and néutropﬁils? hemoglobin, absolute thyroid, thymus and

relative thymus and adrenal measures were affected by, the size of the
shift in FR schedule. Conversely, there were no significant trends
which set the experimental and control subjects apart for red blood

cells, relative leukocytes (i.e. monocytes, basophils and eosinophils)
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) B spleen and testicle weights. Therefore Jt s edeent thét investi-~

B - 3
gators |nterested ‘in researchnng this area need not be ‘concerned wath

‘f . coIlectlng or analyzing the prevuously ment:oned measures. - Focus h

- should be d:rected toward those ‘measures which did show sagnificance

d:fferences between the groups.

lmpiications and.Suggestioné for Future Research

Lt is evident from thls experiment. that S|gn|f1cant differences
existed between the FR schedule shifted and control groups:of rEtg,
in terms of (white blood cells, hemoglobin, Iymphocytes, neutrophils
" and abso}ute thyroid, thymus and re1ative'th}mus and adreqalrweighfs.
However, only the white'biood'cell measure remained significant over
the seven day period of testing. Inspebtion of this medsure showed that
~ the groups exposed togpw shifts in FR schedule (e.g;., FR 20-40) demands
showed a peak release of white blood ceiis after 3 days of testing but
by 7 day asymptoteo in terms of total white cell output.
| From this pount of view it seems that the duration of responding
was an |mportant variable. However the results of th:s experiment
showed that the group of subjects exposed to a very hlgh demand -
actuvnty (e.g., FR 20-80) did not show anyrasymptotuc‘behavnour by
Day 7 of testing as observed in white blood cell output. In
fact the FR é0-80 group showed a greater increase in white blood cells
as exposure to the days of testing continued. This implies that

subjects exposed to a greater level of stress (e.g., FR 20-80) may

dTpequire a longer period of time to habituate to the condition.
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Converse]y the results of thns expernment showed that a moderate Ievel“

-

of stress (e.g., FR 20-40) could be quickly adapted to. SubJects

demonstrated a peak ﬁelease'bf whiteé blood cells_ by three_ﬁays of

exposure -to the task. :

These data impty that exposure to less intensive FR schedule

shifts are easily adjusted to as compared‘to~greater_shifts'in schedule.

This sdggests that organisms exposed to ]ess intense FR shifts a

greater number of txmes have an adaptive advantage. For example, if,aﬁ
organism is exposed to a moderately stressful condutxon (u.e., FR 20-40)

quite frequently its phys{ochemistry may assume more ''plasticity"

terms. of adaptation. This is to say that the organism's system may

undergo less severe physiochemical-changes when exposed to 2 stressful

~

condition because of its flexibility and ability to quickly regain

homeostasis. Therefore,future investications of this area should be

[

‘concerned with two basic problems. First, there should be an attemot

to focus upon heightened shifts in FR schedule of reinforcement ané

the amount of time reguired by an oraanism to asymotote to baseline

conditions. Second, there should be an attempt to investigate .

‘whether or not constant exposure to moderately stressful conditions

will facilitate quicker adaptive responses in an organism in terms of

physiochemical stability.
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Blood Measurement : IR

Forty microlitres {ul) of blooa‘plasmé.was‘rémovéa from eagh“

test,;usé and pld;ed in samplé cups containing 20 miIintreS (m1}
cof isotonic solﬁtiéﬁ. From this-breparatién-o.l cc solution wds

reméved from each individual sample and placed in sample cups con=
taining 10 ml'of isotbn;c solution in order to derive RBC éounts~
For RBC cdunt, the B attenuator and D .apperture was set at 1 and 8
respectively on the_Coultef Counter blood analyzer énd the thfesholﬁ
control set at 20. -A control sample previously Equil;brated for RBC,

WBC and Hemoglobin.(by‘laboratory techniciansl'was analyzed prior to

testing individual samples in order to insure that the Coulter Counter

was functioning accurately. Once this was compieted and the apparétus'
. . +

_tabulattﬁg control samples correctiy, the samplés taken from each -
Endividq;l rat were anéiyZed for RBC count. Samples wefe_posjtioﬁed'-
oﬁ the Coulter Counter, a glass apperturé with én‘e&ectr;ae_attaehed,
dropped into the'solution and the scanner activated. Each sample.was
read four times and the average-of the reaaings taken as the measure-
ment of RBC; Once all samples were analyzed for RBé count, the WBC
counts were taken. '

For WBC analysis, the B atté;;ator and D apperture of thequuIter
Counter apparatus were reset to .707 and I6.respgctively, ana the
threﬁhold at .09. It was important to allow the Coulter Cbunter‘a
wérm-up beridd of 5§ minutes before .-doing Fhé WBC count, in order
that the new attenuator, apperture and threshold measurements cali-

79
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brate. Prior to analyzing tﬁe’zo ml samples For‘WBC,IS'drops_of
Zapoglobin golution were §1a¢e§ in each sample cﬁp of soluf;oh in
order to lyse {destroy) the red cells in the sampies, AleC'COntrol
wés:caTibrated prio} to aﬁa]yzing the ;amplég for WBC count to In;ure
_the apparatus was accurately functioning. The.glass aﬁpert#re was
then inséried into the samplé cups for individual subjects and the
sban%er activated. WBC counts were read tﬁ:ee times and én‘avefage

o . taken for each sample. ‘The sol'ugion_rémaining in the WBC sample
: > - .

cups was then poured into a Coulter Counter Hemoglobin calibrator and

. ‘readings taken to determine ‘the percentage of hemogiobin in each sam- ., . -
ple. i
* S
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