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INTRODUCTION

By Franklin Hollander
Gastroenterology Research Laboratory, The Mount Sinay Hospsiah, New York, N 17

Conferences on hunger and appetite, such as that on which this monograph
is based, have been held before, as 1 the case of the Nutrifion Symposium
at the Harvard School of Public Health in October 1952; but the prime objec-
tive has always been to resolve the broad question, “Why do some people get
very fat and some very lean?” rather than the more restricted one, *“Why do we
eat, or fail to eat, even i spite of nutntional requirements?” The papers in
v.hns monogmpb delve nto this more delimited area of physiology concerned
S
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cern us at all Rather, we shalt deal, in thcsc papers, with neural, humoral,
and gastrointestinal processes which initiate or inhibit these other muscular
activities  In znalyzing these diverse factors, we shall use a variety of terms
Sometimes we shall speak of “the desire or urge or drive to eat ” Sometimes
we shall talk of “eating for calories, or carbohydrate, or salt, or some other
particular entity, because of a specral craving for 1t " Sometimes the phrase
used will be “eatng for bulk” or an analogous expression  We may even have
PP AVE e fas P TR do s
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{orms, 1t was chosen for the title of this monogmph Our prcdccessors in this
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. .
operational purposes, or else that they W\ll be dxscarded from our techmcal
termimelogy  The frequent use of these words n describing human experiences

not durectly related to the ingestion of food may make the latter the more
desirable



PartI. Regulatory Mechanisms

UNTOWARD REACTIONS TO WEIGHT REDUCTION AMONG
CERTAIN OBESE PERSONS

By Albert J. Stunkard
Departments of Medicne and Psychiatry, New Fork Hospital, New Vork, . ¥.

The 1ll-effects of obesity are so well advertised these days that weight re-
duction regimens are rapidly achieving the status of panaceas, It is well to
be aware that such regumens are nat cure-alls, and that they can be more dan-
gerous than the condition they seek to correct.

The emotional disturbances attendant upon semistarvation have been care-
fully studied in a nonobese group in the Minnesota project.! Similar respect
has yet to be accorded the overwerght patients for whom semistarvation is
prescribed with such ympunity  Physicians who have dealt with obese patients
have noted widely varymng responses to weight loss, from the patient who has
never felt better, to the one who becomes so weak he can hardly keep going.
Furthermore, anorexia nervosa 1s reported as beginning characteristically dur-
ing a reducing regimen Only two publications, however, have published
articles directly addressed to the topic of untoward responses to weight reduc-
tion The first article, by Hertz and Means,? deals with the preapitation of
thyrotoxicosis by weight loss ansing either from voluntary restriction of food
intake, or from debihitating illness. More recently Bruch?® has called attention
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THE ROLE OF THE DIGESTIVE TRACT IN REGULATING
THE INGESTION OF FOOD

By J P. Quigley
Department of Physiology, Unicersity of Tennessee, Memphis, Tenn,

The most important dasic driving forces or urges that regulate the activities
of human bemngs and ammals are (1) hunger for food, (2) hunger for salt, (3)
thirst, (4) sexual drive, and (5) the desire for the preservation of life, Thus,
we are well ;’usuﬁcd in attempting to understand one of these basic forces and
P S P AT B b e Ve ale st o sha

P which ind, that fon of food ingestion results from an inte-
gration of forces derived from specia) movements of the digestive tract, hot-
mone influences, emations, impulses from the cerebral cortex, from the hypo-
thatamus, and perhaps from the entire body,

In considenng the over-all regulation of food ingestion, the terms hunger,
appetite, anorexia, et have been extensively employed. These terms have
diffesent meanings to various students of this subject. We shall accomplish
much if we agree on our basic terminology, if we approach the subject cau-
tiously, avoid broad generalizations, and carefully attempt to justify our trans-
ference of ahservations and interpretations from the species studied to other

fes,
Tt has frequently been stated that the intake of food is rather accurately

rate correlation of food ingestion and food requirement is asenbed o an auto-
matic increase or decrease in the desire for food as the need for food increases
or decreases It is common knowledge that a growing child, 2 convalescent
individual, a person performing heavy manual Iabor, or a pregnant woman all
yequire relatively more food, and that an d desire for food ieall
tends to parallel the need Admitt:ng that zlhis_p«rauelism usually exists, it
N 4 nie 13 e o ialantaeey hes st B
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non and Washb have d d, nere produced by specia!

called “hunger contractions” of the stomach, These movements and the sen-
sations they produce have been extensively studied by (}arlsgn"' and his
associates  Serious consideration of these hunger contractions is thoroughly

justified. It has repeatedly been demonstrated that they provide one of the
e 11 f aiien alet mno Taea Tand inasation
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-+ atory and cardiat
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The Portion of the Digesirve Tract from which Hunger Sensations Originale

From his vicual pheervationg mada an 2 aihiact with o eagtramtame ond
2 @

L . - -

in the fundic portion of the stomach. He noted that motihity in the pylonc
antrum, duting digestion, when no sensation of hunger was produced, may be
e =l ke IR G s
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studied gastric motiity simultaneously in the fundus, corpus, and antrum, and
concluded that sensations of hunger coincided with antral activity.

Quigley, Jobnson, and Solomon’ also employed the triple tandem balloon
technic for a detailed study of the hunger sensations, The subject in whom
gastric activity was being recorded was unable to see the record \When he
experienced hunger, he signaled this sensation by closing appropriate keys m
circuits contamning signal magnets  Quigley and his associates concluded from
such studies that each penistaltic wave which passed over the stomach produced
only one hunger pang, but ths sensation could arise from activity in either the
fundus, corpus, or antrum  Motor actvity in the distal stomach was the more
common cause of the hunger pang  The portion of the stomach from which
the sensation arose might vary in an individual during an experiment. There
was a lag of about two seconds between the beginning of the contraction which
produced a hunger pang and the recogmtion of the sensation. Simularly, the
sensation persisted briefly after the termination of the contraction With

N s s - ight begin in the fundus while the pre-
A continugus hunger distress was then

. to individual contractions in specific
portions of the stomach At such times, several peristaltic waves were pro-
gressing over the stomach simultaneously, The sensations related to this
motility were overwhelming and could ! change a person’s tempera-
ment and behavior  The desire to obtain relief from his distress was predomi-
nant and completely dictat:;‘l his behavior The individual tended to be

e ] IO

1
period, we made records simultaneously from the stomach and from other
portions of the digestive tract Quigley and Solomon® emp!oycd a double
tandem balloon in the duodenum, and a triple tandem balloon in the stomf;ch
We confirmed the report of Ivy, Vloedman, and Keane"! that the hunger Penaqs
in the stomach and duodenum were related. We observed that peristaltic
waves from the stomach usually passed over the pylonc sphmctfr and con-
tinued as peristaluc waves in the proumal duodenum —Occasionally, the
contractions i the duodenum differed in tirme 2nd muglfuudc from those in
the stomach, and the subject accurately localized from his sensations the site

and type of contractions occurring  The period of duodenal activity some-
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by Luckhardt’s suggestion that hunger contractions were increased by fasting,
moderate exercise, hemorrhage, exposure to cold, phlothidzin, or diabetes
since, in these conditions, there was either a decrease 1n the blood sugar con:
centration, in the glycogen reserve, or in the ability of the body to use carbo
hydrates, This suggestion was supported by the observation of Bulato anc
Carlsan™ that insulin injected into dogs increased gastric motidity,

‘We made an extensive comparison’-# in normal mdividuals of the gastrx
and duodenal contractions and the hunger sensations occurring spontaneously
during fasting and those following the administration of insulim  Insuln hypo-
glycemia produced no type of motility which differed from the spontaneous
fasting motility  However, the hypoglycemia exaggerated the motor actity,
apparently by augmenting the vagal influence on the stomach 2 The gastru
tone was increased, the peristaltic waves were more frequent and of greater
magnitude, and the motihity persisted for long intervals (in excess of five hours)
The rest periods which are ct ic of hunger ions
were abolished by the hypoglycemia The hunger sensation became exag:
gerated and continuous during the period of hypoglycemia. An overwhelming
desire developed to eat and “fill an empty space in the abdomen ”  If the sub-
ject was allowed to eat, only shght consideration was given to the character of
the food eaten

Mild spontaneous hunger contractions may be inhibited by smoking, mld
nausea, unpleasant emotions, body discomfort, the sight, thought, or taste of
food, or by extraneous disturbances  These factors did not abolish the well-
developed exaggerated gastric motility induced by insulin hypoglycemia,

Since many studies indicated a close relation between carbohydrate metab-
olism, hunger contractions, and hunger sensations, we investigated this sub-
ject more extensively. We found that, as the administration of dextrose,
mtravenously or 1to the intestine, relived msuln hypoglycemia, the exag-
gerated hunger contractions and hunger sensattons also disappeared If the
quantity of dextrose was moderate, however, the relief of the hypoglycemia
was trapsient With the return of the hypoglycerma, hunger contractions

2. .- i

periods of hunger contractions Sumlar observations and conclusions were
obtained by Scott, Scott, and Luckhardt 2 . .
Quigley and Lindqust® produced 1 dogs several of the conditions which,
Luckhardt had p d, should hunger c ie,}
glycemia, glucosuria, and ketonuna for 6 to 15 days by the admmistration of
phlorhizm.  Although the true blood sugar decreased from 2 normal of approx-
imately 80 mg per 100 cc to about 50 mg under the influence of ph]fthux?,
the hunger contractions were not exaggerated but were depressed during this
pericd, and some anorexia was present As the effects of the drug passed off,
the blood-sugar level, the hunger contractions, and the desire for food returned
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Summary

Evidence is reviewed demonstrating that, during fasting, augmented states
of tonus and motility called hunger contractions occur in the stomach and
duodenum  This motor activity produces hunger sensations hich serve as
the basic factor regulating the ingestion of food  Appetite develops from the
hunger sensations, A_ppar:ntly,.the relation between hunger conuagﬁons,

1 .
contractions and hunger sensations probal‘)ly through the ntermediation of
the hormone enterogastrone
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In man, the wide vaniations of patterns {¢ g normal-weight individuals and
groups, with similar occupations, app 1y have i d
themselves to widely different numbers of meals per day, distribution of calories
within these meals, efc ) suggest that 1t is not the initiation of eating (as a be-
havioristic translation of hunger or appetite) that is regulated.

The distinction between hunger feelings, hunger states, and hunger behavior
introduced by Janow:tz and Grossman,$ although it presents great descriptive
interest (we shall see later that, in effect, one way to look at the glucostatic

and appetite and examne, mstead, the subjects of regulation of food intake
and body weight, two measurable quantities related to the stated topics I
should also parenthetically deplore the fact that distance interferes with per-
sonal discussion of these subjects by two of the investigators who, in my judg-
ment, have made the most important contributions in this field in the last two
decades, Professor André Mayer, of Pans, France, and Doctor Gordon C
Kennedy, of Cambridge, England,

Let us examine the problems which arise with respect to the following four
questions: Is there a regulation? \What is regulated? How well is it regu-
lated? and, finally, How may it be regulated? It should be emphasized
that, mn the discussion which follows, we shall be concerned, not so much with
the factors that, at any given time, make for initiation of feeding or even its
continuation These factors will be reviewed by Doctor Brobeck with the
customary excellence I learned to anticipate when I was his student We
shall be concerned essentially with the “memory” of such factors 1n time, or
with those factors which exhibit memory, a necessary attribute for anything
which partictpates in a lasting regulation

1 Four Problems

(1) Isthere a regulation? This question, as André Mayer and his co-work-

erst have shown, 1s best answered, not by consideration of food intake, but by

of the fi of app of values rep ve of total
weight, water content, reserves other than water, nitrogen balance, and fat
content # Kennedy has presented strithing evidence of the persistence of regu-

Y SV JOURAPN Y I+

its cells, organs, and systems It simply sets lmmits both upward and down-
ward to enetgy exch for expend 2 maxil (the “summit metab-
olism” of Giaja® and a2 minimum (“basal” and its vanations) As ‘rcgards
food mtake, the upper lmt has since been explored by Kennedy!® in his beau-
tiful demonstration that, in the rat, lactation, not hypothalamic hyperphagia
represents the peak of wntake, and that the intake is not further increased by




Hay,
! 'Posing. the J:etter on the [armcr, bug €an pa incrcased by supenlz;posm
%:} &

the phys:o!o
slﬁcauon 22 foff, 7} ng- egy-
latiop o foog rtage 2nd body 'y ULy be menuancd,

2 Careq,, 2 1
Sttg)eg I Iy seen > Ungey these rand'twns o g, thae paw“‘“,’
rabbxts, Variatigye of dpy Weighe Werp Smay ® picgy clearly



18 Annals New York Academy of Sciences

suggests the existence of regulations  Stmilar pictures were obtained for water
and mitrogen balances.

FIGURE 2 gives energy intake as a function of energy output for these 23
1abbits* The energy equvalent of food ingested and of utine and feces was
determined daily for 80 days The animals, this time, were made to live at
30°C,18°C,and 0°C ,shaved and put to hiveat 18°C.and 8° C  Itis readily
seen that there 1s 8 dmicf. and proportional relationship between ntake and

v il e el f o R —

regulation 1s not sufficient to insure constancy of body werght and of body re.

)
iy
H
3 Frequence
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du mouvement
quotidien des
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reserves
pour 23 s

SEo8x grammes

Ulastrating theconstancy of the dey weiht (reserves) of animals muntained under unifor con-
dmun,(-lm Gasuierand A Mayer)
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tions  Some individuals consistently regulate their daily adjustment of en
intake to energy output, and their regulation of body reserves (“dry t
weight”) better than others, The irregular animals are also the “big eatt

IV Factars Affecting the Regulalwn:

tion, it is indispensable to define the lapse of time considered  All of us hr
and have known for a long time, that a large pumber of stimuli will transie
modify hunger and appetite and change momentarily the pattern of food
take: sudden exposure to heat or to extreme cold, necessity of violent exen
fear, rage, intestinal obstruction, gastric distension, appetite, depressant dr
toxic materials, efc A more pertinent question from the point of view no
events, but of regulations, is the effect of long-duration stimuli on the ¢l
S el N DI YRy v en e L

studies of A Mayer® on changes in salmity and hydration, the stude
Adolph®® and Kennedy'? on changes in caloric dnlumn of the diet strikin

\li how these i! once temp distutbed, mll selllc nfu

SO S U R O ST

greatly from unity, this fact by no means signifies that they are not regulat
and parameters describing the two regulations can again be calculated, °
shall come back to this important point later,
Two stimul, temperature and exercise, have been examined with particu
. oA A a e R

a5 will be seen, 15 2 transient effect with regard to heat (unless physiological
unendurable) Conversely, exposure to acute cold, after a short period

infubtion, wiil increase food intake as long as the animal 1s within the ran
to which 1t can become adapted Gasnier and A Mayer® have studied t}
characteristics of both reguhnons short-term and long-term, at various expe

TasLe 1
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A simular picture is obtained when variations of exercise, rather tha
environmental temperature, are used to obtain a range of metabolic in
sities** FIGURE 8 gives the intakes and body weight obtained when vat
durations of daily exercise are forced on trained animals. While the prac
of the exercise 1tself has an effect of immediately stopping the feeding pat

equilibrium has been reached, around a different body weight. Similar stu

have been conducted in various forms of obesity™: . ! as weil as en gt

of human subjects

Tt appears that it can be legitimately concluded from previous data and ¢
ments that:

(1) There is 2 “biometric margin of variation” of energy intake and enc
output;

(2) There 1s a day-to-day adjustment of energy intake to energy outpu!
(3) There is a long-term regulation of body reserves {or body weight);
(4) In both these regulations, one can define and calculate certain par.

eters, namely, precision, reliability, sensitivity, and rapidity. The long-t«

regulation 1s less precise, sensitive, or rapid than the short-term regulation,
(5) A number of factors that aflect energy output also affect the equilibn
position and the charactenstic parameters of the regulation For exam
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cold (if not unendurable) will increase energy intake and output, and increase
the size of body reserves It will increase the rehability of the day-to-day
regulation of energy balance, increase the precision and reliability of the long-
term regulation of body reserves, decrease its sensitivity and rapidity
(6) As mentioned before, the acute effect of many factors on hunger and
)
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successives  du  mouvement
des réserves en /bn ction
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appetite may be in 2 different divection from the long-term effect.  Genexally,
such atute effects are inhibitory, whils Iong-term effects may cause increase or
decrease; for instante, bulk causes a decrease in intake which s temporary,
Changes Srom high catbohydrates to gh-fat diets cause a lag in response of
adjustment of intake to outpur  Both sudden esposure to cold and to heat
inhibit food intake If these changes are outside the fimits of adaptation, the
cventuat long-term effect is agun deficit intake  Xf the changes are within the
tirt of adaptation, the temporary drastic inhbation 13 followed by an increase
up to Jower than norvaal levels in heat, above normal Jevels in cald

(1) Obese anumals, although thewr short-term regulation 1s adjusted {at least

V. Mechamsms of the Regulaitons of Day-ta-day Energy Balance and

Body Weight
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As regards the first short-term
it should fulfill the ioﬂowing criteria®

(1) It must be i d with the tholi which mediate the
relationship between energy intake and energy output This means, i effect,
that the mechanism has to be integrated with the regulation of carbohydrate,
protein, and fat metabolism.

(2) It must have both anatomic and physiologic support It must rest on
known structures in the nervous system It must be compatible with the
known metabohic characteristics of the central nervous system and of these
particular structures It must be based on practicable and reversible cellular
changes

(3) It must be able to account for the effects of variations in environmental
conditions associated with increased output (eg, cold e(erclse) on energy
1ntake, and must give an und jon of jts ad-
Justment to these condittons  Besides, it must be able to account not only
far the changes 1 intake, hut also for the changes in the pacameters of the
short-term regulation as well

(4) Yt must account for the well-known effects on food intake of “metabolic”
hormones, e.g , nsulin, growth hormone, thyroxine, efc., and of disorders of

of energy balance,
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We believe that only a2 mechanism based upon variations of available carbo-
drates fulfills these five criteria, and we shall give experimental evidence
which supports the existence of such a mechanism

As regards the second mechanism, that of regulations of body reserves
{weight), such a mechanism would have to fulfill the following criteria:

(1) Tt must account for the constancy of body weight of normal individuals
under a given set of circumstances over a long period of time, as well as for the
fact that weight loss due to fasting or underfeeding is followed by the recovery
of the “pnvﬂeged" body nexght

Sewaar

mal” weight and o be regulated for that weight, Tn particular, it must account
for the fact that obese ammals subrrutted to weight loss through fasting or
un ding regain the leged” obese weight as soon as hmitations to
intake are removed.

(4) It must account for the transition in several types of obesity, in particular
of the ‘L‘regu!alory" type, from the “active” phase of obesity characterized by
PRI A S S i,

amount of fat mohilized daily to s1ze of depot fat, the coefficient of proport‘ion-
ality being charactenstic of each type of animals and of environmental cir-
cumstances, could fulfill all five criteria. We shall mention experimental data
which make the existence of such a mechamsm not unlikely.
VL GI ic Mechanism of lati
According to the glucostatic theory, the mechamsm postulated for the short-
term regulation of energy intake rests on the concept that somewhere, pos-

of Energy Intake

concept fulfills the five criteria set up for the short-term regulation.

(1) Integration with over-all metaboltsm, wilh carbokydrate, fal, and protein
metabolisms. It 15 well known that carbohydrate metabolism plays a central
role in the regulation of energy metabolism. The stores of carbohydrates are
small (75 g in the hver, only a little more in the muscles), Blood glucose is
utilized preferentially by all tissues and exclusively by the central nervous
system. There 15 a formidable system of nervous, hormonal, and humoral
mechamsms all designed to mantain the homeostasis of blood sugar. Pre-
vention of low V.xlues is of vital necessity for the organism, as it causes death
through 1ncapacitaton of the central nervous system. Emergency mecha-
nisms, such as the action of epinephrine, or of longer lasting palliatives such as
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some energy storage, { ¢, phosph creatine phosphate and ad tri-
Rates of ion of glucose and phosphorus would be ey

peczed to be pamcularl aﬂ'ected m the feedmg center area if thcse centers

Jected that behavior of appetite under such ronditions as diabetes mellitus
made it probable, in the light of a glucestatic concept, that the metabohsm of
that particular area would be found to participate to some of the characteristics
of nonneural tissues, 1 particular, hver; a concept supported by the findings
of Larsson) Ta account for this specificily, Forssberg and Larsson studied
isotope incarparation, Bot only in the feeding center area, but also in other
hypothalamic areas (4 and B m ricure 9),  Blood, liver, muscle, and cere-
brum were also studsed
The results showed that, i hungry rats, the sample £, which includes the
feeding centers, shows a prefecential uptahe of ¥P, jndicating an increased
physxaloglca) activity over that in the fed state. By contrast, in the fed state,
activity of regions B and A 1s enhanced, while that of C is propomomtdy
decreased. Total activity in the hypothalamus stays the same, activity in the
blood and cerebrum is also unchanged, mndicating the specificity 'of the behavior
P aai el dwillalh Dl ammoo.1,m

P

relationship playing the central sole’ Pilot experiments with YC-Glucose show
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The effect of epinephrine deserves special mention, as it represents an appar-
ent excepl\on to the general rule Epinephxine administration causes an
immediate increase 1n blood glucose, and it dmsucal[y reduces or eliminates
any effect of hunger At the same time, however, it decreases peripheral

i Taseds  TUMila b caner hn o acas afmnd Bansinm bn assnha

ummals demonstrate that, while 1t decreases peripheral A-glucose values, it
carotid lar glucose duff thus not only does it produce
hyperglycemia, but it increases the proportion of glucose made available by
the nervous centers. It has recently been indicated® that in wire glucose
consumption of hypothalamic tissue is increased within a few minutes after
the administration of epmephrine
Turthermore this hormone has a number of other effects which may intervene
at lugher (central nervous) levels and not be related to the metaholic substrate
DAL 3 : e e SUSER

. . o R I C S

pituitary tumors should provide some data toward the solution of this mpor-
tant question.
(5) The hunger state and hunger behavior. Fmnally, there is still a need for

deficiency  The often demonstrated similarities between calonic deprivation
and diabetes emphasize the dommant role of reduced availability of carbo-
hydrates in the fasting state  Because of the limited supplies of carbohydrates
m the body, 1t 1s to be expected that frequent meals will be necessary to re-
plenush the reserves, particulatly n herbivorous animals In carmwvorous
animals, the bigh proten mntake may lead to a decreased frequency of meals
for a vanety of reasons (slower absorption, steadier utihzation, satiety effect
of amino acds, possibly, m part, pharmacological effects of decnrbﬂxylatcd
products)  Recause lack of avauable carhohydrates initi:

1f 1mlmcs gluconeo-

YT EVARVIRN
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framework, Doctor Stunkard has shown that hunger feelings and hunger
gastric contractions could be induced by psychologic stimuli (1 e., talk, sight,
or smell of food) provided a small A-glucose testified to the existence of a hunger
state as defined 1n the glucostatic sense.

It may be remarked that the restlessness and increased actm() chamc\er-
istic of “hunger behavior” is a uni lly observed
hypcrglyc:mn. Even unicellular organisms such as Stenfor have been shown
to stap the quiescent state as reserve granules disappear.® It appears there-
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between hunger and absolute levels of blood glucose®s and the then apparently
unsurmountable difficulty of diabetic hyperphagia
A "thermostatic explanation” such as that suggested by Brobeck and
e e agn et Te e dem s

T, - . e te

species (¢ g , rats') become warmer when fasted,

VI Reguiatson of Body Weight  “Lapostatic” Hypothesis

It has been shown, in a previous section, that there 1s a regulation of body
Sa, (A AP

mals there 15 2 “privileged” body weight depending on the type of ammals,
indwvidual physiologic characteristics, diet, exercise regrme, and even tndividual
taste preferences  The parameters of this regulation have been defined pre-
viously, the effect of at least two factors mentioned  Criteria that any pro-
posed mechanism would have to fulfill bave been set  While the glucostatic
mechanisr is an attempt to give a coherent interpretation for the short term
regulation, and 1s supported by some experimental data, no such theory has
been I I for the Jong: In the absence of sufficient
evidence, 1t would appear unwise to elaborate at length on what, at the present
time, is no more than a working bypothesis  The problem, however, s of such
impertante, and has gone sa largely unrecogmzed that formulating the hypoth-
esis would at least help to define the problem Because the size of the fat
(Eepats of normal and obese animals seems .m dctcn-{nme' the return to the priv-
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any increase in fat content being followed by increased availability of readily
utilizable fat, with consequent sparing effect on carbohydrates;

(2) Account for the effect of vanous long-lasting stimuli on body weight
because of their demonstrated effects on fat mobilization and turnover;

(3) Account for simular phenomena in obesity, Our studies of fat synthesis
and fat mobilization i various types of obesity show that, while each type is

t ized by different 1d ies, these types are well defined and regu-
lated  For example, in the hereditary obese-hyperglycemic syndrome there is
drastically mcreased synthesis independently of increased caloric intakes? -
Thus increase is not found 1 goldthioglucose or hypothalamic obesity The
latter, 1 the dynamic phase, shows extremely reduced fat mobilization under
conditions of od libiium feeding **

(4) This mechanmism could account for the fact that “static obesity” 1s ac-
companied by a decrease mn food intake from the high values m “dypamic
obesity,” and that these values are restored by fasting Considerations of
energy expended 1n activity do not permit interpretation of this striking obser-
vation, because the actvity in many types of obesity is so small, in the first
place, that mcrease 1n cost of work with weight is negligible because of lack of
movement,

(5) Because of the i} hip of kb and fat bolisra, the
lipostatic hypothesis could be integrated with the glucostatic mechamsm. The
long-term regulation would function (as in fact it does), by correcting the short-
term mechamsm

The glucostatic theory has been attacked, not infrequently, by attnbuting
to it claims it had never made and then disproving these claims. The theory
never clarmed to be able to interpret the initiation of eating at a given time
because habits, learned behavior, taste, extraneous factors such as sudden
exposure to e=' ! Smbost o eem T N N Teotor e
vene, but sur
after these ef
of the temer1
hypothess, t .
permussible to end this discussion on a slightly rueful note, its reception has
Mllustrated to a certain extent the fate which, Wilham James warned, anaited
allnew concepts “First people say it 1s not true; then they say it is of no general
sigmficance, and finally, they say that anyway 1t had been known for a Jong
time” It may well be, as a matter of fact, that all these criticisms are well
founded. At any rate, what the eventual fate of the theary 1s going to be and
what lasting value, if any, it will achieve will be inexorably decided by the test
of time,
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NEURAL REGULATION OF ¥OOD INTAKE*

By John R. Brobeck
Department of Physiology, School of Medicine, University of Pennsylvanio, Phdadclphsa, Pa

Nearly ali of the published studies of the regulation of food intale neglect
the fact that the total amount of food eaten is always the product of two factors,
he number of meals multiplied by the intake of the average meal, Thisis
rue for any animal which eats periodically, as most of the higher animals do,
ind it applies equally to short-term experiments of a day or two, or to long-term
tudies lasting many months Any procedure altering food intake does so
hrough some change in one or both of these, while any constancy observed in
ntake from time to time 15 a result either of a uniformity of frequency and
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ince all behavior 1n higher ammals issues from the central nervous system, it
ers appropriate to attempt to review what is known of the central mecha-

isms taking part in this regulation.
For a time, the central components of hunger, appetite, and satiety were
eglected because of emphasis upon the gastric origin of hunger, although this
. S en el el 2 bl el

arlson (1916, p 215) to have discovered that the hunger behavior of decorti-

ated pigeons is abolished by removal of the optic thalamus, i ¢, the hypo-

wlamus Tt now seems probable that the gastric mechanism was overem-

hasized because it could be studied rather easily, and much was learned about
Moreover, observations upon vagotomized subjects and animals with

enervated gastnc pouches mmpled that the origin of the contractions was

dependent of central nervous control  For many jears, the central nervous
¢ N La 3w ae 1.

e Wathactnmian nnd

at appropriate injury to the hypothalamus causes aphagia as well as hyper-
haga, 1t was clear that the brain possesses mechanisms for both starting and
opping eating behavior

These discovenes that the hypothalamic mechanism 15 a dual one suggest
at “appetite’” and “satiety” may be two separable and distinct phenomena
ppetite and satiety are used here in a purely behavioral sense, wit!loul prej-
lice as to their subjective or psychological nature) If the region where
P aration o i seview s el by & graat trom W Nutiosd Sclence Foundatioa, W ashington,
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appears that feeding reflexes have not been presented in this manner, and no
catalogue of these reactions is available, Two different patterns of classii-
cation suggest themselves One is based upon the nature of the stimulus
inducing the reflex, as in the righting reflexes; the other considers mainly the
motor act resulting from the reflex, as in Sherrington’s description of flexor
and crossed extensor reflexes,

In terms of the stimulus causing the response, feeding reflexes belong in the
following categories:

(1) Visual feeding reflexes are imtiated by appearance of an object in the
2nimal’s field of vision, These reflexes probably require connections through
the cerebral cottex, resembling, 1n this respect, the more familiar accommo-
dation reflex of the pupil of the eye.

(2) Olfactory feeding reflexes likewise possibly involve cortical mechanisms,

(3) Auditory feeding reflexes may have also a cortical component.

(4) Tactile feeding reflexes are typified by the reflex noted in human infants,
where a baby turns its head when a hand or flat surface is placed agaipst the
cheek (Aldnich, 1942) Tactile reflexes also include grasping, sucking, and
swallowing reflexes seen in babies, and the chewmng and swallowing reflexes
observed mn decerebrated aniumals (Miller and Sherrington, 1916). Some of
the rejection reflexes mentioned below are no doubt stimulated by objects of
undue hardness or sharpness, or by objects having some other quality perceived
by the sense of touch,

(5) Gustatory reflexes are also concerned with sucking, chewing, and swal-
lowing, as well as with secretion of digestive glands and motility of smooth
muscle in viscera  They, too, include rejection reflexes

(6) Enteroceptive reflexes are more difficult to List. Distenston of the stom-
ach or duodenum 1s known to mduce reflex actions, as does the cramphke
contraction of a gastric hunger pang

Thts listing is not complete, since it does not attempt to include other re-
flexes not restricted to feeding mechanisms, and yet capable of affecting them,

A second classification of the same reflexes, but based upon the nature of
the response, 1s more difficult to prepare. The following is only a tentative
outhine:

(1) Reflexes of attention serve to focus a sensory system upon the source of
the stimulus

{2) Reflexes of approach include those producing locomotion, or even the
turning of the head or the mouth toward the source of food.

(3) Reflexes of examination allow the animal to investigate the edibility of
an object

(4) Reflexes of incorporation include those which evoke chewing and swal-
lowiny
(S)chﬂexes of rejection prevent eating of inedible or otherwise unacceptable
objects.

éome of these reflexes—for example, chewing and swallowing—occur in
decerebrate preparations Others must require the participation of at least
the primary sensory cortex, while the first three and the last categories include
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behavior often considered to be “voluntary ” Further study may enable us
- . co PN

mhibitory one for feeding reflexes  Swce Anand and Brobeck (1951) found
that the destruction of both mechanisms always resuits in a failure of feeding,
their observations offered the possibility that the medial mechanism acts to
mhibit the lateralone  This possibility, however, was not estabhished by their
experiments, and there 1s one other type of evidence which implies that both
of the hypothalamic mechanisms exert their effect at levels lower in the brain-
stem Ruch, Patton, and Brobeck (1942) noted in monkeys that obesity
followed injury confined to the rostral part of the tegmentum of the mesen-
cephalon, a region removed some distance from the location of the ventromedia}
nuclei of the hypothalamys  If the medial mechamsm (the “satiety center”)
1n the regon of the ventromedial nucler directly mhibited the mechanism
the adjacent, lateral hypothalamus (the “appetite center”), 1t 1s difficult to
understand how lesions in the mesencephalen could mterrupt the fibers me-
diating the mhibition It seems more likely that the inhibitory fibers descend
from the media} portion, while the facihitatory fibers descend from the lateral
portion, and that both of them have their actions upon motor or internuncial
neurons of the pons, medulla, and spinal cord

Another important characteristic of feeding bebavior is the increase m loco-
motor activity which anticipates feeding (Rogers, 1916, Richter, 1922) or
accompantes complete of partial starvation (Wald and Jackson, 1941)  Hyper-
actiity has been observed, also, n ammals with operations upon the central
ncrvuus syslem R)chter and Ha\vkes (1939), and Ruch and Shenkin (1943)

........ e A e Ealloes o mprne 2] Ancba'm mavtiang Af tha frnmenl

that lesions in the tuberal portion of the hypothalamus lead to a reduced ac-
twnty  Some of the animals studied by Hethenington and Ranson ate at least
a normal amount of food, while a few of those i the author’s laboratory have
exhibited hypophagia and hypothermia along with the hypoactivity  Sorae-
times one obtains 2amumals that have normal activity with hyperphagia, while
Anand and his colleagues (1955) have described what appears to be normal
actwaty with aphagia  There seems to be no necessary correlation, then,
bekwcen deﬁms of xegulanon ol aczmty and of foad mtaLe m ammals tmb
. e v et
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vemromed'\al puclel (Bel\\ermg\on and Ranson, 1942, ‘Brobeck, “Tepperman
on )

Gince hype! activity and the onset of feeding 21¢ related under patural €08

sris a httle surprising yhat there s not more regularity the data just

yeview n many of the expenmems where activity W88 yecorded, howevery

food intake was. not carefully measured, while most of the studies o0 feeding

Jeficits have beet done without objective oeasures of acuvity- ‘more thoT-
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does not eat, but moves almost continually, using its nose to turn over and
momentarily examine each piece of food Within a few minutes, the food
begms to be accepted, and scon the ammal eats ravenously, although not
continuously If a soft diet of acceptable composition (Kennedy, 1930) 1s
presented at this point, the ammal may eat a tremendous amount  For ex-
ample, F. Brooks has recently observed overnight 2 weight gam of 49 gm ina
rat onginally weighing 249 gm (unpubhshed)  If this same food 1s offered
earlier, the anmmal first walks through it or over 1t without appearing to be
aware of the food Later, it pauses to examme the food but does not eat
Stull later, but before the onset of defimite hyperphaga, 1t eats small amounts
each time the food 15 encountered, as the ammal wanders around the cage
1o oL - LR
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1 - . . PR
15 upset and over-facilitation occurs  In later stages, after the animals have
become obese, as Kennedy (1950) has emphastzed, the hyperphagie becomes
much less obvious, and the food mntake may approach the normal level But
1f such an anmal 1s starved, so that 1ts body weight returns to that of & contro}
rat, hyperphagia will reappear during refeeding (Brobeck, Tepperman, and
Long, 1943)  If the operation has abolished a satiety mechamism, as the work
of Miller 2 a (1930) suggests, then, after the antmal recovers from the acute
stage, 1ts regulation must take place solely through vanations m appetite,
much as one mght control the speed of a motor car entirely wath the accelerator
after the brakes had failed
Pt RN .. .
m ' . . e . 1
low f . . . . Lo
awake and active, did not show any neurclogical deficits, and thewr rectal
temperatures were normal  They refused food not only when it was placed in
contact with therr lips and teeth, but even when 1t was placed mside their
mouths” (p 144) Wnting of their monkeys, they stated “In four monkeys
the operations were followed by complete cessation of eating and they
would not eat even when the food was put mnto thewr mouths Two other
monkeys on the other hand, would not eat the food easily available to
them m the cage, i spite of starvation, but when the food was put directly
mto their mouths they would bite on it and swallow 1t These two could be
kept alive by putting the food 1nto their mouths, while the other four had to be
fed by stomach tube” (p 147) From their observations, Anand and his

swallowing could be elicited, in spite of a generalized depression of the aclivny
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ventromedial nuclei (Hetherington and Ranson, 1942; Brobeck, Tepperman,
and Long, 1943).

Since hyperactivity and the onset of feeding are related under natural cos-
dwwons, 1t 15 a Little surprising that there is not more regularity in the data just
reviened  In many of the experiments where activity was recorded, bonever,
the food intake was not carefully measured, while most of the studies on feeding
deficits have been done without objective measures of activity. A more thor-
ough study may resolve some of the present inconsistencies Nevertheless,
there seems 1o be little question that the brain, probably within the hypothal-
amus, contawns a mechamsm which may impel the animal to move about from
place to place. This mechamsm is presumably released from inhibition by
lesions 1n the frontal cortex, caudate nuclei, or rostral hypothalamus (Rogers,
1916), but 1t may be injured or destroyed by operations upon the tuberst hypo-
thalamus A similanty between the organization of this system and the
mechanisms regulating feeding 1s apparent It will become even more striking
if confirmation 15 obtawned for a recent report that, in normal animals, the
hgp;)mcuvxty of food deptivation 1s reflex in origin (Campbelt and Shefield,
1933).

A simplified explanation, though not proved to be correct, of the effect of
hypothalamic injunes upon feeding behavior is that when food is eaten bys
normal ammal, there accur within the body certain changes which enther d-
rectly or indusectly affect the hypothalamus  These changes serve as signals

[aaa . ST

+n tha a4 3 a e mabalaomsa and

conversion to heat, or work, or some form of stored energy, the changes P
duead hee s fana L. 1. . . .. V1 o slalacane hee
€ . -
anumal is brought mto an environment where food may be found, whee ¢
facilitation of fecding reflexes and a removal of their mhibition will lead to &
Investigation and eating of the food  One may explain, in this way, the feedn?
o P : L s
e
1, for
“}“C“ of the time, behaves as though unaware of the food; that 15, the P’mﬂl
of the food, 1ts edor, etc , stimulates no food-directed behavior. The ’“m;
;my even resist attempts to feed 1t, or to induce it to eat by placing it nest %
Dodd Later, all of this changes, and the animal becomes active, investigith®
’”‘d "“f‘ldy foeat If food is withdrawn, the activity is still fusther incre
al’: other types of behavior become evident, including the investigatio® an
chewing of inedible objects Tt is this type of behavior that is so 4Bt
immediately after the anaraican sloa s v i1 -tmta emernhagid @
rats  Fus sl
1s able to e

abnormal tendency to nvestigate objectsin the cage. At this stage, the auima!
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does not eat, but moves almost continually, using its nose to turn over and
momentarily exammne each piece of food Within a few minutes, the food
begins to be accepted, and soon the ammal eats ravenously, although not
contmnuously. If a soft diet of acceptable composition (Kennedy, 1950) is
presented at this point, the amimal may eat a tremendous amount, For ex-
ample, I Brooks has recently observed overnight a weight gain of 49 gm ma
rat ongmally weighing 249 gm., (unpubbshed). If this same food 15 offered
earlier, the anmal first walks through it or over 1t without appearing to be
aware of the food Later, 1t pauses to exarmne the food but does not eat
Still later, but before the onset of definite hyperphaga, 1t eats small amounts
each time the food 15 encountered, as the amumal wanders around the cage.

. N i .
normal balance between facilitation and inhibition at the hypothalamic level
In other words, the function of the hypothalamus as an integrating mechamsm
15 upset and over-facihtation occurs  In later stages, after the ammals have
hoarama phaca ¢ Konnads (1030} hac amrhasizad tha kamarnhama hasnmae
- . 1
of Miller ¢f al (1950) suggests, then, after the animal recovers from the acute
stage, 1ts regulation must take place solely through vanations in appetite,
much as one might control the speed of 2 motor car entirely with the accelerator
after the brakes had failed
Ammals with hypothalamc aphagia are quite dufferent, and show no mterest
m food Anand et al (1955) have described the behavior of their cats as fol-
lows “  except for aphama, they did not seem to be abnormal  They were
awake and active, did not show any reurological deficits, and their rectal
temperatures were normal  They refused food not only when it was placed in
contact with their ips and teeth, but even when 1t was placed mside their
mouths” (p 144) Writing of their monkeys, they stated “In four monkeys
the operations were folloned by complete cessation of eatmg and they
would not eat even when the food was put mte their mouths Two other
monkeys .. on the other hand, would not eat the food easily avatlable to
them 1n the cage, m spite of starvation, but when the food was put directly
mto their mouths they would bite on 1t and swallow it These two could be
PORRIUE SRR SRRt R DT
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swallowing could be ehcited, in spite of a generalized depression of the actnity
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of all such reflexes. This seems to confirm the concept stated abave, that the
hypothalamus is not a direct part of the reflex mechanisms, but that it actsto
inhitt or to facilitate the refleses Animals suffering from aphagha show
behavior typical of satiety i normal animals, and it is difficult to escape the
conclusion that they are satiated through (1) the removal of the neural circut
responsible for appetite and (2) through the resulting, unopposed action of the
mechanism causmg satiety In general, the concepts presented here foliow
the views of Strominger and Brobeck (1953) regarding feeding behavior, and
the hypothesis presented by Stellar (1954) to account for motivations of all
types.

Before closing my discussion, I wish to comment on three other featurss of
the mechanisms regulating food intake. The first is the nature of the change
which signals to the regulating system that feeding should be stopped after
food has been taken within the body. Among the changes considered by
various authors are the availability of glucose in body fluids (the glucostatic
hypothesis of Mayer, 1933), the concentration of certain metabohtes, as yet
unspecified (the lipostatic hypothesis of Kennedy, 1950), the water concen-
teation, or shufts of water among the compartments within the body and fumen
of the digestive tract (suggested by experiments of Adolph, 1947; Stromwger,
1947, Cort, unpublished, and others), and sensations from the upper digestive
teart aceneintad unth pat me moatlae w o 341 a o s o Fand ' cramnrh

" I N
HERLEETNN .o o . [ . .t P

v TR Lo . .
feeding  These authors also wrate, however, “Other factors undoubtedly esist,
with the result " * * - - A S
the integration

orgamsm and L

should be emphasized, because there has been a temptation to fix upon somE
one change, and to try to explam everything with reference to one hypothess
:{h ¥ mges??,n ?‘ a single food ?m‘gs about such 2 multitude of changes md:‘)?

.
of its digestion are amijno acids and peptides, or monosaccharides, or f2t
acids, glycerol, and neutral fats  Since there is this varety of changes brought
about by feeding, 1t 1s not surprising that more than one of them can provide
signals to the regulator, nor is it remarkable that no ane hypothesis has P“""‘f
to be entirely satisfactory. The 1dea presented by Janowitz and Grossmed
(1949), a multiple factor theory of regulation, appears to offer the only logieal
resolution of present controversies ’
.A second point of intersst 15 the problem of whether the hypothalamus €07
tains the cells which are sensitive 1o the signals that have just been consid®
Many authors have assumed that it does, in the same way that the respirato
complex of the medulla oblongata is believed to be sensitive to changes 12

carbon dioxide tension and pH  In the case of the hypothalamus, there 2
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pears to be no durect evidence for such a sp a facto: d
with either appetite or satiety. In all probability, the neurons of tbls part of
the brain share the properties of nervous tissue in general and are zffected by
hydrogen 10n concentration, oxygen lack, carbon diozide accumulation, hypo-
glycema, efc , yet the only one of these disturbances to which a speaific senst-

PN e o
speafic sensitivity  Since there is no conclusive evidence that the hypotha-
larme cells serve as sensory endings mn regulating feeding, one may well recall
that all that is defimtely known about this regulation can be accounted for on
the ground that the hypothalamus 1s an mtegrative center for impulses brought
1nto the nervous system from sensory cells in other parts of the body, rather
than a site of the pnmary receptors  The notion that the hypothalamus 1s
sensitive, however, 1s an attractive one, and is so well established that 1t may
be dufficult to dispel from our thinking  Jolliffe (1952) has even given 2 name
10 this hypothetical mechanism, calling 1t the “appestat”—a name which has
been widely used i both scientrfic and popular Literature  Whether the hypo-
thalamus does, indeed, respond directly to some change, there 15 definite evi-
dence that other sensitive cells do participate in the regulation  Receptors in
mouth, pharyny, esophagus, and stomach are stimulated while food is bemng
eaten, and Janowitz and Grossman (1949) have shown that both the mechanics
of feeding and the presence of food within the stomach are important factors
m regulating food itake Unpubhshed experiments by Cort (Ficure 1)
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{:nbe.' sagren that the cells which recpomd to changes in vt oo
in body £x32s, the so-aTard “oemoreceptors,” are 2% mvlved ey
f f Strominzer (1947) kad poted that, withia kuig thebden
TRler ootz tion of the dist, the greater the fod irbeofny b=
5ven 02 water 2te Ftle 07 po éry food, while those givea oo fudéndlr
or po water. Te reculation of food intzke 2ppeans to be el
fore, with remulation of water exchenze. Any exph of theenr

ships stonld provide for the posility that there may be bty
. - W e F arting sibmipe

S Terar 4 e e

f [
B

v o ‘ e w
R e o . .
fmportant kave been incladed under the appropriste badoge ozt
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animals are placed in & warm eovironment where they have difficulty in losing
heat. At temperatures shghtly above the so-called “neutral” temperature,
rats may refuse food completely (Brobeck, 1948), while heat stress has also
been observed to inhibit feeding in rabbats (Gasuder and Mayer, 1939), m dairy
cattle (Ragsdale et &l , 1948), and m human wmfants (Cooke, 1952)  Hernington
(1940) showed that, at these warmer temperatures, the metabolic rate of ro-
dents is definitely bigher than it 1s at slightly lower temperatures  The reduced
food mtake, thereiure, cannot be a result of a lessened need for energy, but
wll

Awnthow mvrametanna when snarov intabe

their normal calonic ntake on the first day follnwmg the change  “L'herr eating
e : S e e, PEPEI S
N ‘. N I ' ey
In chromc experiments, they observed a better, though not a perfect, correlation
between these two  From their data, one may suggest that the amount of
food eaten s determined, first of all, by what happens to the food This s
another way of saying that food intake 15 conditioned by the state of the mter-
mediary metabolism  But the nature of the intermediary metabolism, m turn,
15 affected by the composition of the diet and the conditions of feeding (Tepper-
man ! ol , 1943, Lundbaek and Stevensan, 1948)  If the pathways of metab-
olism are not allu‘ed when an ammal spends a greater amount of energy
actwvity, a larger amount of food should be required to suppress appetite and
smitiate sateety, but if the level of metabolism 15 constant while the composition
of the duet 15 changed, the amumal may eat either more or less food than 15
needed, depending upon whether the new diet intensifies or minimizes the ent-
ical changes serving 3s signals to the nervous system  From the acute expen-
: - e o K R
. . [

the metabuhsm chapges and, with this change, the Iat now dcquires a greater
satiety value than it had before Tt 1s not necessary to postulate some change
m the regulation to account for these observations, and there seems to be no
evidence that the regulation per se 15 affected  Yet there are ample data to
establish the existence of the metabolic changes Hence, when pathways of
disposal of food are altered, the amount of food taken may be aﬂ’ected and
the food intake may be regulated at a new lfevel

TFunally, as a number of other regulations have been mentioned 1n thls paper,
mchiding bedy temperature, pulmonary ventiation, posture, and others, the
author 1s led to question whether, n studying the contml of food wmtake, cﬁ'ec»
. PP A ste L

an isolated phenomenon, but is an mumate part of the regulation nf energy
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further suggest that the cells which respond to changes in water concentration
in body fluids, the so-called “osmoreceptors,” are also involved in regulation
of feeding, Strominger (1947) had noted that, within limits, the higher the
water concentration of the diet, the greater the food intake of rats Animals
gven no water ate httle or no dry food, while those given no food drank Ittle
or no water  The regulation of food intake appears to be correlated, there
fore, with regulation of water exchange. Any explanation of these relation-
ships should provide for the possibility that there may be within the body

have assumed that animals in some manner preserve the intake of a definite
quantity of energy, a quantity sard to equal the total energy expenditure, This
relationship appears to be vahd under certain conditions It docs not apply,
however, when z rat 1s immobilized for a long time (Ingle, 1949), nor when
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(1940) showed that, at these warmer temperatures, the metabolic rate of ro-
dents1s defimitely ligher than it 1s at shghtly lower temperatures  The reduced
food intake, therefore, cannot be a result of a lessened need for energy, but
must have some other explanation  Another circumstance when energy mtake
does not equat energy expenditure was discovered by Strominger, Brobeck, and
Cort (1953) m experuments where the composition of the diet was altered
When fat was added to a standard diet, the rats often mgested three times
lheu' normal calonc intake on the ﬁrst day followmv the change Their eating
e oatenta - - P

¢ B o
Tn chronic cxpenmcnts, they observed a better, though not a perfect, Correlation
between these two, From therr data, one may suggest that the amount of
iood eaten 15 determmcd ﬁrst af all hy what happens tc the iood ThlS is

B 1 . - .

£ e amn mab altarad ahan am anamal erande 4 reanéas

L A . N
evidence that the regulation per se 1s affected  Yet there are ample data to
establish the existence of the metabolic changes Hence, when pathways of
disposal of food are altered, the amount of food taken may be aﬁected and
thc food mtake may be rcguhled at a new level

and their actions offet common features. 'The regulation of food intake 15 nof
an 1solated phenomenon, but 1s an mtimate part of the regulation of energy
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exchange involving heat production and beat loss, the expenditure of energy
for muscular activity, and the storage of energy as protein, carbohydrate, and
fat. Feeding is Ikewise closely linked with regulation of water intake and
water loss, and these, in turn, are also related to body temperature, The
function of the nervous system in these regulations is always an integrating
one, in which there may be observed what Adolph (1947) has called “priorities
and compromises ”  The study of appetite and satiety will advance as more
is learned about other regulations, at the same time that an understanding of
the regulation of feeding behavior may help to clanify other problems. One
of the most encouraging results of the conference on which this monograph is
based 15 the evidence presented here that these problems are beginning to clain
the wterest and the enthusiasm of a talented group of investigators, and that
.tbc number of those studying these important mechanisms is steadily increas-
ing.
References

Apoten, L F, 1947 Urges to eat and drink in rats,_Am. J. Physiol. 151z 110,
Arprzcn, C. A 1942. Ancient processes  a scientific age. Feeding Aspects Am. Jo
Diseases Chuldren, 64- 714

Avuw, B X & J. R Broprck | 1951 | Hypothalumic control of food tske 1 rats and

”‘U"nﬁti“ -fn'dhl\.leé,%- S:I ;:u 1itdke 48 4 mechamsm of temperature reguiation. 1ai ,
Bropees, J. R, J. Teepemaan & € N H Lows, 1943, Esperimentsl hypothalmic

v sctinaty to food deprive-
' ; Us. Chicago Press

2nd 1mp.  Lhicago, 1. v, Chicag
R. E. 1952." Bebavioural response of infants to beat stress Yale J. Biol. sad

Med, 24334,
Cowciet, G R, 1928 The energy factor in relation t intake- ats on the
g Am J. Phosicl 85+ 45 gy factor in relation to food intake+ expenmes
Gaswtzz, A & A, MAYER, 1939 Recherchessur la régulation de Ja nutriton. I1T. Bléa-
msmes régulateurs de 1 nutrition et ntensité du metabolisme, Ann physiol physico
chum, biol, 16: 186
Hezmnorow, L I' 1940 The heat regultion of small Jaboratory ammals at variols
environmental temperatures  Am J, Physial. 1292 123,
Henusaingroy, A W. &5 W. Rarsov.” 1940 Hypothalamic lesions and adiposity in tb¢

' . aty and food intakt
i
Vot Mot 92 + Droc. Soc. Exp
. ' LI 1d sppetute. same defnitions 823
- « affecting the food intake of morel
Am,

' Physiol, 159: 143,
b o oting Simon & Scbuster. Ne¥
P . K

£ oom et c e, R L om .. G




Brobeck: Neural Regulation 55

Trmpirr § 5T A T Creemscms (10 Tha ons of o

e b

Y T 916 Some
stage of efles deglaition 1n the cat Quart S Exptl hyeet o, 1
Muise, N.E, C. ] Bamsy &J A F Sreveisox 1950 Decrcased unger” but in

RMCHIER, U & lyai A LEmAvIOrislC SLUGY ©F Wbe atlivily or we rat. Lomp raysiol
Manozmphs e ss

Ricrrer, D Hawxes 1939 Increased spontaneous sctivity and food intake
pmduced m rau by removal of the frontal poles of the bran  J Neurol Psychiat 2¢

Rocms, F T 1916 Ca‘ntnbutmn to the ‘physmlogy of the stomach, XXXIX The
(AR Ve Guib s vty Sl in’og.{ Shtivindiietsiind Vi e

B . [T Lo
K \
| L
- o .
. -
. LA | N . -



THE TIME FACTOR IN THE ADJUSTMENT OF FOOD
INTAKE TO VARIED CALQRIC REQUIREMENT IN
THE DOG. A STUDY OF THE PRECISION OF
APPETITE REGULATION*

By Henry D. Janowitz and Franklin Hollander
Gastroenterology Research Laboratory, The Mount Sinas Hos 1pital, New York, X Y.

The factors that regulate the 1ntake of food in men and animals ate inwon
Bletely known, in spite of the great precision with which the body adpusts
intake to its needs under ordinary physiological conditions The {nformatios
avaflable at present suggests that many variables are anvolved, among then
environmental temperature, the integrity of several hypothalamic structures,
oropharyngeal stimuli, pastrointestinal distention, “emotional” and atber
condutioned responses, energy Tequirements, and perhaps circulating “"!‘"”
olites, as well a5 genetic ally determined metabolic pathways In the various
experimental analyses of these factors already published, an underlyisg &
sumption has been that changes in these variables are prompily ‘=ﬂ°?‘°d »
eating behavior through the regulatory devices concerned with food intabe
In the study here reported, this presupposition was abandoned, with tht

thought that complete adjustment might require long periods of time for it
Attainmans ... ST |

eff;
apt

108 ut 1064 110 the stomachs of gastrostormized dogs, shortly before they ‘":‘
offered the regular oral meal, depressed oral intaks bey 4 mnesmndmz\‘;;“;':

. ‘ormed
nted
theet

e terpreted as being dependent solely on gastric distention ;I‘b!;;
€xpenments were later extended by Share, Martyniuk, and Grossmad,' &
3!7}50 studied the effect of mtragastric feeding on oral intake in .ﬁstuh(d:n‘ﬂ"
“sﬁ; c!:(lll 33{, 50, 66, or 133 per cent of the voluntary daily caloric mtaﬁz:'}ou
st y four hours after each Tegular daily od b, feeding for thret had 0

eks, ‘Immgasmc feeding of 33 per cent of the caloric requirement t e
Zycxp::sm hle effect Larger percentages reduced the amount eaten, ?“M’
d Og c5\:n 10 o1al food tntake was not fully compensatory; even a fev vd,m
Both theee {123 per cent for one week) did not aholish oral intake comp €

i ts: studies werc based on relatively short-term experiments
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EFFECT OF INTRAGASTRIC FEEDING
OF 50% OF CALCULATED CALORIC REOUIREMENTS ON ORAL FOOD INTAKE

Dog #248
3 T 1L [
= ° Control Period Intragasteic Feeding Period Contro! Penod
§ 1023 g
g 00
98

e e e e A 5 ¥
No. of Weeks
Ticuae 1

Penod I followed durectly after Period I and was characterized by ¢
sation of intragastric alimentation and 2 return to the experimemal condstion
of the furst period  Its duration will be described below, In several instance
Period III was considerably prolonged, for reasons to be discussed later. Se
prolongations are designated IT1* (see TABLE 1).

Resulls
A The control period  Oral intake during Period I did not reach 2 P‘-"“’]
indzcative of relative stability of the desire to eat until 24, 23, and 15 B¢
((?r the three dogs respectively) had elapsed after starting fhe expent¥t
When such a level was finally reached and maintsined for 10 wecks, the b
weight also manifested stability in even greater degree  Thus, o» ot
‘;ﬂ%:' : ::a";" i’i"ded 02 kg (3 per cent of the correspondmg mea whert
C] ntake rose as high its correspon
rmean), see TABLE 1 gh as 296 gm, (15 per cent of its
Tt s e Theef
imilar i3
at the th
e e e farient e, va s taed to fepresent the standard devistion of the dstrbec
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EFFECT OF INTRAGASTRIC FEEDING
OF I75% OF CALCULATED CALORIC REQUIREMENTS ON ORAL ROOD INTAKE
Dog # 248

1 n n
Controt Period Introgostric Feeding Period Control Period

Na of Days witk food Jntoke <10 G
3632777447277 77

Meon Daily Food Infoke (G]

| 6 8 20
No of weeks
Fiovae 3

absence of statistical significance, it may well be that the persistence of a small
residue of eating behavior above the expected in every one of the nine expert-
ments does have some ph ical signil
rence

It 1s noteworthy also that, in the 100 per cent and 175 per cent experiments,
when oral food intake was virtually abolished by intragastric feeding, the dogs
would sniff at the food offered them daily, often take one or two mouthfuls,

o Lt . PRRRINRUEY

because of its 1 occur-
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Tanre 2
TESTS OF SIGNIPICANCE OF DIFFEREMCEs BETWEEN OpservED (0) anp Lxrecren (E)
TLouiLiBrivy VALUES FOR MEAN ORaL Io0p IntARE IN Periop IT

Dogho| Ok Exer |0-E| » [ »
A—50% Expen | 245 | 38 £ 79 | 301 8 [ 47 [ 19 {13 lon
ments 26 | 21242 | 20151 | 11 ] 16 ) 05 ] o8
248 | 3257 | 20371 [ 19| 200605
B—100% Expen- | 245 | 90 & 27 09 | 90 | 18] 27|00
ments 246 | 45 x 27 0x76 | 45 |18 { 17 (010
243 | 30 x4 o351 | 30 | 15 17 (ot

C—173% Cepers- | 245 | 33 75 ox44 | 34|15 1608
ments 246 | 1t x 20 0x25 | 11|16 ] 10| o0n
23| fox17 0x9 |10 18|03 (0%

 aThese t-testa were yet up on the hyporhests that an observed mean oral Intake (0) with varanee, (g) i [

cent level of probability  In the case of dog No. 245 in the 100 per cent exper-
ment, p = 0.012, which is so close to 1 per cent that it 2lso may be considered
tondicate sigmificance of the difference, Because of the failure of three of the
nlne equilibriume levels 1a Period I1I to agree with the corresponding values 2
Teriod I, measurement of oral intake was continued for another two and one-
half or three months—designated Period IIT* (zApie 1), In all three casct,
these mean equilibrium values measured in Period TIT* were now found to differ
from those in Period 1 by amounts which ate not significant at the 1 per ceat
level of probability. Thus, if we choose to define the state of equhibrium
attained after cessation of fistula feeding in terms of a quantitative retumto the
control level of food intake established during the injtial control period, such
a state was attained 1n all nine cases—either in Period 111 or in Period III'=
but if we choose to define it in terms of stability of intake regardless of magn-
tude, then this state was established in six of the nine cases.

. C Rale of adjusiment. The transition from the equilibrium value for orl
intake in Period X to that in Period I started immediately, during the frst
week of intragastric feeding, but complete readjustment required an averss®
of 44 weeks ~Thus, in the SO per cent experiments (olumn 5, TABLE 1), $h¢
transition period lasted 3, 6, and 2 weeks for the several dogs respectively, for
the 100 per cent level, 4, 4, and 7 weeks; and for the 175 per cent Jevel, 4 &
and 4 weeks,

‘The increase in oral food wntake which followed the cessation of intragastr®
feeding (i e, during the transition from Periods I1 to 1I1) was Iikewise progre”
sive, requining an average of 36 weels for reattainment of a plateat v2iv®
For the individual dogs (colurnn 9, TamLe 1) the times were 2, 5, and 3
in the SO per cent experiments, 4, 4, and 3 in the 100 per cent group; 30d 4%
and 4 in the 175 per cent group of experiments When the return o €42
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Tasz 3
TEST: BETWEI VALUES FOR MEAN OpAL
Focn Tntane (A0) m qumns T anp IIT, ALso ror Mean Booy WEIGRT (AW)
| REleo | = i t l o |aw | = i B »t

s | 17 31| oms
8+ | Byanspection |<0 01
1 | Bymspection 10 0t
3 20 08 045

A—50% Ex-| 243|209 17 53 0 0001
penuments | 2t 118 |00
6| 12 By mspection  |>0 01
248| 16 By inspection {>0 01

B—100% Ex- | 245 | 99 18 1 28 0 012
penments 41+ 18 11 027
246 | 123 By wmspection  {<0 01

21* | Byinspection [>0 01
248 | 16 | Byunspection >0 01

By nspection {0 01
By mspection {>0 0L
19 1 67

000!
* | Bynspection |50 01

19 ] 64 [ 00001
C—175% Ex-| 215 { 13 | Byunspection |>0 OI

penments 246 | 14 | Byinspection [>0 01
248 | 22 By tnspection [>001 {03 By saspection {>0 01

oo ocoogo ococoo

PO

By wmspection |50 01
57

*These yalues for 50 and &AW correspond to period LII* (se¢ footnote to TASLE 1)
§40 and AW pre signihcant by the ¢ test when D < 001, B = degrees of freedon

tbrium of eating behavior was defined 1n terms of a quantitative return to the
control level (i Peniod ITI*) rather than stability of intake (in Period III),
the mean transition time was longer (69 weeks).,

D Maintenance of conslancy of body weight During the period of mtr:
gastric feeding, body weight was maintained at statistically constant levels in
the 50 per cent expenments, at the 100 per cent leve in one of the three, and
i the 175 per cemr ?xpm'ments in z‘gvo o{ zb'e zhr?e‘(columnvé}, TABLE 1): Fo}.

(column 12, 7ABLE 1), Statistical sigmficance was measured by the t-test,
using a 1 per cent probability level as eriterion (ranLE 3).

Discussion

The two interrelated aspects of these results on calenc adjustment, i e, its
precision and its rate, require discussion  In evaluating the precision of such
adjustment to varied needs, one must take into account the considerable range
of varation of the data during the control periods  Whereas body weight was
maintained within rather narrow limits, the weekly averages for daily food
mtake had wide mnges of variation Ad]usrment of calonic intake to dimin-
1shed or d calonic need—when such was offset, in part
or m whole, by direct mstsllation of food into the stomach—was made by each

Ao sl ot o8 g st ekl cnneidanabla practaans fhat 3

Sf e [
f for the magnitude of this as judged by accepted statistical
cnteria  Although considerable time was required for the regulatory mecha-
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nisms to achieve a new equilibrium, there can be no doubt that these mechanms
are capable of fine adjustments of caloric intake to the residual caloric requre
ment  The precision of caloric adjustment is also illustrated by the retum to
contro! food intake values when intragastric feeding was stopped When 2
stabiized level of food intake was again achieved, a statistically significant &f
ference 1 oral food intake between the pregastric and postgrastric feeding
pertods was present 1n none of the nine experiments  This precision 15 2l
reflected in the fact that, during the intragastric feeding experiment at the ¥
per cent level, no significant rise in body weight occurred during the period of
equhbnum  This was not the case in the 100 per cent experiments, wherea
nse in body weight occurred in two of the threc experiments, This increase
may be expected, simce caloric intake durng the transition period was grestly
in excess of need, and this excess could not be compensated for during the pensd
of equilibrium  During the 175 per cent experiment, a rise in body weight #as
to be expected, but the actual increase was surprisingly small. This kind of
finding 1s not casily esplaincd, but it has been observed by others as nel®
Gross loss of nutrient material from the intestinal tract by diarrhea did pot
occur
To what stimulus or stimuli was the organism responding during these expr-
iments? The factors mentioned in the introduction to this report do not sum
to be nvolved  Oropharnygeal cues were climinated, although they play 2
role ordinarily in the “metering” of food intake ~The gastric distention facioh
demonstrated in previ blished studies, 1 constant in the preseot
experiments and thus cannot account for the variation in intake in respons
to vanations n ntragastric supply. Environmental temperature was 1ol
ngudly controlled in our experimental setup, although the need for such contro!
was appreciated, and our results might well have been more elegant if extem?
temperature had been completely controlled. There is no reason to St
however, that total energy requirements were systematically altered in 277
considerable degree by this or any other environmental condition.
. These experiments suggest that some systemic factor, a metabolic 016, 83
influencing the integrative activity of the central nervous system, especill
of those areas of the hypothalamus shown by Brobeck and his co-orbers ©
be involved in the physiological regulation of food intake. There 110 O™
nletely ennvincing s lamas - e * * + any known inter-
' qulation At the
& been stimult f
+ were effective
Lompietety obscure  Strominger and Brobeck? have rejected the calone

tent of food per se as the "intrinsic food factor™ which signals to the animal{®
4nn Antine Rt A S v cenepts®
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£ £rnd neear #hat synected from their residual caloric needs  These

~cent Jevels, but even

nts when intragistric
feeding greatly exceeded the actual control vatues, Lnis persistent ingestion
of small amounts of food despite caloric surpluses may indicate some fimited
persistence of the operation of the second 'y mech Just 3
Scattered evidence for the existence of such a device may perhaps be found
also m Tosean et
deficits zalorie
adjustinent il BrOUE 3 EAPUMICILS Witk ated woevm s ¢ ) P
also may be taken as evidence in support of such 2 mechanism, This drive
to eat, ndependent of caloric needs, was also encountered fn the vork on the
human subject, Eddze, reported by one of us in the present conference.* Here
too, eating (sham-feeding) continued in great amounts in spite of the fact that
the caloric need of the subject was cleatly being met by intrajejunat almen-
tation,

Fa o mmheiame Aovicag yith
then
ts ob
awi
the realm of pure speculation at present,

This study 15 subuutled “A Study of the Precision of Appetite Regulaton)”
and the word “appetite” has yet to appear in this discussion. Some years g0,
Janowitz and Grossman™ proposed a rather simple definition of “appetite,”
which may be considered in the present context, They defined appetite 88
the desire to eat, and suggested that, operationally, it can be measured i
animals 10 terms of the amount of food eaten, In this light, the progﬂem ;;

atof

5 de-
gree of precision by the calories required to maintain equlibrium  th auwtion
to this finding, however, appetite and the amount of food ingested by oo
can be independent of caloric need, though to a variable extent, by reason®
the second regulatory mechanism.

Summary

TX:n: eﬁegts of variation in caloric requirement an oral food intake wer¢ -
vestigated in gastric fistula dogs.  Under relatively stabilized conditions, {2
tions of the average calonic needs, as determined during appropriat® contect
periods, were dircctly instilled 1nto the stomachs of these dogs, and the effeds
on od Itb orat food intake observed, When $0, 100, and 175 per cent of ¢
caloric requirements e el
was atmost completel
tive excess of food 1 o . .
cision of caloric intake to residual caloric ne’cd, xcqui‘rcd long periods of bt
(weeks) to be accomplished, both durig and following the periods of intrs”
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Part TI. Disorders of Regulation
ROLE OF THE EMOTIONS IN HUNGER AND APPETITE

By Hilde Bruch
Deariment of Psychairy, Cllgeof Physscans and Surgeons, Coimbis Unirsty,
ew York, N. Y.

The role of emotions in relation to food can hardly be overrated What
we eat, when we eat, and how we eat, is determined 1n innumerable ways, not
alone by nutnitional needs, but also by social and national traditions, moral
commands and restrictions, and individual psychologic experiences Emo-
tional aspelcts o‘f eating pervade our life to such an extent that they are tahen

SPU L SR et

(PTIVN

The Thanksgiving holiday may serve as an illustration of the many ways »
which food and emotions are interrelated There is every reason to doubt
that the sudden desire for turkey which overcames the people of the United
States on that day 1s related to a physiologic need, or to a deficiency ot notice-
able during the rest of the year Vet those who must go without turkey 25
all the tradinonal tnimmings will feel unjustly treated, dissatisfied, and left
out. ‘The feeling that every American is entitled to his Thanksgiving iur.l\!’)'
1s offically recognized and the Armed Forces, and other large institutions
supply this viand ~ Turkey contains no special morale-building vitamin, mit-
eral, or other secret ingredient  Its effect is due to what it stands for, a symbel
of home, family, and congenil and abundant living, .

Few will pause to remember that Thanksgiving was first celebrated in gratl-
tude for an ample harvest which guaranteed survival during the coming #iatés
Thus, the holiday indicates the deep-seated fear of famine that haunted eatly
settlers m New England.

T shafl resist the temptation to cite other examples of the innumerable w2y
n which food s used 1 different religious practices, rituals, and tahoos and
accardance with national and social traditions, T am sure that everyone ks
made many observations in this connection that readily come to mind

The emotional aspects of eating are related to two basic facts: first, the w0
vergal fonw af atamas . P 2 - itaegtly
Lify ther
pe . - mo-
tic imi-

tve relationship between the discomfort of hunger and the pleasuse of *
'sausfacnon becomes exceedingly complex through these modifying emotion?
influences, Thcrg has been much concern about the indefiniteness of the temm$
hunger and appetite It seems to me that this problem is not a semantic ot
but that 1t 15 related to the fact that, for each individual, the physiologic
psychologic experiences are so closely interwoven, d
For research purposes, it may be desirable to come to clearer definitions 3

68



W, Tey, 2gh thyg ta i, d th, bsy tboann()srs
ey Ai3tiong and Vlcl&suudes f the Sexuay stine,
hi, facy 1556 ey Ve thay .zbnonnal % Aoty g, baye iy,
s of d tiong 0f the psychoscxu-ll devg)

The te Ralpy, I.mton’exprbsst’dl iy ©-Stdled; ess Shoyjg
be underswod Soetay termg To the Uppey nd e 'S5es of the te
Viey, ing (P R (on Whom t ps)choann 1€ Obsep,
Vationg Were Made) the dea of Inunger and d:-prmuo SIRN thy,
et hag bee, the b, drne Shich g, 80105 Nere CXPere, ex.

e 1t , bz-mmmg anmrem Ray that there Is 'Sicfey the dene
for g, s of p, B g;ralsngmﬁmn m S 0wy ighe, althgy, h s s’amuons
and ‘Ateracy, With ta) oy, leng, Inclyg,

Ndlegy
Erens st ades, the ¢, MURatin, ramps, ang
the s, ’slrm.'mc Staey g, ) of Europeall rnlml!l(‘s durmp l(’orld Nay 14 se
the Ut iireg nlmmll_;, an, ps;cholo il Cn2ed 1 o7kt (o the
hopyo, and g, tatioy of by Ber a5 5 humg,; ﬂhcm‘m‘c Tiyn, 7 thepy d
n lhmugh th ages, t belongnd © the Dstan, Past Was cons:dcml
the sull‘enng z-rnulmud m ndeq,nnlog ey

t U, Coyp,

One of the Oledesy Wthey e, A of lu.rmiy, The Stete of l‘ammr_ founy

0 the Firsy r‘ammcl of the I\‘xle, tells of the m-sinnune of Crop tuluu- ang the

dclemmuon of Aunyy, beh:nmr Auryy, fatmipg “Eacy, an bag Ome 4
o 3



70 Annals New York Academy of Sciences

Realizing our ignorance of starvation and its consequences, Keys, in collabo-
ration with other research workers during the war years, studied experimental
starvation 1 a group of healthy young men. The monumental report! of their
onn findings includes also a review of the documents of starvation in historical
times, of the experiences of explorers, and recent wartime observations,

The outstanding impression is that of the extraordinary similarity of the
reactions to hunger of all human beings, regardless of time and place, indicating
the deep biological source of psychological changes. There have been few
exceptions where individuals wath high motivation and spiritual strength have
risen above the brutal debasement by hunger, though there has been no escape
from the suffering,

Two phases stand out in the course of starvation: an immediate reaction to
being deprived of food, and a final pitture, when undemutrition has become
extreme

In the early phase, there is a relentless preoccupation with food, a coarsening
of all other emotional responses, increasing selfishness with complete loss of
other human considerations, and loss of sexual desire. In the final stage, the
picture 15 dominated by apathy and withdrawal from life, by heightened irti
tability over any disturbance. ~ During recovery, the urge for food seems tobe
insatiable, and preoccupation with food and a fear of not getting enough persist
long after the body has made a physiological recovery.

In our contemporary life, such extremes of food deprivation occur only under
exceptional circumstances  People may react to sudden dietary restrictions
wn}! fear of starvation  Meerloo,® whe has been exposed to life in a concen-
tration camp, has described how patients who, while undergoing surgery, art
fven a very limited amount of food or no food at all may react in a way that
closely resembles the behavior of people in the last stage of starvation. He
raises the question whether “the lack of the will to Jive” may not be a result of
this deprivation. For the restoration of such patjents, indulgent treatmest,
ncluding careful feeding, is mdicated

Even 1n less drastic situations, fear of starvation and anxiety about loss of
body substance may be aroused T have become impressed by the frequency

r:lx‘l: »\\Exfﬁ_{j\t‘pa}‘ienﬂs’, long before any significant loss of body ,“"igh,if‘ a:

r

:lo;\rol the exaggerated role that food plays in the ad}ustmcnt of these people
o lile

. The case of a young woman may serve s an example of this tendency. Du
ing a Lrief mterruption of her analytic treatment, she began, on her own ded
sion, a reducing regime  After two wechs, when she had lost appmxim:xtcly
10 pounds, she was in a state of extreme tension  She was still very mu

overueight. She described an insane desire for all kinds of food, even thest
she ordinanily loathed, and the thought of food kept her anake, She was tired
and dizzy during the day and her hnees felt weak, She felt as if she had
wateh every step, m a physical sense, as well as in regard to eating “THFE]
o feeling of walking right off the edge of something—a feeling of no yolition
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pleasure out of all these different things, the same type of excitement and relax-
ation”  Only after she learned to tolerate the frustration of postponing a felt
need, was she able to change her neurotic eating pattern and to approach the
stresses and problems of life in a more mature way.

One nonders whether, in such a case, the assumed underlying metabole
disturbances are cotrected as the emotional tensions decrease, or whether itis,
the increased ability to tolerate changes in the homeostatic mechanism that
accounts for changes 1n the eating pattern

1have cited this example to illustrate the fact that the psychological aspects
of food intake, ansing from the fear of starvation and the interpersonal mesning
of food, are closely interwoven.  Bettelheim® observed in emotionally disturbed
children that one of the most deep-rooted fears in all of them was the fear of
having te go hungry. Even children who had always had ample food would

unconsciously equate disapproval with the threat of being deprived of food
T thn spmer fodinn am chiem3s cns pE £and LaaTs Sah o pard A pitan e

B Y ot V! et
o . . L T
- 1, . N . o -
the first hine of contact with some person 1n the new environment.
Recognition of the psychological reaction to food deprivation or to mere
changes in the esta? L= sate 1 v e Tor memee w te the
clinmician who uses ¢
v .

C

mtoamoratissue  C deration of (hg‘psy ‘hological factors 1s of impo
both for the success of the medical management, and for the emotiona! well
being of the patient

In a group of diabetic children, it could be demonstrated that the ability 0
follow the medical regime was directly related to the emational acceptante o
thz chl)d‘ and of hus illness by the parents?

ica
ize H
fact that she had never been properly re, lated. Formerly, she had enpoyed
a good appetite, but her attitul:ie Eo\v;}\,rdsgf!;od had cbnngcdy' She said “1msy
have a feeling of being hungry in the stomach, nevertheless there is no appeti
Tknow that T must eat, but at the same time T feel T don't want to” SheTe:
:)rtessed the need for food, although she knew that she would feel better alter
atmg

R i{
o F e crsctons o ofpneie porance 2"

¢ et

t

biessuze indy be achieved, but often at the price of apathy or acute depressio
Intricate problems may anse 1n the treatment of food allergies Such &l
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greed and embarrassing appearance. Yet to see the girl’s face light up when
food came into the picture reassured her that she had not completely failed as
a mother

The feeling that “Everything I did was wrong”” appears as a monotonous
refrain in the accounts mothers give of their efforts on behalf of a fat son or
daughter Usually, by the time of adolescence, there is httle left of mutual
enjoyment, and everything seems to center around the struggle of keeping the
fat youngster on a diet  These efforts are doomed to farlure, because food 15
the only means by which such an adolescent can hold in check his ever-increas-
1ng anxiety about being hopeless and inadequate.

Seen from the child’s pomnt of view, the overintense but precarious relation-
ship with his mother (occasionally a father may play the dominant role) mmbues
‘]’llflziyllh a sense of hus helplessness but, also, with a feeling of his obhgatlion Lto
o L I

PP Vo ' .
LN . T . '
Only a spectacular success, achieved without ':'isib[e effort and tedious work,
will be evidence of his greatness The contrast between the quiet, even with-
drawn behavior and the magmificence and violence of the daydreams is tre-
mendous

There 1s such 2 discrepancy hetween what a fat person wants to achieve and
what }'w can and does achieve, that repeated defeats and disappointments ar
unavoidable Excessive eating does not compensate for the failure, but 1t
gwes 2 semblance of satisfaction and relieves tension.

Obesity 15 such a severe social handicap that failures are apt to be ﬂphh“d
asduetoxt. Frantic efforts at reducing are undertaken in the hope of achiev-
ing unrealistic goals Usually, such efforts are short-lived and are folloed
by renewed gain m weight  Sometimes, when the expected rewards are not
forthcoming after the weight has gone down to normal, the downhill courst
may contmue, resulting in anorexia nervosa

X wish to quote from the history of a young woman who, when she ¥35 14,
was maqe to feel that her obesity was the cause of her troubles, that it wasa
visible sign of her not being “good enough.” She began to reduce but, after
she had become shm, she still felt she was not “right,” because now het family
wanted her to wear more sophisticated clothes She was disappointed o7&t
not getting t}ne desired approval, and went on 2 real starvation progratt with
the explanation: “I am not worthy, I do not deserve to eat.” N
. When I saw her, she was 1n a miserable general condution, her weight being
just above 70 pounds  There was extreme fatigue and loss of interest it 204
and a fear of geehng too full when she ate

Fora long time, there had been no loss of appetite  In spite of her noneatizés
she suffered from feeling hungry but denied herself food with the selibehttiod
explanation: “I do not deserve jt * Only when her condition had becomt
extremely poor was there 2 genwne lack of interest m food. She was s0 1%
down that she could eat only when she was relaxed, not tired and tenst, 3
did not need to make any effort to get food Ths condition added to her self
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INTEGRATION OF CURRENT VIEWS ON THE REGULATION
OF HUNGER AND APPETITE

By Morton 1. Grossman
United States Army Medical Nutrition Laboratory, Denter, Colo

Professor E. F. Adolph! t-- =="4s #m - destons S wonentoms non malnis
nances of relative constancie
tained relatively constant” .
submit that it is mamly the body’s content of nutrients Under special cir-
cumstances, regulation of other factors, such as body-heat content or body-
water content, may take precedence but, normally, it is probably nutrient
stores that are being conserved. Although all classes of nutrients are mvolved
in this regulatory process, for the present discussion we shall confine our con-
siderations to the energy-yielding nutrients; that is, we shall be concerned with
calorie balance,

The store of energy in the healthy adult animal body remains relatively cot-
stant over long periods It follows that the rates of energy intake and expend-
1ture are essentially equal. The regulatory process which tends to keep ther
equal involves psychic phenomena, hunger, and appetite, Our interest in
these psychic phenomena is from the point of view of how they are related 10
this regulatory process

We are dealing, then, with the psychic adjuncts of a physiological regulatery
mechanism and are at once beset with the problem of whether these psychic
states are an overflow into consciousness of an essentially automatic bodily
process or are wndisy ble 1n the 'y h In other words,
“To what extent are hunger and appetite merely an awareness that the regs-
ilt?'}’?grocess 15 operating, and to what extent do they participate in the regv-

ation

Here, 2 useful analogy might be drawn between hunger and pain Stumult
whl‘ch~damage or threaten damage to tissue evoke pain. These same s!unuh
ehcit imperative protective reflexes (e g. withdrawal), and these stimuli con”
tinue to occur even when the pathways from the spinal cord to the brain 20
longer are intact, thus preventing pain perception.®® Perhaps a better example
comes from respiratory physiology. Here a single word, dyspnes, refers bot
to a sensation and 10 a sign, namely Iabored breathmg  Obviously, ot
breathing can occur in the absence of the sensation of dyspnea By analogy,
energy deficit evokes feeding reflexes which can persist in the absence of the
areas of the brain required for sensation and, accordingly, for hunger oy
Goltz" observed a dog from which both cerebral hemuspheres had been com*
pletely removed and found that the ammal regulated its food intake and main-
tained normal weight The anencephalic infant shows essentially norms}
feeding behavior N

All of this is not to say that the higher brain centers and psychic actinty
do not participate in the regulation of food intake Clearly, they do ¢
extent to which they do increases with ascent of the phylogenetic scale, S thts
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BODY STATE nspur" / "m-r]mu
UNLEARNED FEEOING REFLEXES

HIBITION OF
R s
BEWAVIORAL STATE:

LEARNED APPETITIVE BEHAVIOR INMIBITION OF
FPETITIVE BEHAVIO APPETITIVE BEHAVIOR
SENSATION HUNGER FULNESS)
PSYCHIS STATE
AFFECT APPETITE SATIETY

Fiowee 1 Schematic representation of relations between hehavioral and payehle states fn depletion 1od
replebion  Single Lines represent unlearned, 1nd double Lincs Jonensy pathsways

states, mto sensation and affect. Before learning has oceurred, as in the infant,
depletion calls forth hunger sensations and unlearned feeding reflexes. The
latter lead to repletion which, in turn, produces the sensation of fullness
Repetition of this cycle eventually leads to learned behavior in association with
affective responses” Thus, the sensation of hunger evokes a desire for food,
appetite, Wwhich, in tum, leads to appetitive behavior, learned food-seeking
Tty T r . * °

and fand

[P TEVOIN
Whoveo )

AN APPROACT TO INTEGRATION

[The eating of food 15 & motor act performed by voluntary muscles Like
all voluntary muscles, those concerned with eating are under the contro! of the
gentral nervous system. Many parts of the central nervous system participate
in this control, but certain areas of the hypothalamus are especially concerned.
Brobeck and his co-workers® have described two such hypothalamic areas, bot}l
located at the level of the ventromedial nucleus  Feeding reflexes ate facili-
tated by actwity of the more lateral area and are inhibited by activity of the
more medial area  In Ficure 2, a dizgram is presentcd showing some of the
,t,‘.?f”ff’m”)' Possible relations of these areas and of factors acting on ther

Lo e ik sCLL €, We may construct a flexible and comprehensive frames ork
on which our ideas concerming regulation of nutrient balance may be arranged
and evamined § The diagram in FIGURE 2 uscs the hypothalamic areas 28
examples of brain regions controlling feeding The relations indicated art
hypothetical  The factors listeq are not known to act on these brain aress
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1 Blood-glucose levels and gastric-hunger contractions, Bulatao and Carlson®
reported that the intravenous infuston of 5°to 10 grams of glucose in the form
of 50 per cent glucose solution markedly or completely supp: ] gastric con-
tractions in fasting dogs. The inhibition was maximal within a minute or two
and then subsided, the normal amphitude and frequency of contractions being
restored 1n less than one hour, Injection of hypertonic saline or lactose was
reported not to produce this effect.  Although Templeton and Quigley*® orig-
mally reported that they had confirmed this finding, in a later and more exten-
sive study, Quigley and Hallaran®® concluded that glucose infusion had no effect
on fasting gastric motility and that the occasional transient mhtbition seen in
these studies was attributable to the manipulation incident to intravenous in-
jections. Mulinos® came to the same conclusion from an extensive seies of
mvestigations involving 87 studies on 11 dogs. Mulinos pointed out that the
occasional inhibition which occurred after injection of glucose subsided Jong
before the blood-sugar level returned to the control Jevel, Templeton and
Quigley* found that the motor activity of the vagally denervated Heidenhain
pouch was unifluenced by intravenous glucose injection. Intragastric or
intraduodenal instillation of glucose regularly inhibits contractions of the va-
gally mnervated or vagally denervated stomach, but this effect is mediated
by a h 1 h rone) from the upper portion of the
small intestine, and 1s not dependent on the occurrence of hyperglycemis n

In studies on human subjects, Stunkard and Wolff# reported that the intra-
venous mjection of 50 cc. of 50 per cent glucose promptly abolished gastnc
contractions 1n normal subjects, but not in subjects with either uncontrolled
diabetes mellitus or “hunger diabetes "

In human subjects, Scott ef a2 and, in dogs, Mulinos® found no correlation
between the occt =amns < 4L =TTy ot A hined.
glucose levels .
as measured by
glucostatic hypothests

The cvidenc; 1s thus seen to be contradictory and inconclusive Si{lﬂ.
however, gastric contractions may not be a reliable index of hunger sensations
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124 e e sungus seusalils Wee LILAILETEG DY IMLLAveuyds Djection
of glucose, whereas Stunkard and Wolff* state that the subjective experience
of hunger was promptly abolished by such treatment. In a recent study
our Jaboratnre 12 tha affome -£ ¢ . PR +on of
glucose on
of saline. .
neither the test subjects nor the interviewer who recorded the data knew poitd
treatment had been administered. ‘The results, summartzed in FIGURE 3
indicate that hyperglycemia produced by intravenous or alimentary-glce®
administration produced a slight suppression of appetite (not statistically 18
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nificant), which was very much Jess than that produced by eating a small
breakfast,

Van ltallie o2 of “ correlated A-¥ glucose differenceswith hunger feclings in five
nosmal and one uncontrolled diabetic subject. They intespreted their findings
to support the view that, in general, a satisfactory rosrelation exsted between
A-V glucose differences and desite for food. They state that, when this
difference was more than 13 mg, per cem hunger was nc\ er reported and that
persistent faw d were ac d by hunger feehngs

3. Hyperglycenmo and food [Dn.\‘umphmt A prwn one might assume that
the glucostatie hypothesis could be put 10 2 sumple and crucial test, namely,
a study of the effect in normal animals and human subjects of experimentally
induced hyperglycema (with attendant elevation of “ntshaation rate” as
measured by A-V glucose dufference) on the quantity of food eaten This
study would constitute an expersmental “counter proof” 1n the sense of Ber-
nard? Here agun, however, the evidence 13 contradictory and anaus resolu-
tion

Janowitz and Grossman injected 15 ce of 10 per cent glucase intrapetito-
neally twice daily in rats and found 1hat the shight depression of food intabe
that resulted from this treatment was no greater than that which occurred
with control mjections of sahne  In studies on dogs, Janowitz «f o/ ¥ gave
targe wfusions of ghicose mtravenously (praviding as much as 100 per cent of
the control voluntary caloric mtahe) and found that the mean food consump-
tion was unahtered when compared with o treatment of controf sahme infusions
In these studses, food was offered to the dogs soon after completion of the in-
fusion and was rema\od al(cr 43 mmu(es, so that all mmsuremems of Iood
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depresston of food consumption. In this study also, the observations were
made durng the period of hyperglycemia.

Mayer and Bates" gave 1cc. of 37 5 per cent glucose subcutaneously twice
daily for 23 days to rats and found approximately 10 per cent decrease in food
intake when compared with a control group receiving saline injections  When
the control and treated groups dud not cat the same amount during the pre-
expenimental period, a correction was appled to the data compensating for
this difference  This expeniment is the only study in the lterature ip which
depression of food intake in normal animals has been reported to occur as 3
result of glucose injections

Smyth e al# gave infusions of 10 per cent glucose intravenously to o
normal subjects three times daily following each meal and found no suppression
of voluntary food consumption

We' have recently conducted 2 study of nine normal male test subjects in
which glucose or saline was given intragastrically or intravenously just before
a test meal which the subjects could consume ad JiBtum, Two saline controls
and two glucose tests were performed on each subject by each route The
dose of glucose was 200 cc. of 10 per cent solution intravenously and 200 e
of 25 per cent solutton ntragastrically. The subjects did not know what the
test substances were, and they did not know that the purpose of the study was
to measure food mtake The control and test treatments were applied 'm}a
randomuzed order by a Latin square design, The results are summarized i
TaBLE 1 No i ion of food ion occurred in associa-
uon with the glucose treatments, although these produced marhed hypergly-
cemia and elevation of A-V glucose differences

4 The effect of wsulin on food intake. Almost all investigators who have
studied the problem have found that insulin increases food consumption ***
.91 3 40 At first glance, this would seem to support the glucostatic bypoth:
esis Durmg the mitial phase of the action of insulin, while hypoglycemsa 5
Increasing, per‘lphem‘l A-V glucose differences are elevated During :::

This

in-

. Lur

at this ttime  Mayer! has recogmzed that uptake of glucose by the braily
as a whole, is insensitive to the action of insulin, but he makes the “pragmatic

TasLe 1
EFFECT OF INTRAVENOUS OR INTRAGASTRIC GLUCOSE 0N ConsTMPTION OF TesT MEAL 3
UMAN SUSJECTS
Control Test
Route

Treatment Calonies “Treatment Calones.

Intragastric 00m Sabne | 1319 | 200 ml. 25 Dextrose | 1260

Tntrasenous 200 ml Sahne 1333 | 200 ml 10 Destrose | 19%

Fach value is the mead of IS testa o0 § subyoats St

For the difervace betweea control and test, 1n both smstances F < 1, P > 0 0, not stabisicelly ™
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ences In this mstance, Mayes® assumes that the glucoreceptors concerned
with hunger behave as does the remainder of the central nervous system,
5. Camment  Under controlled experimental conditions, we have found that

operate under unusual conditions, but it dees not appear to play a major sole
n normal regulation

Gastric Contractions and the Sensation of Hunger

The classical studies of Cannon? and Catlson® established unequvocally
that contractions of the empty stomach produce distinctive sensations fotal-
1zed to the epigastrium  Cannon and Carlson chose to define hunger as being
this sensation  Carlson® expressed the opinion that the other sensations
associated with nutrent depletion were secondary to and dependent on the
occurrence of gastric contractions, and this suggestion served as the besis for
considering the gastric contractions as the central phenomenon of hunget

If hunger 1s defined as the complex of sensations associated with nutnent
depletion, including but not Limted to the epigastric pang produced by con-
traction of the stomach, then 3t can be shown that the only element of the
h‘{ﬂ{;el' complex dependent upon stimuli ansing from the stomach is the
epigastric pang, and that, in 1ts ahsence, the remainder of the sensation com-
plex still occurs Therefore, the assumption that hunger sensations other than
the epigastnic pang are dependent on the occurrence of gastric cantractions
would appear to be unwarr- + * ¢ i
gastric pang as the essentia)

Hunger, as a sensatton, ¢ .
entue stomach i man does not aholish hunger sensations ™ ¥ Unfortunalelf,
those who have made observations on totally gastrectomized patients have
not reported on whether the epigastric pang is abolished, although presumably
it would be  We studied the effect of insulin injection on hunger sensations
before and after vagotomy or splanchnicotomy in human patients Neither
of these procedures abolished the hunger response to insulin, although both
prevented the occurrence of the epigastric pangs in association with insulin-
induced hunger  From these studies, we have arrived at the conclusion that
the epigastric pang associated with gastric contractions 15 but one element it
the complex of sensations compnising hunger, and that its elimination does 7ot
significantly alter the general pattern of hunger sensation.

Gostric Dustention and Regulation of Food Intake

A considerable length of time is required for the digestion and assimifation
of nutrients after thetr ingestion I the quantity of food eaten is to e 3¢
justed to the magnitude of the nutrient deficit, mechanisms must evist fr
sensing the quantity of nutrients ingested before they undergo metabolism
One such possible mechanism is distention of the stomach by the ingested food,
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oral) rose to 1332 Thus total intake was 382 calories per day greater than
during the control period, giving a total of 10,702 curulative extra calories
for the 28-day period  Body werght remained constant, although this number
of calories would be expected to produce about a 2 kg weight gain had they been
stored as body tissue  This finding suggests either that a change in body com-
position may be induced by extra calorie intake or that mechanisms may exist
for expending calories in excess of requirements for maintenance,

Stinael of Head Receplors in Regulation of Food Intake

If a dog 15 allowed to eat a portion of its food a short time before food is
offered ad libtium, the voluntary intahe is reduced by an amount approximately
equal to the prefeeding.* 1f, instead of allowing the dog to eat the portion of
food, the food is placed in the stomach just before food is offered ad librtum,
voluntary imntake is suppressed to a lesser extent. If the portion of food be
placed in the stomach a number of hours before food 1s offered, no suppression
of oral intake occurs. Conversely, in dogs with esophagostomy,?+# sham-
feeding, in which the food fails to reach the stomach, results in the taking of
far greater quantities of food than in intact animals. From these observations,
we may hypothesize that stimulation of head receptors by smelling, tasting,
chewing, and swallowing, during cating, plays an important role in bringing
about satiety and suppression of further eating, but that this factor is reatively
meflective when 1t 1s not associated with entry of food into the stomach. Evea
when an amount of food greater than the quantity which the animal volumzr'ily
cats duning 2 controf period is given daily intragastrically, oral intake of sig-
nificant quantities persists for at least several weeks

In rats, a comparison has been made of the effect of food introduced by
gastric fistuls and food eaten normally by mouth. As measured by rate :f
L ON SR - e v f etk e by

Thus, stimulation of head receptors is an important elerment in the group of
factors which normally contnibute to satiety.

Interrelation of Factors Regulating Food Intake
Faclors stmulating ntake of food. Although energy balance results from

.o Y SN

sy B Leay O Judt. WHAL Lalses LeSSALIVL s Luve b Tb;
simplest answer to tl.us question is that cating leads to cessation of eating.
ingestion and assimilation of food can be divided, for purpose of analysis, nt¢
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content, and who were adjusted to the dicts. In such studies, food was ad-
mumstered in physiologic fashion tia the gastrointestinal tract.

Recently, Doctor Morgan, Doctor Dotti, and I have become interested in
determinmng the conditions under which A-V differences could be regarded as
valid induces of peripheral uptake of metabolites. We suspected that difusion
phenomena per s¢ might modify A-V differences and hence give a distorted

. ot T O e T el e e T s e

are not utilized peripherally in man, any A-V differences observed must be due
to diffusion “delay ”  When these substances were ini: ] int! )
relatively large positive A-V differences were measured on the rising slope and
at the peak of the curve. These differences obviously were not due to up-
take of the substances by peripheral cells and, indeed, the A-V differences
became invested on the falling limb of the curve Thus, peripheral glucose
AV d d during a mod ly rapid rise or fall of blood-glu-
cose level must beinterpreted with caution. This is particularly the case when
glucose is given intravenously,

41 should like to on the acute expert 10 which Doctor Grossman
gave glucose intravenously to dogs and to human subjects He states that he
observed only shght changes in the spontaneous food intake shortly there-
after I should have been surprised if marked changes had been noted  As
Doctor Brobeck already has pointed out, Doctor Grossman's findings under-
lme the well-recognized importance of habit and conditioning factors in de-
termining buman and canine behavior. They do not throw much Tight on the
glucostatic hypothesis  Also, as Doctor Janowitz has pointed out so ably, ne
must consider adaptations to changes in mtake from a greater time perspective
1f we are to interpret the results properly, I wonder whether Doctor Grossman
might not get quite different results if he repeated his experiments on a fonger
term hasis.

Certainly, all of us here have had the experience that a rather large sarapling

of hors d'oeuvres at a cocktarl party, to say nothing of the cocktails, does ot
necessarily mbibit and may, indeed, increase consumption of the roast beef
and potatoes which follow.
3. Incudentally, Albright and his group gave glucose intravenously to patienis
over a prolonged period of time as the main source of calores and found }hﬂ
such patients dtd not experience hunger even though their stomachs remain®
empty and the caloric intake was somewhat below requirement levels’ We
have observed simular effects of int; glucose in our p 1 feediog
expertments

As far as insulin effect on A-V glucose differences is concerned, this 18 mlﬂlﬂ
a complicated matter. Insulin increases glucose uptake in various portions
of the body and thereby lowers artenal glucose levels, In response to the blood
glucose fall, if it is appreciable, insulin-antagonistic substances apparently a1¢

1195  Federation Proc 13 156 RS
31944, Transactions of the 8th Confe Metabolic Aspects of 2163472 JouahdaTe
J¢ Foundstion  New York, N ¥,




Grossman- Integration of Current Views g1

fveatad n S T O S N SO A

glucose avatlable to certain areas purely by lowering arterwl ilucogc below a
threshold value. This primary effect 1s then remforced by mnsulin antagonists
such as epinephrine and, perhaps, growth hormone, secreted in response to
the insulin-induced hypoglycemiz. Such inhubitory effects on peripbersl
utilization persist even after the blood glucose starts to nse that s one of the
reasons the blood glucose level does rise

Thus, fnsulin may make glucose temporarily mate avatleble 1o certam insu-
Iin-sensitive areas and, at the same time, may act 50 as to exclude glu-
cose from other parts of the body Jess sensitive to insulin actton  Until more
is known about the specific effect of insulin on the varous tissues of the body,
the effects of insulin on hunger vecessantly will be difficult to interpret

L1993, J Chinllovest. 31 717
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content, and who were adjusted to the diets, In such studies, food was ad-
ministered 1 physiologic fashion via the gastrointestinal tract,

Recently, Doctor Morgan, Doctor Dotti, and I have become interested in
deterrning the condstions under which A-V differences could be regarded as
valid idices of peripheral uptake of metabolites. We suspected that diffusion
phenomena. per se might modify A-V differences and hence give a distorted
picture of the degree of uptake of a metabolite actually taking place at s given
tme To test this possibility, we measured peripheral A-V differences of
intravenously injected sucrose and sorbitol in man! Since these substances
are not utilized penipherally in man, any A-V differences observed must be due
to diffuston “delay ”  When these were ini: di )
relatwvely large positive A-V differences were measured on the rising slope and
at the peak of the curve These differences obviously were not due to up-
take of the substances by peripherat cells and, indeed, the A-V differences
became inverted on the falling limb of the curve 'Thus, peripheral glucose
AV dufl i during a moderately rapid rise or fall of bicod-gle-
cose level must be mterpreted with caution. This is particularly the case when
glucose is given intravenously.

LI should Like to corment on the acute experiments in which Doctor Grossman
gave glucose mtravenously 1o dogs and to human subjects. He states that he
observed only shight changes in the spontancous food intake shortly there-
after I should have been surprised if marked changes had been noted. As
Doctor Brobeck already has pointed out, Doctor Grossman’s findings under-
live the well-recognized importance of babit and conditiomng facters in de-
termining human and canine behavior, They do not throw much fight on the
glucostatic hypothesis  Also, as Doctor Janowitz has pointed out 50 2bly, #¢
must consxd;r adaptations to changes in intake from a greater time perspective
if we are to interpret the results properly. 1 wonder whether Doctor Grossman
might not get quite different results if he repeated his experiments ona longer
term basis

Certainly, all of us here have had the experience that a rather Jarge sampliog
of hors d'ocuvres at a cocktail party, to say nothing of the cocktails, does not
necessarily inhibit and may, indeed, increase consumption of the yoast beel
and potatoes which follow. .
». Incidentally, Albnght and his group gave glucose intravenously to ptiests
over a prolonged period of time as the main source of calories and found that
such patients did not expenence hunger even though their stomachs remaies
empty end the caloric mtake was somewhat below requirement Jevels* we
have observed similar effects of mtravenous glucose in our pnremml feeding

experiments
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Part III.  Clinical Aspects

FOOD PREFERENCES IN MAN: SPECIAL CRAVINGS AND
AVERSIONS

By Isidore Snapper
Beth-EI Hospstal, Brooklyn, N Y.

1 Food Cravings and Aversions in Disease

Urgent cravings for, as well as aversions toward, foods or special nutrients are
known to occur in a number of medical conditions In these circumstances,
the appetite 15 often perverted, and a craving for abnormal, sometimes leath-
some, substances develops  Such perverted appetite is usually designated as
pica, a condition especially frequent in pregnant women and in children. The
cravings and aversions of pregnant women are generally known, even among
laymen  No explanation has ever been given for this remarkable phenomenon
unless one 1s willing to accept the Freudian conceptions of recent years  Never-
theless, the possthility exsts that, one day, a reasonable basis for the pica of
pregnant women may be found

In this connection, the habit of certain tribes to eat clay of riverbanks should
be mentioned  This so-called geophagia is considered to have a salutary 1-
fluence because, by this custom, certain deficiencies in nutrition can be repatred
A comparable explanation may exist for the tendency of small children to eat
earth, dirt, chalk, or ashes—a habit that usually disappears when the children
reach the age of three or four years, The underlying cause may be a eraving
for certain minerals and vitamins in which their diets are deficient. The P"z’

of these children are suffering from an intestinal disease, The earth and ashes
could then act as absorbents, like kaoln, charcoal, or bismuth, and thereby have
a favorable effect Sl other physicians see a connection between this craviag
and 1ntestinal parasites,

When children scratch chalk from walls and eat it, they may well be urged
by a calcium defici This tendency jonally may lead to a dangerou®
complication  Where the walls are covered with lead-containing paint, lex
poisoning frequently results from this habit Some children have an urge 10
suck on hairy objects  The swallowed material then may accumulate in the
stomach, resulting 1n the formation of large hair balls and bezoars, which ultr
mately require surgrcal intervention,

In many cases, the neurotic disposition of the child seems to be the muse“"
thispica  Especually when this remarkable abnormality persists after the child
has received adequate medical care and nutritional guidance, the presence of
grave psychintnic abnormalities must be considered  Schizophrenic children
may even indulge in coprophagia.

Comparable cravings are well known in animals  In South Africa, whete the

2
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petite in hepatitis, because this symptom often precedes the first objective signs
of the disease.

Loathing of meat, a complaint of so many patients with carcinoma of the
stomach, must have been known for centuries. This Zorror carms has never
been explained beyond ble doubt. Occasionally, it occurs in patients

CUar e .

occur, they are rarities  In the majority of patients in whom Joathing of food
causes fatal cachexia, psychological disturbances prevail. Thus, correctly,
most of the cases exhibiting this synd are nowadays desi| d as anorexia
nervosa

Loss of appetite, sometimes even aversion of food, as a side action of many
different medi is of course frequent], d, Inthecaseofthe
benzedrine compounds, this undesirable side effect has been successfully d-
rected 1nto therapeutic channels.

Thus, certain cravings and aversions, as presented by patients with different
diseases, can be explained, at least partly. Many such nutritional preferences
or aversions seem to lack a somatic basis, and have to be ascribed to psychologic
disturbances

2. Nutritional Food Cravings

Better known, and of even greater importance, are preferences for certain
nutrients, aversions to others, as found among different peoples of large ethnic
groups  Part of these nutritional cravings and aversions can be explained by
economic conditions, agricultural necessities, and religious laws ~ Food babits,
how ever, are also dependent upon customs which people have been educated to
accept during the years of their chijldhood, in their parental homes The _Chﬂd
is taught not only what to like, but he is also told what to abhor, Amesicans
crave milk, ice cream, and coffee; Germans, beer; Frenchman, wine; Britishers
(at least before the last World War), beef and porr; Bostonians, beans; the
Dutch, “hutspot”, all because dietary routines and habits which these peoples
were obliged to follow, or learned to admire as children, molded their preferences
and distastes  No other rationale exists for these preferences. The Amencl
chald cang that bis fatbep dwel g™ e e, Mhempfang, wheo ke
1 e ! . + T esamewaY,
L L PRI R v ' .skwineor
beer The Europear child observes that, i his family, no adult drinks mill-
After his 12th birthday, he resents being treated asa child. He then wishes to
act as adults do and, therefore, he steadfastly refuses to drink milk. In Ea-
rope, a fat boy 15 considered ridiculous  He becomes automatically fsolated
because his overweight makes it umpossible for him to play soccer. The atr
tude of children to the problem of obesity is evidently different in the United
States. The difference can be Judged from the way American children c13v¢
excessive quantittes of ice cream and candy, bringing upon themselves the ud-
avoidable consequence of obesity,
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lar nutrient are rationahzed by stressing its favorable influence upon the health
of the population

ucts  This 1s an unavoidable necessity, in view of the overpopulation of many
of the Ortental countries and the depletion of the soil due to primitive methods
of agriculture and eroston,  As a result of the overpopulation, the arcas which
can be allotted to cattle raising are of necessity extremely limited. Inorderto
produce a given number of calories, both cattle breeding and fish culture—that
1s, the production of ammal food-—need surface areas much larger than thos
required for the production of the same number of calories in the form of vege:
table fat and protein  To assure a sufficient caloric intake, the soil of the over-
populated areas, therefore, must be reserved almost exclusively for vegetable
crops, and meat necessarily becomes a scarce and expensive nutrient.

In most of the standard diets of the Western world, the relation by weight of
carbohydrates to protein and fats varies around 4:1:1; that is, about 55 per cent
of the total caloric intake 15 derived from carbohydrates, 14 per cent from pro-
temns, and 30 per cent from fats In the Qrient, however, 80 to 85 per cent,
sometimes even 90 per cent of all the calories are derived from carbohydrates,
5 to 10 per cent from protein, and about 7 to § per cent from fats  Even .(hls
small amount of proteins 1s mainly of vegetable origin, The amount of calcium
.-Td‘ of cex;tam 'vlmmms 1s usually small.  Since no animal food is used, the

atake

The

lack of vitamin D intake 1s not felt in the tropica‘l part of the Orient, where, -

der the mfluence of ample sunshine, sufficient vitamin D is formed tn the skin

Avitamunosis D, however, 1s frequent in the northern provinces of Chinz, whete
lack of sunshine 15 combsned with lack of vitamin D intake.

The diet of the Oriental differs from our daily diet not only because it 18 50
low in protein, fats, and certain vitamins, but also because the daily caloric in-
take in the Onient 18 small as compared with the West  Diet surveys made both
1 Java and India have indicated that the caloric intake of large parts of the
population of Java, India, and Ceylon has been below the minimum require-
ments  The average Filipino, too, receives only 2180 calories instead of the

Al s
b . hen,
uite

contrary 10 any preference or craving.

On the other hand, far the greater number of the Chinese Joathe dairy pro-
ducts just as much as the Americans crave them, In this case, they respond to
the nfluence of their customs and education  Even the young Chinesc who has
had the privilege of a Western education can only with difficulty be pcrsuﬂd
to drink milk. Nevertheless, he fully realizes that food rich in fats and cho-
lesterol, such as milk, if added to the Chinese duet, would help to build upa 7
sistance against the ub exposure to tuberculosis in China
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we call cheese

Many food customs which, over the course of years, have developed into
cravings or aversions are 1 part favorable, ;n part injunous 1o health  Asan
example, it may be mentioned that our habit of overfeeding damages the health
of the population in many dxﬁexent  ways  Nevertheless, 1t must be an excel-
lent fon against t and 1t may have been an impor-
tant factor in the decrease of this disease n the United States It may also be

{1) Beer In Southern Germany, the excessive intake of beer leads to the
so-catled “Munchener beer heart 7 The name indicates that this disease 1s es-
pectally frequent in Bavariz, although 1t 1s also commonly found in other areas,
where beer 13 the popular beverage The tremendous amount of calories con-
sumed by excessive beer drinkers leads to obesity  The chronic increase tn the
crculating blood velume caused by large quantities of beer 1s a heavy burden
for the left ventricle  The combination of these two factors must be pernicious
for every individual who has the slightest tendency toward hypertension  This
fact probably explains why the syndromc o( Ihe “Munchener beer hean” con-

PRI

gun ducks—whose name 1s derived from their erect, penguinhke posture
Large herds of penguin ducks, shepherded by small boys, roam all over the 1s-
land of Java, feecing 1 the nce fields after the nice has been harvested At
mght, they are drtven into flimsy enclosures made of bamboo and covered by
large nets  In the mornng, the eggs which the duchs have laid are collected,
after which the flack 1s released to continue its peregrination to other rice fields
Often the eggs are stored for a considerable time 1n salt and woed ash, or in salt
water, in large jars  Duchs are prone to suffer from different snlmo;ae]h infec-

tions  Since, in these birds, oop 15 2 common of sal 1
AN / Sn. oM Y
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tard and thus, even in the United States, outbreaks of salmonella infection have
been traced to ducks’ eggs.

(3) Craving for while rice. Special mention must be made of the beriberi of
the nice caters of the Orient, a problem that 1s due at least partly, to a craving
for white rice  Whally polished rice 1s nutntionally far inferior to “dirty”
rice, that is, only partly polished rice. Rice contains 7.5 per cent of a valuzble
protein which, 1f mixed with soybean proteins, has a high biologic value
Ample amounts of vitamin B, minerals, and even fat (1 to 2 per cent) are pres-
ent 1n the outer layer of the rice. The Joss of vitamin B, from rice through the
mlling and polishing process explains the frequency of beriberi in many rice-
eating countries, especially in such areas as southern China and the Philippines,
where not only the urban but also the peasant population eats, mainly, white
polished iice ~ In large rural arcas of India and Indonesia, where the population
eats only hand-pounded rice, beriberi does not occur, When the native women
pound the rice n their pnmutive utensils, only the hard, outer husk is removed
The outer layer of the rice proper, the silverfleece, how ever, remains intact, and
the hand-pounded rice, the browmsh looking “gabah,” contains enough vitamin
B, to protect the population against beriberi

The 1mportance of the protective influence of the hand-pounded gabsh
against beriberi was recognized before the vitamin theories of beriberi had been
developed A few years before the classic experiments of Eijhman proved the
importanice of vitamin B, this theory was eloquently propounded by van Dieren,
a practicing physician in Amsterdam, who had never been in the Orient and had
never had any personal experience with beriberi ~ Van Dieren concluded, after
a critical, historical survey of the literature, that benberi developed when peo-
ple were fed on white polished rice  Although wrong in his contention that
mulled rice contained a tovic substance, he was correct in the conclusion that
beriber: did not occur as long as the natives ate hand-pounded rice, and that
patients having the disease improved rapidly when fed with gabah. Unfortu-
nately, van Dieren was no experimenter, and had to defend his theory by it
terpreting the mvestigations of others. His correct conclusions as to therapy
were severely criticized by the infectionists In the ensuing battle of opinion,
van Dieren not only attached the Jatter but, for many years, continued to de-
fend Ins toxin theory also against the new discovery that beriberi was & defi-
ciency disease  Consequently, it is often forgotten that van Dieren's (hera-
peutic solution of the beriberi problem was sound, although his theory 23 to

. . €
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man who has to cat brown, so-called “dirty" rice loses considerable face. Toef
farmers have no choice but o eat their own, brown, hand-pounded 11¢¢, and
remain healthy  People who are in a higher income class can buy white pol:
iched vice and develon avitaminneic!  Mha ascan shica o an e in Tndonesia at
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mum. Only the Chinese overseers of these estates occasionally suffered from

at their disposal. The beriberi of the overseers demonstrated again how crav-
ing for specaal nutrients—in this case, white rice~—may lead to disease,

‘The reason why millions of Orientals must eat the dangerous pobshed nce 15
connected wath the fact that the highest concentrations of vitamins and fats of
the rice are present in the superficial Jayer of the kernel, just below the silver-
flecce  As these substances are excellent food for bacteria and 1nsects, silver-
fleece rice easily, often within three weeks, becomes rancid and ifested with
nutes and other pests. Silverfleece and half-polished rice therefore, can be
eaten only by a rural population which harvests 1ts own nice and eats 1t within
4 short tune after harvesting. Many of the nice-eating areas are not self-sup-
porting, as far as nice is concerned, and must wmport their rice from the three
largest rice-exporting countsies. Indochina, Thailand, and Burma  As all the
rice exported from these countries must necessarily be milled, 1t 15 impossible to
feed the whole rice-eating poputation of the world only with partially mlled,
silverfleece ice,  Thus, even 10 countries swhere the dangers of polished rice are
fully realized, its use cannot be avorded

For centuries, the Orientals have recognized the need for additions to the rice
diet. In Indonesia, mung beans are eaten in large armounts  For 300 years,
these beus have been known for their prophylactic influence agamst benben
Highly important is supplementation of the rice diet with soybeans, an impor-
tant factor in the Oriental regimen because soybeans contain large amounts of
calcium, vitamin B, and valusble proten  In northern Chimna, much larger
quantities are consumed datly than m southern China but, even 1o the south,
the people eat soybean products, whenever they can get them, especially 1n the
foro of soybean sproats, Qne disadvantage of the soybean is its bitter taste
In northern China, this dettiment 15 avercome by muxing soybean flour with
other flours whereas, in Indonesia, soybeans are fermented with molds before
they are eaten. Even if the fermentation product, which 15 called “tempe
kedele" does not Jook appetizing to Western eyes, it has 3 pleasant taste  In
addition, 1t contains 20 per cent of protemn T? pregare tk‘:sr dish, soybean

! et .
<ontinue this processing of soybeans and peanuts  One of the advantages of
these tempes consusts of therr easy digesubility  The protewn content of these
tempes is mare rapidly and more completely absorbed than the proteins of the
onginal soybeans  The question may be rased shether, during the fermenta-
ton by molds, penicstinlike substances are formed which are of importance in
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tard and thus, even in the United States, outbreaks of salmonelta infection have
been traced to ducks’ eggs .

(3) Craving for white s1ce  Special mention must be made of the benber of
the rice eaters of the Orient, a problem that is due at least partly, to a craving
for white rice  Wholly polished rice is nutritionally far inferior to “duty”
nice, that 1s, only partly polshed rice  Ruce contains 7 § per cent of a valuable
protein which, 1f mixed with soybean proteins, has a high biologic value.
Ample amounts of vitamin B, minerals, and even fat (1 to 2 per cent) are pres-
ent in the ouler layer of the rice. The loss of vitamin By from rice through the
milling and polishing process explams the frequency of beriber: in many nce-
eating countries, especially in such areas as southern China and the Philippines,
where not only the urban but also the peasant population eats, mainly, white
polished rice,  In large rural areas of India and Indonesa, where the population
eats only hand-pounded rice, beniber: does not occur. - When the native women
pound the rice 1n their prmitive utensils, only the hard, outer husk 1sremoved
The outer layer of the rice proper, the silverfleece, however, remains intact, and
the hand-pounded rice, the brownish looking “gabah,” contains enough vitamin
B, to protect the population against beriberi

The importance of the protective influence of the hand-pounded gabah
agamnst bertber: was recognized before the vitamin theories of beribers had been
fleVEl‘)Ped A few years before the classic experiments of Eijkman proved the
importance of vitarmn B, this theory was eloquently propounded by van Dieten,
a practicing physician in Amsterdam, who had never been in the Otfent and had
never had any personal expersence with beriberi  Van Dieren concluded, after
2 critical, historical survey of the literature, that beriberi developed when peo-
ple were fed on white polished rice  Although wrong in his contention that
mifled rice contained a toxic substance, he was correct 1n the conclusios that
beriber: did not occur as long as the natives ate hand-pounded rice, and that
patients having the disease improved rapidly when fed with gabah  Unfortt-
nately, van Dieren was no experimenter, and had to defend his theory by -
terpreting the nvestigations of others, His correct conclusions as to therzpy
were severely criticized by the infectionists In the ensuing battle of apiuior,
van Dieren not only attacked the latter but, for many years, continued to de
fend hus toxin theoty also against the new discovery that beriben was 2 defi-
ciency discase  Consequently, it 15 often forgotten that van Dieren’s thetd
peutic solution of the beriber: problem was sound, although s theory 38 o
etiology was fallacious

It 1s well-nigh impossible to induce ali Oriental rice-eating peoples to e:\t.ﬂlc
hand-pounded rice that gives such good protection against beriberi In Chin,

for instance, there is a pronounced preference for white polished ric¢, and the

man who has to eat brown, so-called “dirty” rice loses considerable face Poor

farmers have no choice but to eat their own, brown, hand-pounded rice, and

remain healthy  Peaple who are in a higher intome class can buy x:hiu{i}:;f;
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and the incidence of beribers among this gm’u;; went down to a neghgible T
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mum  Only the Chinese overseers of these estates occasionally suffered from
betiberi, These overseers, it goes nithout saying, earned larger salaries than
the laborers and could afford to buy their own white polished rice i the village
instead of accepting the despised, “durty” silverfleece rice which the estates put
at their disposal  The beriberi of the overseers demonstrated agam haw crav-
ing for special nutrents—in this case, white rice—may lead to disease,

‘The reason why millions of Orientals must eat the dangerous polished rice 13
connected with the fact that the highest concentrations of vitamuns and fats of
the rice are present in the superficial layer of the Lernel, just below the silver-
fleece  As these substances are excellent food for bactenia and msects, silver-
fleece rice easily, often within three wecks, becomes rancid and infested with
mites and other pests, Silverfleece and half-palished nce therefore, can be
eaten only by a rural population which harvests 1ts own nice and eats 1t within
a short time after harvesting  Many of the nice-eating areas are not self-sup-
porting, as far as rice 13 concerned, and must import their rice from the three
largest rice-exporting countries: Indochina, Thailand, 2nd Burma  As all the
tice exported from these countries must necessarily be milled, 1t 15 mpossible to
feed the whole rice-cating population of the world only with partially milled,
silverfleece rice  ‘Thus, even in countries where the dangers of pohshed rice are
fully realized, 1ts use cannot be avoided

For centuries, the Orientals have recognized the need for additions to the nce
diet, In Indonesia, mung beans are eaten i large amounts  For 300 years,
these beans have been known for their prophylactic influence agamst beriber:
Highly important is supplementation of the rice diet with soybeans, an ympor-
tant factarin the Orienta] remmen because soybeans contain large amounts of
taleium, vitamin B, and valuable pratemn  In northern China, mu'ch Iarg'er
N :

t .
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other flours whereas, 1 Indonesia, soybeans are fermented with molds before
they are eaten Even if the fermentation product, which 1s called “tempe
kedele” does not look appetizing to Western eyes, 1t has a pleasant taste  In
addi‘tion, it contains 20 per cent of protein  To prepare Lh‘ls' dish, soybean

fermentation process of peanuts leads to the formation of so-catled “ontjom,”
containing 20 per cent protemn and 3 to 9 per cent fat - Comparable fermenta-
tion products are also used 1n Indochina and 1 Suriwam (Dutch Guiana, n the
northern patt of South Amenica). The Javanesc who emigrated to Dutch Gui-
ana in large numbers brought their tempes with them and, cven now, they still
continue this processing of soybeans and peanuts  One of the advantages of
these tempes consists of their easy digestibility  The protein content of these
tempes is more rapidly and more completely absorbed than the proteins of the
ongmal soybeans  The question may be rassed whether, dunng the fermenta-
tion by molds, penicillinlike substances ate formed which are of importance in
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view of the frequency of streptococcus infections in the Orient. Be thisasit
may, the craving for tempes has a favorable influence upon the health of the
Indonestan

group of ailments  Such attention will clearly elucidate the fact that our crav-
mg for mgh-caloric, ngh-protein diets has, decidedly, many disadvantages
For many decades, French chnicians have taught the existence of a group of
diseases which they designated as the “arthritic diathesis ” This group of dis-
eases comprises arthritis urica (gout), diabetes, obesity, gall stones, and prema-
ture arteriosclerosis  The latter would nowadays probably be designated as
premature coronary i or coronary thrombosis. In the family of 2
patient who developed one disease belonging to the arthritic diathesis, as, for
nstance, gout, usually one or several of the other members of this group of
diseasesdid occur  In general, it can be said that, with few exceptions, patients
suffering from one of the diseases of the arthritic diathesis are overfed indwid-
uals  Even if a certam “diathesis” must exist for any of these diseases to de-
velop, the disease usually becomes manifest only 1f too large quantities of nch
food are consumed. In other words, in order for gout to develop, a clear<ut
heredutary factor will usually be present  Fortunately, on a diet low in punns,
the tendency to gout only rarely gives rise to the development of acute gout
On the other hand, a craving for a diet containing considerable quantities of
roast beef, steaks, and port, as was customary in Great Britain, will favor the
development of gout  The prevalence of acute and chronic gout in the British
Tsles can be appreciated only by physicians who “walked” the wards of the hos-
pitals of Great Britam in prewar days  Senior students of the ‘medical schools
of the.comment in Eutope often went for a few months to England to becomt
acquainted with the teaching of medicine in that country. These students ust-
ally served as “dressers” in the surgical wards, an assignment comparable 0
that of surgical clerks in the United States The continental greenhorn dresse?
was always confronted with one or mare patients whose presenting sign con
sisted of a markedly painful, swollen, and apparently phlegmonous hand _ The
tentative diagnosis of 2. phlegmon, which the freshman dresser usually made,
anA tha ndeload serin 4 P ShETT o 1h weher,
+ich
in
ity
o gout had to be considered ~ The success of colchicine treatment eastly proved
the gouty nature of the pseudophlegmon. .
It is of great importance to realize that, since World War 11, that is, sinc
austerity program had to be enforced, gout has become much less common in
Great Brtan  Among the population of Great Britain, there are nowadsy’
justasmany indiiduals with an arthritic diathesis as there were before the %%
‘The austerity 4 a¢ -~~~ A - P e 14
lwe on a low wuld
not be satisfic bas

e the
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The other diseases that belong to the arthnitic diathesis are also greatly de-
pendent upon food preferences  Dhabetes 1s a widespread disease in China but,
among the poor coolies of northern China, the disease 1s remarkably mild, and
insuhin treatment is only rarely necessary  Ketosis 1s relatively rare, and dia-
betic coma is extremely rare in the poorer part of the populatien—fortunately
50, for the price of insulin would be prohibitive for the great majority of the dia
beticsof north China  ** * * vt
diabetics in our part .

Chinese duabetics ~ .

ble to the diets which were so warmly recommended 1n the prewnsulin era by
Von Norden in Germany, and by Allen in the United States It 1s important
to note that, in Batavia, m Java, where a large number of Chinese were hiving,
most of whom had assembled cons:derable wealth, diabetes was a dangerous
alment  This experience presents a warm recommendation for & low calonc
diabetic diet in which carbohydrate and vegetable protein prevail, with marked
restniction of animal protein and fat  Such a diet might also be salutary for
western diabetics

Needless to say, the Chinese coolie diet, low m calories, low in protems, high
1 carhohydrate, 15 also an excellent preventive agent against obesity, another
member of the arthntic diathesss  The Chinese race certaimly has a tendency
toward ebesity, as 15 clearly demonstrated by the overweight from which most
mportant mandanos suffered  The coolie class, however, 15 well protected
against this evil

Since cholesterol occurs only 1n amimal food, the diet of the Oniental 15 neces~
sarily devoid of thishpoid ~ This deficiency must explain why the blood choles-
terol of the Orientals 15 lower than the levels which are customanly found in the
Occident  Inthe Umted States,blood ch Vvalues of 250t 300
per 100 cc are customary but, m the Orent, the values usually range around
150 rilhgrams per 100 c¢  Poor coolies 1 northern China often have values
of approvimately 100 mg per 100 cc, sometimes even less

Pathologists are still speculating about the possibibty that the low blood
cholesterol of the Orientals might be a genetic charactenstic, like the low weight
of adrenals and gronads and the scanty hair growth  Forty years ago, however,
Dutch chnicians had aiready shown that the low-blood cholesterol of the Indo-
mesian 18 not a racial charactenistic, Careful investigation revealed that the
blood cholesterol of Javanese serving as well-fed waiters on the lucury ships
Plying between the Netherlands and the Indies reached levels comparable to the
average figures found in the Ocaident

1t 13 obvious that diseases d ith chol 1 can be ex-

Pected to be uncommon among Orientals  This may well be one of the reasons
whyartetiosclerosis 15 a rare disease inthe Orient  Although the Electrocardiog-
Taphy Division of the Department of Medicine of Peiping Union Medical Col-
Iege was 2 very active one, electrocardiagrams showing the typicat features of
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coronary thrombosis were rare exceptions in the collection, There were many
years when not a single case of coronary thrombosis was encountered. Other
afflictions connected with arteriosclerosis were extremely rare, and amputations
for drabetic gangrene were practically unknown.

The gallstone problem which 15 50 closely related with cholesterol metabolism
differs 11 the Onent from the Occidentat gallstone disease. In the West, cho-
lesterol stones occur in about 40 per cent of women above 40 years of age. In
addition, cholelithiasis occurs four to five times more frequently in women than
mmen The much lower averages of the blood cholesterol values in the Orient
explan why cholesterol stones do not occur in the Indies and in China. The
relatively few cases of gallstones in China are by no means especially frequent
w women  Typhoid and salmonellosis are the prevailing infections leading to
gallstone formation  Since typhoid and paratyphoid occur more frequently in
the male than in the female, there is a arger number of male patients with chol-
elithiasis in China than of female patients

Another pomt of some mportance is the composition of the stones, Asin-
flammatory gallstones always contain considerable quantities of ealcium, the
gallstones 1n China are nearly always radiopaque. In contrast to the experi-
ence of the Western physicians, Chinese clinicians are loath to diagnose gall-
stones which cannot be visualized or an X-ray film,

The hyperchol lemia of nephrosis, however, does not depend on the

holl intake  When nephrosis develops in poor Orientals, whose choles-
terol intake is practically zero, the serum cholesterol values rise to the same
levels scen in nephrosis patients in the Occident.
(5) Stundry food pref . The endemi ¢ of the broad tapenorm
or Dibothriophylim latum in Finland is connected with the eating of insuffi-
ciently cooked fresh-water fish  This disease has now become frequent jn the
areas of the midwestern lakes of this country, where a Jarge number of Finns
have settled _The intermediate host between humans and fish in the United
States is a different microscopic aquatic animal from the one in Finland The
broad tapeworm is ionally 4 in Brooklyn, where a hrg:

part of the population eats a peculiar fish product designated as “gefullte fish”
Apparently, in the preparation of this food, the mixture of raw fish and condi-

ments is tasted by the housewife prior to cooking
The frequency of the intest'--*- '+ e
ton is connected with the cus
only been dipped in hot gru .
spread also to other areas in south China, Until then, it was practically hmited
to Canton, due to special local conditions

The regrettable frequency of trichinosis in the United States must be the 1¢-
sult of the custom of eating our hamburgers and other pork products insufli-
ciently cooked  This custom is a dangerous one in the United States, sher®
the luw does not require obligatory trichinoscopy of masseter muscle and dit-
phragm of every slaughtered hog  The Chinese love pork and, since the 13t
of China are heavily infested with Trichinella carriers, the human exposure {0
trichinosis is apparently heavy. Nevertheless, trichinosis is a rare disease,
the Chinese cat only very well cooked meat  Even if the pork which is ¢

R
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for the preparation of sweet and sour spare nbs contains Tyeckunelfs capsules,
the fatter will alt be Lalled during the preparation of the spare nibs,

Infestation of the lungs with Paragommus westermani is a disease which is
very frequent in Korea and Japan, where the eating of raw crabs s popular
In China, there is an aversion against raw food 1n genetal, raw crabs in parttcu-
lar, and there this isease s practically unknown  Only in one isolated area of
the Chinese province of Chehuang does this discase occur  Here, the “drunken
erab” 1s a delicacy.  Such crabs aze prepared by dunhing the hiving crab i al-
cohol, allowing 1t to soal. overmight, and esting it the following day

Our custom of drinking irradiated melk tncreases the absorption of the large
amounts of calcium n the American diet  In many respects this may be favor-
able but, under certain cit 1t becames 3 disad Thus food
habit, in combination with the adminstration of extrz vitamin D and calerum
given by well intentjoned surgeons, has contributed to the wcreased tendecy
tonard formation of renal caleuli after fractures  Under smfluence of the n-
¢reased calcium gbsorption by vitamm D with ensutng urinary calcium excre-
tion in an indsvidual immobilized 1n a plaster cast, the frequency of renal stone
disease in patients with fractures of the femur has ascended, in some of our army
hospetals, to 7 per cent,

On the other hand, the Jow vitamm D content of the Chinese diet has not only
disadvantages  In northern China, where the diet ts nat only low m vitamun
D, but the dally amount of sunshine 15 esther moderate or, as in Shensi and
Shanshi, actually fow, osteomalacia 15 a frequent malady Iesides, the whole
pepulation has subclinical avitaminosis D In avitamunosis 1D, the calcium ex-
cretion in the urine dwindles to traces, even befare hypocalcemia setstn - When
no calcium 13 available 1n the urine, no catcium phosphate er calcum ovalate
stones can be formed  This must be why renal stone disease 15 rare in most
provinces of northern China having restricted exposure to the sun

Another pornt of importance is the ranty of amyloidosis in China, where cav-
ernous tub losis and chrome yelitrs are overly frequent It scems
possible that its frequency could perhaps be explained by the absence of daity
products from the diet, Dairy products are nich 1n casemn, that 13, the mother
substance from which amyloid may well be jormed LExpenimentally, amy-
loidosis develops in animals afier feeding of an excess of casern ot of casemn-rich
food, such as nulk and cheese  Thus, the absence of casein from the food could
well explan the scarcity of amy lord in northern China

Final Remarks

‘The disadvantages of the food customs of impoverished Onentals have been
emphasized in Western medical hterature  The low-protemn, low-calonic diet
inereases the spread of tuberculosis, decreases (he resistance agaimst most com
municahle diseases, favors the deselopment of hner cirrhoss, transforms an-
chylostomugsis from a relativ ely harmless nfestation to a dangerous disease
All this certainly clamors for correction and improvements  Nes ertheless, the
Oriental may also ponder the desirabality of radical chinges of the di'ct in the
United States where, due to nutritional mfluences, so much gout, serious dia-
betes, obesity, pall stones, renz] stones, amyloidos:s, and premature coronary
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sclerosis occur  This mught sound preposterous to our ears, but only because
most people are adamant as far as their food preferences and aversions are con-
cerned No nation 1s willing to concede that its national diet may be lacking
in certain important ngredients The Occidentals are just as proud of their
blatantly excessive food intake as the Orentals are of their semistarvation diets
Since 1t 15 easter to find fault with others than with ourselves, one word about
the attitude of the Onientals toward well-intentioned western dietitians may be
in order

In China, the food customs and ways of preparing food are centuries old.
The Chmnese pride themselves on the fact that all the different ways 1n which
food 1s prepared in the Western world are derived from their culinary art  In
the early Middle Ages, the chief ways of preparing food in the Occident were
limited to the baking of bread and the roasting of meat over an open fire At
that time, many centuries ago, the Chinese already used the same kitchen tech-
miques they employ nowadays Marco Polo, having learned the art of cooking
i China, divuiged his knowledge to the Europeans. The Chinese are con-
vinced that their Occidental pupils still have much 1o learn, and that the Chi-
nese way of preparing food 18 far superior to the techniques used in our part of
the world In their opimon, only the French cuisine approaches their ownin
excellence  In addition, the Chinese often touch slightly upon the fact that,
centuries ago, when our ancestors handled therr food with their fingers, the Chi-
nese already used chop sticks  Marco Polo, upon his return to Italy, devised
the first fork which, in the beginning, had only two prongs, hereby clearly show-
g its derivation from the Chinese chopsticks

All this informatson may shed hght upon the lack of influence which our well-
mtentioned nutntion speciabists have had upon the nutritional preferences and

aversions of the Onient  Therr best propaganda speeches for more modern ap-

proaches to the prevention of famine, the balance of diets, ¢f cefera, have comeé
to naught when the Oriental smilingly remembers the excellent cooking and re-
fined table manners of his ancestors in the same centurnies when the forebears
of the “know.-1t-all” nutritionists still behaved hke barbarians

Be this as 1t may, bitter experiences have taught that it 1s sometimes evet
dangerous to tamper with native food customs Many years ago, western nu-
tntionists imagined that they had found a solution for the semistarvation of tht
population of certain rice-eating regions  Rice is a difficult product which re-
quires fertile sal  The nutntionists therefore advocated that the cultvation
of rice be replaced by that of another carbohydrate product less exacting 25 far
as the quality of the soil was concerned,

In certain Onental areas, the staple food consists of flour of the Cassava
(known also as Mamoc or Tapioca), a tuber which can be grown on poor so!
unsuttable for rice  Another attraction of cassava is its high yield  Eight ton8
of cassava are raised on the same area from which one ton of fice can be har
vested Finally, cassava needs little care. As compared with rice, which
requires continuous supervision, cassava isa lazy man’s harvest. The combina-
tron of these charactenstics probably explains why the use of cassava as 3 nu-
trient is widespread, not only in many parts of the Orient, but also in certain
regons of Africa and of South America, Unfortunately, cassava ‘has many dis*
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advantages The tuber usually contains considerable traces of hydrocyanic
acud, which have to be removed by washing the flour carefully before 1t is dried
This washing carries away most of the protemn and vitam:n content, low to be-
gin with, of the cassava roots ~ Thus, the protein content of cassava flour does
not exceed 1 1o 2 per cent; the fat, 0 2 per cent, while the muneral and vitamin
contents are neghgible

In Africa and South America, the ¢ t pp its
carbohydrate diet with small amimals caught iz the woods Some of the ad-
ditions to the flour diet (for example, hizards, worms, spiders, other insects, elc )
are not appetizing to a pop not d to these y food
articles  All this must be dered 1n order to the unf
sequence of events when cassava culture was warmly propagated m Java asa
solution to the difficulties of nutnition n the less fertile areas  Unfortunately,
this cassava campaign succeeded only too well, and eventually the cassava har-
vest of Java was so large that about 200 kilograms of this dangerously poor tu-
ber (70 per cent of which 1s water) were available per year per capita Thus
the cassava areas of Java, where the protein intake often goes down to 20 grams
datly per capita, became regions where hypoprotenema, hunger edema, and
other nutritional deficzencies became endemye  Thas result should be a warning
to nutrittonists not to nterfere too readily with native food customs

In the eastern part of the Indonesian Archipelago, ¢ ¢, n the Meluccas and

A - N ot latton  Sago flour 1s

. ow 13 first washed and
r contans practically

and vitamms  The

2

o mmlemant koo

. ‘ f . .

the marrow of a Iiving sago palm, and afterward the opening through which the
Mmaggots are introduced 15 closed with mud ~ Every morning the Papuan aus-
cults the moculated area  Only when the noise of the groning maggots 1s loud
enough 1s the tree opened again  The large maggots are eaten as & delicacy
As long as these tribes remam m the virginal forests, therr health 1s relatively
satisfactory  As soon as crvihzation teaches these natives to despisc the am-
mals of the forest, deficiency diseases appear

toms of primutive peoples mdicate that even the human race has not completely
Iost the instinctive atulity to choose food wisely  The question might be pased
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whether our complicated modera civilization has not harmed the inborn correct
natritional instinct.  Too much enthusiasm for certain nutrients has perhaps
been ariginated by well-meaning nutritionists on {nsufficient experimental evi-
dence

"Through television programs, scientific forums may wrongly persuade laymen
that i blems still under discussion among experts have
already led to hard and fast conclusions ~ Clever advertising by large concerns
may favor undesirable food preferences. Thus, we Occidentals may well
have lost sight of the correct perspectives of nutrition, Perhaps we should
avoid preaching to the rest of the world that we have found the final well-bal-
anced, nutntious, and healthy diet. Perhaps we should not try to persuade
athers to imitate our craving for an excessive intake of calories, proteins, fats,
carhohydrates, minerals, hormones, and medicaments.
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Continuing dechine of his nutritional condition on home feeding necessitate

was immedzately placed ona digested synthetic je; 'y aliment which
we had Previously devised for the routine care of simlar batients  Exagger.
ated hunger disappeared in a few days but thirst reactions subsided more slowly,
Bowel and kidney functions also became porrat - -1 '
Sirth adeto L

la

of »
o

w

H
t
< -
d G b Ul 4 snort time at home, initially, his jeju-
N1 teeding regime entailed the drip-wise admimstration of the Jejunostomy
Alment, the autritional adequacy of whch had already been confirmed 1n other
hosputals Wnitten records, 1n minute detail, of the amounts of the various
substances ingested outside the laboratory were brought in by the subject every
Monday mormung  These records. as wen EORS

ated m e

for .
pose iy put of aliment was given in four eq\fﬂl
feedings, each lasting about an hour and spaced about an hour apart Varia-
tions n darly calore nput were effecteq by changes in caloric density of the ali-

ment, thus keeping the total volume cnnctans
RIpht e ey e O

dr

pe

er

ta

Was ever place '
therr consump & sl wdll Pennd i
great enounh o~ .\

ing hours

toeat disa

peared on| 1, hiuvided the interval between feedings was
BTeatenough  Fooq gaen orally was regurgitated without discomfort, usually
about 10 mmutes following ingestion 1t p diographi i N
dicated that sohds could o enter the stomach, and the amount of fluid which
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passed on could hardly transport enough nutnent to influence the results of this
study,

For purposes of analys:s, the 83 weeks of the mvestigation have been divided
1nto ten periods, according to the contigencies of the situation

Obxmatwm
< a e

of lhe week stamng with, first, !hc ward penod and subsequenl[) period I
Duning the ward period, the 1mmedlate objective was the physical rehabihtation
of the patient 2nd assessment of his smtabihity as a subject for the proposed in-
vestigation  During the 12 weeks of this period, J was increased gradually
from 2,000 to 3,000 Kcal The adequacy of this supply for Eddie’s tissue
needs was confirmed by the trend of his weight curve, which rose from 80 to 101
b (Ourestimate of the subject’s optimum body weight was 123 to 135 1b, and

PERIOD NO
WARD v v
JESL CALS RAL_CALS
o]
s W00 JEJUNAL INPUT
120 3,000 11 - 25,000
2,000
fod 1000 1 I 20,000
[«
Bopy| wT
100 15000
90 L 10,000
0. L 5000
ORAL |INTAKE
,., A °
2o 10 20

TIME (weeks) R
mat inpy bt 10 sham feing sblect
EabiTE S Ve baeek trends on P st et boty weuht 12 shars fesling sblect,

kilocaloniey €aten {a 26 bours, 3¢y cals * and + Fody we " e L Meveaves o oy Tt
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PERIOD NO
vi_ v ) v} X X
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16vre 2 Week-by-weck trends for oral intake, jefunsl Input, snd ht in sham-fecding sublec
Eddi Gaboratory penady V1o g Coretm e et by et L focslonch
eaten 10 24 howry, “Jer'l cals " and “Dody Wt * represcnt smlar avertgen of darly measurements

his caloric i for mat at equilibrium, based on the Natjona!
I L A S . N v AUNEN

tirely satisfactory as a subject for our purpose, particularly since he gave n0
evidence of “nervous eating” or any significant abnormality of appetite. P'
il L e B . ! A,

I D N

inJ on . During the five weeks of this period, J wcreased 38 per cent from
an intial value of 1,950 to a final value of 2,640, while O decreased 48 per cent
from 1,210 10 630 Keal - Body weight responded favorably, rising to as high 8
1161b \\'hcn’J and O are plotted against each other directly (FICVRF 3), the
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Ficua 3 Relation between jeyunsl a4 Eddre (labaratory periads
Tto V) “Oral calories” and “yerunal calaries™ represent the Feekly averages of the respective measurements
ch day 1n terms of Kilocalore: each of s
following transfer of the subject ta the labarstory

passed the 6,000-Keal level. In spute of this discrepancy n Eddie’s eating re-
sponse, s body weight continued to increase, as one might expect it to do ata
nutntional mput consistently above 2,500 Keal/day. The failure of Eddie’s
oral ntake to remain reasonably constant while jejunal input was fixed con-
fused the simple picture developed during the previous periods Two alterna-
tive explanations for this discrepancy in our observations suggested themselves

Either the inverse correlations of the earher periods still were spurious, for rea-
sons not apparent to us, or else the mechanism for regulating Eddie’s oral ntake
10 nutritional need had suffered some hind of a disturbance, also for reasons not

or the reports from his mother gave any support to this explanation at the time
Because of this unexplained inconsistency in the pattern of Eddie’s desire 1
eat, it nas decided to devote the next period merely to watching the subject’s
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of depressions and a refusal to cooperate likewise was noted, possibly with a
Little higher frequency than before.

fecial ee mnn mead atibaren

L v e at £l fane absbasnmachan

. R .- 1
daily allotment of the j aliment, Simul ly, the mean oral

£200 alacvn tha nraiane waek  Then for

6,500 Kcal  Liver administration was then stopped, but ¢) Increased 1uruitd
10 8,500 Keal for the 38th week, after which it dropped to 7,500 for the second
week after lver feeding (No 39) and then rose to 13,000 and 11,000 Kcal for
weeks Nos 40 and 41 respectively The over-all trend curve for this period 8
included 1n FIGURE 2, the scatter diagrams in FIGURE

1o ! e IR EH NS

g conm

Lo L re o e
had persisted for one week after cessation of the supplement, 25 rmight be ev
pected  However, the prolongation of the hyperorexia, with only miner re-
cession, for four weeks after stappage of liver suppl casts consid
doubt on the validity of this inference  Such suspicions are enhanced by (!)
the enormous height which the oral intake curve attained toward the end of this
period, (2) the evidence of disturbances in the pattern of Eddie’s eating behiav-
for which had been ac ing during the preceding period, and (3) the fact
that his weight curve was still dropping in spite of a fairly steady jejunal inpit
of 3,000 Kcal/day It was therefore decided to resume the study of jejunst
caloric influence and to repeat this ler experiment only after several months
had passed (see period X)

Because Eddie’s body weight had been falling since the middle of period VI,
the next period (VIII) was devoted to bodily rehabilitation, and J was hept 3t

4,000 Kcal throughout  During the first four of these nine weeks, 0 d“\’_’“ﬁ
- . B gy

er, it

ious
periods. Once again, the data failed to conform with the mnverse reiaon of
periods Tto IV Eddie’s appetite had grown to bulimic proportions, and had
continted so for several months with only one minor recession  On the other
hand, his weight curve had now reversed its downward trend, and actually
reached its previous maximum of 114 Ib., near the end of period VIIL ThiS
upward change may simply have been forced by the high level of alimentation:
except that this indication of nutritional improvement was being accompans
by a slight recession in eating propensity and, apparently, in the emotional up”
setaswell. Hence, although we cannot state with confidence that body weight
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Eddie was now eating almost incessantly, and his emotional status had reached
such a state that he and his family were forced to take action in regard to ther-
apy, and our expertmental study was discontinued.

Throughout the ward period and periods I to IV, Eddie and his mother were
greatly distressed about his physical condition, but they resisted all suggestions
regarding further surgery for its relief. However, his conversation and behav-
jor during the first four months 1n the laboratory indicated a gradual adjust-
ment to his physical abnormality and his role in the experimental situation,
Anxiety concerning his current or future status was evinced only on rare oc-
casions, and never was eccessive, Although Eddie was generally highly emo-
tronal, nervous and superstitious, we were not aware of any current psychiatric

B e LD el at i e dmei

vablps oo fa e d o e mm nmn amar

group He cultivated his old friends once more, joined a club, played an ac-
cordion in a band, went to ball games and prize fights, attempted roller skating
occastonally, and even went to eat in public places with companions of both

the masticated food
ATh pacnetiad slomo PRI Y ‘e I |

came depressed, morose, and cranky, and even threatened to stop coming to the
laboratory  His cooperation became very poor, and he frequently refused to
Mdie © - P « fom a settes of
riends taunted
rormal human
being and his dependence on “baby food.” The presence of girls in the greup,
and hus failure to attract one of them to himself because of his abnormahty, evi*
dently added to his troubles In general, Eddie was passing through an ex-
ceedingly difficult adolescent period
Unequivocal evidence of bulimsa came about the 40th week (n period VID,
when the increase mn appetite accompanying the addition of ltver to the predi-
gested alment failed to disappear within a reasonable time after discontinuance
of the supplement  From then on, Eddie was truly voracious, and he often
remarked that he “stmply could not sanisfy his hunger.” On some days, by~
perorevia was relatively muld, often 1t diminished during his stay in the labor
tory, and became overs helming only after he went home at mght, On other
days, he ate almost incessantly, even during jejunal alimentation. More than
once, the reports from his mother revealed that he continued eating until aftef
midnight, when he finally fell asleep, only to awaken several hours later tostart
all over again
‘The emotional basis of this buhmia was evident from many of the casual 7€

4nalahis sal mal g
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things” 2nd, on the occasion of one of his not mfrequent arguments with her, he
reported that such conflicts always made him hungry. On another occasion,
his mother reported that “nothing satisfies his hunger~and we have had no
upsets of any kind *

ool

el M [ .

athome In addition, about this time, there appeared a couple of newspaper
Teports from distant parts of the country about cures of other mdividuals with
esaphageal obstruction, and pressure from relatives and neighbors to do some-
thing about Eddhe’s conditton became overwhelming During the last weeks
of the investigation, his eating was so violent that he often became physically
exhausted by the continuous insertion of food into his mouth and its almost
immediate regurgitation until, as described by his mother, he became “half un-
comcious,”  Frnally, in the middle of a work day, he abruptly lefs the Iabora-
tory and the fuvestigation terminated, 83 wecks after the begmming of the
Ward Period.

During the next six months, Eddie was tzhen from one hospital to another
in search of nonsusgical reliet, in spite of our judgment that only surgery offered
3ny promise of help. At each clinic he was told that lis condition was essen-
tally psychosomatic, contrary to out opiuon, and Surgery was denied hun
Finally, he carne hack to this hospital, was operated on by the chief of onc of the
surgical services, and was restored to a normal way of Iife, including the acquist-

D R

[ ot amnanend

Drscussion

Let us stop to summanize this situation At the outset, this project was de-
3ged to be a study of the influence of the ahimentary supply of calones and
€erlain specific dietary factors on Eddie's desire to eat  The popular concept
that hunger and appetite are repressed by fecding and augmented by fasting,
Bas ts counterpart in statements such as that of Harte and his associates* that
“the mrlmans .ty et D L £and e sk gue cfantinn of energy Tequire-

: . . be appetite of the

. " Nevertheless,

. . = negated, g, the

5Perorexia associated with obesity, znd anoretia nervosa with its attendant

:athem. Such contrary phenomena heighten the fact that decisive Q\'l:nit.x{a—
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ject in whom the usual influence of a variable distention factor on the desire to
eat and evident psycholagical abnormalities related to oral behavior were both
absent.

The results of the first four petiods of the investigation afford evidence of a
first principle 1 eating behavior; namely, Hiat component of the desire to eat
which 15 snitiated by metabolsc needs of the body varies inversely with the caloric in-
take, under the restricted conditions characterizing the early part of this study.
= IR T R L ORI

1 mmt

with a considerably wider rangé of jejunal input, this relation would probably
have been found to he curvilinear. The variabulity of oral intake with fired

PR

16th week  As a result of this new factor, all evidence of the operatiott of this
ch rittonal control was obli i ‘The possibility was entertained
that Eddie’s abnormal appetite might have resulted from nutritional need
rather than a psychological disturbance, Evidence against this contlusion is
as follows: (1) the bulimia was manifest even at a time when body weight vas
bcl\\:cen 108 and 114 1b, whuch is not a great deal less than the maximum ever

mmen mabing

perorexia was purely oral and was never accompanied by a desire to ingest ex-
et e CoaTel Cf e hm ek e bata T T ale ae aBals 22 manbame which might

by a mounting emotonal disturbance; efnd, finally (5) following the successtul
corrective operation, bulimia has never again been manifest. Hence, the re-
sults of the Latter half of the investigation afford conclusive evidence of anothet
major principle i eating behavior: namely, there exists a second component o "Z’
desire to ot winch is actrrated solely by neural processes, frequently but not jovatl-
ablyinvolving emotional reactions. This component of eating behavior, lvlnth
may be designated as “eating for the sake of eting,” can operate almost inces-
santly in man in the absence of the inhibiting action of gastric disxen!ionl Th.\!
second principle, well demonstrated by the pathological manifestations 1
Edde, may be identical wath the simular one adduced from the canine evidence
reported by Doctor Janowrtz, and both may be activated through the hypo-
thalamic mechansm discussed by Doctor Brobeck ¥

That part of the investigation which dealt with the influence of whole hives
substance focuses attention on a third basic principle: namely, fhe 'h".".’ tn,t«l‘
can be ted or dimimshed by individual chemical sub; K o
pharmacological, even s the absence of overt caloric need. Unfortunatels, thee-
sults on this aspect of our study were confounded by the bulimia, }"“1 evend
repetition of the experiment contributed nothing reliable oo this point.
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‘The nature of the psychophysiological disturbance in eating behavior could
not be established in our Psychiatric Chnic during the course of the mvestiga-

40,000 oz more Lilocalories in a single day, presents a fascinating and most 1m-
portant problem-—relative to the purely neural component of eating behavior

Rtfﬂmcer

y JW““‘L h~b & HOLLANDER, 1953, ARt N 3 Acd wtr botaseow
T Broseex, TR, 1955, Anm N Y. Acad S 63(1): 44-55
Discusston of the Paper

TDoctor LEY Moses {Cellege of Physicrans and Surgeons, Columbta Unseer-

sity, N 6k Y Mk ha'SN Doctur Hollander has asked me to mahe some comments
e o3 etk dslamnnl monante of hie endy  He 18

« acutely
. * vanous

y of the

subject’s emotiona) motivations or mood states It 1s most uniortunate that
it mas not possidle to obtain detailed psychodyramic dm during these most

PO

AUE LOUSNING tentative design DI 3 DUMAN DSy Ctivpn, o

lﬂ:‘)‘ help solye (h:s pmbkmA Th\s srhtme was found tecful in an lmcnn\e

of cases of essentiud by -

l““mslorn. 1\! pmem 1t s also being apphed 10 the expenmentaf study of
Peptic uicer,
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DESIGN 0F A HUMAN PSyCHOPHYSIOLOGICAL EXPERIMENT
A Selection of Medical Case*
Transient phase, sustamed phase, complicated phase
B Selection of Associsted Psychiatric State:
Character disorders, anxiety states, severe neurotic states, psychotic states

C Phystological Technigues for Correlatme Studses®

F]) Doty aemn <€ el s lap anlmmng savamtr s fameng ~F ab <Tanes

D Psychological Technsques for Correlative Studses

(1) Psychoanalytic mvestigations are best conducted in the life situation,

(2) Appreciation of the meaning of the investigative procedure on the patient and its
effect on the flow of unconscious matenial, the transference reaction and the psycha-
therapeutic changes

(3) Duration of study

For qualitative psychedynamic patterns 50 to 100 sessions
For quantitative psychodynamic patterns 300 to 500 sesstons,

L Psychotherapeutic Reversal of the Pothophysiological State:
F  Statistical Ssgnificance of Data
(1) Indundual Case Control 3 to 5 years of a contimuous pathophysiological state prior
to therapy and 3 to § year follow-up remission
(2) Stgnificant Stalsstscal Somple Group
o th o e Lmamen

LN R A L |

sesstons) or 2 more mtensive psychoanaly{xc treatment” ~

With such combined nvestigations, the psychological state of the human ex-
perimental subject need no longer be the “uncontrolled variable ”



CLINICALLY USEFUL APPETITE DEPRESSANTS
By Stanley C Harris
North v

Physiology and P Dental School, Chicago, Iit

Apparently the obesity resulting from increased food intahe and its jeopardy
has been recognized since antiquity. Bruch! quotes Durant in stating that the
ancient Cretans had an “ideal drug”—one that permutted a person to eat as
much as he biked without gaiing weight,

A few compounds have been used 1n more Contemporary tymes, which, by
metabohe stimulation, approach the so-called rdeal drug mentioned above,
Dinstrophenol for the treatment of obesity, by increasing metabobsm, was
Introduced in 1933 %% Tts toxic side effects, however, mitigate agamnst its use
for this purpose, according to the Council on Pharmacy and Chemustry of the
Amencan Medical Association, 19351

Extract of thyroid has long been used to facilitate weight loss m the obese
Current hterature seems ta agree that, unless the patient actually has hypo-
thyroidism, the drug should not be used The hazards exceed the benefits,
and 1t 15 even possible that weight gain be associated with thyrod therapy

The carly work of Benedict? on calotimetry and, mare recently, of New
burgh! cleatly show that the physical laws of conservation of energy spply to
body weight problems It also becomes clear from therr work that 1t 1s niuch
€asier 10 nonif cala o . ~

A -
et 13 the result of caloric absorption in excess of calonic expenditure Tt
must follow, therefore, that good therapeutics require that methods for -
ducing seduetion of body weight should be durected at the cause rather than
the symptom

It appears, however, that the personality problems of the majority of obese
Patients are such that time-consuming psychotherapy 15 necessary to rectily or
tontro} the basic cause of excess appetite By way of a compromise, the prov
ession has come to use anorexigenic drugs to treat the abnarmal appetites,
which is treating the Symptom of the basic cause, not the cause of the obese
fymptom,

Some of the beliadonna, preparations have been used to inhibit appetite, ap-
rently by causing loss of pleasure 1n eating  Another effort at drug-induced
480rexia has been described by Gould,” who claumed that a mixture fontannxng

P20cune and flavoning extracts helped his patients reduce No placebo
Breatments or other controls were described

The use of sympathomsmetic drugs as appetite depressants began with the
Sbservatjony of Nathanson* Dawidoff and Reifensten,® and Ulrich," who
noted weight reduction as 2 side effect in patients under amphetamine treat-
ment. Lesses and Myerson's and Rosenberg!? were among the first 10 report
the successful se of amphetamine in the chmcal management of the obese

m



122 Annals New York Academy of Sciences

ot sasante o amn falla 2310 oib. p 3 ‘e

Minkowske,’s on rats

Some effort was made by the earlier investigators to assign an esplanation
to this phenomenon, and the following mechanisms were suggested: (1) io-
creased basal metabolism; (2) i d general bolism; (3) divresss; (4}
incomplete digestion and/or absorption of foad; and () reduced food intake
due ta appetite reduction or an assaciated phenomenon.

A bost of authorst. #10. 23,138,388 haye considered the possible influence
of amphetamine upon metabolism, and yet no one has been able to base upon
catefully lled 4 the 1 that basal belic rate is
altered  Increase of general metabolism, however, seems to be justified
Ulrich,!® Lesses and Myerson,t Rosenthal and Solomon, Davidoff and Reifen-
stein,? Foltz, Ivy, and Batborha# Peoples and Guttman® have all reported
that thewr patients or subjects reported feeling more like working when re-
celving amgphetamine  Rather careful studies on small laboratory animals
consiatently revaslad cama arder o e At b e Le

S o e . L
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that part of the weight loss might be due to this mechanism.?- #.#.% FPos-
o mabias s o %t s . - tney
st

B
Early evidence, from subjective reports by patients and clinical observations,
pointed to decreased appetite as a feature of amphetamine treatment. Ac-
ceptance of this concept directed attention to the basts of anorexia, Greatis
the number who have studied the motar activity (tone and motility) of the

gast inal tract after h ¥

Ritamtl and Rlcnmenn and Bia o 6L 1 4 7 [

¢

imtiaf activity, N

Smith and Chamberlin® obsetved a delay in gastric emptying, but very, liule
effect on gastnc peristalsis in four subjects given 20 mgm. of Benzedrine.
Generally similar conclusions were voiced by others after human of camne
observations -9

Myerson and Ritvo,® Smith and Chamberlin,® and Elson, Gleon, and
Drossner all studied intestinal tone and motihty, Experience ranged from
no change to some decrease in activity. The latter comment may alss be

Cea1tas

of treats and controls to be the same,
A carefully planned objective study on humans and dogs under hiboratory
conditions was carried out to elucidate more clearly some of the above exph-
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presence of the attendant, The njection of saline solution, instead of am-
phetamune, was followed by enthusiastic ingestion  This is important because
1t show s that, in the dog, the placebo injection, even after 30 days of condition-
ing with amphetamine, was not a substitute for the anorexwa-producing eflects
of amphetamine. No evidence of revulsion or nausea whatever was observe
1 the dog series

Having known in advance what the daily caloric requirement was for each
of the eight animals 1n the series to maintamn their body weight, and after
studying the change in thejr body weight that occurred after the daily am-
phetamine admimistration, 1t was possible to calculate, according to Benedict’s
figures, what the anticipated body weight should be at the end of each period
of amphetamine inhibition; and, on the basis of such calculatiops, 1t was pos;
sible to account for all the body weight loss in terms of caloric deficiency of
PSR R VL A e VN ,

sp
weight, The same dose of amphetamine after ejther or both surgical pro-
cedures modified food intake as before surgery. This experience is interpreted
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INFLUENCE of AMPHETAMINE on “APPETITE"
Dogm®
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1o indicate that anoresia is due newther to sensatians from, not stmals te, the
gastrointestina) tract,

To ascertatp any toxic or metabolic effects of amphetamine, 10 male volun.
feers of normal weight were given 3000 calories per day for 14 consecutnve
ks From day 77 to 56 inclusive, each man took 5 mgm d- o1 10 mgm
dhamphetamue before each mesl  Anaverage neight toss of 0 7 Ibs occyrred
duting the control period (26 days) - On medication, the group averaged,
duning the ficst week, a, loss of 0.9 Ib, but the average loss for the entire 56

3 of treatment was 1§ 1b , only 04 Ih less than if the control rate hsd con-

tnved  The only mterpretation possible 1s that there was mncreased total
st ot - ' '
€ -" ) '
I o four weks of congrol, 207 I wunng the frst week of treatmen, and
13 duning four wecks of medication  Duning the second eight-weck ex-
periment, the quantitative results aseraged: 201 Ib duning four wecks control;
2741 during the first week of medication, § 50 Ib, during four weeks of trent-
ment,’

RIS it walght o the a4 1, g was 110 b, o the conseant det 1o 183 T
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Urine volumes were determined in the constant caloric intake group.
Though water intake was not measured, diuresis evidence did not appear until
three weeks after medication had begun, when the rate of neight loss had been
reduced

Since all evidence of this study™: 7 points to anorexia of central origin, eight
postfrontal lobectomy patients exibiting bulimia were given 10 mgm. of
d-amphetamine intramuscutarly an hour before lunch and dinner on ¢two suc-
tessive days, The observed reports are summarized as follows

Nowaze or Casss Earrvo Nousee or Cases $itx Arrsrire

‘Normal
Lunch 8 [ ] o
Supper ] 0 1 0
Lunch 7 1 6 2
Supper 6 2 6 2

The relatively large dose of d-amphetamine (10 mgm ) was without effect on
the appetite of six of eight prefrontal lobotomy patients with bulimia,

On the basis of the above experience and the literature on the subject, there
can be Jittle doubt that amphetamime induces weight loss primanily by facil-
tatmg 2 diet of lower caloric value and, secondarily, by mcreasing caloric ex-
penditure throuph voluntary activity. Williams® has said that patients lose
weight as well without drugs, if they adhere to their diets

et " S Lt L . - ix L~ senteal nhanamennn Tt
or attentive to activities other than ingestion remains unanswered .

,Tolerance to the anoresigenic activity drugs may occur Thoughtful clini-
cians seem 1o prefer using the drugs until they are tolerated, hoping to teach
the patient new eating habits, though some maintain patients on amphetamunes
for many months, .

» Sde effects are relatively few. The most common are restlessness and in-
somnia, The feared side eflects are hypertension; though Osserman and
Dolger, treating diabetics; Freed ! treating obese hypertensives, and Cooper-
smith ¥ treating overs cight pregnancies, all observed blood pressure to diminish
asbody weight reduced

. R,
41 phenyl-2.aminopropane  (Dexedrine), 1 cyclokexyl-2 amnoprupsne
= L .t L A D Wl

Y ' ' . . 3

of d-amphetamine in sustained release form (spansules) ~‘Luey tounua sugle
daily dose in the morning, in this form, to act without decrease in efficacy or

increase in the mcidence of side effects
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This, then, 1s the sut of the j ion pertal to clinically effec-
tive anorevigenic drugs It is clearly blished that the hetamit
facilitate loss of body weight in obese and nonobese humans and in laboratory
animals Ths effect is achieved principally by reduction of voluntary food
1ntake but, to a small extent, 1n some cases, by a moderate increase in energy
metabolism

How 15 “appetite” dimmished by amphetamine? In the light of current in-
formatton, a number of explanations deserve consideration,

(1) Is interference with motor activity of the gastrointestinal tract respon-
stble? In the first place, it seems unlikely that alteration in tone or motility of
the gut could modify amphetamine anorexia. In the second place, such
changes which have been reported are nominal

(2) Is blood chemistry altered by amphetamine? We have found no sig-
nificant changes n blood glucose or glucose tolerance in our human subjects
either immediately or weeks after amphetamine treatment If the arterial-
venous glucose difference is affected by amphetamune, the information 15
lacking, It 1s concetvable that the penpheral vascular effects of amphetamine
mught nfluence such a process, but then, Williams found cyclohexyl amino
propane to be almost as anorexigenic as Dexedrine, though it 1s very much Jess
active as a vasoconstrictor

(3) Is intoxtcation responsible for the anorexia? The paucity of reports of
disturbed body chemistry or function indicates that amphetamine, in clinically
proper quantuties, is no more toxic than a good meal, bad news, or a sudden
fright

(4) Is anorexia a necessary product of cerebral excitation? 1t is true that
many eat less when agitated, but so do many who are depressed ‘The con-
verse isalso true  Gelvin and McGavaclk? found Aptrol (Z-amino—l-{pm:{h)"
phenyl)-propane to be 1§ as anorexigenic but 1§¢ as analeptic as Dexedrine.
Further, many chawcians have found that addition of a barbiturate to am-
phetamine allays the restlessness and analepsis sometimes seen in patients
unaccustomed to the drug without negating the anorexia A final comment
on this point: amphetamme usually induces anorexia, regardless of the patient’s
temperament It 1s interesting to note, in this respect, that 4 to § hours after
mgestion of amphetamine, many patients become aware of a rekindled desire
to eat It is entrrely possible that some degree of tolerance develops to am-
phetamine-induced anorexia over a period of time, but some of this tolerance
may well be due to accrued nutritional deficiency. .

(5) Does amphetamine have a psychological effect which affords 2 ?_ment
more self-confidence, hence less insecurity, which Doctor Bruch has said mey
be causative to the obesity-producing behavior? Perhaps this may be the
case. 1 have scen such effects occur, but the opposite effects are also seeft,

(6) Does amphetamine have a specific inhibitory effect upon an “appelitt
center,” or a specific stimulatory effect upon an “appetite inhibiting” cente? or
process? This question remains unanswerable unless Doctor Frobech has
tested the drugs on some of his ablation preparations

That the use of amphetamine for inducing anorexia has been accepted
cally is attested by unpublished information supplied by a large pharmace

clwi-
utical
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mnufacturer which estumates that 92 per cent of phy sictans use amphetamme
in treating obesity, and that 65 per cent of patients treated for obesity are
given amphetamine.

As a student of pharmacology, I cannot conclude this presentation without
2 remark apout what appears to be the prevailing management of the obese:
severely restrict calonic intake and insure patient cooperauion by giving an
norexigenic drug  Tam aware of the fact that the obese patient is a chronic
problem who is easily discouraged ashe tries toreduce  In fact, some chinicians
Justify the use of dretics by saying that it mcreases the mte of weight loss
and belps the patient stay on 2 diet  However, since most obese patients be-
tome that way gradually, over a long period of time, why not study the diet
and calone intake of the patient, reduce 1¢ 10 per cent by judicious substitution
according to reachly available tables, at no sacnifice of bulk or frequency of
eating, and let the patient reduce slowly and comfortably without drugs”
Perhaps Coopersmith?® is correct wher he says that U the physicun could spend
more hime with the patients and talk over their problems he would need to
prescribe fess amphetamine
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THE ACTION OF VARIOUS DELETERJOUS COMPOUNDS
ON VOLUNTARY FOOD INTAKE

By Samuel Lepkovsky
Department of Poultry Husbandry, Cotlege of Agrucufture, Umitersity of California,
Berkeley, Calif.

Iutroduction

Deletenous compounds, also widely referred to as inhibitors, may be de-
fined as such only under the conditions under which they act. Many com-
pounds, including essential nutrients, may act as inhibitors or deleterious
compounds under certam specific conditions which include the physiologic
state of the animal, the composition of the animal, the composition of the diet
and the nature of environment in which the animal happens ta live,

Faod mtake is 50 basic 10 the survival of the animal that it is 1o be antit-
pated that many mechamsms exist ta msure its satisfactory operation, Mast
of these mechamsms are unknown. Interference with any one of them will
resuit 1n impairment of normal food intake, increasing or decreasing it,

duning active di ate largely converted to fat that
is stored n the adipose tissue, from which it i3 mobilized to meet the energy
needs of the antmal during the postab ive period, with dis-

posal mechamsms will decrease food intake, and there will follow an fncrease
m food intake when fat mobitizati b are interfered with  Inthe
postabsorptive state, when energy is no longer available from the gastrointes-
tmal tract, the tissue cells depend largely upon the depots for the energy they
need, so that when the fat mobikzati h are interfered with, the
cells enter a state of und rition that acti the b ic mechanisms
regulating food intake, resulting in hunger and an jncrease in food ntake

The functional state of the fiver is of special importance in regulating food
intake. Subtotal hepatectoray and the injection of carbon tetrachlotide into
the mesentenc vein reduced the amount of functional liver tissue without
causing damage to other tissues  Roth procedures resulted jna marked anc-
rexia and a profound reduction in the effective motility of the stomach and
small intestine, Restoration of liver function was accompanied by a returs of
normal appetste and gastrointestinal function, This was most likely caused
by some humoral process, “a toxic substance normally inactsvated by the liver,
the lack of some substance secreted by  healthy liver or some more indirect
mechanism.”

Deleterious Compounds and Liver Function .
Any compound mterfering with liver function is likely to interfere wi(h food
intske Highly unsaturated readily oxidizable fatty acids fed nith diets Jo
. PSR S SRR S M TR A WOPRF P 1o 174
in-
de-

) '

The hepatovins constitute s large class of compounds that act 1o cause fiver

132



Lepovsky: Action of Deleterious Compounds 133

damage, which is accompanied by decreased food intake  Compounds coun.
teracting the deleterious action of the hepatoxins wall protect the Iiver against
injury and increase food intake Considerations of food mtake must take
into consideration a functional iver

Deleterious Compounds and Disposal Mechanisms

Nutritional deficrencies  Perhaps the most frequent cause of decreases m
food intake is an interference with any mechanism neressary for the disposal
of absorbed nutrients.  Since nutrients are disposed of by oidatton, synthesis
into tissues, deposition of glycogen in the hver and muscles and, most of all,
through Lipogenesis and storage of the fat in the adipose t1zsue, any compound
interfenng with any of these mechanisms will act to decrease food ntale
Such compounds occur in foods and act by precipstating deficiencies of essential
nutrients which are component parts of the enzyme systems that participate
in the disposal of absorbed nutnents  Impairment of function of such enzyme
systems for want of adequate amounts of essential nutnents resuits m de-
creased food intake  Such nutritional deficiencies occur when

(1) Compounds mactivate, destroy, or mterfere with the absorption of es-
sential nutrients  Among them are avidin, thiaminase, and hnseed meal,
which cause deficiencies of biotin, thiamine, and pynidoxine respectively *

(2) Metabohe inhubitors of specific nutnients interfere with their utihzation
and precipitate nutritional deficiencies A great vatiety of such anumetabo-
lites have been produced synthetscally, and they produce deficiencies of e<sen-
tial nutrients* Not all metabolic inhibitors are laboratory creations Di-
toumarol, the metabohie mhitator of vitamm K, was found m spoied sweet
> S . e PN

pates only m a hghly speaific function, the maintenance of the prothrombin
level in the blood  The eseential unsaturated fatty acids also seem to have no
effect upon food intake,? presumably because they do not function 1n food dis.
posal mechanisms, but the possibilties are by no means ruled out that con-
ditions may exist upder which they could very well exert an influence upon
food 1ntake

Toxic agents 1t 1s {requently difficult to distinguish between toxioity and
nutntional deficiency  \n enzyme system may be impaired by the alience of
a coenzyme for want of an essential nutrient that is necessary for its formation
or by the mterference 1n the normal function of the protein moiety of the en-
zyme  Thus, pyTusic eudase may be functionally impaired by (1) the areme
of lewssite which inactivates the functional —SH groups of the protew maety,
or (2) by a deficiency of thiamine which is necessary to form cocarbovy lase, the
coenzyme of pyrunic oudase  “Here a deficiency and a tomaty may lead to
the same biological defect, the oxidation of pyruvic acid, even though dufferent
components of the enzyme system may be affected ”*
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Composttion of the Antmal and Deletertous Componnds

Fat content  The fat content of an animal may he a determinant of food
mtake Rats with a normal body-fat content, when presented with a diet
diluted with kaolm, will maintain their normal weight and caloric intake by
properly the ption of the haolil aining diet. Rats that
have become obese as a consequence of hypothalam injury'® or mice rendered
obese by gold thioglucose treatment!! fail to make this adjustment. Instead,
they decrease their food intake and lose weight, It is a matter of judgment
whether kaolin 1s to be idered a deletersous compound under these con-
ditions

Pattern of enzyme systems  Nicotinamde produced a methionine deficiency
1n rats because 1t undergoes obligatory methylation before excretion, Methio-
nuine seems to be the source of these labile methyl groups, and 1ts deficiency 15
accompanied by a decrease in food intake ¥ There was no methionne de-
ficiency nor a decrease in food 1mntake in guinea pigs and rabbits fed an excess of
nicotmamide, since they excrete nicotmamide wathout methylating it The
enzyme systems of the ammal thus determined whether excess meotmamide
was innocuous or acted as a deleterious compound

Physologic State of the Antmal end Deleterious Compounds

Nutntiongl deficiencies Nutrients may behave in an unpredictable way
when fed to nutntionally deficient rats  In thiamin deficiency, the mtake of
carbohydrate in free-choice experiments is sharply reduced, while that of fat is
increased These effects scem to be the result of the impaired disposal of carbo-
hydrates” 1n thiamme deficiency

Methiomne when fed to rats deficient 1n pyridoxine behaves in a different
manner from that m rats deficient in pantothemc acid  On a phyndoxme de-
ficient diet, as httle as 0 4 per cent methionine depressed growth .16 Ona
pantothenic acid defictent diet, 2 similar amount of methionine promoted
growth® The mternal chemistry or physwlogic state 1s an 1mportant de-
termnant 1n the deleteri 1 of d

On micotime acid deficient low casein dets, cystine depressed growth  When
the diet was supplemented with nicotimc acid, typtophane or fat, cystine
stimulated growth ¥ On nicotinic acid deficient low casein diets supplcmex}led
with cystine, threonine depressed growth 1 rats and thus became a deleterious
compound '®*  Other studies with chicks have been reported of unpredictable
activities of amino acids when fed micotime acid and pyndowme deficient
diets

Hormonal smbalances  Severe upsets in the internal chemistry by horr{\aﬂ.al

increase in food intake? Here, phosphorus acts ag a deleterious compound
and has a most profound mfluence upon food intake by a mechamsm that 15 at
present unknown

Tn adrenalectomized rats, potassium in excess becomes deleterious,” further
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emphasizing the role of the physiologic state of the amimal 1n determimng
whether a compound acts as an essential putrient or as an inhibitor

Composition of the Diet and Deleterious Compounds

Upon diets contatning pure amino acids as the source of protemn, cysune
played little role in food intake while methionine had a marhed effect Either
methonine deficiency or excess will decrease food intake When fed m
amounts two to three times 1ts optimal level, methionine becomes deletetious
and depresses food ml:xLe by mechamsms that are not at ali understood  The
excess meth ma; by gly 21 or increased levels
of protein 1ntake in chchs“ and by molar equialents of glycme and arginine
plus falacin, vitamin Bz and vitamin E tn rats**  On the other hand, excess
dietary glycine decreased growth and food ntake, 2nd complete protection
aganst such glycne toxicity was given by methionine plus vitamin E# Me-
thiomne nterrelationships seem to be quite compheated

Nouspecfic Deleterious Com pounds

Many compounds depress food intake 1n a manner that 1s not understood
Among them are gossypol and the alfalfa mhibator, saponin 7

Rancid fats depress food 1ntake  They may do <o by destroying vitamuns,*
by increasing protein requirements™ or by acting in some as y et undetermined
manner

Pesticides which are inding progressiely increased use 1 food production
and storage may affect food ntake in various nays  Ther effect upon the
flavor of foods™ deserves serious conuderation  Pesticides may affect enzyme
systems without appreciably affecting food intake  “It has been demonstrated
with several of these agents that gross effects such as retardation of growth and
normal activity, may not occur at absorption levels which produce significant
tissue damage ***  On the other hand, diets contarmng 250 p pm of parathion
will completely siop the food intake of rats so that they die of starvation ®

Prrogens
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INTERPRETATION O FOOD INTAKE DATA OBTAINED
IN CHRONIC TOXICITY TESTS

By Amos E Light
The Wellcome Research Laboratorses, Tuckakoe, N ¥

Although metabolic studies accounting for 100 per cent of administered
chemicals or drugs are desited and sought after, it is believed that chrome
toxicity data will usually be necessary 1o establish “Proof of Safety "' The
metabohc products may be completely accounted for, but toucity could pos-
sibly be inherent in the actual metabolism

In undertaking chromic toxicity experiments, 1t 1s usually planned to measure
the growth of the animals along with their food, water, and drug consumption
with observations on well-being and longevity during the test?  Albino rats
are the most common amumals used in this work because of their low suscepti-
bility to infectious diseases  Other species, however, may prove useful in this
work It has been (o\md that 10 rats on each dose lesel suppl) enough data
for adequate stati when are Lept
constant  Usually fiveammals are Lept together n standard oblong cages with
water always available A diet as completely adequate as possible should be
used unless specific metabohic studies are planned, wath results 10 be interpreted
accordingly, as in the study of emetine toucity 1 rats *

‘The materal under test 13 usually incorporated 1n the diet  This mode of
adminstration is advantageous because the drug 18 continvally available and
1s not accompanied by a trauma, as when pnven by mtramuscular injection
ar even by stomach tube, both of which methods produce an even more acute
effect  Interpretation of the d1ta obtatned must be done with extreme care,
emphasis being placed on logical explanations of deviations from control values
Expenence of the ol le value in d and
evaluating chrome touncity tests  As Doctor Leplovshy* has pomted out,
many biologically actine compounds play a role in modifying food intake and,
as yet, their acuions are only parually Tt should be
that temperature changes aflect the food and water consumption of amimals * ¢
Sex also is important in regulating food wntake * and the results for males
and females should be recorded separately  Adequate controls are most im-

portant

! Tt 15 obvious that taste may hmit the ammals’ aceeptance of food to whicha
titter tasting matenal has been added It must be admitted, however, that
the taste threshold of animals may be different from that of humans, and that
m;uemls haing a dmmb!c taste to hummn may be less desizable or nonde

.. “r

average (ood ml:\e over a 28lay pennd was 120 gnms Pee rat per day

However, when 12 5 grams of quinine sulfate was incorporated in each Xilo-

gram of diet, the daily intake decreased 10 5 4 grams per day with resultant
137
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Tasre 1
Sustary oF Foop INTALE Data

Drug admimistered Foodsptake, km perday | S2F | Averae Gual weight, gm
m
0 0 (Starvation) 472 | 302 (Average length of
hfe—5 § davs)
0 2 0 (Semustarvation) | 47 4 | 327 (Average length of
life—22 § days)
Controls 12 0 (ad Idttnm) 56 6 | 1557 (28 daysy
Sahne—1 P 12 6 (ad ibitum) 19 8 | 1511 (28 days)
Quinine  sulfate, (125 | 5 4{ad hbatum) 578 | 652 (28 days) (3 deaths)
gus /hg duet)
Quune sulfate (10 gm / | 8 8 (ad ibutnio) 523 | 106 0(28days) (S deaths)

kg body wt /day by
stomach tube)

TaBLE 2
ResuLts ¥ TiE CnroMic Toviesry Test oF ‘Kemabriv
A A [ Toul | cormme
. 12 t me
. Lengof (0025 MY 000 avere | Togl | o
ose test |weight,] weight, | witl B | muke
£ em | controls Bt | g gy (1R
Controls 28days | 48 5| 1815 — 136 0 305 - =
125 gm /hg diet 28days | 48 0| 159 4 | 4 43* [ 110.8 208 372| 83
Controls 8idavs | 48 5 300 5 — J2610] 1,321 — -~
123 gm /hg det 8idays (4362926 (128 |2440(1,201(1,502] 61

* sigmficant 8t P ~ 05 level

mpaired growth  Three of the 10 rats died before the end of the 28 days  In
contrast, when the quinine was given by stomach tube in the same amount of
1 gm /kg body weight per day, the food intake decreased only to 8 8 grams
per rat per day (TamLe 1) The thick suspension of the drug was very difficult
to admimster by tube at this high dosage level, and § of the 10 ammals died
before the end of the 4-week period due to the fact that small amounts of the
drug had entered the lungs  More data on this type of comparison have been
presented by Smith ?

The fact that three animals died when eating the quinine diet mtroduced the
question of length of Life duning starvation and sermistarvation It was i9und
that when no food was given (water ad libutum), the 22-day-old rats fived,
on an average, only $5 days longer, dying between the 4th and 7th day.
When 2 grams of food were given each day, the length of life was increased by
22 5 days, the ammals dying between the 16th and 25th days on test

Another bitter-tasting drug, Kemadrin,* at 2 dose level of 125 grams per
kilogram diet, decreased food imtake for the first month the animals were on

. test but, after this period of adjustment, the food intahe and weight gains #ere

+ “Remadrin’ brand, 3 Pyrroliduno 1 henyl 1 exclohexylpropan 1-ol hydrochloride  Burroughs % eflconé
& Co, London, England
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Tance 3
REsvLrs Iv TRE 84 pa¥ Creovic ToYicity TesT oF ‘Darzerna’®

ampiion
Dru atmauntered] AEEE | Average finsl | Fiducral liputs Toultood | g
St Gaun, g
me kg dier G SAWEE | w X1 E e | S
&y
800 180 187 2 +15 8 139 2 946 43
(1 death)
400 479 | 268 172 169 9 1064 2
200 484 26 o | 142 1175 12
100 487 28 | 201 1232 3
Controls 472 259 s 24 | 216 1257 -

) In this test 1800 mg /g
whiethe 400 my dose 15 on the borderline of being considered tonic during this 84.day period

oot significantly different from those of the controls (TastE 2) Duration of

tests, therefore, must be given proper consideration in evaluating data
Intraperitoneal salime mjections made twce a day with a No 26 hypodermic
Sae e e Al laa - Ll L e

The evaluatton of anorexiant drugs i animals ts an extremely difficult task
1t has been shown by Tainter that Smg to 15 mg perkg body weight per day
of amphetamine was necessary to depress the food intake of rats temporarily
‘These amounts are approaching toxic values and, when compared to prescribed
buman dosages, are rather large, but more drug may be requred m animals
whose usual activity and metabolism 1s much higher than that of humans, and
whose food intake 15 about 10 to 12 per cent of body weight as compared to 3
to 4 per cent for humans

An easily interpreted chronic toxicity test would be one 1n which a tasteless
drug, incorporated at different levels ;m the diet, would produce different
amounts of food intake and different lengths of hfe after appropriate quantities
of the diet have been eaten  The chrome toucity test of Daraprnm® 1s an ex-
ample of such an expertment (TiBLE 3) Resultant histological studies of
certamn body tissues would show with i ities pro-
pottional to drug intake  The above discussion presents only a few examples
of problems ansing 1n chronic towcity tests, and 1s intended only to emphasize
the need for proper mtetpretation of data obtamed on food consumption
relation to growth
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SHORTCOMINGS OF FOOD CONSUMPTION AS A MEASURE
OF HUNGER; RESULTS FROM OTHER BEHAVIORAL
TECHNIQUES

By Neal E Miller
Department of Psychology, Yale Unsuersity, New Haven, Conn,

I have been tremendously impressed by the work so effectively reported at
the Conference on which this monograph 1s based It 1s mteresting to note,
however, that almost all of the studies referred to have used as their idex of

hoinman & cinata tasheaama wamale dha amannt af fand satan 16 Ana o

. [N . . ' - L
measure the maximum intensity of the hunger For example, a persistent, or
recurring, low level of hunger which keeps the subject mbbling would cause a
large consumption of food, while an intense but rapidly satiated hunger would
produce a smaller consumption  Furthermore, the total consumption probably
depends on the balance between fwo factors hunger and the motivation to stap
eating

The foregoing type of analysis 1s supported by 2 study by Miller, Bailey,
and Stevenson® on rats with the hypothalamic les:ons which cause obesity
On ad Lib feeding tests, these arumals ate much more food than did normal
controls  But a senies of behavioral tests showed that they worked Jess hard
for food and were more easily deterred from eating it Therefore, we concluded
that, under certain conditions, the hypothalamic animals can react to food de-
pnvation with a less 1ntense hunger, even though they eat more on an ad
Ub diet *

1 shalt briefly llustrate two of the behavioral measures which we have found

e T N, ewa e [ I ™

atrength of hunger  Furthermore, since the ammals get only tiny bits of food
anfrequently, relatively long tests can be made without appreciably satiating
hunger

The other measure involves pitting the aversion produced by quinine against
appetite  Ammals are presented with 2 series of tiny samples of food, each of

* Under pomewhat diflerent conditions, which t yet well understood by us rata wil al
Iesons S hoL 0y e ore bt we Wtk Basdr orTopd T Unee00d B 4 the sate mth bypothalamic
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which 15 adulterated by an increasing proportion of quinine  As might be
expected, the hungner amimals progress farther up the series into the ligher
e e Fpale . . S

R T R o .

A smmilar between the ¢ tory and the other
two behavioral measures appears 1n studying the effects of different durations
of food deprivation We have compared four techniques under exactly the
same conditions The amount of food which the rats ate immediately after
various periods of deprivation increased rapidly during the first 6 hours and
reached a maximum somewhere in the neighborhood of 30 hours, after which it
tended to fallofi  The total excursion of stomach contractions (recorded from
a balloon on the end of a chronically implanted plastic fistula) increased rapudly
during the first six hours, after which it tended to level off. But our ather two
measures, the rate of bar pressing and the amount of quinine required to stop
eating, continued to ncrease with food deprivation throughout the 54 hours
measured  In some of our other experiments, the rate of bar pressing has con-
tinued to tncrease for at least 4 days, while the amount of food consumed has
continued to decreasc aftet 24 hours  Thus, at the higher levels, the amount of
food consumed does not seem to be a good measure of hunger It seems to
be hmited by the volume of the stomach, or the capacity of the organism to deal
with the food  Furthermore, this imit decreases dunng more extreme depriva-
tion

Under other c the tory and the perf e meas-
ures may agree The studies made in our laboratory of the role of oral-
pharyngeal factors are good examples * Kohn® found that the rate of bar
pressing aperiodically reinforced by food was relatively unaffected by an im-
mediately preceding injection of 14 ce of isotonic saline directly into the stom-
ach via a chromc plastic fistula  But 14 cc of milk injected directly into the
stomach produced a marked reduction in the rate of bar pressing, and the same
amount of milk drunk normally by mouth produced an even greater reduction
Berkun, Kessen, and Miller* secured exactly similar results when the amount
of milk drunk was used asa test  Furthermore, Miller and Kessen? found that
milk injected directly into the stomach served as a reward for learning a simple
T-maze, but that milk taken normally by mouth served as a stronger reward
to produce more rapid learming

As a supplement to the chromc fistula technique, we have used saccharin, 3
sweet tasting but nonnutritive substance, to test for oral-pharyngeal effects
As a control, we have used an equal volume of a saline solution matched fo'r
sodium content with the sodum saccharide  In one series of experiments, this
control solution was admimstered by mouth, So that they would dnnk it, the
rats were thirsty as wellas hungry  Tests showed that the saline and sacchatin
solutions were equally effective 1n reducing thirst, but differed in their short-
range effects on hunger  Compared with the control, prefeeding with saccharin
solation reduced both the subsequent consumption of that solution and the

atonst
« Supported in part by & vesearch grant, Moi7, from the National Institate of Mentat Health, o the Naton
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rate of bar pressing remnforced by saccharn It also reduced the immediately
succeeding consumption of dextrose, milk, lab chow, or fat The effects of
sacchann were less, however, than those of an equally preferred solution of dex-
trose  This reduction seemed to be due to the fact that dextrose had both an
oral-pharyngeal and a gastromtestinal effect, while saccharin had only the
former In contrast with the results on nutntive substances, sacchann ad-
ministered via stomach fistula had no effect, only when taken by mouth did it
reduce subsequent consumption or performance
In conclusion, I should ke tollustrate how yet another behavioral technique
has been used to demonstrate a quahtative difference between two otherwise
similer effects  \We have studied the effects of stomach distention by using
Tats with two plastic fistulas chronically implanted mnto their stomachs  On the
end of one of these fistulas was a rubber balloon  We compared the effect of
injecting mlk va fistula into the stomach with that of injecting an equal volume
of a salime solution of equal specific gravity nto the balloon n the stomach
Both procedures reduced the rate at which rats would work at pressing a bar
to get food The effects of the milk were shightly, but stanstically rehably,
greater  When studied by this techmque, the effects of stomach distention
by balloon and by milk were quahtatively similar, and only slightly different
In other ¢ weused a learming techmque  Hungry
rats were given trials m a smple T-maze  If they chose a given side (for ex-
ample, turned to the right), one group had mulk 1njected via fistula directly into
their stomachs, and the other group had an equal volume of sahme 1njected
nto ther stomach balloons  The rats whose stomachs were distended by milk
learned to choose that side, but the rats whose stomachs were distended by the
balloon learned to arerd that side  We conclude that two qualitatively different
factors must be mvolved QOne of these factors might be a reduction m the
strength of the hunger drive, which should be rewarding, and the other might
be the mduction of some conflicting motivation, such as nausea, which should
bepunishing  Inany event, it 1sclear that the rewarding effects were dommnant
when the stomach was distended by milk and the punishing ones nere dommant
when it was distended by the balleon  The tno treatments produced qual-
tatively different effects
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