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TABLE 111
Capillary and Venous Blood Glucose Values in Relation to Meals and Urge for Food
Subj.
and ‘Time after
exp. meal Capillary glucose Venous glucose A-Glucose Desire for food
Min. Mg. % Mg. % Mg. %
P. A. Fasting cee 85 .
Fxp. 1 Breakfast: Cal. 757, CH,O 108 Gm., Pro. 23 Gm., Fat.24 Gm.
10 125 115 10
45 118 111 7
80 99 .
140 91 79 12
190 84 65 19
Lunch: Cal. 696, CH:O 68 Gm., Pro. 40 Gm., Fat 31 Gm.
35 94 75 19
65 89 75 14
110 86 65 21
180 89 79 10
M. M. Fasting 82 84 —2 ++++
Exp. 2 Breakfast: Cal. 345, CH.O 57 Gm., Pro. 7 Gm., Fat 10 Gm.
32 168 149 19
66 129 112 17
124 93 85 8 +++
Lunch: Cal. 259, CH:0 43 Gm., Pro. 15 Gm., Fat 2 Gm.
35 163 149 14
65 108 94 14
135 75 68 7
260 77 75 2 +4++
M. L. Fasting 203 194 9 ++4
Exp. 3 Breakfast: Cal. 319, CH:O 35 Gm., Pro. 12 Gm., Fat 16 Gm.
40 322 322 0
68 336 343 -7
100 353 353 0 ++
Lunch: Cal. 367, CH:O 60 Gm., Pro. 15 Gm., Fat 9 Gm.
38 544 503 41
102 593 581 12
174 556 530 26

Variations in capillary and venous blood
glucose are shown in Figure 1. The difference
between the A-glucose variations of P. A. and
A. G. throughout the day is striking. A. G.s
postabsorptive A-glucose is small, as in the
case of P. A. Expressed as per cent increase
over the fasting value, the rise in venous glu-
cose one-half hour after breakfast is 53 per
cent for A. G., compared to a 7 per cent rise
exhibited during a comparable interval by
P. A. The rise in venous glucose shown by

A. G. 1s characteristic of “hunger diabetes.”
For A. G., A-glucose is 16 mg. per cent one-
half hour after breakfast and it drops to 7 mg.
per cent one hour after breakfast. The latter
value is within the range for A-glucose con-
sidered normal in the fasting state. For P. A.,
the A-glucose one hour after breakfast is 33
mg. per cent and it remains between 16 and 18
mg. per cent before lunch, while that of A. G.
actually reverses and becomes —8 mg. per
cent,
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Values for capillary glucose fall below the
fasting level before lunch in the case of A. G.,
while the capillary glucose values of P. A.
never again descend to the pre-breakfast level.
For A. G. capillary and venous values rise only
slightly aiter lunch (Fig. 1) and never actually
reach postabsorptive levels. During this time
A. G.s A-glucose values are negative and indi-
cate absence of any peripheral uptake of glu-
cose.

During the 4-day depletion period preceding
the glucose study, M. M.’s weight decreased
2.65 Kg. During this time he was not ex-
cessively uncomfortable, but he was constantly
preoccupied with thoughts of food. His ability
to concentrate while studying diminished
noticeably.

Variations in blood glucose before and dur-
ing the period of caloric restriction are indi-
cated in Figure 2 and Table III respectively.
Marked differences in the blood sugar response
to food are observed when the 2 experimental
days are compared. First, the capillary and
venous curves after 4 days of dietary restric-
tion rise to far higher levels after meals than
the curves associated with a self-selected in-
take not preceded by previous dietary cur-
tailment.

Second, even at hyperglycemic levels (163
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Tig. 2. Blood glucose values in a normal subject
on a control day and during cortisone administration.
(Breakfast: Cal. 725, C'HsO 69.5 Gm., Pro. 24.5 Gm.,
Fat 40.7 Gm.; Lunch: Cal. 829, C-H:O 108.4 Gm. Pro.
275 Gm., Fat 383 Gm.)

mg. per cent), the A-glucose 35 minutes after
lunch on the fifth experimental day is far

smaller than the A-glucose which obtains at .

a much lower level (118 mg. per cent) under
normal nutritional conditions. Two and one-
half hours after lunch on the fifth day, the
subject took a nap and when he awakened an
hour and a half later he was ravenously
hungry. The A-glucose at that time was 2
mg. per cent.

3. Uncontrolled Diabetes Mellitus:

Plan. Subject M. L. was studied as an out-
patient. She was a severe diabetic of 20
years standing. Recently, she had been tak-
ing 5 units of regular and 40 units of protamine
zinc insulin per day. For the 24-hour period
prior to the glucose studies and during the
experimental day she took no insulin. On
the day of the test, capillary and venous glu-
cose samples were obtained frequently from
early in the morning (postabsorptive) until
late in the afternoon. Her meals were self-
selected.

Results. Analytic data on M. L. are shown
in Table III.

Prior to breakfast, she was extremely
hungry. At this time her capillary blood
sugar was 203 mg. per cent and the A-glucose
was less than 10. Following breakfast, the
capillary blood sugar rose gradually from 322
to 353 mg. per cent. The A-glucose remained
negligible, although she was not hungry until
the period, immediately prior to lunch. After
lunch, her capillary glucose rose to 544 and
then to a peak of 593 mg. per cent. At these
levels A-glucose values were of normal magni-
tude. No hunger was present during the after-
noon.

4. Cortisone Administration:

Plan. Because cortisone is known to in-
crease food intake, a second study on M. M.
involving oral administration of cortisone*
was done. Dietary conditions of the self-
selected diet taken by M. M. for control pur-
poses in Experiment 2 were duplicated. The

* Cortisone acetate, Merck.
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schedule of cortisone administration on the
experimental day was as follows:

12:30am...coviii i 100 mg
7:30am..... .ot 75 mg
12:30 pm.....oiiiii i 50 mg

As in the control study, the diet 3 days
prior to this experiment included an intake of
calories and carbohydrate which was more
than adequate to prevent impairment of carbo-
hydrate tolerance on a dietary basis (Table
II). .

Results. Analytic data obtained on the con-
trol and experimental days are plotted in
Figure 2. When the results for the 2 days
are compared, striking differences are appar-
ent.

The postabsorptive capillary and venous
glucose values after cortisone administration
are significantly higher than postabsorptive
values on the control day. For example, the
value for venous blood glucose before break-
fast on the day of cortisone administration is
106 mg. per cent. On the control day, the
value is 74 mg. per cent. Moreover, the post-
absorptive A-glucose after cortisone is in-
verted.

It can be seen that following ingestion of
the morning and noon meals on the day corti-
sone was being given, M. M.’s A-glucose values
remain relatively small throughout, despite
appreciable rises in the level of capillary glu-
cose after meals. By contrast, the A-glucose
values on the control day are much larger after
meals, in spite of the fact that the overall
level of capillary blood sugar is lower. The
A-glucose changes observed on the control day
correspond to the pattern repeatedly observed
in normal subjects after ingestion of food.

On the day of cortisone administration, M.
M. complained of marked hunger prior to the
morning meal and felt that he was “able to
cat” at an earlier time before the noon meal
than on the control day. During another un-
related experiment which involved his taking
appreciable amounts of cortisone, M. M.’s
appetite had increased noticeably.*

* Results of a similar study on a large series of
patients, confirming and extending observations on
the effect of cortisone on A-glucose and food intake
will be published soon by one of us.

5. Prolonged Low Fat, Calorically Adequate
Intake:

Plan. Subject L. F. was studied during the
course of his normal daily activities. For 15
days he was kept on a diet extremely low in
fat but containing sufficient calories to main-
tain his body weight. Blood glucose studies
were performed on the sixteenth day.

Results. Data for Experiment 5 are shown
in Tables I, II, and IV.

6. Epinephrine Administration:

Plan. Subject N. R. was studied while she
continued her daily work as a graduate stu-
dent. First (Part 1), variations of capillary
and A-glucose levels during the day in rela-
tionship to food intake and feelings of hunger
were determined. Second (Part 2), similar ob-
servations were made with respect to the post-
absorptive A-glucose before and for 4 hours
following subcutaneous injection of 0.3 cc. of
1:1000 epinephrine U.S.P.

For 3 days preceding each of these tests, the
diet was self-selected but very carefully re-
corded. Activity remained unchanged.

Results. Data for Experiment 6 are shown
in Tables I, II, and IV.

DiscussioNn

In general, a satisfactory correlation be-
tween values for A-glucose and desire for food
could be made. When values for A-glucose
remained appreciable (> 15 mg. per cent),
hunger never was reported. A A-glucose ap-
proaching zero ordinarily was associated with
hunger. In normal subjects, if a low A-glu-
cose continued to shrink for any length of
time, hunger was always reported. A nega-
tivet A-glucose in normal persons was in-
variably accompanied by hunger feelings.

Although hunger never was associated with
a high value for A-glucose, there were excep-
tional situations in which low or negligible A-
glucose values were not accompanied by hunger
feelings. For example, epinephrine adminis-
tration appeared to inhibit assimilation of
glucose by certain tissues, yet it also sup-

t Whether small inverted arteriovenous glucose dif-
ferences can exist, or whether they are due to faulty
technique, is a controversial issue >’
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. TABLE 1V
Capillary and Venous Blood Glucose Values in Relation to Meals and After Epinephrine
Administration

S:ltg Time after
exp. meal Capillary glucose Venous glucose A-Glucose Desire for food
Min. Mg. % Mg. % Mg. %
L. F. Fasting 84 77 7 +4++
Exp. 5 Breakfast: Cal. 318, CH.O 73 Gm., Pro. 4 Gm., Fat 1 Gm.
35 97 88 9
110 74 68 6 +++
Lunch: Cal. 865, CH:O 102 Gm., Pro. 28 Gm., Fat 3 Gm. .
35 93 68 25
125 85 67 18
N. R. Fasting 73 64 9 +++
Exp. 6 -
Part I Breakfast: Cal. 363, CH.O 49 Gm., Pro. 16 Gm., Fat 12 Gm.
40 110 64 36
116 83 82 1 +++
Lunch: Cal. 627, CH-O 71 Gm., Pro. 18 Gm., Fat 32 Gm.
38 134 96 38
121 101 88 13
180 81 68 13
N. R. Fasting 84 75 9 +++
Exp. 6
Part II Epinephrine 03 ml. (1:1000 injected subcutaneously)
34 e 78 ves
58 102 100 2
76 114 109 6
111 95 104 —9
251 73 77 —4 +4+4

pressed hunger (Experiment 6). It would be
an oversimplification to attribute this ap-
parently contradictory result to any one of the
multifarious physiologic effects'® of epi-
nephrine. However, since epinephrine causes
differential changes in the blood flow (and
glucose assimilation) of various tissues, it is
quite possible that in this experiment the ante-
cubital A-glucose simply was not representative
of what was going on in the “glucoreceptors.”

Since M. L. (Experiment 3—Uncontrolled
Diabetes Mellitus) was apparently not hungry
after her breakfast at levels of blood sugar
not accompanied by a measurable A-glucose,
it must be assumed that the postulated “gluco-
receptors’® were influenced before uptake of
glucose took place in the area drained by the

antecubital vein.

Unquestionably, the influence on appetite
of abrupt changes in the bulk and composi-
tion of the diet, conditioned reflexes (habit),
gastrointestinal sensations, and the emotions
cannot be discounted. On the other hand,
while these phenomena are of importance in
that they exert a modifying, if usually tempo-
rary, effect on food intake, they clearly cannot
begin to account for the long-term quantita-
tive aspects of food intake regulation.

These “accessory’” considerations assume
less and less importance as caloric intake is
increasingly restricted. This fact seems to be
well illustrated in the case of A. G. (Experi-
ment 2—Constant Inadequate Caloric In-
take). The small meal he had at noon failed
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to alleviate his hunger even temporarily (Fig.
1).

The influence of cortisone on glucose utiliza-
tion as shown in Experiment 4 (Fig. 2) is of
particular interest. The stimulating effect of
cortisone on appetite was commented upon by
Hench et al. in an early study.!® Patients
receiving cortisone frequently gain weight not
accounted for by water retention. Patients
with Cushing’s syndrome become obese. One
possible explanation for the appetite-enhanc-
ing effect of cortisone may be found in its
inhibitory action on peripheral glucose assimi-
lation, and the accompanying metabolic hypo-
glycemia which ensues to a varying degree.
Despite the higher levels of blood sugar which
obtain after cortisone is administered, the A-
glucose area (which best reflects glucose utili-
zation?°) is much smaller during the day of
cortisone administration in Experiment 4 (Fig.
2) than during the control day.

“Starvation,” uncontrolled diabetes mellitus,
and cortisone hyperglycemia all display a
diminished A-glucose area; these three condi-
tions also may be accompanied by excessive
hunger, and in the last two instances, poly-
phagia. This suggests that situations in which
phosphorylation of glucose is impaired are
likely to be associated with increased desire
for food. Thus, although uptake of glucose in
the central nervous system generally is not
subject to hormonal influence, there may be
receptors concerned with food intake regula-
tion that are. If this were not the case, the
patient with uncontrolled diabetes mellitus
might be expected to suffer from constant
anorexia rather than polyphagia.

A A-glucose which is at or near zero signifies
a level of arterial blood sugar which at that
time is below the “threshold” necessary for
ingress of glucose into cells. Non-nervous
tissues adapt to metabolic hypoglycemia by
oxidizing an increasing proportion of fat.
However, the central nervous system depends
largely on glucose for its energy needs,! and
thus hunger as one of the consequences of
carbohydrate deprivation would appear to be
a crucial homeostatic response.

The effect of insulin on appetite may appear
to be inconsistent, in this scheme, with its

action in temporarily increasing peripheral
utilization of glucose and thereby increasing
arteriovenous glucose differences. However,
Somogyi?!?2 has shown that there are two
metabolic phases in the response to insulin ad-
ministration; the first is a fall in blood sugar
due to increased peripheral utilization of glu-
cose; the second is a compensatory rise sec-
condary to decreased utilization of glucose in
the periphery. That decreased utilization
occurs is shown by the rapid decline in A-glu-
cose values to zero which occurs as the blood
sugar falls to or below postabsorptive levels.
Somogyi interprets this as a defensive response
to hypoglycemia by the pituitary-adrenal
endocrine ‘“axis,” in which hormones antago-
nistic to insulin action are released in increas-
ing amounts.

Thus, hunger as a consequence of insulin
administration is not inconsistent with its
role as part of the system of homeostatic de-
fenses against metabolic hypoglycemia. Some
of these defenses manifest themselves as the
second phase of the metabolic response to in-
sulin administration.*

In hyperthyroidism, alimentary hypergly-
cemia typically occurs and is followed regu-
larly by a postalimentary hypoglycemia.
Peters and Van Slyke?® believe that acceler-
ated metabolism of glucose may take place in
the hyperthyroid patient and that the alimen-

tary hyperglycemia may be only a manifesta- -

tion of starvation diabetes following rapid de-
pletion of carbohydrate stores. It is interest-
ing to consider whether the metabolic hypo-
glycemia which is said to occur readily in hy-
perthyroidism can be etiologically related to
the increased food intake characteristic of this
condition.

In conclusion, the findings described in this
paper lend support to the view that the urge
to eat is a homeostatic response to carbo-
hydrate deprivation. By this interpretation,
decreased intake of dietary precursors of glu-
cose, decreased assimilation of circulating glu-
cose by cells, or abnormally increased oxida-
tion of glucose, all may be considered to have

*This phenomenon has since been studied in
detail in alloxan-diabetic animals (Mayer and Bates,
in press).
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in common some degree of metabolic hypogly-
cemia resulting in an increase in desire for
food.

SUMMARY

Blood sugar studies were done on six adult
human subjects either under “metabolic bal-
ance” conditions or when food intake was care-
fully recorded. Six experimental situations
were investigated:. (1) constant adequate
caloric intake, (2) constant inadequate caloric
intake, (3) uncontrolled diabetes mellitus, (4)
cortisone administration, (5) low fat diet, and
(6) epinephrine administration.

An attempt was made to correlate various
dietary regimens, arteriovenous glucose dif-
ferences (A-glucose) and presence or absence
of an urge to eat. i

In normal subjects, values for A-glucose
throughout the day generally reflected the pre-
vious dietary intake. A submaintenance ca-
loric intake was associated with a small A-
glucose area and an adequate caloric intake
with a normal A-glucose area.

Cortisone administration was followed by
hyperglycemia but a smaller than normal A-
glucose area. The effect of cortisone on food
intake was interpreted in the light of this find-
ing.

1t is believed that consideration of the ante-
cubital A-glucose area as an index of glucose

- assimilation by peripheral tissues permits ap-

plication of the glucostatic theory to condi-
tions associated with impaired carbohydrate
utilization.
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RESUMEN

Diferencias de’ la glucosa arteriovenosa,
hipoglucemia metabjlica e ingestion de
alimentos en el hombre

Se realizaron estudios de glucemia en 6 in-
dividuos adultos, sujetos a las condiciones de
“balance metabélico” o registrando cuidadosa-
mente los alimentos ingeridos. Se investigaron
6 situaciones experimentales: (1) ingestion
calorica adecuada constante, (2) ingestion
calorica inadecuada constante, (3) diabetes
mellitus no controlada, (4) administracion de
cortisona, (5) dieta pobre en grasa, (6) ad-

Se intenté establecer una correlacion entre
diversos regimenes djetéticos, las diferencias
de glucosa arteriovenosa (A-glucosa) y la
presencia o ausencia del deseo de comer.

En los sujetos normales los valores de A-
glucosa durante el dia reflejieron, en general,
la ingestién alimenticia previa. La ingestion
insuficiente de calorias estuvo asociada a un
area de A-glucosa pequeiia, y una ingestion de
calorias adecuada a un 4rea de A-glucosa
normal.

La administracion de cortisona fué seguida
de hiperglucemia, pero de un area de A-glucosa
inferior a la normal. El efecto de cortisona
sobre la ingestion de alimentos fué interpretado
a la luz de este hallazgo.

Se cree que la consideracién del area ante-
cubital de A-glucosa, como indice de la asimila-
cion de glucosa por los tejidos periféricos, per-
mite la aplicacion de la teoria glucostatica a
las condiciones asociadas con una utilizacién

ministracién de epinefrina. defectuosa de los hidratos de carbono.

Take Your Choice

“We have never known the slightest ill-result from the strictest dieting of a child. On the
contrary, we emphasise that no child who is obese from any cause should be allowed to take an
unrestricted diet, because the benefit of weight reduction is so great. It is sometimes said that the
dieting of small children is unnecessary because they will get normal without treatment at some
later date, e.g., puberty or adolescence. There is no general rule of this kind. Spontaneous cure
is very uncertain and dieting should be adopted as soon as the child is seen whatever the age.”
—H. S. Le Marquand. The Medical Press 228: 485, 1952.

“No child should be dieted. If he is too fat it probably is due to an endocrine disturbance
in the treatment of which diet will play little or no part. The child who is too fat merely from
overeating never should be given a diet and never, never drugs. His fat is a symptom that his
parents are bringing him up badly; if this can be altered he will get thinner, if it cannot be altered
he will remain fat.”

—F. Bicknell. The Medical Press 228: 493, 1952.

Early to Grow, Early to Die?

“Speculation, and it can be little more at present, starts with the well-known findings of Mec-
Cay and others that in rats a limitation of caloric intake during growth leads to a significant in-
crease in the life span. The finding is significant in several ways, even though it is by no means
clear how much if any of it can be applied to man. It must, however, lead to a consideration of the
advisability of ‘forcing’ the nutrition of children. There has long been before us the possibility,
if nothing more, of a deleterious effect of disproportionately good nutrition or intake of some nu-
trient on the nutritional status of the others, i.e., the production of a deficiency of one nutrient
because of the excess intake of another.... Whether simple abundance of calories, permitting
greater and more rapid growth, may cause changes to be reflected in earlier senescence, is un-
known. However, in view of the changing incidence of certain degenerative diseases, the possi-
bility must be kept in mind.”

—J. B. Youmans. Journal of the American Dieletic Association 28: 1032, 1952.
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