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(Received for publication May 15, 1935)

The effect of hypothyroidism on the specific
dynamic action of carbohydrate and of protein in
man and in animals has been previously studied by
several investigators. The results of these stud-
ies and their interpretations vary.

In a group of patients at this hospital hypo-
thyroidism has been induced by total ablation of
the normal thyroid gland for the treatment of
chronic heart disease (1) (2). An opportunity
was thereby presented to reinvestigate the effect
of hypothyroidism upon the specific dynamic ac-
tion in man. Total thyroidectomy was performed
in these patients in order that in the hypothyroid
state they might derive the benefits of the lessened
demands upon the heart (2) (3) (4). It seemed
important to establish whether or not these in-
dividuals, in addition, were relieved of the in-
creased demands upon the circulatory system co-
incident to increased metabolism after the inges-
tion of food.

REVIEW OF LITERATURE

In human hypothyroidism the specific dynamic
action of carbohydrate has been reported in two
cases. DuBois (5) in 1916, using continuous
calorimetry studied the metabolism in a cretin
whose basal metabolic rate was minus 20 per cent.
From the first through the fourth hour after the
ingestion of 100 grams of lactose, and upon an-
other. occasion, after the ingestion of 70 grams
of dextrose, there occurred an average increase
in heat production of 15 per cent above the basal
value following the lactose, and of 7 per cent fol-
lowing the dextrose. These increases were similar
to those observed by DuBois in normal individ-
uals.

1 This investigation was aided by a grant from the Wil-
liam W. Wellington Memorial Research Fund of Harvard
University.

Weisz and Adler (6) in 1922, measured the
oxygen consumption up to three hours after 100
grams of cane sugar were ingested by a patient
with myxedema who was being treated with thy-
roid. Nine experiments were reported, per-
formed at basal oxygen consumptions correspond-
ing to basal metabolic rates of approximately
minus 15 to plus 18 per cent; the lowest basal
metabolic rates were approximately minus 15,
minus 15, and minus 3 per cent. In the two ex-
periments performed when the basal metabolic
rates were minus 15 per cent the average increases
in oxygen consumption after sugar amounted to
13 per cent and 9 per cent of the basal values. In
seven of the nine experiments the average devia-
tion of the total increase from the mean was + 4
per cent, the basal metabolism in these seven in-
stances varying between minus 15 and plus 18
per cent. If specific dynamic action be expressed
as total increase in oxygen consumption, then these
experiments show almost constant specific dy-
namic action as the basal metabolic rate is varied ;
in terms of percentage increase the specific dy-
namic action is larger at the lower metabolic
levels.

Several investigators have studied the specific dy-
namic action of protein in human hypothyroidism
and all of these have found a resultant increase in
metabolism. DuBois (5) observed an increase of
heat production of 13 per cent from the second
through the sixth hour after a protein meal given
to the cretin subject referred to above. Grafe
(7) studied the respiratory exchange for eleven
hours after the ingestion of a protein meal by a
sixteen year old obese hypothyroid girl (basal
metabolic rate, minus 20 per cent). The increases
in metabolism observed were interpreted as nor-
mal.

Other workers have reported the changes in

595



596

metabolism for periods of only one to two and
one-half hours after the administration of a pro-
tein test meal (8) (9) (10). Since the metabolic
increases for the amounts of protein employed in
these instances may well be expected to last over
six hours (11), one can not conclude as to the
total specific dynamic action in these experiments,
In two of these investigations (8) (9), the spe-
cific dynamic action was expressed as the percent-
age increase in metabolism observed at one par-
ticular determination, at one or at one and one-
half hours after the meal. These values give no
indication of the total or average metabolic in-
crease. Plaut (12) (13) also observed an in-
crease in metabolism in patients with hypothyroid-
ism during three hours after protein ingestion.
The interpretation of the results of these experi-
ments is complicated by the fact that 500 cc. of
coffee were included in the test meals (14) (15).

The results and conclusions from studies of the
specific dynamic action of carbohydrate and of
protein in animals after thyroidectomy differ.
Baumann and Hunt (16) found that glucose ad-
ministered to ten rabbits upon which thyroidec-
tomy had been performed resulted in no increase
in metabolism or in a smaller increase than was
observed after glucose in the same animals pre-
operatively, or in nonoperated controls. Oxygen
and carbon dioxide exchange and total calories
were reported over a period of two hours before
and over a period of four hours after the glucose
was administered. Mansfeld and Scheffer-Csillag
(17) conclude that thyroidectomy had no influence
on the specific dynamic action of meat or. of sugar
in two dogs. Hertz (18) denies an influence of
thyroidectomy on specific dynamic action of pro-
tein in dogs. His conclusions are based upon
measurements made at about three and seven
hours after feeding meat together with rice and
fat to a single thyroidectomized dog. Arvay and
Verzar (19) (20) studied the specific dynamic
action in thyroidectomized rats over periods of
from six to eight hours after feeding meat. They
reported a decreased specific dynamic action up
to thirty-six days after operation. Dann, Chamb-
ers, and Lusk (21) found that their figures in a
single experiment incidental to another problem
“ might suggest that the specific dynamic action
of meat is less after thyroidectomy than in the

MILTON LANDOWNE

normal dog. . ..” Houssay and Artundo (22)
found that the specific dynamic action, expressed
as increase in heat production, measured two and
five hours after administering meat to dogs was
slightly less after thyroidectomy (6 experiments),
and after thyrohypophysectomy (7 experiments),
than in controls (10 experiments) but they con-
clude that the hypophysis and thyroid are not
necessary for. the production of specific dynamic
action.

Due to the usual presence of aberrant thyroid
tissue, it is difficult to produce persistent hypo-
thyroidism in animals. In some of the experi-
ments on thyroidectomized animals reported above
(16) (17) hypothyroidism as evidenced by a low
control metabolic level was not present at all times
when specific dynamic action was tested.

MATERIALS AND METHODS

Total ablation of the thyroid gland had been per-
formed on the subjects of the present investigation for
the treatment of angina pectoris or of rheumatic heart
disease (1) (2). Measurements of specific dynamic ac-
tion were made from two weeks to twenty-one months
postoperatively. In two patients experiments were per-
formed preoperatively, one of these patients being tested
again two weeks postoperatively and the other two
months after operation. Fourteen carbohydrate experi-
ments were performed in eleven patients and five protein
experiments in four patients. The metabolism of three
of the patients was also measured over a period of five
hours without food. The average basal metabolic rate
at the time of the postoperative measurements of specific
dynamic action was minus 28 per cent. The subjects
were from eighteen to sixty-five years of age. All of
the patients were maintaining a practically constant body
weight; one was obese (E. P.), the others were well
developed. Signs or symptoms of congestive heart
failure were not present at the time of the tests, nor
were anginal attacks experienced just prior to or during
any of the experiments. The subjects of eight experi-
ments were taking thyroid (grains Yo to 3% daily,
Armour) to maintain them free from discomforting
symptoms of myxedema; and one patient (M. S.) had
150 mgm. of dinitrophenol on the day prior to the test.

All subjects were well trained in metabolism tests.
They came to the laboratory from home or from the
hospital wards in the morning in the postabsorptive state,
without medication, and in some cases having omitted
thyroid on the preceding day. After the patient had
rested at least thirty minutes either flat in bed or slightly
raised, a determination of oxygen consumption was made
for a period of seven minutes using a Collins Benedict-
Roth apparatus. Three to five such measurements (usu-
ally four, consisting of two determinations in duplicate)
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were made over about one hour in order to obtain a con-
trol period; following this, the carbohydrate or protein
meal was administered.

In the carbohydrate tests fifty to seventy-five grams of
glucose were ingested dissolved in 200 grams of orange
juice and heated to approximately 36° C. The meals to-
talled 280 to 375 calories (the caloric value of 1 gram
of hexose is 3.74 calories). Measurements of oxygen
consumption were begun fifteen minutes after the inges-
tion and continued, at intervals, for two to three and
one-half hours, a total of six to nine measurements be-
ing made after the meal. When duplicate measurements
did not check or seemed erratic, additional measurements
were made. The results obtained were plotted noting
each observation upon the graph. From smoothed
curves through the points obtained the oxygen consump-
tion at 3, 14, 1, 13, and 2 hours were tabulated.

In the protein tests from 200 to 400 grams of steak,
with small amounts of added protein, fat, and carbo-
hydrate (54 to 102 grams P, 25 to 44 grams F, 6 to 23
grams CHO = 520 to 860 calories) were ingested after
the control level of metabolism was determined. The
average protein intake was 77 grams, the average total
calories 685. The oxygen consumption was followed at
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hour after smoking are not held trustworthy (23). If
the measurements following the smoking be omitted in
drawing the course of the oxygen consumption, the ac-
tual points thirty minutes after smoking are 0, 0, 6, and
S per cent above the curves thus obtained.

The procedures were not discomforting but not enjoy-
able, and in three cases the subjects asked as to how soon
the test would be finished. Only one subject (E. P.)
could be considered uncooperative. A tendency to
drowsiness was almost universal, but most of the sub-
jects remained quietly awake. The more intelligent pa-
tients were told something of the nature of the test;
others merely followed instructions. The low metabolic
rates, experience with the apparatus, and almost uni-
versal willingness to cooperate, all helped to maintain
the subjects at ease.

RESULTS

Specific dynamic action of glucose

The results of eleven experiments on nine pa-
tients, two to twenty-one months after total thy-
roidectomy, are presented in Table I. Two stud-

TABLE 1

Specific dynamic action of carbohydrate after total thyroidectomy

Oxygen consumption
Basal
Months| metabolic Carbo. Hours after test meal Thy-
Case | Age | Diagnosist | 293t | g3t |hydrace | old
tive | tionfrom | meal |Basal b1 % 1 134 2 day
normal
In- In- In- In- In-
crease crease crease crease crease
ce. | ce. cc. cc. cc. cc.
. per | per per per per per per per per per er .
years per cent | calories | min- | min- | cent |min-| cemt |min-| cemt |min-| cemt | min- | cemt l|grains
ute ute ute ute ute ute
E.P. 58 A.P. -28 280 | 150 | 153 2.0 {155 3.3 | 155 3.3 1152 1.3 | 153 2 1/2
M.S. 46 A.P. 3 =21 280 173 | 189 9.3 | 185 7.0 | 177 2.4 | 182 5.2 | 181 4.7 | 1/4
M.S. 46 A.P. 3 -26 375 163 | 176 8.0 | 168 3.1 | 159 -2.3 { 156 —4.2 | 156 —4.2 | dnp*
H.W. 34 R.H.D. 3 -30 375 170 | 186 9.4 | 186 9.4 1184 8.2 | 170 0 162 —4.6 0
H.W. 34 R.H.D. 3 -37 375 152 | 162 6.6 | 168 10.6 {172 13.2 | 169 11.2 | 168 10.6 0
H.K. 61 A.P. 4 -34 280 156 | 161 3.2 | 167 7.1 | 170 9.9 | 174 11.6 [(170) 891 1/8
H.G. 24 R.H.D. 12 -37 375 156.5| 166 6.1 | 168 7.3 | 170 8.6 | 171 93| 172 9.9 | 3/20
F.F. 36 R.H.D. 2 =21 375 164 | 177 7.9 |186 13.4 | 186 13.4 | 181 10.3 | 179 9.2
F.D. 19 R.H.D. 13 ~37 375 153 | 176 15.1 | 168 9.8 | 158 3.3 | 159 3.9 | 163 6.6 1]
T.C. 65 A.P. 10 —40 375 149 | 160 7.3 | 159 6.7 | 162 8.7 | 157 5.3 | 148 —0.6 | 3/20
G.F. 54 R.H.D. 21 -25 375 175 | 192 9.7 | 186 6.3 | 184 5.1 |178 1.7 | 175 0.0 [\]
Average: —30.5 | 350 [160.1)173.5] 7.7 [172.4| 7.6 [170.7] 6.7 [168.1] 5.1|166.1 | 3.9
* 150 mgm. dinitrophenol on day preceding test. .
t Diagnoses: A.P. = Angina pectoris; R.H.D. = Rh tic heart d

intervals for six to seven hours afterwards, measure-
ments being made in duplicate, and the results of each
measurement were plotted. One subject had three puffs
on a cigar, another had a cigarette directly after the
meal; two subjects each had a cigarette five hours after
the meal. Not knowing whether smoking or its denial
would vitiate results more, the effort was made to keep
the patient at ease. Measurements made within a half

ies are not included because of our inability to
obtain check measurements. Another experiment
was performed only two weeks after operation
and is referred to later. The oxygen consump-
tion per minute at one-fourth, one-half, one, one
and a half, and two hours were obtained as de-
scribed above. The percentage increase in oxy-
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gen consumption over the basal at each point has
also been calculated (Table I). The averages of
the values for oxygen consumption in Table I are
plotted as the lower curve in Figure 1. The total
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The average basal metabolic rate at the time of
the glucose experiments was minus 30.5 per cent,
the range was from minus 21 to minus 40 per
cent (Table I). The maximal increase in oxygen
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increases in oxygen consumption or the areas un-
der the curves above the control levels have been
calculated for the arbitrary period of two hours
and for the actual or extrapolated duration of the
increases. The average, the maximal, and the
minimal increases and the corresponding percent-
age increases are listed in Table II.

consumption after the glucose in the different ex-
periments ranged from 3.3 to 15.1 per cent of
the basal oxygen consumption (average 10.1 per
cent). This maximal increase occurred at one-
quarter hour after the test meal in five cases, one-
half hour in two cases, one hour in two cases, one
and one-half hours and two hours in one case

TABLE II
Summary of specific dynamic action after carbohydrate ingestion
Basalmeta- [ p. . “Cost”
Carbo- bolic rate. Maximum Increase in oxy- | Total increase (extra
hydrate | Deviation | OoXvsen oxygen gen consumption in oxygen calories | calories per
meal from tion ption for two hours consumption |(R.Q. 0.88)| 100 calories
normal of ingested)
wories | s | 5, | ol ||« |2« |
Average. ...... 350 —-30.5 160.1 174 8.75 | 1160 6.0 | 1400 44 6.8 19
Maximum. . ... 375 -21 164 188 14.64 | 2138 | 10.8 | 3300 7.4 15.9 4.2
Minimum *. ... 280 —28 150 156.5 4.33 540 4.5 780 3.3 3.8 14

* Experiment 1 (E.P.) in Table [—(From Table I; experiment 3 (M.S.) gives a smaller increase, but due to apparent
negative values this finding is questionable).
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each. The maximal increase of the average curve
was 8.7 per cent, the increase over two hours was
1160 cc. or 6 per cent; the total increase was 1400
cc. or 4.4 per cent (over 3 and 14 hours). As-
suming an average R.Q. of 0.875 2 after the food
there were 6.8 extra calories produced or 1.9 cal-
-ories for every 100 calories from carbohydrate
ingested. The results of experiments in two sub-
jects performed both before and after operation
are presented in Table III. In both of these sub-
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Control measurements of metabolism without
test meal

The oxygen consumption in Patient G. F.
fluctuated during four hours by = 2.7 per cent
from a level of 165 cc. of oxygen per minute.
Four weeks previously during the one hour con-
trol period before a protein meal the oxygen con-
sumption decreased from 171 cc. to 167 cc. per
minute. The oxygen consumption in Patient
W. D. decreased progressively during four hours

TABLE III
Summary of specific dynamic action of carbohydrate in subjects studied both before and after operation
Basal “Cost™
metabolic Carbo- Maximum Increase _ Total (extra
ra-t.e.. hydrate increase m oxyﬂe_n 'mmle calories
Deviation | "Y¢ in oxygen consumption in oxygen per 100
rom consumption over two hours consumption calories
normal ingested)
percent | calories | .29 | per cent c. per cont c. per cent
R.S.—preoperative. . ...... + 8 280 30 11.5 2160 7 2160 7. 3.8
2 weeks postoperative *..... —-13 375 52 24 3960 15 4010 14 5.2
F.F.—preoperative......... -9 375 12 6.3 1200 5.3 1440 43 1.9
2 months postoperative. . ... -21 375 22 134 2180 11.1 3284 7.3 4.3

* This experiment was not included in Table I or Table II., because only two weeks had elapsed since operation.

jects the specific dynamic action was higher in the
experiments after operation than before.

Specific dynamic action of protein

The results in five experiments on the four pa-
tients are summarized in Table IV. One-half
hour after the administration of the protein test
meal a rise in oxygen consumption was observed.
The oxygen consumption reached its average
maximum between one-half and three hours after
the meal and remained at about that level for the
duration of the experiment (6 to 7% hours).
From the curves plotted as described the average
total increase during the experiments was 10,570
cc., equivalent to approximately fifty extra calo-
ries or to an average increase of 16.6 per cent
over the basal oxygen consumption. The caloric
increase was 7 per cent of the caloric intake or
17 per cent of the protein calories ingested. The
average basal metabolic rate for this series was
minus 28.6 per cent.

2 The average respiratory quotient from 0 to 3 hours
after dextrose in the experiments of Benedict and Car-
penter was 0.875 (11).

from 182 to 167 cc. per minute. In an experi-
mental control one week later the oxygen con-
sumption decreased from 187 to 180 cc. per
minute in one hour and again two weeks later
from 185 to 182 cc. per minute in one hour. The
oxygen consumption in Patient F. D. during the
first hour was 130 cc. per minute = 15 cc. (11.5
per cent). From then through the fourth hour
the oxygen consumption remained 130 cc. = 5 cc.
(3.8 per cent). In an experimental control one
week previously the oxygen consumption was 145
cc. per minute =+ 2 cc. (1.4 per cent) over three-
quarters of an hour.

DISCUSSION

The purpose of the above study was to discover
whether the specific dynamic action of carbo-
hydrate and of protein in patients with hypothy-
roidism following total thyroidectomy differed
significantly from that reported for normal indi-
viduals. The method of studying specific dy-
namic action which has been utilized above was
chosen because of its simplicity and because early
experiences showed it to be suitable to our pur-
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TABLE 1V
Summary of specific dynamic action after protein ingestion
Maximum
Testmeal | oy | consumption | Jncrease | | pur.
Months metabolic Time | tion of Total Increase | g,
post- rate. to |aPProX-| i, reage in oxygen | i3
Case | Age | Diagnosis | gpera- Devia- Ap- per |Feach ::::tie in oxygen D;ra l11"080 per
tive Total | tion from " 1 maxi- " | consumption . day
ﬁ:,o,; ‘:!1' normal Basal gaotxé Total nai.x(!)ls mum inl:r::‘se protein
ories - pro-
mum tein
years grams| percemt | 55 A Rk f,;', c‘:{‘ hours| hours ce. cf:," cc. ‘t:, lerains
G.F. | 83 | RH.D. 12 [102| 860 | —27 168 208 | 2424 |2 7% 111,240 17 11,030 16 |0
W.D.| 23 | RH.D. 9 54| 520 | —25 [180-170*| 198 | 16 | 30 3 6 10,440 16 /19,350 30 | 1/8
W.D.| 23 | R.H.D. 9 56| 600 | —21 {180-170* 190 | 12 | 21 3 73 8,400 | 11 (14,850 20 (1/8
F.D. | 18 | R.H.D. 4 70| 620 | —38 145 168 | 16 | 23 | 3 7 7,475| 14 110,500 | 20 | 1/3
S.F. 53 | A.P. 10 |102| 825 | —32 159 212 33 | 33 | 2% 6 14,300 | 25 {14,100 25 |1/10
Average 77] 685 | —28.6 166 195( 20 | 26 10,570 | 17 {14,000 | 22

* During a control experiment without food the oxygen consumi:tion of this patient fell from 182 to 167 cc. in four
s

hours. The experimental controls over one hour before the test mea

consumption (see text).

pose. In the well trained subjects in this investi-
gation the error with which the oxygen consump-
tion over six minutes could be measured by a
Benedict-Roth apparatus was 3 per cent or less.
Obviously, the results over the entire experimen-
tal period are not as accurate as could be obtained
by continuous calorimetry, but by the use of
duplicate and serial determinations they are suffi-
ciently precise to render the interpretations valid.

It would have been theoretically more desirable
to use a group of patients who were not taking
any thyroid, and whose metabolic rates were even
lower and symptoms of myxedema even more
pronounced than in the present series. No con-
sistent difference in specific dynamic action could
be found, however, between the results in those
patients who were taking thyroid (grains %, to
14 daily) and in the patients to whom no thyroid
was being given. In addition, the nature of the
response of oxygen consumption after the admin-
istration of sugar was not correlated with the
basal oxygen consumption or the ‘ basal meta-
bolic rate.”

A consistent increase in oxygen consumption
occurred in all experiments (Table I) following
the administration of carbohydrate. The increase
in oxygen consumption is interpreted as resulting
from the ingestion of carbohydrate, for the
amount of fluid administered was insufficient to
affect the metabolism (11) and in many cases a
return to basal oxygen level occurred within two
to three hours after the meal.

likewise showed a slight progressive fall in oxygen

Many methods of expressing specific dynamic
action have been utilized. The data of our ex-
periments allow calculation in absolute and per-
centage values on the basis of maximal oxygen
increase, total and average increase over two
hours, and over the extrapolated duration of the
increase; in the carbohydrate tests the results may
be expressed in addition, as total extra calories,
and extra calories per hundred grams of carbo-
hydrate, by assuming a respiratory quotient of
0.88 with an error of =+ 2.5 per cent.

Our data calculated in these several ways are
compared with similarly treated values for oxygen
consumption from the experiments of Benedict
and Carpenter (11) and of Gephart and DuBois
(24) for the specific dynamic action of glucose in
subjects with normal metabolic levels (Table V).
Previous to operation, not only were most patients
insufficiently trained in the technique of metab-
olism testing but their clinical conditions would
not permit of satisfactory determinations of spe-
cific dynamic action. It was felt, therefore, that
the results of other authors using well trained
subjects with normal metabolic levels would serve
as a more accurate basis for comparisons with the
present series. From Benedict and Carpenter’s
work (11) are taken nine experiments in which
100 grams of glucose were given and three ex-
periments in which 75 grams were given; in all,
twelve experiments on ten subjects. From Gep-
hart and DuBois (24) six experiments upon three
patients are reported. The average maximal in-



TABLE V

Comparison of specific dynamic action of carbokydrate in normals and thyroidectomized patients
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crease, the two hour increment, and the total in-
crement in oxygen consumption after carbohy-
drate in the present series is less than in the con-
trol series of normals but the range of results
overlaps. The average percentage maximal in-
crease and percentage two hourly increase are
essentially the same in both the normal and thy-
roidectomized subjects. The average percentage
increase over the entire duration of the increase
is approximately the same in our series as in the
series of Benedict and Carpenter (11), but is
slightly less as compared to the figures of Gep-
hart and DuBois (24) who administered more
sugar (Table V). Calculated as extra calories
expended for 100 calories of food (assuming an
R.Q. of 0.88) the average specific dynamic action
in our patients is somewhat less than in both series
of the controls, but again the results in individual
instances overlap. The carbohydrate experiments
performed on two of our patients both before
and after operation show in each case a greater
specific dynamic action following thyroidectomy
(Table III). It is to be noted, however, that
these postoperative experiments were done only
two weeks and two months after operation. The
basal metabolic rates of the two patients with
hypothyroidism on whom specific dynamic action
studies after carbohydrate were made by DuBois
(5) and by Weisz and Adler (6) were only re-
duced to minus 20 per cent (5) and minus 15 per
cent (6) at the time of the tests. In these in-
stances, as in our patients with lower basal meta-
bolic rates, the results obtained were not different
from those obtained in some normal individuals.

There is no apparent statistical correlation be-
tween the basal rates of oxygen consumption and
the total increase in oxygen consumption per 100
grams of ingested sugar as calculated from the
combined experiments of Weisz and Adler (6),
Benedict and Carpenter (11) Gephart and Du-
Bois (24) and the present series. The coefficient
of correlation of these thirty-eight determinations
of specific dynamic action in normals and hypo-
thyroids is plus .2 (a perfect correlation would be
either plus or minus 1.00, absence of correlation
is indicated by 0).

The increase in oxygen consumption after the
ingestion of from 54 to 102 grams (average 77
grams) of protein in five experiments on four pa-
tients with hypothyroidism is similar to the in-
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crease in oxygen consumption after protein (av-
erage 90 grams, range 45 to 223 grams) in 16
experiments on 9 normal individuals reported by
Benedict and Carpenter (11) (Table VI, a).

MILTON LANDOWNE

These results are interpreted as demonstrating the
presence of specific dynamic action of hexose in
human hypothyroidism {following total ablation
of the normal thyroid gland. Although this spe-

TABLE VI
Comparison of specific dynamic action of protein in normals and in thyroidectomized patients
Oxygen consumption
Num-| Num-
befr fr Protein 3)':?)} Increase after food
Series sob- exgeri- intake |measure-
jects | ments ment Basal
Average Total Increase per
increase increase 100 grams protein
grams | hours f:mff"; :‘:mfft'e per cent ce. cc. per cent
Present hypothyroid. . .| 4 5 range |54-102| 6 74 | 145-180] 19-40 |11.3-25| 7475-14,300 | 10,600-| 16-30
19,350
average| 77 166.4 27 16.6 10,570 14,000 | 22.2
Normal [Benedict and
Carpenter (11)]
@..cccovvviunnn.. 9 16 | range |45-223| 43-7 |218-295| 10.5-69| 4-27 | 3850-18,900| 5,640-|11.5-35
30,500
average| 90 258 38 15.3 12,950 14,700 | 18.3
. (() 1 9 13 | range |43-111| 2 -12 | 193-260| 14-57 | 6-25 | 2700-28,500| 2,970-
. 40,000
average| 60 234 34 14.4 9400 15,600

The increase in our experiments is also similar
to that as estimated from the caloric increases re-
ported in another series of thirteen experiments
upon nine normal subjects by Benedict and Car-
penter (11) (Table VI, b). There is consider-
able variation in the specific dynamic action of
protein calculated in several different manners
(Table VI), both among normal subjects and
among our patients with hypothyroidism.

SUMMARY AND CONCLUSIONS

1. The specific dynamic action after the inges-
tion of 70 to 95 grams of carbohydrate was stud-
ied in eleven instances on nine patients at times
varying from two to twenty-one months after total
thyroidectomy. The average basal metabolic rate
at the time of the eleven tests was minus 30.5 per
cent. The oxygen consumption increased in each
instance after the carbohydrate meal, the increase
lasting from two to four hours. The average of
the maximal increases over the basal oxygen re-
quirements was 16 cc. of oxygen per minute or
10.1 per cent, and the average total increase was
1400 cc. per minute or 4.4 per cent for the average
duration of the experiments (3 and %4 hours).

cific dynamic action appears in percentage to be
approximately equal to, it is, on an absolute basis,
somewhat less than the average of figures for
normals taken from the literature.

2. The specific dynamic action after ingestion
of 54 to 102 grams of protein was studied in five
instances on four patients, at times varying from
four to twelve months after total thyroidectomy.
The average basal metabolic rate at the time of
the five tests was minus 28.6 per cent. The oxy-
gen consumption increased in each instance after
the protein meal, the increase lasting at least six
to seven hours. The average maximal increase
was 29 cc. per minute (20 per cent of the basal
oxygen requirement) and the total increase over
the observed period (6 to 7 hours) was 10,570 cc.
(16.6 per cent of the basal oxygen requirement)
or 14,000 cc. per 100 grams of protein. These
results are interpreted as indicating the presence
of a specific dynamic action of protein in the to-
tally thyroidectomized hypothyroid human subject.
The extent of the specific dynamic action is within
the range of normal as compared with values
found in the literature.
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