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Increases in skin temperature and peripheral
blood flow following the ingestion of food have
been reported by previous investigators (1 to 4).
In 1941, Abramson and Fierst (5), using the ve-
nous occlusion plethysmograph, studied the effects
of various dietary components upon peripheral
blood flow in man. Following the ingestion of
a predominantly carbohydrate meal, they found no
significant change in total blood flow through the
peripheral vascular beds of the hand, forearm or
leg. Following the ingestion of a protein meal,
however, an augmentation in blood flow became
manifest in the hand, reaching its highest level 2
to 2% hours after ingestion. A similar, though
less marked, increase in flow was noted in the fore-
arm and leg.

In view of the increase in oxygen consumption
which occurs as a result of the specific dynamic ac-
tion (S.D.A.) of protein, it might be postulated
that the rises in skin temperature and blood flow
subsequent to a protein meal bear a causal rela-
tionship to this phenomenon. Elevated skin tem-
peratures in hyperthyroid patients have been ob-
served by numerous investigators (6 to 8), and
increases in blood flow have also been reported
(9, 10). However, no consistent correlation be-
tween peripheral blood flow and basal metabolic
rate was established by either Eichna and Wilkins
(9) or Abramson and Fierst (10).

The S.D.A. of a protein is equal to the sum-
mated effects of its constituent amino acids (11).
Recently, Gubner, DiPalma and Moore (12, 13)
have reported increases in peripheral blood flow
and skin temperature following the ingestion of
glycine (amino-acetic acid). Although no quanti-
tative parallelism between changes in oxygen con-
sumption and peripheral blood flow were demon-

'Read at the symposium on military physiology, re-
gional meeting of the American Physiological Society,
Washington, D. C., December 6, 1947 (34).

2Formerly Captain, M.C.

strated in their subjects, these authors concluded
that the increase in blood flow resulted from the
S.D.A. of glycine.

In an effort to determine the effects of various
amino acids upon peripheral blood flow and skin
temperature, and to examine the possible relation-
ships between S.D.A. and the peripheral circula-
tion, in the present study seven amino acids were
administered to four healthy male subjects.
S.D.A. is not influenced by the work of the di-
gestive glands, intestinal movements or work of
absorption from the intestines, since the effect of
amino acids is the same whether they be adminis-
tered orally, intravenously or subcutaneously (14,
15). For this reason, all of the amino acids used in
these experiments were given orally. Oxygen
consumption, skin temperatures, rectal temperature
and blood flow through the hand were determined
before and after ingestion of these compounds.
The results obtained are presented in this paper.

METHODS

Measurements of skin and rectal temperatures, blood
flow through the hand, and oxygen consumption were
collected on four healthy, white male subjects whose ages
ranged from 17 to 21 years. All studies were conducted
in a constant temperature room with closed circuit venti-
lation and a turbulent air velocity of approximately three
m.p.h. The experiments were carried out at three differ-
ent ambient temperatures: 18° C., 240 C., and 300 C.
The room temperature was controlled to within + 0.5 C.'
during any experimental day.

Skin temperatures were obtained with No. 30 B & S
copper-constantan thermocouples connected to a Leeds
and Northrup potentiometer. The thermal junctions were
secured to the skin with small pieces of light adhesive
tape and were placed as follows: forehead, right great
toe, right forearm, abdomen, left thigh, and back. On
the left hand ten thermocouples were connected in parallel
(with six on the hand and four on the fingers) so that
one temperature reading represented an average value for
this hand. Rectal temperatures were recorded by means
of a thermocouple at the tip of a No. 14 soft rubber
catheter inserted at least 5 cm. above the internal rectal
sphincter.
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Oxygen consumption was determined by gas analysis
of samples of expired air which were collected in a 100-
liter Tissot apparatus.

A hand plethysmocalorimeter (16) was used as an air
plethysmograph and blood flow-records were obtained by
the venous occlusion method with a modified Brodie bel-
lows. Each blood flow determination consisted of the
average of seven consecutive flows taken at one-minute
intervals. Flows were calculated in terms of cubic centi-
meters per 100 cubic centimeters of limb volume per
minute.

On the night preceding an experiment, the subject was
required to be in bed by 10 p.m. He was permitted no
food or liquid other than water from this time until the
end of the experimental period, the only material ingested
being the particular compound studied that day.

The subject, wearing a light cotton undershirt, light
cotton shorts, fatigue trousers, light woolen socks, and
standard service shoes, entered the test chamber at 7:30
a.m. and remained at rest for approximately two hours.
At the conclusion of this period, the skin and rectal
thermocouples were put in place, the subject reclined
comfortably in an adjustable chair and the left hand was
inserted in the plethysmograph at heart level. Effort was
made to allay apprehension and to minimize disturbing
extraneous stimuli. Skin temperatures were measured
until a steady state had -been attained, i.e., until the aver-
age hand skin temperature remained unchanged within
+ 0.2 C.0 for no less than 40 minutes. When the steady
state had been reached, blood flow records were obtained
and the -oxygen consumption was measured.

Following these procedures, the amino acid being stud-
ied was administered orally. Each drug was dissolved
(or suspended when insoluble) in 300 cc. of unsweetened
grapefruit juice at room temperature. The dosages were
calculated in terms of grams of compound per pound of
body weight. In the case of glycine, amounts ranging
from 1 to 4 grams/10 lbs. of body weight were em-
ployed.3 Most of the other amino acids investigated
were used in dosages of 1-2 grams per 10 lbs. body
weight. The amino acids used were: glycine, dl phenyl-
alanine, 1 (-) tyrosine, 1 (-) leucine, 1 (+) glutamic
acid, I (+) histidine and dl methionine.4

Average hand skin temperatures were measured every
ten minutes and all skin and rectal temperatures were
recorded at 30-minute intervals. Blood flow through the
left hand was usually determined at 30-minute intervals
or whenever a significant change in hand skin tempera-
ture was observed.

Oxygen consumption was, in most cases, obtained ap-
proximately 80 minutes and 200 minutes following inges-
tion of the amino acid. Subjective reactions were ob-
tained by questioning and were recorded throughout each
experiment. Similarly, any visible flushing, perspiration,
etc. were noted in the protocols.

3 For certain technical reasons, the dosages used have
been expressed in terms of 1, 2, 3, and 4 grams per 10
lbs. body weight. These are equal to .22, .44, .66 and
.88 grams per kilogram body weight, respectively.

4 The amino acids were kindly supplied by Merck & Co.

All experiments were continued for at least three hours
following administration of the amino acid unless the
subject complained of an uncomfortable subjective reac-
tion.

Control studies, using 300 cc. of plain, unsweetened
grapefruit juice, but otherwise identical in every respect
to those described above, were conducted at each ambient
temperature.

EXPERIMENTALRESULTS

Glycine (aminoacetic acid)
Glycine was administered in dosages of 1 gram

per 10 lbs. body weight (seven experiments on two
men), 2 grams per 10 lbs. body weight (18 experi-
ments on four men), 3 grams per 10 lbs. body
weight (five experiments on two men), and 4
grams per 10 lbs. body weight (three experiments
on one man) for a total of 33 experiments.

Subjective reactions
The principal adverse symptoms encountered

following the oral administration of glycine were
nausea and/or vague abdominal discomfort usu-
ally described as "a feeling of fullness." These re-
actions generally occurred immediately or within
15 minutes after swallowing the amino acid and,
in most cases, disappeared within one hour. There
were few complaints referable to the sweetish taste
of the substance. Threshold for nausea varied
from man to man but was quite constant for any
one subject. Thus, Subject A experienced no
discomfort from dosages up to and including 3
grams/10 lbs. body weight, but complained of
severe nausea after the administration of 4 grams/
10 lbs. body weight. Subject B was not adversely
affected by 2 grams/10 lbs. body weight but was
barely able to tolerate 3 grams/10 lbs. body weight.
Subjects C and D invariably reported slight to
severe nausea after receiving 2 grams/10 lbs. body
weight. Four experiments, discontinued because
of vomiting within two hours after administration
of the drug, were discarded and are not included
in the protocols.

On only one occasion was any subjective im-
pression of increased warmth reported. This was
accompanied by severe nausea and dizziness and
occurred after a massive dose of glycine (4 grams/
10 lbs. body weight). This was also the only in-
stance in which any marked flushing of the face
or extremities was noted.
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Anorexia, lasting from three to eight hours after
ingestion of the glycine, was a constant finding in
all subjects. During the entire investigation, how-
ever, there was no significant weight change in any
subject.

Studies at an environmental temperature of 240 C.
Skin temperature. At an environmental tem-

perature of 240 C., ingestion of glycine in each of
the four dosages employed caused a definite rise
in skin temperature of the hand as compared with
the controls. Once equilibrium had been reached,
the hand skin temperature remained remarkably
constant in the control series, the average maxi-
mum increase being only 0.4 C.0 The average
maximum increases in hand skin temperatures
following the administration of 1, 2, 3, and 4
grams of glycine/10 lbs. body weight were 3.5 C.0,
4.8 C.0, 5.4 C.', and 7.7 C.0, respectively. These
results are highly significant from a statistical
standpoint (variance analysis, Student's "t" test,
Bartlett's test using chi-square), the probability
being less than .01 that the differences between the
control series and the glycine series were due to
chance (17).5

5 The statistical analyses were made by Miss Agnes
M. Galligan, whose aid is gratefully acknowledged.

Since 2 grams of glycine/10 lbs. body weight ap-
peared to be the optimum dosage for producing
peripheral vascular changes unaccompanied by
nausea, the largest number of studies was con-
ducted with this amount of the drug. A statistical
comparison of the increments of hand skin tem-
perature increases after glycine, 2 grams/10 lbs.
body weight, vs. the increments of hand skin tem-
perature increase of controls was carried out in an
effort to determine the relationship between time
of ingestion and increase in hand temperature.
Skin temperature readings were compared at 20-
minute intervals (Figure 1). No significant dif-
ference between the control and the glycine series
could be demonstrated 60 minutes after ingestion.
At 80 minutes, the controls showed an average
decrease of 0.22 C.0 and the glycine series showed
an average increase of 0.49 C.0. This difference
is significant, the probability being less than .05
that it could be due to chance. At 120 minutes
the difference -between controls and glycine was
greater and the probability is less than .01 that the
difference was due to chance. One hundred and
eighty minutes after administration of the drug
the difference between the control and the glycine
series was most marked and statistically most sig-
nificant.

AVERAGE SKIN TEMPERATURE, LEFT HAND OF FOUR SUBJECTS
FOLLOWING INGESTION OF GLYCINE, 2 g./1O lb BODY WEIGHT

- - - - SUBJECT: A (SIX EXPERIMENTS)
SUBJECT: B (THREE EXPERIMENTS)
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A slight but significant increase in toe tempera-
ture occurred after the ingestion of glycine, 2
grams/10 lbs. body weight, as compared with the
controls. Skin temperature of the right great toe
decreased an average of 0.6 C.0 for the control
series while in the glycine series an average maxi-
mumincrease of 1.8 C.0 was observed. These
figures were obtained by averaging the maximum
increase (or minimum decrease) occurring 80 or
more minutes after ingestion of glycine or, in the
control series, 80 or more minutes after hand
skin temperature had reached equilibrium.

The control and the glycine series demonstrated
no significant differences in skin temperature of
forehead, forearm, back, abdomen or thigh; nor
were there any significant changes in rectal tem-
perature.

Peripheral blood flow. At an environmental
temperature of 240 C., ingestion of glycine in each
of the four dosages employed, resulted in signifi-
cant increase in blood flow through the hand as
measured by venous occlusion plethysmography.
The average maximum increases in flow follow-
ing the administration of 1, 2, 3, and 4 grams of
glycine per 10 lbs. body weight were: 1.6 cc., 2.3
cc., 3.6 cc., and 3.9 cc./100 cc. limb tissue/minute,
the maximum amount of blood passing through the
hand being approximately 2.5 to seven times the
control flow. The statistical probability that these
increases might have been due to chance is less
than .01; the changes in blood flow paralleled the
changes in hand skin temperature closely.

Oxygen consumption. Oxygen consumption,
as determined by gas analysis of samples obtained
from a 100-liter, open-circuit Tissot apparatus,
increased after ingestion of glycine in 11 out of 12
experiments in which accurate measurements could
be made. The changes in oxygen consumption
ranged from 0 to 30%o increase over the basal val-
ues. The rather marked variation between sub-
jects and within the same individual in different
experiments, is probably referable to (1) failure
to attain a basal state initially, and (2) differences
in the rate of absorption of the drug. With the
optimum glycine dosage of 2 grams/10 lbs. body
weight, the average rise in oxygen consumption
was 13% at an environmental temperature of 240
C. Increases in oxygen consumption did not ap-
pear to be related significantly to the presence or
absence of nausea.

Studies at an environmental temperature of 180 C.
Eight experiments were conducted on two men

at an ambient temperature of 180 C. At this tem-
perature, almost maximal peripheral vasoconstric-
tion obtains in the lightly clad subject at equilib-
rium with the environment. Glycine, in the four
dosages mentioned previously, was administered
and the experiments were identical to those de-
scribed above except for the different environ-
mental temperature. A comparison of the glycine
series with the control series revealed no significant
differences in skin temperature or peripheral blood
flow. In neither series did any rise in skin tem-
perature or increase in blood flow through the
hand occur. Oxygen consumption in the glycine
series was usually greater than in the control series
but the day-to-day variations were much more
marked than at an environmental temperature of
240 C. This difference was probably due to fluc-
tuations in muscular tensing caused by the cold
stimulus. Gross shivering was never noted, al-
though the subjects frequently complained of chilly
sensations.

Studies at an environmental temperature of 300 C.
Glycine, administered in four experiments con-

ducted on two subjects at an ambient temperature
of 30° C., produced no rise in the already high
skin temperature and no significant increase in
peripheral blood flow as compared with the control
series. No significant changes in rectal tempera-
ture occurred. Little or no change in oxygen con-
sumption was observed in either series at this tem-
perature.

dl phenylalanine
Because of its high S.D.A., the effects of phenyl-

alanine on skin temperature and peripheral blood
flow were of considerable interest. This amino
acid, however, proved so distasteful to the sub-
jects and produced such severe nausea that it was
possible to complete only three experiments on
three men. These were conducted at a room tem-
perature of 240 C. In one of the tests an amount
equal to only 0.5 gram/10 lbs. body weight could
be swallowed by Subject C. This produced an in-
crease in hand skin temperature equal to 1.9 C.'
but no appreciable rise in blood flow through the
hand. Subjects A and B were able to ingest 1
gram/10 lbs. body weight and 1.3 grams/10 lbs.
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body weight, respectively. The former dose pro-
duced a maximal hand skin temperature increase
of 3.9 C.0 and resulted in a blood flow through
the hand equal to 4.8 times the basal flow (an in-
crease of 3.0 cc./100 cc. limb volume/minute).
The latter dose caused an increase of 7.2 C.0 in
hand skin temperature and increased the periph-
eral blood flow 4.1 times (an increase of 3.1 cc./
100 cc. limb volume/minute). There was also a
slight but significant increase in toe temperature.
Phenylalanine, in a dosage of 1.3 grams/10 lbs.
body weight, resulted in a 6% rise in oxygen
consumption.

In these three experiments no effects on either
rectal temperature or skin temperature elsewhere
in the body were observed following ingestion of
phenylalanine.

I (+ ) glutamic acid, I (+) histidine monohydro-
chloride, I (-) tyrosine, I (-) leucine, dl
methionine

Glutamic acid was used in five experiments con-
ducted on two subjects at an environmental tem-
perature of 240 C. The dosages employed were 1
gram/10 lbs. body weight (two experiments),
1.5 grams/10 lbs. body weight (one experiment),
and 2 grams/10 lbs. body weight (two experi-
ments). No statistically significant changes in
skin temperatures, rectal temperatures or blood
flow through the hand occurred after adminis-
tration of this substance. Oxygen consumption
was increased an average of 8% over basal levels
following ingestion of 2 grams/10 lbs. body weight.

One man, Subject D, was given histidine on
three occasions in dosages of 0.5 grams, 1.5 grams,
and 2 grams/10 lbs. body weight at an environ-
mental temperature of 240 C. Very slight, and
questionably significant, rises in hand skin temper-
ature and peripheral blood flow were observed fol-
lowing ingestion of the larger doses. A com-
parable increase in toe temperature also occurred.
No significant changes in rectal temperature or in
skin temperatures elsewhere were noted, nor was
there any increase in oxygen consumption. In
the four experiments in which tyrosine, leucine,
and methionine were administered (room tempera-
ture 240 C.), no effects on skin temperature, rec-
tal temperature or peripheral blood flow were
demonstrated.

Relationship between total oxygen consumption,
blood flow through the hand and skin tem-

perature of the hand

No consistent relationships between either total
oxygen consumption and hand skin temperature
or total oxygen consumption and peripheral blood
flow were observed in this investigation. High
skin temperatures and flows occurred as frequently
with low oxygen consumption values as with high
ones and vice versa.

The data were analyzed to determine the pos-
sible existence of a time factor. Skin tempera-
tures and blood flows were compared (1) at the
time of maximum increase in oxygen consumption
and (2) at 30-minute intervals before and after
the maximum increase in metabolism. No clear-
cut relationship was demonstrated in either case.
Total heat production was also measured in the
control series. In these experiments blood flow
and skin temperature remained quite constant,
though oxygen consumption varied considerably
from day to day for a particular individual. Here
again, no relationships between metabolic activity
and blood flow or skin temperature were noted.

At an environmental temperature of 240 C., a
highly significant correlation of .88 was found to
exist between hand skin temperature and blood
flow through the hand. The curve expressing the
relationship between these two variables tends to
become asymptotic at a skin temperature of 340 C.
(Figure 2).

DISCUSSION

These studies were initiated in an attempt to
determine quantitatively the increase in peripheral
blood flow and skin temperature reported to occur
as a result of S.D.A. (12, 13). Of the seven
amino acids used, five possess high S.D.A. (gly-
cine, phenylalanine, tyrosine, glutamic acid, and
leucine). Although no consistent relationships
between S.D.A. and peripheral blood flow were
observed, it should be emphasized that the lack
of correlation between cellular energy exchange
and peripheral blood flow in these studies applies
only to relatively small changes in total oxygen
consumption. Under circumstances in which mas-
sive metabolic differences are induced, a significant
relationship may well obtain.

458



EFFECTS OF AMINO ACIDS ON PERIPHERAL BLOODFLOW

RELATIONSHIP BETWEEN SKIN TEMPERATURE
AND BLOOD FLOW OF LEFT HAND

ENVIRONMENTAL TEMPERATURE: 240C.

0

* 0

0

:00

@0

* 0

0

0

00 0

*

* **
S.

0

*0

0 0

0.a.

0

0

0.
0

0

O 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0 6.5 7.0

BLOOD FLOW, LEFT HAND CC/IOO se. TISSUE/MINUTE

FIG. 2

That the ingestion of glycine exerts an effect
upon the peripheral vascular bed under certain
conditions, seems evident from this study. If this
effect is not caused by the S.D.A., however, to
what can it be attributed? The metabolism of
glycine differs from that of other amino acids in
several important respects. Gutman and Alex-
ander (18), using specific methods for the deter-
mination of glycine, administered the amino acid
to 40 subjects in dosages of 1 gram per 10 lbs.
body weight. They found that, following inges-
tion of this substance, its concentration rises rap-
idly in plasma and erythrocytes, attaining its high-
est peak in from one to one and a half hours. The
speed with which ingested glycine is absorbed into
the blood stream is interesting, but the slowness

with which the blood stream is completely cleared
of ingested glycine is more remarkable and stands
in contradistinction to the behavior of other amino
acids tested, which are rapidly removed (19, 20).
Its accumulation in other tissues is also unique.
It has been demonstrated that glycine is the only
amino acid which causes an increase in the amino
nitrogen of muscle, as well as a greater rise in
liver amino nitrogen than any other amino acid
(21). The persistence of this substance in the
body may well be due to a reduction in glomerular
filtration and a high rate of renal tubular reabsorp-
tion for glycine (22, 23). It is possible that the
peripheral vascular effects of glycine may be re-

lated in some manner to the uniquely high amino
nitrogen content of muscle which occurs following
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ingestion of this substance and to the extremely
slow rate at which it is cleared from the blood and
tissues.

In these experiments, the only sites at which
skin temperature rises occurred after the adminis-
tration of certain amino acids were the hands and
toes. The vascular anatomy of these two areas is
different from the peripheral vascular bed else-
where in that arteriovenous shunts are present in
the toes, fingers, and thenar and hypothenar emi-
nences (24). Differences between the physio-
logical reactions of blood vessels at these sites and
the peripheral vascular bed in other portions of
the body have been demonstrated by numerous
investigators (25 to 29).

It should be noted that the slight rises in toe
temperature are probably more significant than the
absolute figures indicate since in almost all ex-
periments the toe was still cooling down when the
amino acid was administered. Because of this, the
"equilibrium temperature" assumed for the toe was
usually somewhat higher than the true equilibrium
temperature.

The failure of glycine to produce any changes in
peripheral blood flow or skin temperature at low
(180 C.) ambient temperatures is in agreement
with the findings of Ferris and his associates, who
demonstrated that under cold ambient conditions
it is extremely difficult to induce vasodilatation
(30). It is evident that, in the present investiga-
tion, the neurogenic stimulus of cold was prepon-
derant and could not be overcome by glycine. At
an ambient temperature of 300 C., blood flow and
skin temperature were extremely high before the
glycine was administered and very little additional
vasodilatation could be effected. Similar observa-
tions have been made with other vasodilator drugs
(31, 32).

It is the opinion of the author that glycine is of
little therapeutic value as a vasodilating agent. In
our experience, direct or indirect vasodilatation in
the extremities can most easily and effectively be
achieved by the application of heat to various body
areas (33).

SUMMARY

1. Skin and rectal temperatures, total oxygen
consumption, and blood flow through the hand
have been studied in four healthy young males

before and after the oral administration of various
amino acids.

2. At an environmental temperature of 24° C.,
ingestion of glycine caused a significant rise in
skin temperature of the hand. In these experi-
ments the average maximum increases in hand
skin temperature following the administration of
1, 2, 3, and 4 grams of glycine/10 lbs. body weight
were 3.5 C.0, 4.8 C.0, 5.4 C.0, and 7.7 C. 0, re-
spectively. Hand skin temperature rises were ac-
companied by similar, though less marked increases
in toe temperature.

3. At an environmental temperature of 240 C.,
ingestion of glycine in the four dosages employed,
resulted in a significant increase in blood flow
through the hand as measured by venous occlusion
plethysmography. Average maximum flows
amounted to 2.5 to seven times the control flow.

4. The increases in blood flow and hand skin
temperature generally became apparent about 80
minutes after ingestion of glycine and were most
marked approximately 180 minutes after ingestion.

5. No significant changes in rectal temperature
or skin temperatures elsewhere in the body were
observed.

6. At environmental temperatures of 180 C.
and 300 C., no significant changes in rectal tem-
perature, skin temperatures, or peripheral blood
flow occurred after the administration of glycine.

7. At an environmental temperature of 240 C.,
ingestion of dl phenylalanine effected increases in
hand and toe temperatures and blood flow through
the hand similar to those observed with glycine.

8. At an environmental temperature of 240 C.,
oral administration of 1 ( + ) histidine monohydro-
chloride resulted in very slight and questionably
significant increases in hand skin temperature and
blood flow through the hand.

9. Ingestion of 1 (+) glutamic acid, 1 (-) ty-
rosine, 1 (-) leucine and dl methionine had no ef-,
fect upon rectal temperature, skin temperature or
peripheral blood flow.

10. Although five of the seven amino acids used
in these studies caused a definite increase in oxy-
gen consumption, no consistent quantitative rela-
tionships between total oxygen consumption and
skin temperature or total oxygen consumption and
peripheral blood flow were demonstrated.
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