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after the control pefiod.i-It was speculated that the para-
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ABSTRACT
. .

~ Effects on Human Gagtric Acid Secretion of
Biofeedback Training and. Relaxation Training:

Two Studies Using Telemetric Measurements

-

Maxine Sigman
I . ) .

' This thesis was designed to study the efficgcy,of.two;_

common treatment procedures on gastric acid pH. In study ‘I, "

, i ) ' . S .
four male subjects were given five to nine biofeedback training

sessions in order to see if they could learn to vo;untarily . .
raise and lower their gastric acid pH. - Subjects' pH was de~

termined telemetriéally. Only a few appropriate pﬁ changes

43

occurred after training. The§e were not due to the biofeedback
pér se since no development of learning was seen over the course

of the traihing sessions. Explanations relating to the adequacyn

of the feedback and to the cognitions and expectatisns of sub-

.~ S ‘
jects and experimenter were offered to account for the results..

. A . )
In study II, two of the subjects underwent progressive relaxa-
tion training to see the effect of muscle relaxation on gaétric

: . s o
acidity. Results showed less acid pre to post in both control

. . _ X
(reading) and relaxation conditions but this ‘decrease in acid

‘output over a period of time appeared to be somewhat larger

)

sympathetic -vagus nerve may have been less inhibited whén_‘
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cises.
'l

iny WIthln 45 seconds follow1ng the exercises p0551bly due

.to more rapid gastrlc emptylng as a result of contractlng and

~ . s
*

relaxing stomach mdscles.

- o It is suggested that ‘the telemetrlc meﬁhod 'used 1n the

- present study may not be useful for blofeedback trainlng but

,4»

- couid be used in other psychologlcal studles to explore cog~

nitive. and affectlve\lnfluences on ac1d1ty since this' tech—
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sympathetlc arousal deareased followlng the relaxatlon
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Con51stently hlgher pH peaks (less ac1d) were’noted

.
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nique lS much less aversmve thap other forms of acxd measu—
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. of one's level of gastric acidity, through a technique of ‘bio-.

. and taste of food on gastrlc secretlon (Walsh, 1973) ~ The -

LA

GENERAL INTRODUCTION

.
f
|

) !
The purpose of thls study is tofexamlne some behav1oral

4 ¢

approaches to changlng levels of gastrlc ac1d1ty usirfg healthy

'sub]ects who have'no history of peptlc ulcer disease. ‘The

first phase of the study was qesignea to ask whether awareness

feedback traihing over several sessions, may enable a subject : 3

ETCRPVL SO P

" to voluntarily effect Chapges‘in acidity after the training is

completed, The second.phase of the research deals with the

3

e T s o

effects of progressive muscle relaxation training on gastric

acidity. o ' .

Secretion of Acid by the Stomach

23

Secretion of acid by the stomach is stimulated in two

major ways. The:first, called the cephalic phase, refers‘to

[ -

the effect of psyc2¢log1ca1 1nfluences or of the sight, smell

1

b
stlmulus actlng on the b:aln is medlated through the autonomlc

i ;
nervous. system, in partlcular the vagus nerve, Whlch has a R

dlrect effect on the ac1d-pr0du01ng parletal cell, and an in-

dlrect effect by stimulating release}of the hormone gastrln

whlch in turn stlmulates the parietal cell to release acid.

B
o
|

-




P

will be measured in pH units and changes;yill be assessed

_a decrease in acidity and a decrease 'in pH represents an in-

\— - ' 2

The second major phase of acid secretion is the gastric
phase. This phase is initiated by stimuli arising in the
stomach such as food, alkalinization of stomach contents, or '

gastri¢ distension. These stimulategldcally the reLease‘of o~
v A
1 . A
the hormone gastrin which enters the circulation and returns

. , .
to stimulate the acid cells of the:s;omach to release acid -,

(Wolf & Welsh, 1972). w

I e

The present study is concerned with influences that

stimulate or inhibit the cephalic phase of acid secretion.

The Dependent. Measure--pH ‘ . ) b

The degree of acidity in the stomach can be measured ¢

by various techniques and reported in several ways (Davenport,

'1977). For the purpose of this experiment,‘degree of}acidity

relaéﬁve to the basal acid level at the beginning of eachw
) )

experimental session since a subject's pH is expected to vary

from day to day. pH.is the logarithm of the reciprocal of the

~e
-

hydrogen ion concentration in a solution and is expressed by
6o i

the formula pH = log'__1 . Thus an increase-in pH reflects
) (H+) o

, ™~
s <

£y
»

'Y . . .

crease in acidity (Hills, 1973). ol

‘At the present time }ittle,is‘knowﬁxéﬁout methods of in-
hibition of gastric acidity other than thiouqh pharmacological

3
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or surgical means. This is of .clinical importance since much

“a s

evidence (e.q. Mehguy, 1566;'Isenberg, 1973; Eisenberg, 1977)

suggests that gastric acid plays an important role in the

. s N . B ¥
development of peptic ulcer disease. Variations in volumé and /
concentration of hydrogen-ion appear to be kgy;féctors in #

characterizing gastric.juice;as a corrosive medium (Eisenbergq,
1977). Therefore it would seem important td/éxplore methods

of influéncing the pH of gastric acidity othér than through

v/ : ) /” | 4 ° . -
medication or surgery. The %igestive enzyme pepsin is active
' /

at pH 1.5-3.5 and all.treatment approgEheé are directed at
n \: i @

rai§ing the-pH of géstiic acid above thése levels (Hardy, 1958;
Yo ' ’ .
‘Sileg & Skillman, 1976). It is recogﬁ&zed that the effecrs‘of
the manipulatiOns carried‘out in qpis study may‘bé diffe;ent
in subjects who suffefwgrom uicer disease. However, it is

important to first ask some preliminary. theoretical questions

of healthy subjects.

+
v

Methods of Assessing Acidity
Early methods of studying the cephalic phase of acid

»

secretion as an 1solatedxbhenomenon involved direct observation

. , . M

. / ]
using human subjects or dogs with*esophageal and gas&fic fis-
' / .

tulae. When the efﬁécts of the sight, smell,/ chewing of food .

/ . Co-
- s / I . ce 2 . . .
't or sham feeding were studied in-this manner,/gastrlc acid secre-

tion was directly obsérved to have increasdd (Wwalsh, 1973). .
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)Présently sevgfal methods .are available ts/assess the

- degree of Scidity in the'stomach.,'éamples of gastric juicé may

' .

" be aspirated through a swallowed{gastric tube. The retrieved

acid is titrated with an alkaline\éhbstance to a specific pH

'

end point. This allows for measurement of both the volume and
concentration of gastric juice over arspec1f1ed Period of time.

A modification of this.techniqué is to have the subject swallow

'

.
a glass pH electrode and a tube, sand to titrate within the-

o

stomach with an alkali, again to a specific pH end point
(Isenberg, 1973). ‘ - N

Telemetric methods have been devised whereby a capsulé -

r

can be swallowed, instead of a glass“elébtrode, gi'order to

‘measure pﬁ within the stomach. The telemetering caps&}e,is

less aversive to swallow compared to the glass electrode

(ﬁoller, 1960) . 'Since psychological or cephalic effects could-”

result simply from the aversive nature of the first two methods, _
the élimination of the discomfort of intubation is an important’

L} - A

advantage of the telemetric method (Connell §'Waters. 1964)..

This is especially important in a research settihg where
several trials may be required of the same subject.,.FurthérQ
more, the telemetric technique involves less manipulation of

the stomach. This minimizes gastric phase effects thus allow-

ing for better stady of the’cephalic pﬁése of acid secretion.
* ? N : , "

» il 2
n ,

fg!l?"—t‘ ~

N

B T N



-

>0

A

\diéease led to, a significant reduction of symptoms -on a three

s

.

Cephalic Influences on GasE}ic Acid Secretion —_— .

-

.Fhe literature relevant to behavioral manipulations
> ® " ! .
intending to study cephalic.effects will be diseussed in a

section specifically devoted to research on bicfeedback train-
> M . ~N - s

v
“ -

ing of gastric aciMity.

L3

The effects, of emotions on gastric acid secretion were

studied by Beaumont in 1833 (Mahl, 1950). Mahl cites Beauront

A

to report that the acid of his patient was inhibited ‘during

.. % . . ' .
fear. Wolf and Wolff (1942) reported that their patient in-

- N M kS -

hibited gastric acid secretion during periods &f fear and sad-
‘ \ ;

-

. ness and increased secretion during periods of resentment,

hostility and anxlety. Cannon (1909), on/the other hand re-—
ported that "vexatlon « « o is accompahled by a fallure of
secretion.” ﬁsing the'method of,direct observation because
these’patlents had gastrlc flstulae résults of these early

o

studies suggested that emotlons or ‘feelings had some influence
. . 7 .

. on gastric secretion, motility' and vascu;arity. Chappell and
,Stevenson (1932) reported that-six'week$3Qf daily group psycho-

logical training.giyen to’ subjects with diagnosed peptic glcer'

-

year follow up. . Experimental subjects were taught much of thé

M

“psychology of learnlng and forgetting" and methods of thought

-oontrol. Control subjects weresnot given this training.

a

. N N °
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Somewha® later studies tried to determine the type of
stress that would provoke ulceration. Wolf (1956) repérted

that British civilians during World War II had an increased '\n

., »
incidence of ulcers, but dg;ing the' same period of time, the -

'%lcer incidence of priscners of war decreased. This led to the
suggestion that variablgs such as uncertginty and threatzéof
. N . . (S N

bombing were more gtressful than the more predictable 1i in a

» prisoner Sf war camp. Several studies have been carried out on
t

ratégand monkeys attempting to show the influence of predictabi-

lityK uncertainty or conflict on gastric éoidity (Brady, 1958;

Glavin & Mikhail,;l9767 Gliner, 1972; Moot, Cebulla & Crabtree,

f -

1970; Paré &-Livingston, 1973; Seligman & Meyer, 1970; Weiss,

LY
~

1970) . . The results of these studies hav® been conflicting.,,

L

Rats .are reported to demonstrate many strain, sex and social

setting differences with regard to ulceration. There has been

" much éisagreement in the literature.particularly over the con-

-

cept of 'executive capacity' or the influence on acidity of the

I

ability to control a response 6f:?void its consequerices
) ) s
. (Mikhail, Kamaya & Glavin, '1978), '
Mah? (léSO) stﬁdied the gastric acidity of unde*- |
graduate stuéenté during‘exaﬁcané céntrol'periods apd repo&ted

a significantly higher degree of acidity during the exam

pericd. HeAfurﬁhermore felt, 'on the basis of his studies with

dogs, that chronic fear or anxiety leads to an increase in .
¢ ’

‘secretion, while during acute fear situations, sécretion

’ . B o Yo




——

.

does not increase (Mahl, 1949).

. Although many studies have been done which suggest
. : &

that the psychological stazzghbf'Ehe"individual plays a role

-

in the’prod%ction and inhibitlon of gastric acidity, the natﬁre

of this role is not yet understood (Wolf, Note 1). It is the

<

purpose of the present study to explore the effect of some’
’ .
behavioral manipulations on the-pH,éf gastric juice and in so

doing to attempt to further. clarify some of thHe factors that

4

’ -

may affect stomach acidity. g . . ‘

v
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.reward or reinforcing stimulus of the operant conditioning

Stipulates that'behavior followed by~rewafd increases, and

b A

INTRODUCTION TO STUDY I — BIOFEEDBACK TRAINING ' o=

‘ o 3 1 ¢

The first phase of this study was piénned to'examiné

the effect of biofeedback training- on a subject's ability to

control the pH of his gastric acidity. .0 : Y
¥

- o

Biofeedback training is a form of operant conditioning;

e
3,
N

it is also called instrumerital 1eafning. The traditional view
about the difference between operant conditioning apd classical
conaitioning is that operant conditioning is mediated by the

central nervous system acting on skéletél responses and that

+

classical Pavlovian conditioning is mediated by the autonomic

nervous éystem acting on smooth muscle (Kling, 1971). Miller

"

and Carmona (1967), however, showed that autonomic responses

a 8

“in dogs, such as salivation, could be modified through instru- '

-
!

mental learning. . -

Traditionally, individuals are not viewed as normally

v
H

able to control their autonomic réaponses.v Biofeedback
“ .
attempts to teach subjects to control specific visceral or

muscular activities by providing them with feedback of small

-~ ) .

changes in these activities. This feedback is viewed as the

paradigm (Shapiro & Schwartz, 1972).0Operant condi tioning thebry

[y

» °

>

- o et e . —— e




"
& ‘ behavior folldwed'by punishment decreases (Skinner, 1969);
If\pH of gastric acidity is'uéed‘as'ﬁfedback, thig, theory
.would predict that when a subject receives pH feeéback that i;
appropriate to'his instruction, this would be rewarding to him. 7
’This responsé should’ then increase. Simiiarly, pH feedback

not apprppriate'to instruction would be non-rewarding and should

therefore decrease in '‘frequency.

[

Research on Biofeedback Training of Gastric Acidity
4 .

Attempts have been made in receht years to teach
voluntary control of_gaséric acidity wit£ biofeedback training
(Hubel, 1974). Moore and Shenkenberg (1974) reported tﬁat.one‘

. healthy subject, during four tfaining éégsions, was able, with
"feedbéck, to increase or decrease'éastric écid in correct re-
'sponse to ;nstruction. The feedback was qiven a£.10~minuté
intervals on samples of acid drawn through a nasogastric tube.
'This method Qasfbgen cr;tiéized since it may require too much:
time iﬁ orqér to éive sﬁbjects aaéqﬁate information on the

LIRS

. state of'their‘aéi&ity (Welgan, 1974). Furthermore, the effects
"of anticipated feedfng Had previously been studied with this
‘ same subject. It is not clear whether the corréct-responsgs

were due to his biofeedback training or to.the earlier classi-

cal conditioning."The subject was not able to make the correct

response when biofeedback was withdrawn. ° -

[ 3 ~ . - "
R ¢




Welgan #(1974) studied 10 pétients with duodenal ulcers.
using ' a hasogastric tube and measuring pH in vitro. His sub-
jects'were given biofeedback training ih one 30-minute session.

. ",‘M . . N .
Q?ey were instructed only to raise their pH (lower acidity)-=

Welgan did not attempt to train his subjects to lower pH (raise

acidity). He reported that the subﬁects were able tO signifi-

cantly increase pH and decrease the volume of acid secreted.
Unfortunately, both the experimental-design and data analysis

of this study are questionable. Welgan did not test the sub-

-

jects' ability to increase pH following the training when
biofeedback was withdrawn.

Whitehead, Renault and Goldiamond (1975) reported that

three out of four healthy subjects, when given visual éastric

pH feedback and financial reward, increased gaétric acidity in

correct response to instruction. As well, the subjects were

. reported to have reduced high rates of secretion but not below

basal levels. .The authors recognized that the high‘level of

acid. produced by their subjects may have been influenced by
the repeated infusion of titrant directly into the stomach.
They used an intragéstric electrode to measure the. pH and‘then

measured the amount of‘titiantfrequired to neutralize pH to 7.

-

This amount &aszconvefﬁed to milliequivalents and divided by
the time elapsed before éH decreased to 2 to give ate of

acid secretion over time. This method has been critjcized

» ‘
4
..
v ) ‘4
.‘ "
‘
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because the continual fepeated manipula£ion throughout the
experiment of bH from -2 to 7 could trigger the gastric phase
of acid\secretion. Thus efforts to m;ashre only ceéhalic phase
effects would be‘confounéed {Gorman, Note é).

Gorman (Note 2) carried outasi.milar\ study and trained
threelhealthy subjéqts ysing.biofeédback of the rate of acid |
secretion and financial reward based on performance. The éub-
jects éll showed some ;bility to alter gastric sécretion in
the appropri;te direction. His method invdlvedlmaintaining
intragéstric~pH’at a steady étate (3.5). He measured the
amount of titrant required .to maintaig~that state. Because
stabili;ing’this end point r?quired %deéuate mixing of stomach
contents, Gorman's technique involved infusion of sibstantial
amounts of water into the stomach. It is known Fhat gastric
diéteﬁsion stimulates the gastric phase of acid secretion
(Wolf & Welsh, 1972). Indeeé, Gorman's sub}ects' rates of

: {

secretion were higher than those reported using aspiration

techniques. Thus this method as well produced a mixture of

. gastric and cephalic effects.

Another method which d&d not involve infusion of either

titrant or large amounts of water into the stomach was used in

a pilot biofeedljiack study’ (Sigmari, -Nowlis & Borzone, Note 3).
kA N

This study attempted to train one healthy subject to increase

and decrease the pH of his gastric acidity through continuous

»
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- pH feedbach. An‘intragaétric'glass electrode continuogsly
measured‘stomach PH. This‘infoémation'was immediately relayed
to the subject in the form of auditory bqﬁe feedback. In
éddition, stomach contents were withdrawn fréquently in order

‘that. the pH feedback would reflect the eurrent acid pool.

’

This was done because it is difficult to assess the rate‘at

- L3

which acid drains.out of "the stomach. This seemed to best
control for the vgriable of gastric emptying. In vitro

" analyses provided confirmation of the.intrqgasiric pH readings.

Some_le&rning appeaged‘ﬁo develop over the three train-

.ing.sessions and was Qemongtrated in é.session shor‘iy follow-
ing training when feedback was‘not ava@lable. The subjeci,
ﬁowe&gr; was unable éovcpntrol his pH in both airections in a
non-feedback session held one month following traiming. Al-
thoﬁgh the method seemed technically adequate for pufposes‘of .
biofeedback training, tﬁe subject found that‘swallowing ;he
tube én@ retainiqg‘it in place for‘éo min&teS‘was very uncom-

fortable. It ‘was felt - that the aversive nature of the method "

\

could affect the training or gastric secretion.

The above studies lend tentative suppoft to the c nceﬁt
: - . . ./
S . ' / . .
tpat‘biofeedback‘training may enable subjects to achieye con-
' . . /S
"trol of their gastric acidity. In addition, support/for the

s

transfer of visceral learnihg to a non-feedback gxtuation is
partially suggested by the single sﬁbject piqunstudy (Siéman

/

/
/

/
/
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Note 3) and by Weiss and Eﬁgel (1971) who showed that

ts were able to transfer control of cardiac¢ rhythm,
. . / '
. \ . :
ned with feedback, to non-feedback conditions. \

The mechanism that mediates the subjects' responses to
. 4 :

J ; .
. biofeedback is not understood (Kimmel, 1967; Katkin & Murray,

1968; Crider, Schwartz & Shnidman, 1969; Shapiro & Schwartz,

1972). Is the trainer's goal to teach an association between

7/ . R
a particular 'feeling-state' in the stomach and pH? Are cer-~

tain thoughts and feelings related to the pH of high and low
acidity? Debriefiﬁg of the subject'used in the pilot study

suggesfed that cognitive and emotional mediatiqn play an. im-
portant role in effecting changes in gastric acidity. It also
S ‘

suggested that the subject needs a stockpile of situations or

’

thoughts Fﬁét hé can uée When‘ﬁe is instructed to increaéerorv

| 'decreas§/adidf%y in the non;féedback situations. Thé‘subject
repoiféd that sitﬁatioﬁs at times loét their potency for

éffgéting changes and that he had £o chénge hés focus frem one

e#éerience or situatioh to another at different times in érder.

/%o maintain control. It would seem theé that the more training

a subject is given the mqre:oppo;;unities there would be t6

/7 learn either the association of particular acid-related feel-

/

ings with increésed and decreased pH respectively, or the
association of cognitive or emotional factors with the pH.'

Which of these associations the subject makes will not be S
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" condition.

[

o

.tested by this experiment.

It was the purpose of Study I to allow subjecés several

biofeedback training pericds in order to optimize the chance

1‘«0@#‘

that they would develbp the ability to increase and decrease
their pH upon instruction. More training would also increase
the chances that any 1éarning would transfer to the non-feedback

.~
e pparp

Each subject underwent 10 to 14 experimental sessions

¢
P A—A,,‘A.\‘J\.k.&au -

~ which included baseline control, pre-training, training, and

post-training. It was thus important to choose the least aver- ~ :
sive method of~monitoiin§ gastric acidity that would still allow
' biofeedback information to the subject. A radio telemetric

technique employihg the Heidelberg Capsule appeared ta fulfill

* these criteria and was used;in this study.

Evaluation of Heidelberg Technique

PR k)

The Heidelbefg Capsule is a'éméll pH telemetfyﬂsrans~
mittef enclosed in a pléstic césing wh?ch caﬁ be swallo&ed-
without difficulty. It contiﬁﬁousyy,tfansmits PH values from
the stomach to a receiver where they can be réad,off the panel

meter.

Evaluations of the Heidelberg system have been :tarried
, . A

out (Yarbrough, McAlhany, Cooper & Weidner, 1969; Andres &
' Bingham, 1970; Johannesson, Magnusson, Sjoberg & Skov-Jensen,

1972) and the capsule method is réported to give results .
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1

comparable to those obtained by the standard aspiration tech-

nique éausing very little discomfor; éo the patients. The pH
response to'injection of dilute acié or bicarbonate is imme-
diate’and ap#ropriate (Watson & Patop,dl965). Connell and
Wafers’(1964y reported that'readings éstablishgd by the pH
.t?lemetering capsule did not vary from fhe pH recordéé by a
'glass electrode‘by more than 0.5 pH uﬁit. It is fecognized

that this disadvantage of the technique may prevent adequate

- feedback if subjects have a low baseline pH range. Because of

1

the logarithmic nature of a pH measurément, a large change in

acidity will show only a small change in pH when the pH is in

. the 1 to 2 range. Therefore, a modification of Noller's (Note 4)

t

1 ‘ .
method is used in some of the subjects{ biofeedback training and

)

in the relaxation training phase of this research. This in-
. ¥ 1 '
; . | .

volves giving the subject$s a constant amount of alkali
(Shml.o;lN sodium bicarbonate) in»oraer1to bring the pH to a
higher range (4-6) where subsequent chénges of acidity can be

L

more readily measured. " Thus, in addition to recordfhg, for
' . . . Fl ) . R

example, a subject's pH before and after. a behavioral manipu—

lation, a heutralization curve indicates the concentration of

acid in the stomach at the moment of swallowing the alkaline

substance and the rate of’secretiqn during the following

‘minutes. The single doseés of sodium bicarbonate are felt to

be ohly a miéimal gastric intervention that does not confound

ng
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i

the cephalic phase of acdid secretion.. Furthermore, the ques-
’ - ’ bl

tions;thatrare‘being ésked,‘pa;tiqularly with regard to the |

effecés of relaxation training can be more satisfactorily
] :

answered using this measure of acid output in addition to pH.

f
I

!
. ' . .
Hypotheses Underlving This Study

s

- For the purpose éf this- study it is hypothesized that
subjects who are not maae aware of the pH of_théir'gasﬁric
secretioﬁs will be unable to control their pH upon instruction,
i.e. approPriaée changes will not be made in the pre-training
sessions. It is further ﬁypothesiéea that, with adequate
fﬁedback, bidirectional contspi;of g;stric acid pH can be
léarned. Finally, it is'gxpected that if a subject leArné to
. : :
éontrol‘acidity thfough giofeedba¢k training, he will be able

¥/ i
‘to make appropriate changes in the post-training sessions in

<@

7

/ h .
" the absence of pH feedback information.

i

.

Method

Subjects_

The subjects were 4 healthy male volunteers ranging in

i

age from 23 to 46 years. G.G. and D.S, were naive to a bio-~

feedback training experience. D.N. was familiar with several
modes of feedback other than pH of ?astric acidity.: H.S. had

,'undergone biofeedback, training of gastrié pH 14 months pre-

vious to this experiment. Bidirectional control had not been

o e g

A e v et ks e ot
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maintained, however, ;p a non-feedback session held one month
following his training although unidirectional control was

maintained.

"

None of the subjects had ulcer disease although G.G.

reported a five year hlstory of hyperacxdlty but no demonstrated

ulcer. The somewhat lack of uniformity in the previous ex-

.

perience of ‘subjects emanates from the difficulty in securing

subjects for such eaeﬁﬁrlments. , o f

e
Subjects faséed'for eight hours prior to each session.

L

Aggératus ' . .
NThe pH was studied by means Af a Heldelberg telemeter-
ing pH sensor, Model No. HK-26 630231. The battery}t;ansmitter
is encapsuléped in an indigestible acfylic container, 20 x 7 mm, v
and weighs 1.55 g.l Tﬁe bH measuring cell consists Sf an ex-
ternal annular antimony electrode and an-intefnal sii&er
chlo;%de‘électrode. The two are Sepafgted by a dialysié mem-—
brane,permeéble to igns but not to larger molecules. The‘ ‘ -
battery was acti?éted b& imﬁérsiqn in .9% saline solution just
before the test.  The cépéu;e\was then caliﬁrated in buffer

solutions of pH 1 and 7. Buffers and rinse waters were heated

to body temperature 37° C. hy means of a Fisher heater Model

No. H 2025-1.. Silk thread (3.0). was used to tether the capsule

so that it would not leave the stomach during the course of




¥

+ 18

. *
f

the session. The thread was fixed to the sdbject{s gheeézyith :

paTy] - - = T ma—

“adhesive tape. = -
The signals emitted by the ;apsuie’were reéeivéé by a

special belt antenna worn around the subjecf!s waist-and were

then amplified onto the attached pH meter hﬁeré they could be '

read off the panél. pH values were continuously charted:by a

pen recorder incorpérated_in the pH meter_(Figure'l). .

Procedure and Design . S ‘ *

R L]

- Priér to the first session it was explained to each
subject that he would swallow an inert and‘non-abgorbed cap-
sule'attached to a thread; that the capsule measures Ehe degree -
of acidity in the stomach; and -that after the experimentai

» sesgion, éhe thread would be cut and’the remgander swallowed
with wé;er. Subjectsowére told that after the expefiment the
capsule could either be withdrawn by its string or the string
and capsule_éoula leave the body'in‘the natural way within 48
hours. | |

Each-subject came té‘the laborator? in the'mofping
having fasted overnight. Aftér the capgulé wés swgl;owed'and

e

tethered, the subject sat in a recliner chair. 'The room was’

bare except for the equipment. It had no windows. Only the
‘experimenter was in the room with the subject. The interaQtion ‘ .3

was limited to. the experimental'inst;uctibnsdéxcept when subjects

{
b
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initiated conversation or volunteered subjective reports.
: :

‘- -«
Baseline control: Each of the four subjects.had from

i : N <
two to four pure baseline sessions in order to assess temporal

@
o

‘effects over the 75 minu;eminterval that would be used for the-

¢ .
4 experimental conditions. In addition, two subjects, D.S. and
> G.G., spent varying lengths of time resting in the\iaboratory

(up to 60 minutes) beforépswallowing the c¢apsule.” The purpose ’

.
\a - o

of Fhis was to allow assessment of any effects on pH of, time :
L3 ) : o )

spent in the laboratory prior to the sessions. ;

.0 Pre~trainihg: BEach subject had a pre-training session

(H.S. had two) to examine his ability to voluntarily raise or

a

# lower pH on inst:uction prior to receiving any feedback. At
this time subjects were given the fol®&wing instruction:
A, g - '
“During tﬁ?se sessions you will be asked fto increase .or de- ]

_crease acidity. What works for one person (thoughts of anger,

’

s

relaxation, etc.) may not necessﬁiiiy work for another person

N

‘and what helps you one day may not work in the next seSSLOn. T

Use whatever metﬂod you wish in order to follow the ihstruc-

.
’ ¥, .

b S b e = e O s

tions w;thouﬁ moving out of,the chair or falling asleep."

‘ » - . S .
Instructions to raise pH consisted of the fo%}dﬁiqé: "Try to C
N ' ! e N —‘.\*\ . / ; 13 i
lower yo%r acidity now by ue}pg aﬁ§ thoﬁ@ﬁfs or feelings that - -

you thlnk may heyb you." Instruct\ons to lower pH were: "Try
to ralse your ac1d1ty‘now by using \ky thoughts or feellngs
that you think may help you." ;

7

o : )

> ’ ' . /
. 1 . ' // AN ) - A
. n L . T




\ received‘iAform of visual feedback‘dufing'the latter part of their

!
!

asked to lower. it. Instructional periods lasted 15 minutes

their feedback,in the form of ticks on a chart)that they were

2l

.

All pre-training, tréining and post-traiﬁing sessions
started with a 15 minute reading or resting period'unﬁil the
. . ~
basal pH for the day had been reached. The baseline sessions
demonstrated that the pH reached basal levels within thig
period of time. At that point, if a subject's pH was below
3.5 he was iﬁstructéd to raise it. If it was above 3.5 he was

‘i‘ AN

/
and were followed by a 10 minute rest period.

vedata .

Biofeedback training: Subjects had from five to nine
traininé sessions with bibfeedback. They received verbal

. . ) . (4
feedback approximately every 30 seconds durihg their training,

. Co Syt | ,
e.g. "that's good . . . moving in the right directiops gacid
! ectionge

i

oing down (or up)": or bthere's been an increase (or decrease)
g g 19/ 2

in acidity . ., . try to decrease (or iangase) it"; ¢r "main-

taining the same. level,” depending upon whether pH was mo&ing

¥ 3 i

in the right direction, the wrong direction or not moving at l;;_\\\\

all. Verbal instructions and feedback referred to direction v

of acidity rathér than pH since it was.more readily understood?

by the subjeéts. As well, D.S. and G.G. received some of’

1

able to see. 1The"ticks showed them the level of their acidity -

every 30 seconds. This method wls introduced after they had

a

had three training.sessions with verbal feedback. H.S. and D.N.

.

1

R .
? /




/ .

¢

S

<

/et
training also. The equipment was positioned*qﬁ that they could

" -

see the pH meter themselves. In addition, they were given 5 ml
0.1N sodium bicarbonate (NaHCO3) to neutralize their acid thus

. _raising their pH. -They were able to see the effects of the

. a

alkaline substance on their pH. In these instances, when

-

instructed to decrease acidity, subjects were askedzﬁb keep

»

the pH up hi;h as long as possible-after swéllowiné the 5 ml

L

0.1N NaHCOj. When they were to increase acidity, they were:

.

instructed t6 try to keep the pH low down and to counter the

effeéts of the alkéling substance.
fost—ﬁraining: Sessions without feedback were held’
three and seven déys following trainihg for three éf the four
sﬁbjects. ‘ﬁ.s} haa one post-training éessions fhree days-after
training. The iés£fuctions ;n‘?hgsg post-training §essions
took the same f&rm.aé those‘given.priof to and during training

but the subjects were unaware of the. level of their acidity.
ST

-

‘Results

The,pre—trainihg, training and post~training results

were evaluated by two independent ohservers for changes appro-

priate to instruction. If learning appeared to have developed

*

during the biofeedpéck training, the pre< and post-training
- results would have been cdmpared. If minimal effects-

9

occurred during training, a liberal method of analyzing . .

Ue

TR Mu«@;&é
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Baseline Sessions . S

-baseline periods. The pH fluctuations that were observed in 5

 Pre-Training Sessions ) .

‘trainihg*and.post—training results would have been applied.

ki
L N ’ .
o . s

'

Varying the length of time from 15.to 60 minutes
during, which D.S. and G.G. were allowed to rest in the labora- . (\
J ' . ) .

tory pribr to gwdiloying‘the capéule did not’appear to have
any efféct\én tﬁe ensuing 75'minéte§ of pH measurement. - The
?ifé;hpf ;he;;”éhre; ggseiin? ses;ions each shows marked | |
fluctuations inth“thai_écéufred mainly during périods‘df

- ¢ .

tugging andASuBSEquth,diséomfort with the string and con-

versation with thé 'experimenter. Generally, pH during the

£ 4

i baseline sessiens for G.G., D.S. and D.N, was steady. and low

a

indicdting a low basal pH for these three subjects.’ The basal

pH of - subject H.S. varied from session to session and within
i, ) ' . r. . PR * . .

’

ohe of the fouf.

- , [ " ‘ R . ..
sessions as well. The last baseline session

Y

for each subject is shown ih Figure 2. - o . - :
’ . ) . . . ’ R . oy s Lo
None of the subjects showed a epnsistent tyrend over

sessions for the pH either to rise or fall during the 75-minute

L -
’ 1

the'paséiine session@ occurred when tﬁeré wasg tugging and dis- - -

comforgywith fﬂé‘étring, excéssive swallowihg, or wﬁeq the

subjéct was reading oflhaving c;nversgtion'with the éxperimentér. |
{.

. . v

When D.S5. and G.G. were each ;wiceﬁinstrhbtéd to raisé\

¢ 5
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"their pH in the non-feedback session caéried out prior to their

- biofeedback training they were unable to do so. {The pH of

D.s. went from a 15 minute basal level of .5 to .25 at the end
‘ .
of thg‘\?SSlon and that of G.G. from 1 to .25 reflectlng a

- trend to become more acidic¢ /Figure 37.) x
‘The pH of subject D.N. remained steady throughout his
two instructional periods to raise pH as it did during the

..

entire session (Figure 3).

[
v

o

‘at the first instruction a»ﬂighly appropriate pH_respopsé
occurred. Ho*ever, it was.interpreted to be a result of its
association w1th the string pulling reported by the subject at
the start of the perlod since pH changes were not approprlate
to the other lnst;uctlons he received durlng the rest of thisa..
and Quring his s?coﬁd pre-training séssion (Figure 4).

k"

Training Sessions e - ' .

'The pH of subject D.S. remained steady throughout each of

his five biofggdback training sésaibné showing no appropriéte
response té instructions. Figuﬁe SAéhows his fifth £raininq
segsion.? | oo

"The bﬁ of sﬁbject G.G. remaineé relafively steady during
hisqsix trainiﬁg sedsions showihg only 5 appropriate pH changés

out of the 13 instructions given'to him;:'NOxdeQelopment

U, YR

H.S. had two non-feedback pfe-training sessions because’

oo M N Ul Tt W, WA € Sk T te

T NRTRITR
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of learning was seen over_the training period. The fifth
and sixth sessions of subject G.G, can be seen in Figure 5.

During his 9 training sessions the pH response of sub-

.

1éct D.N. was in the appropriate direction in 4 of the 25

»

instructional periods to raise pE and in 2 of the 6 periods

when he was asked to lower pH. ,The eighth and ninth sessions

are seen in Figure 6.
! '

During his eight training sessions the pH response of
subject H.S. 'was in the appropriate directipn in 3 of the 14
periodé of instruction.to raise pH and in 2 of the 3 periods

when the subject was asked to lower pH. The number of‘appropriate

priate responses did not increase over the eight sessions. T

Sessipns five and six can be seen in Figure 7. - .
Post~Training . N

v

D.S. Waé'ungbleJtd raise his pH when he was first

‘instructed to in his non-feedback sessions 3 days following

¢

his training.  However, during the second instruction of this A

Y \

session, his pH rose considerably from 0.25 to, 5 and remained
above this level during the ensuing rest period. The subject

received no feedback on this highly appropriate response but

"he nevertheless told the experimenter'ghat he had experienced

‘a decrease in acidity. He was unablé to lower pH from the

level of 5 when he was instructed .to in the next period.

TR s st e FRRA T NSRRI, 6230 1 e e BT o




30

spoT

-

o e e W WAL S ORI SN, K eyt g A

‘uUQGTSEDS ydes Ul 9AIND uOTIezITerInau SuTTsseq o9yl Y3Itm paxedwod aq Lew

xad TeuoT3lOonI3SUI
a2yl 3e uaaiIb sxem SUOTIONIFSUT

~po31EOTPUT o19Uym usATH sem (EQDHEN) 23BUOqQIRDT]

‘3s01 10 ‘(A) Hd esesidep ‘(YY) HA osesaduT O3 SSUTIT [ERTIIBA

UMTPOS NI'0 TW § °N-d 3o9lqns 0] suoTsses bururera OeqpesJoTq YIuTu pue yiybry -9 2anbrg

W:
Y
A\
* —11!? — _ 1
3 Saae
¢ .
ey " "oy
© ) [
M 2
4 = — . N
T - dsay C
3 \\ N
: -
fa Al
L A I B
3 R 3 Uy
] . - R ]
Wy L) wey
L) [ . 1 4 ’
. - .. .
¢ ¢
» ’

.

2 R H .
X
& ¢ 3
\y .
| _ |+ o =,
m- . — e ¢ -,
’ [ € - ¢ -
T ey "y ey -
- F . v ‘.
L . d 7 - N
. e i — ¢
Junasvy) -?
§ R ¥ ¥
» x x T x
3 3 5 8 3
~ . t\a ") : ™ o
I o : oo I L -
—— - e e - s, e
N L] N (3 [
) [ .t .
"oy s X e
. . . R .«
SN, * [} (]
- - < r. t
b 453y * — V14 asog]
“ A Y

s}

" NIgpeay
! bovdog

-8ihe 91N




AL s p e e

[

i

—
[as]
“3soax HO. .Abv ud mmmwuum.m .aiv gd ®P5e5I0UT 03 SSUTT [eDPTIISA B} e uaath 2I9M
SUOTIONIISUT © "g°H Ioslans mu,Ou }oeqpea3 YITMm SUOTESSS bututerl YIXTsS pue Y3zta °L wusm,_...m
..v\ ; . ¢
¢ - - . l)»l»il\\f\.\‘,\\{\\\\..wl( \?}}\.23\1({5{{/}_4)\\}}{)
peans 2l TS A i oo - S
N~ - o . ;
——, ‘._ cy.
\ WMprd
< 4 by 19 L
R - J35y ’ atler pudd 54
Py .
[} B
.. )
: bt
) . = ) Al v - .).4).5)?“ rx.)')‘)\l,c)l\)\.\!l\(lkl o e n\l{»\l()ll!l\l}.\l( ————eo, T l.v(r;l
UL e B
VIR R S S e ] ’ ./ " \l\llv - 1 -
AT -
‘ s - N I0epI4
" 0‘.5.«»? J?M ——
4574 ) y ) oy 3w 1y s
A /’ z e ¢
: ~
5 : . _




o

. There was marked discomfort with the string during this session

(This subject had never had the opportunity to be given an

'jnstruction to lower pH during his training since his pH had

been cbnsistently low throughout.) A fall in pH during the ¢

subsequent ?Fsﬁ period of. subject D.S. occurred after the ex-

perimenter's request, unexpected by the subject, to return for
F

another session. During this other non-feedback session held

4 days later, D.S. was twice unable to raise his pH upoh ‘

instruction and he reported this inability to the experimenter

(Figure 8).

8

1

In the non-feedback session of ‘subject G.G. heid 3 days

following his training, the pH rose appropriately from 1.25 to 4

almost immediately after he received his first instruction to '

" raise it. It remained at that level during that period and.

the ensuing rest pericd. When he was ask?d to lower pH, the

response was gppropfiate after a 5 minute latency and pH re-

.

mained at 0.5 during the following rest period. In°the second
post-training session there were no appropriate pH changes.

i .

(Figure 9).

In his first post~training session without feedback,

the pH of subject D.N. did not chaﬁge appropriétely during

either of the 2 instructional periods to raise pH. When he

‘'was asked to increase gcidity[ however, ﬁ.N. effectivelyr .
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’

kY

countered the alkali dose of 5 ml 0.1N NaHCO3 'which had been

e

administered to Him. His pH did not rise and no neutralization

curve was_observed as they had been both,10 minutes prior to

° .

and 10-minutes following this instructional period.. In his

second postltraining,sessién without feedback no éppfopriate

changes were observed (Figure 10). " “%

s

In the post~training session without feedback of sub-

. ject H.S., pH response was appropriate to, instruction on 1’

-0of the 2 occasions when he was asked to decrea‘s‘acidit .

the pH respanse was not appropriate when he was asked to in-
creaée acidity. The subject reported on this occasion that

he had tried to get angry by magni}fyinqy angering situations m
in his miAd but that he had been unable to experience them as
angeriné (Figure 10). , g . . - -

Visual inspection of the data during both the training

* .
- 4 ‘ >
and post-training sessions revealed only a small number of

chinges appropriate to ihstruction. Therefore the ﬁost liberal
criteria are used to examine and'analyze‘the data in order to
allow for the posgibility that somg factors were operating‘
during the training to mask what may have been a greater number
of changes. These most l;be;al eriteriarand statistical tests
are biased in favgr of showing a link between the training and ®
post-training data to attempt to discbger any possiﬁle ?elaf

tionship between the training and post-training effects.

1
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Two independent observers inspected the data from the

baseline, pre-training, irain;ng tna post-training sessions.

~ They were asked to examine the results ofleachwinstructiona'l~

v

pefiod for changes appropriate to the instruction. ' The number *

of appropriate responses to instructions to increase and de-
crease pH were added together because ﬁhe numbers were so .
small, particulafly in the post~training~§e§sions: The,pér—
céntaées of pH changes.appropfiate to instrucgions regéfdless

& \ of direction were calculated for each subject in the training

N

-

sessions and then in the post-training sessions. These per-

;
o+
b
:
.

centages were then ranked. A Spearman ‘correlation was carried

;o out on the tied ranks. The assgéément of the data by the two:

.

observers differed in the results of the training and not the

post-training sessions with one observer assessi more re- -
’

] .
sponses as appropriate thanqzhe other observer) ' However, this |,

did not -affect the ordering and the same rank correlation was

§ . N ' .
obtained by each observer: rg = .75. Table 1 shows the

AY

'

A

results of the less .liberal obsgrver.
| If'the results of the training sessions of all foﬁflsub-
jects are sgoled, only 14 of the 71 or 19.7% of the instruc-
tions were corréc;ly responded to. Thé pooied results of the
post-training sgssions show 5 out of 17 appropriate responseéi

[+

(29.4%) . K .
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‘ % Table 1 . '
' @
— Appropriate résponses before,
during and after biofeedback training -
, .. SN o <‘::~ : . i
* Pre- C r -\ [ post-
Subiect ¢ Training : Training . X . Training: ‘
‘ "7 Proport® % Rank  Propert®. % Rank
D.S. o  o/10 o 1 1/5 20 1.5
G.G. 0 , . 3/13 23 3 2/4 50 4

D:N. 0 /31 19 2 1/5 " 20 1.5

.

. - . ’
H.S. noise 5/17 29, . 4 1l/3 , 33 3
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\
\ Discussion’

,lfhe f§;st‘hypothesis of this experiment was that sub-
jects*who.arg unégare of their gastric pH will be unable to
raise and/og.léwer their pH upon’instruption prior to biofeed-

, .

back &raining. . This hypothgsié was éuﬁported by the results
of ;he pre?éfaining sessio@s. The three subjects who had pre-
viously had'no gastric.pH feedbaék expari€nd&‘£2§3‘no appro-
priate‘changeg prioxr to;training. The changes in the fourth
énbﬂect;s pH were interpreted as random or artifécfual,flﬁc—
tuation. | .-

,?he_second hypothesis'of this experiment was that,

with\ade@uate feedback, bidirectional control of géstric pH

could be learned. The results do not demonstrate that learn-

‘ ing developed during the training sessions.

Hypothesis three was that subjects would make appro-
priate pH changes following biofeedback training. Although

some apprOpriate'changes did occur in the non-feedback

isituatioﬁ following training, it is suggested that the changes

are‘not a result of learning achieved from the training per se
since no development of learning was observed over the courée
of the t:aining;' The .75 correlation between training and
éosﬁ;training respon8es only suggests a relationship between
these changes, i.e./that there is a tendency for whatever was
happening in the training sésé%ona to have been happening as

R
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well following traiﬂing.

Sevefa} explanatiéns are offefed to account fog the
inabilit}'of the biofeedback training to'infﬁuence pH éﬁanges.
These.explanationé will be discussed as thef relate to tﬂe

. ' * ’
feedbaék, to the cognitive and affective state of the subject,
and to the.expectations of the subject and of the experimenter.

The feedback geceived by the subjects may'notghave beéﬁ

. q .
adequate for various reasons. This seems particulazxly probgbl

- in the case of the first two subjects whose pH in most sessions

remained below 1.5 demenstrating very little variability within
sessions. It is necessary for subjects to have some spon-
taneous pH changes with which they could associate either

thoughts, emotions, acid-related feelingé, or simply the bio-

feedback 'reward' in order for discriminative learning to occur.

Without variability there is no opportunity for instrumental’
learhing (Hulse, Deese & Egeth, 1975). .

| Another important feedback issue relates to the
accuracy of the Heidelberg equipmeﬁt which is within 0.5 pH
units (Connell & Waters, 1964). At hiéher pH ranges, in-
accuracies of 0.5 pH‘uﬁits are not significant. However, at . i
a low pH range an unrecognized pH change of 0.5 unit could
fepresént considerable change in acidity ddé to the logarithmic.
nature of the relationship of pH to acidity. It is possible
that the subjects had been émploying strategies'which, in fact,

e e~ N PO




- Therefore they would not have ‘been reinforced for them, nor
) o o :

vyet_drained from. the last rest or instructional period and

- A a1

led to some.changes in delree of acidity at the low pH range,.”
but, because of the inaccuracy of the equipment, these changes

could have been masked and not- fed back to the subjects.

would they have learned about whét may have been appropriat
strafégies. T wff
A.tﬁird factor which may have pgevented adequate, feed~
back relates to the pool of acid in the stomach. While the
HeidelLerg system has -the advantadge of replicating more
closely than the intubation ﬁethods the 'real-lifé"stomach' ;
eﬁvironment, this,positfbe feature may present a'disadyantage
as well. pH measurement with the capsu;e does not involvé -
withdrawing acid out of thefstomach. This means ﬁﬂat the.,
feedback that is éiven to the subject reflec£s the total aci@

[

pool in the stomach. This pool is a composite of what has not

what is being produced during the current ‘pericd. The pH
feedback, therefére, may not actually reflect theé most recent oA

< B ’ K
effort and change that a subject may have effected as®well, or L

as convincingly, as 'if acid from the previous period had been

withdrawn and the subject were acting on an empty stomach..

(Thisjgs a problem not only in biofeedback but in any research
on gastric acidity. That is why in animal experiments fistulae

or pouches are often used to secure exact collections of acid

L?‘




[Emgs, Swan & Jacobson, 1967/.) It was suspected that this
problem might make biofeedback training with the Heidelberg
unit difficult but i; was felt that its many other ;dvantageg
ﬁerited‘researchiﬁg-its usé.

When it was seen that the pH of D.S. and G.G. dié not -
vary and thaﬁ_ﬁhey did not show’any evidence of déveloping

control of pH during their training, the above-mentioned

fegdback factors were considered. 'The decision was Spen"taken

" to administer alkali to the second two subjects to supplement

‘ ) N
their feedback. It was hoped that this would better reflect

to the subject the current acid state in the stomach. It
clearly ailowed for better feedback to these subjects on their
abilithto.increaéé acidity although this did not lead to in-
cteased frequency of this reéponse.‘

" The subjects appeared able 'to increase acid{;y notably

" when they could experience feelings of aﬁger accor@ingﬁto their

subjective reports suggesting cognitive and affective cephalic

mediation of the acidity response (Appendix A). It was

. interesting to note that both D.N. and H.S. reported that they

could not always replicate these situationally related feelings
of anger when they were instructed to increase acidity (Appen-
dix B). ﬁ.s. had reported this same difficulty d&fing his
training in the pilot stg?y. ig is possible that, for these

subjects, expériencing the anger in their imagination can only




" be accomplished a limited number of times after the original

43

-

\

angering experience, One can spécula}e as to whether these

v F

first imaging experiences served as a type of psychological

catharsis preventing further use of “these images to produce a

‘physiological change for these subjects at least in' the acid

response systém: It has been suggeSQEd that emotionaily

stressful situations might give rise to either hyper- or

hypo- function of the stomach depending upon the nature of the

.ciréumstancés and the subject's interpretation of the event

(Wolf & Welsh, 1972). On one particular occasion during his

txaining D.N. reported having set himself to think of un-

pleasant situations and having savoured the experience. These

\

attémpts however were met with a response of, less acidity

rather than more as per the instruction, much to the subject's

t

surprise'(Appgndix C). Perhaps had further questioning taken.

place with regard to these unpleasant féeiinés Ehey would

have been described as of a sad, frightening or disgusting

nature which some report inhibit the stomach's Eecretory
dctivity (Wolf & Welsh, 1972; Gorman, Note 2). Further research

in this area would be enhanced by more extensive use of sub-

H
jective reports.

Meichenbaum (1976) in discussing cognitive factors in

w

,‘biofeedback therapy proposed that subjects be trained to use

imagery as a tool in changing physiological responses.

’ -
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‘place. The results of the pre-training sessions of subjects
‘D.S. and G.G. in which they became more instead of less acidic¢
, suggest that' the, instructions-may.have been perceived as

“strgssful to them. This idea is strengthened by the contrastihg

44

Shapiro and Schwartz ‘197§) reported that they carried out

- .
successful biofeedback training in which subjects acquired

]

heart rate contrel and no consistent imagery pattern was
apparent. Future research shéuld assess specifically whether
iﬁterﬁal sources of stimulation.can be used with a view to
reliably controlling autonoﬁic ;esponsesz Results of this
resgarch suggest links between cggnitive and affecti?e ex-
periences and the acidity response but tbe ability to volun-

-

tarily evake thoughts with their accompanying affect upon
ST , N
demand has not been demonstrated. The non-naive subjects

appeared to have more imagery tactics in their repertoire than

did the naive sub}ects,as~e?idenced by the amount of subjective

reporting. This, however, is confounded by the fact that the
N x '

~experimenter Xnew the non-naive subjects better than the first

two subjects, pérhaps rendering them more wiiling to discuss

their tactics with the experimenter.

¢

Other factors that may have contributed to the results

\

of this research are the expectatidns held by the subjects and

/7 1

the experimenter or the atmosphere in which the training took

b

results of their first and second‘!bst-traiﬁing sessions. The )

A 7

-
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experimeﬁter had discussed with both D.S. and G.G. prior ‘to ) ;
‘their first post<training session that no learning had de-

véloped du{ing their training and that this post~feedback

session was simply a matter of completing the planned protocol

for the research. They knew that the design of the experiment

[ e

was to compare pH changes upon instruction before and after

et

the biofeedback training sessions. Because they were aware

) .
that they had not developed control of pH over the training
period, there was no pressure for them to perform in what they

had expected to be their final session in the Laboratory.

o -

This, and the thought that it was their. final capsule-swallow-~

TR St kbl (S e S b By LR ML W

ing session, may have enhanced their ability to relax and 'let

gb‘ during this session when they were instructed to raise pH.
/

Furthermore, the experimenter is aware of having felt less
anticipation than at the other sessions. Certainly no appro-
priate pH changes were~%§pected of the first two subjects

since ‘so little had beeq observed in earlier sessions .and then
| i .

only in/}ﬁe‘case of G.G. Perhaps additionally this non-stress
\ & S ¢ ) :
) feeliqé/was conveyed'to these subjects. Gorman (1976) noted -

‘that;his‘gubjécts were able to iphibit secretion when in a
. . ~ B
"relaxed attentive state. It may be that D.S. and G.G. had

tried too hard and did not relax during their. pre-training and
training, but when, at the first post-training session, there
was nothing to lose since nothing had been gained, they qguid

AN
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achieve a more appropriate mental state under wﬁich changes
could occur. In thisvregard, Peper (1976) related an analogy
between biofeedback traiping of a viécefai Eesponse and:
urinaeion, i.e. Ehe urine starts to flow ‘when one finally
gives up and no longer cares. In‘coﬁtraet to D.S. and G.G.,

the second two subjects had reported .feeling ﬁhey had made

some appropriate changes over the course of their training.

[

They and the experimenter may have been feeling some stress in -
. . .

o

their post-training session when they were not as successful
in the direction of decreasing eﬁ}dity.

The results of this study suggest that the question of

whether pH feedback given by theAcapsple unit can teach healthy

subjects control of gastrie pH can only'be answered using-’those
subjects who have a hlgher and more(varlable pH basellne.
These are the subjects for whom the feedback wouldabe adequate
to ask the question. It should be noted that if such ;ubqects

could be found, one might expect individual differences in ‘

visceral learning just as\ there are individual differences in

learning a motor, skill. If subjects could learn to.volun-

tarily control pH with this equipment, the following important

gquestions could perhaps be answered. How long deee learned .

control last when feedback is withdrawn? Does reward (feed-
back) withdrawal lead to éxt;ngtion'as is seen in the ogeraﬁé

conditioning paradigm (Kling, L9fl)? ‘The possibility exists
N o !

B
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that patients who are symptomatic because of hyperqcidity

(ulcgr‘patienté) éPuld‘receive the reward of sympfom improve~

-

ment by learning acidity control. These patients are nét

°
1

likely Eo'have.:.baseline pH high enough to enable them to get
adequate feedback using the capsule aléng. However, pérhaps

théy could be traihqd while sympfdmatic using the alkaline .

titrant. This should relieve their discomfort and if they

could then learn to maintain the pH high for a longer period

of time'withﬁbiofeedback; the associaped relief froﬁ pain may
servé a; a stronger reward than wduld‘simﬁly an appropriat
oresponée yhichtwas fhe reward.uggé in the preseh% exéerim t.
\ : In cOnclusién,°the absence of learning of- acidity con-
.. trol dsing the Heidelberg Capsule System. does not imply that
biofeedback training cannot ge effeétive in this area .using

" other techniqués. However, the Heidelberg. System presents

minimal digscomfort to subjects (relaflve to gther forms of
o } , , .

- acid’ measuring eguiﬁment) permitting a better measure of

cephalic phase effects. It eliminatég the risk of irritating

gastric mucosa -through the standard measufiﬁg techniquesg thus

minimizing, any gastric phése effects. It more closely parallels

the natural environment of the stomach making generalizations

- .

T~

from the laboratory to 'real-life' conditions more meaningful.

4
LI

@ For these reasoﬁg, future research using' this equipment should "
. . . . ‘ .
attempt to ‘answer other guestions regarding the relation of |
L 3 " ’
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the mind and the gut. ' It appear§’fhet'the issue of voiuntary

. control of pﬁ with biofeedback training can only Be studied ~

x

with the Heidelberg System if it were possible to secure sub-

jects with a higher basal pH: However, - the biofeedback com-
ponent itself may prove useful in helping ulcer subjects - i

\

explore various cephalic influences on their acidity pH and, .
. . ) r ‘ .
more importantly, coping strategies which may alleviate ,
. i ’ 0 . i .
symptoms ., 3
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INTRODUCTION TO STUDY II - RELAXATION TR&ININGU,

Phase‘;wo of this experiment was designed~to explore

\

the effects of a modified form of.-Jacobsonian progressive

relaxation training on gastric acidity (Behavior-Media-

-

Relaxation Exercises, Note 5).

Jacobson (1970) reported that his clinical experience

often led him to include peptic ulcer ‘as a tension disorder

along with disorders such-as hypertension, certain cor?nary
4

symptoms, irritable colon, etc. He reasoned' that tension or
anxiety and relaxation are mutually exclusive because what we
i .

visualize actually or in image determines our emotions. He

maintained that if we visualize relaxation and carry out the

relaxation exercisgs, our emotions will be thus directed. He

reported that the reduction of muscle tension also led to the
\ . :

reduction of autonomic activity especially that of the sympa-

-

‘thetic nervous system (Jadobson, 1967).

Chinnian, Nammalvar and Rao (1975) reported that pulse

: , . .
pressure ané pulse rate (two sympathetically controlled acti—~

b&ties) were\signifiEéntly decreaseg—follQQing progfessive
felaxation as gompared‘to‘contrql periods,'thus.supporting
J#qobson's eariier :eppréeé results with regaid to sympathétic
activity (Jacobson, 1938). There were significant changes in

respiraéory'raté in Chinnian's subjects but these followed the

o 49, . , :




‘ control sessions as well. Furthermore, Reinking and Kohl -,

\

-

(1975), én studying the effects of various forms of relaxa-
tion training on physiological measures, reported that the

best single correlate of sympathetic arousal was skeletal

.muscle action potential. Their subjects, with practice fin
. 1

Jacobsonian progressive relaxation reduced muscle tensionp by 50%.

Tarler-Benlolo (1978) in her review of relaxation studies
concluded that di¥fferent strategies employed in relaxation tech-

niques/ lead to different patterns of physiological resporse

4

and she cited Davidson and Schwartz (1976) who have classified

Seim

the focus of relaxation procedures as primarily inhibiting .

either somatic or cognitive activity in either an active or-
. . .

passive manpef. They further stated that since different . '

¥
.

physiological measures reflect predominantly cognitive versus

somatic processes, such measures should be changed predictably

)]
according to the form of relaxation used.

The progressaye relaxation technigque employed in this :
study appearéiﬁo be an aFti§e-procedure. It would seem that

¥ 4

it should inhibit not only musgcle tension but also extraneous

coéhi;iye activity. It re&uires both the tensing and relaxing

of muscles progressively through the\bodf‘and, as well, the

concentration on instructions and on the discrimination of

[

feelings of tension versus relaxation. - Jacobson's theory

implies that if peptic ulcer is a tension disorder, decrease

*
"

o
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involved in the exercises. Gastric acid secretion is a visce;aI,

\\prodpced opposite effects on acid secretion. Furthermore, the

51

. -

in muscle tension or somatic activity should relieve the dis—\\
- . ~

order. since anxiety will be relieved. In contradistinction to

Jacobson's thinking (e.g. Jacobson, 1967), the hypothesis of

this experiment is that if relaxation training has any positive

effect on the reduction of gastric acidity it will be rather

. becéuse of the type of cognitive rather than somatic activity

~

not a somatic.activity. It is mediated by the vagus nerve and
the parasympathetic nervous systém. The physiological,corre-\
lates of relaxation training cited earlier are mediated by the

sympathetic nervous system. There is a lack of empirical data
\\ . te N

suggesting parasympathetic correlates of muscle re;axation;

Benson, Beary and Carol (1974) wrdte that “the relaxation re-

sponse appears to be an integrated hypothalamic responsé which ‘

.' M 'Y t ' . i

resﬁ}ts in generalized décrqased sympathetic nervous system
activity, and perhaps also increased parasympathetic activity."
This then suggests that if %he relaxation response leads to an

increase in parasympathetic activity, .the vagus nerve would be -

activated with a concomitant increase in the production of

-

o> &

gastric écidity. Howéver; we also know of ﬁhe influenceixpf
cent;al‘or cognitive activity on gastric secretion. Wolf |
(1977) reported that a placebo given to the samexeighteen sub-
jects on tyo different occasions by'two different e#periménters

) .

. * ) ~
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A same Qose of an acid~inhibiting pharmacodynamic'agent has been f,(
shown - to producenvaffingfeffecés\on‘aciéityaat differenttfimes
on a conscious shbjéct contrastipg with the uniform inhibiting
;ffects seen 'on a subject rende?ed-unconsciou;.ﬁy an automo-
- ‘ bile accident (Wolf, Note 1). ) .

It is difficult to predict what the effecps of relaxa-

tion training will be on gastric acidity. Will there be a

3

. . - physiological effect of decreased sympathetic activity, in-

. creased para3ympéthetic activity, and increased acidify or

will the éognitive activity involving the éubjects' focug bh

o ' instructions be aésociated with a decrea;e in acidity? It is

! ' éxpected that, COn£rary to what Jacobéon's thesis might sug;
éest, litfle.if any change in acidity wili result, from prac-
‘ticed relaxation exeré&geé, énd that if a qhanée ié Qeen; it
will be in tﬁe direction of more, rather than:less,'écidiﬁy
since there is no evidence to suggest that a cognitive focus
on instructions reduces gastric acid secretion. On the other
hand, there is evidence that relaxation exer;ises iéad to a

decrease in sympathetic arousal-and there is also some sug-

> ‘- , }
gestion that the sympathetic and parasympathetic systems have ‘ !

paradoxical effects. We know that when Wolf's patient with a
o ) ( .m’\/’ ‘ .

gast;ic fistula reported experiencing sudden fear this was

associated with sympathetic hyperactivity and his gastric

secretory response was a decrease in acid secretion (Wolf &

-
Wolff, 1942).

A ————n -~
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A review of the literature has revealed little data in
' the area of relaxation training and the gastric response gystem.

Beaty (Note 6) carried 'out feedback-assisted relaxation training

as a treatment for patients with gastric ulcers. He reported

RN

that’ two of his five subjects dropped out of treatient during

5’ ' the baseline phase and continued to have symptoms. He con-

.

P

. .o~
cluded that, since the other three patients had no stomach

pain and were taking no uiéeqsredication at ,the end of the

s N ¢
program, his treatment was functionally related to the reduc-

tion in symptoms. However, it is not known whether the three

' -

/ ) pati¥nts who remained in the program would have improved with- -

LD AR E AL 0 e o WA e . A ol WA,

out treatment. No acidity measures were taken. Jacob§on (1970)
reporfed on a patignt who in 1944 suffered frém disabling
anxietyland gastric achlorhydria (anacidity) among other symb—
toms. Within a month of proéressive relaxation trainiﬁg-this
o patient was reported to have been able ta discontinue his cap-
o sules of_hydrbchloric acid because his achlorhydria was replaced

by more neérly normal gastric acidity. It is not possible to
‘

AN \k

determine from the above clinical reports whether there was a I

7/

functional relatedness between the relaxation training and

either of the two opposing acidity responses.

Because of the physiological evidence cited earlier,
it would seem more likely that if any gastric results of pro-

gressive relaxation training are seen, they would be in the

4
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direction of increased rather than decreased gastric acidity.
.

‘Method

H.S. Neither had experienced relaxation training prior to the
study. They fasted for eight hours prior to each experimental

o
session. Each session took place in the morning.

Apparatus and Procedure
’ &

~The apparatus and procedure were the same as those

used in Study I of this research.

Bageline Control: Each subject had two baseline
sessions in order to assess the temporal effects of the 20
‘minute interval-that the relaxation exerc¢ises would last in

the experimental condition. After a 15 minute basal pH

. . " . \
level was reached, subjects in these baseline control sessions

were given 5 ml 0.1lN NaHCO3 to aséess the degree of acidity at
that time. Once the pH had returned to or close to the basal
level, a‘20 minute time interval was allowed to elapse. This
was followed by another dase of 5 qi '0.1N NaHCO; to asseés the
degree of acidity at the end of the 20 minutes. ISubjects read

‘ ' |
throughout these sessions. At the end of the second control

session each subject was instructed in the principles of the

»

ety
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- 15 minute basal pH level had been reached. When the pH had

relaxation training that they were to learn and practice daily
over the next eight d;ys. The principles and the specific
muscle tensing'and rela#atioﬁ iAstructions were given on tape
aﬁd féllowed by the subjects at thatAtime in ofde; to assure
thé expérimenter that the subjects were able to understand and
accurately follow the inétructions.

Training: -Subjects practiced tensing and relaxing the

I‘

required muscle groups as instructed on the tape on eight )

a

occasions in their own homes. Duration of practice was 20

minutes daily. The time of day was left to the subjects'

preference. e

)

Post-training: These sessions (two per subject) were
carried ou% in the same time frame as the baseline control

sessions, Each subject was given 5 ml 0.XN NaHCO, after a

D
~

" returned to the basal level or close to it, the relaxation

tape was put on and subjects went throﬁgh the progressive
relaxation exercises that they had practiced at home. After
the 20 minute procedure, subjects were again given 5 ml

0.1N NaHCO; to assess the degree of acidity at that time.

v N Results

‘bata Analygis -~

Seyeral data analysis procedures were explored before

-~

~-

. -
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the nature of the distribution of the data became known. Due
to éhe exploratory nature of this project, it was not clear
prior to the experiment which measures would be most appro-
priate to analyze. It was Aecided that it would be important
to evaluate the amount of acid in the stomach immeé}ately upon
conclusion of the 15 minute basal period and theu20-migﬁte *
reading pefiod in control sessions, and upon conclusion of the
15-minute basai period and the 20 minute relaxation'exercise f
period in the experimental sessions. In addition to the measure . e
of acid immediately fq%}dwing¥£hese periods, it was felt that . ‘
it would be important'to look ég.ﬁhg\iiid output over the en- |
suing minutes.  Therefore the results wer ‘evalu;téa in two
' wayé;' ?irst, the amount.of acid in the stomach the con-

ciusion,of both the control éeriod and of the rela;;:IEn\ ' L
. * \ ¢

N ;

exercises was compared to the amount of acid in the stomach

Vi at the end of the 15 minute basal period in cohtrol and experi-ﬂt\\\\\i;,

- mental sessions respectively. This amount of acid was measured

:

- by the peak pH within 45 seconds of the administration of the
5 ml O3 NaHCO3. The basal pH of each session was subtracted g £

from each :;\Eﬁé\pgiﬁf\f:fhin the sesi;on so that results ' ‘

between sessions could b cggpared.

\,ig§ﬂ~ Secondly, the amount ;E\Ebid produced over the ensuing

c T several minutes prior to and following con 1 and exercise .

periods was assessed by estimating the areas uﬁder the curves

-
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produced by the rise and subsequent fall o

r

pH upon admini-

' . stration of the alkaline substance. These areas were computed

by sampling the median pH of every 30 second period until pH

returned to within .2 of the basal pH of that day, or for a

maximum of 20 minutes if the pH did not return to the basal

level. The basal pH was subtracted from each of these pH
' ’

numbers to allow comparisoh of data between different sessions.

‘The mean of every two numbers was multiplied by .5 minutes and

these resulting numbers were added together to.give a measure

"of the area undefﬁthe curve. a

A ‘'statistical analysis w%s not appropriate for the

results of this study since there were only two subjects and

there was considerable variébility between them.and within

¥

. ) : _—
their replicated sessions. Because this was exploratory work,

/

it was not desirable to enhance the likelihood of making a

‘type II error by statistically analyzing data with so much

Qariability and so few degrees of freedom. A summary of all

»

the data is presented in Tables 2 and 3. An example of the
variability is the@case of G.G. where this sam@ subject in the
same condition (in the instances of both control and exercise

conditions) showed variable responses on two differgnt days

(Table 3).- ' - ‘ |

o o -

When the pH peaks were evaluatedf thatﬁis, when the

b ‘ .

immediate effect on écidity was assessed, the results showed

T e R I Ry e TR LS T en
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Table 2;) -
pH Peaks -
(Maximum pH within 45 seconds of administration
of 5 ml 0.1N NaHCO3 with basal pH subtracted from it)
Subject Condition . Pre Post -
G.G control 2.8 . - 0.7 <
- = 3,02 : X = 2.47
G.G. control 3.25 x =3 4.24
H.S. control 5 - 2.8 _ _
H.S. '~ control - 4.2 . X=4.6 5.95 X = 4.37
G.G. exerc%se 2.9 223,75 5.15 2 _ 4.97
G.G.' Jxercise 4.6 4.8
H.S. - exercise 3.15 - 5.4 =
= 3. ' X = 5.
H.S. . exercise 3.25 X 2 6 X 5.7

\
4 .

-
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Table 3 .
t ° - i‘
Area under Curve %
< ' . ;
(output over time) T ¢
. w - :
Subject Condition Pre Post \<==!$~
G.G. control .68 3 _ 21.36 49 2 - 40.61
G.G. control 36.04 . 80.73 -
' - - | 1
H.S control 5.46 < ~ 13.86 =
- X = 6.45 X = 34.48
H.S. control S 7.44 55.11 ’
W
G.G. exercise 37.78 3z _ a0.6a 6858 27 o1 6o
G.G. exercise 43.5 . 34.8 -
H.S. \’exerc%se 1.58 % =‘ll.87 8.74 % = 14.97
H.S. . exercise 22.17 21.21
Q i

b S
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that the pH péaks of each subject in each of their experimen~
tal (exercise) sessions became larger, whereas after the con- .
trol (reading) period there was nof’ystematic change in peak

pH (Table 2). Figure 1l shows the pooled means and standard

o

errors of peak pH in the experimental and céntrol conditions.
‘ .

BEach mean represents the pooling of two subjects over two

sessions, i.e. four data.points.’ There was a reduction of

o

acid in the immediate. post-exercise period compared to the

bre-exercise period of these two subjects as me;sured by the
. .
pé peak witﬁin 45 secondsl A systematic change was not seen
in Eé?rg@ntrol condition in'these sﬁﬁjects.

In conérast to“the peak pH’measures where an immediate
decrease in.acidity was seen following the exercises, when £hé
area under the curve, that is the acid.output over\the ;ﬁsuing

period of time, was evaluated, the results pointed in the oppo-

site direction. They are somewhat more equivocal, however,

.since as noted above variability is® seen 'in both conditions

(Table 3). The means of 'the areas under the curves of the .
replicated sessions of éach subject increased (lé;; acid) after
bgth{fhe control and ?xe;cise periods compared to befgﬁe both
éondié;bns,-b;t there was“a‘greéter relative increase after
the control period. In other{wordsf a greater teduction in

mean acid output for each subject was noted after he read £ﬁan

after he did relaxation exercises (Table 3). Figure 12 shows

P N
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~less following the relaxation exercises than it did following

" no systematic change was seen pre to post in the control con-

. compared to the control ses%'o?s. The7resulEs demonstrated

63

-

the pooled means and standard errors of the pre and post

areas under the curves in both conditions. Each mean here

represents the pooling of two subjects over two sessions. .

%@ ’ N
In summary, the data for these two subjects suggests

s b

that their acid output measured over a period of time decreased

P

the control (reading) condition. This result is in contrast

’to ‘the peak measures of acidity %aken,within 45 seconds where

v

dition, whereas in the exercise condition, a decrease in

acidity was noted immediately after the exercises.

< L

| S - ,_éﬁiscussion ,

The hypothesized effects of relaxation exercises on
‘ |

gastric’ acidity were that little cﬁ%nge would be ;éen follow- ;

.
T e e Nt o -

t

ing the exercises, and that if an effect was seen, it would i

be in the direction of more, :rather than less, acidity whén

o ¢

’
L

by the two subjects in th;s/ tudy are not inconsistent with
this hypothesis. - However, because of the high degree of

variability nated, particularly in the measure.of acid output

over a period of tiqe, any conclusionséto be drawn about these
! R , ’ ;
two subjects must be done very cautiously.

As reportéd in the Results section, two effects of
N - . . .

o




exercise and control conditions were evaluated--the immediate

3

! .
pH peak within 45 seconds and the amount of acid secreted

+ .

over the ensuing period of time. Consistently higher pH péaks
were noted in the 45 second period immediately following the

v

relaxation exercises. pH peaks were not systematically higher

/ - - .
in the control condition. If more subjects were studied, and

if this immediate effect were again sgen consistently only-in

- : Q .
the exercise condition, it may suggest that the contractiing

and relaxing of the stomach muscles prémoted méré r§§id pty-
ing of gastric‘acid."Thié‘gastric empfyiﬁé would result in

the immedigte effect ©f a higher pH when st?mach contents are
néutfalized with 5 ml 0.1N NaHCO3 as was noted in the'preSent

.study. If the exercises promoted the emptyiﬂg of acid from

the stomach, one would not expect any'systematic increase in

!

pH peak within 45 seconds in a control condition.

it

»

4 - |
‘ted, the results suggested that the mean output following the

i -

'Ebptrol ireéding) period was consiaerably less than before it,

whereas the mean output following the exercise period was only

N

spmewhat less than before the exercises. If more ‘subjects
.wére studiedJand these same differences were to recur, this -

’wouid lend suppor't to the hypothesis discussed earlier by

4

suggesting & tendency for more acid to be produced following

+

reiaxétigf~exefcises than following a control period. This

When the acid output over a period of time was evalua-
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©
)

would not be surprising in view of the effects of the relaxa-,

. tion training reported by Jacobson (1938), Chinnian et al.

¢
N

(1975) and Reinking and Kohl (1975). These effects included
10Qereq sympathetic arousal as indicated by lowered hea££ rate
"and pulse pressure. It has been ﬁheo?ized‘that sympathetic
aroﬁsgl may have an anti-cholinergic effect, i.e. that the

‘parasympathetic system may be inhibited when the sympathetic

system is afoused'(Moraes, Ny%;s, Ka}ahanis, Bombéck & Das
Gupta, 1978). It.may be that the effect of the reverse, ite.
of a decrease in sympathetic arousal as is seehqéf;er pro-
gressive relaxat}on exercises, is that the paraéympathetic
system is disinhibited. Since the cholinergic vagus nerve is
paré of tﬁe'parasympathefic system, this céuld,leave it dis-

inhibited to act on the parietal cells which produce acid.
~, ¢ | .

3 .
Further ‘studied4 carried out on a larger number of subjects

measuring both sympathetic and parasympathetic responses could

test the above interpretation.
A possib}e confounding factor in the present study and

a somewhat difficult one to ovefcome in fuéure'studies is what

"

the subjects,are doing or thinking in the control periods and

- prior to and following the exercises when the acidity measures

are taken. Subjects were allowed to read material of their-

choice at all times in this study except while they were lis- -

tening to the relaxation tape and carﬁying out the e‘prcises.
, .

‘. : R
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The type of material they were reading and the interest they

manifested in it .may have had an effect on their gastric acid
]
pH measures. Some evidence suggesting this will be presented

recognizing that it was not .systematically gathered but rather

Y

" noted post hoc by the periménter when notes of the sessions |

were examined.

d .
In his first baseline session G.G. was reading and

i

correctinq\a student's paper, a task he report;d not enjoying
. v ,
because it was not the first time this student had rewritten.

this' paper for him. G.G. became somewhat more acidic over the

course of this session” (Appendix b). In his second baseline

b
, .

session, he wa§ reading a magazine in which he rgported'great
intérest and enjoyment. He became less acidic during that
period of time (Appendix DY;i Sihilarly in an experimental
séssion, when he was readiﬁg a novel in»which he expressed
great intereét, his pH did not return to the low basal level
in the usual aﬁount of time prior to the 9xercise period
(Appendix D). 1In h;s remaining éessiop G.G. did not volunteer
any comment abogt his reading material as he had in fhe above-
mentioned sessions.

' In the second baseline session of subject H.S., his
pH was noted to gé highsf during the times he was reading

“material in which he reported interest (Appendix D). His

* interest in the.content oﬁ,his reading was not noted in his

]

\ “ '
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other sessions. .
In view of these serendipitous findinés, it is sugges-
ted that any future studies that have the intenht of measuring

the effects of relaxation exercises on gastric acidity attempt

1

to control for the cognitivé influences on acidity throughout
1

the co@trol sessions and prior to and following the exercise

-

periods when measures are being taken. \
t .

‘Furthermore, it is suggested that further research in
this area make more extensive use of subjeétive reports thaﬁ
was done in these experiments. The reports that were folun—
teered suggest. some li;ks between cognitive and affective
experiencdes and the acidity response. Future studies might
assess wﬁether particular internal stimuli systematically
affect changes in acidity. Can these changes be interruptéd;
Can thoughts and images be used with a view to reliably con-
trolling this aﬁtonomic res?onse? It méy be that individual °
differences in this area are so great that group studies would
obscure clues about cognitive or affective influences on gastric
acidity. It has been suggested that sensitive individual
studies may be mor@‘%ruitful in exploring the relationship
between the mind and the gut (Wo%f,’ﬁoﬁé 1).

In conclusion, the results of this exploratory experi-

i

ment call for (1) more extensive study of the effects of a

3

. | '
- subject's involvement in reading material and other cognitive

3
3
1
3
v
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. i

influences on gastric acidity; (2) future relaxation training |

.

studies to measure sympathetic arousal concurrent with the

measure of gastric acid secretion in order to attempt to
. <

answer %he question of whether disinhibition of the para-

:

sympathetic vééus nerve occurs during times of inhibited

«

sympathetic arousal; and (3) such relaxation studies.to be

carried out on a larger number of subjects to permit statis-

!
tical analysis of the results.
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SUMMARY

a

Study I was designed to ask whether awareness of one's
level of gastric acidity, through a technique of biofeedback

training,. could enable a subject to voluntarily raise and  lower

priate changes did qccuf after\training, it is suggested that

" the changes were not a result of the biofeedback per se since

no development of learning was observed over the course of the

training. Explanations relating to ghe adequacy of the feed-

- ‘ ‘back, to the cognitive and affective state of the subject, and

‘ ‘ ‘;?to the expectations éf the subject and experiggztér were
offered to account for the results. Verbal feedback from the .
subjects suggested that’the Heidelbérg Capsule telémetering
'system was a relatively non-aversive form of acid measuring
‘equipment that‘could be fruitfully used in psychological
stuaies. - .

l\\ ' Study II explored the effects of a modified form of

Jacobson's progressive muscle relaxatioh traihing on the
acidity response of two subjegts. In contrast to what

&
Jacobson's theory would have predicted, a decrease in acidity
was not expected. Results showed that less acid was seen pre
to post in both control (reading) and relaxation exercise

o conditions, but this decrease in acid output over a period

: 69 - | :
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his acidity upon completion'bf training. Although some, appro-
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of time appeared to be somewhat larger after the control

/

.

. . = b

‘period. It was suggested that the decreased amount of acid

that was seen only within 45 seconds after the exercise con-
‘ & ' '
dition was due to the contracting and relaxing of stomach

et T w weva o

muscles which could have effected rapid gastric emptying lead-

iﬁg to a higher pH right after” the exercises when the alkaline

substance was swallowed.

Lt DS,

,; It was suggested that further psychological research C ﬁ

¢ -in the area of gastric acidity make more extensive use of

subjective reports than was done in these experiments. The

few'feports that were volunteéred suggest some links between
cognitive and affective experiences and the acidity response

which merit further exploration.
hi
. 4 .
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