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APPENDIX II

SUBJECT STATEMENT
Date

I voluntarily agree to participate as a subject in the experiment to be
conducted on high altitude, I am aware that I may withdraw from the
experiment at any time without prejudice or penalty of any kind. It has
been explained to me that constant medical “upervision will be maintained

and that neither the exposure to high altitude nor the experimental techniques

used in this study are unduly hazardous. I realize that in some subjects the

high altitude may cause any or all of the following symptoms: dryness of
the mouth and nose, excitement, blurring of vision, dizziness, tiredness,
tremor, lack of appetite, mild cramps, thirst, confusion, a sensev of
well-being, sleepiness, muscular aches, ringing in my ears, nausea, runny
nose, headache, hunger, sleeplessness, coughing, rapid heart beat, chest
pains, fatigue, constipation, fever, muscular stiffness, stomach ache,
itching or sneezing.

The nature and purpose of the experiment have been explained to me

and I sign this statement fully understanding the project, any hazards

connected with it, and my rights,

(Name)
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VOLUNTARY CONSENT STATEMENT
Military Military Patient Civilian Civilian Patient

1, , having the copacity to coment,
voluntarily and without force or duress corsent to participate in research involving
the use of tracer amounts of radicisotopes. | have beer informed of, and understand,
the nofure, duration, and purpose of the experiment, the method and means by which
it is to be conducted, the inconveniences and hazards to be expected, and the
effects upon my health and person which may possibly come from participation in
the experiment .,

Specifically, | ogree to recaive ?wl? a small quantity of

containing microcuries of 8

clso agree to furnish wrine and stool samples for the period following until no detect-
able radicactivity is present and submit to measurements of expired gases if Carbon-
14 has been received.

| understand that | may ot any time during the course of the experiment revoke
my comsent and withdraw from the experiment without prejudice.

| do not at this time have any physical diseasec, except for the following
, or mental disease, to the best of my knowledge.

DATE SIGNATURE

SIGNATURE OF WITNESS

APPROVAL
| have personally ascertained that the quality of the foregoing consent s
sufficient to permit the volunteer to participate in the experiment .

ATTENDING PHYSICIAN PROJECT LEADER
09853
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USAMRNL - Bioenergetics Division 24 January 1969

PROTOCOL - FINAL
Project No.: 3A061102P71R Research in Biomedical Science

Task No.: 05 Environmental
Work Unit No.: 080 High Altitude Bioenergetics

ST 10: Effects of Diet and Altitude on Carbohydrate
Metabolism and the Metabolic Responses to
Exercise (With Labelled Glucose)

I. INTRODUCTIOU

Recent studies in this Laboratory (1, 2, 3, 4) have dealt with
metabolic derangements which develop in human subjects who are
abruptly exposed to altitude. Attempts have also been made to
evaluate the beneficial effects of a nigh carbohydrate intake and
with heavy physical exercise on performance and severity of
symptoms of acute mountain sickness. Of particular importance
is the demonstration that a high carbohydrate diet and heavy physical
activity prior to rapid exposure of men to high altitude appear to
diminish the symptoms of acute mountain sickness and improve
maximum physical performance. The mechanism by which high
carbohydrate-low fat intakes and exercise influence the response
of human subjects to high altitude remain to be elucidated. The
following is a summary dealing with carbohydrate metabolism at
altitude and the metabolic changes, principally of free fatty acids,

during exercise,.
A, Carbohydrate Metabolisni at Altitude:

At altitude, the fasting blood sugar may or may
not be altered depending on whether animals or human subjects
are used, the level of altitude, and acclimatization. In cats,
anoxemia increase the fasting blood sugar in the absence of excitement
(5). In guinea pigs, reduction of barometric pressure to 340
millimeters of mercury does not alter the fasting blood sugar (6).
In dogs, abrupt exposure to high altitude does not appreciably alter
the blood sugar (7, 8). In man, on the other hand, variable re-
sults have been reported by various investigators. At altitudes

09859
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in the neighborhood of 15, 000 feet, and in somewhat acclimatized
human subjects, the fasting blood sugar is not altered significantly
(9, 10, 11, 12). However, Picon-Reategui (13) showed in native
residence of Morococha, at an altitude of 4540 meters (14, 900 feet),
the fasting blood sugar was lower than at sea level. Similar findings
were reported by San Martin (14) and by Monge (15). Finally,
several investigators (16, 17, 18, 19) reported increments in fasting
blood sugar at high altitude. The latter subjects were appa aitly
poorly acclimatized to the altitude which was in excess of 15, 000

feet.

As with fasting blood sugars, variable changes
have been reported in glucose tolerance tests at high altitude.
Forbes (19) performed oral glucose tolerance tests in three human
subjects at an altitude of 5300 meters. In two of the men who had
been at this altitude for seventeen days, glucose tolerance was in-
creased. In the third man who had been at this altitude for only
six days, glucose tolerance was lowered. Subsequent studies by
Picon-Reategui (11) utilizing both oral and intravenous glucose
tolerance revealed a faster rate of glucose utilization in high
altitude residents as compared with those at sea level. More
recently, Janoski and Anderson (20) performed both oral and in-
travenous glucose tolerance tests on ten normal human subjects
both at sea level and during residence at 14, 100 feet. Results
showed that at altitude the glucose disappearance was lower than the
respective values at sea level. They also showed that insulin
secretion was delayed at high altitude. It should be noted; however,
that their subjects were semi-starved by choice while at altitude,
and the decreased glucose tolerance may be a reflection of semi-
starvation rather than altitude. Most recent studies in the
Bioenergetics Division of USAMRNL (21) reveal normal glucose
tolerance in normal human subjects both at sea level and altitude
when the intake of food remained high (in excess of 3100 Calories/

day).

Turnover studies of glucose at high altitude have
not been reported in the literature to date.
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Picon-Reategui (11) performed insulin tolerance
tests on human subjects who resided at an altitude of 4540 meters.
Results showed no changes in blood glucose, pyruvate, and lactate
during the tests. However, at altitude there was an increased rate
of fall of plasma inorganic phosphate and a decreased rate of fall
of plasma potassium during the insulin tolerance tests, Interestingly
enough, insulin reactions were reported less frequent in high
altitude residents compared to the high incidents in human subjects
at sea level. Picon-Reategui (22) also showed a normal hyper-
glycemic response to erinephrine but a subnormal response to

glucagon in altitude residents.

Davidson (23) has summarized the effect of chronic
exposure to actual or simulated high altitude on carbohydrate
metabolism in both animals and human subjects. At altitude, com-
pared to sea level controls, there is a smaller rise after glucagon
and a greater fall after tolbutamide in plasma glucose concentra-
tions, decreased liver glycogen after administration of cortisone,
pyruvate, and glutamate, and decreased venous but similar arterial
concentrations during all glucose uptake or carbon dioxide pro-
duction by rat diaphragms, using glucose alone or with insulin in
the incubation medium. Furthermore, there was no significant
difference in the insulin:glucose ratios between hypoxic and control
rats. However, hypoxic animals had a fasting plasma glucose of
17 mg percent iess than sea level control=.

These contlicting data about carbohydrate
metabolism at altitude reflect incomplete knowledge of this area.
In order to determine the metabolic effects of a high carbohydrate
diet, it is necessary to elucidate the derangements in carbohydrate

metabolism which result from abrupt exposure of human subjects
to high altitude, One aim of this study is to delve into the problem

at greater depth than has hitherto been reported.
The reinainder of this introduction will deal with
energy fuel for working muscle, with emphasis on FFA.
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B. Metabolic Fuel for Workinl Muscle:

Proteins contribute little fuel for working muscle
cells. In 1866, Pettenkofer and Voit (quoted by Astrand [24]) re-
ported that protein catabolism during heavy exercise was not higher
than under resting conditions. These findings have been confirmed
by others (25). In contrast wi*th protein, both lipids and carbohy-

drates provide energy for working muscle.

The percent energy yield by lipids and carbohy-
drates during exercise varies greatly depending on the diet composition
and type of exercise. In 1911, Zuntz (26) showed that in mild ex-
ercise performed after an extremely fat-rich diet, RQ values in-
dicated an almost exclusive fat catabolism. In 1939, Christensen
and Hansen (27) reported that physical capacity was markedly re-
duced in human subjects who were fed for one week an extremely
high-fat diet with less than 5% of the total caloric intake derived
from carbohydrates. In these subjects, the RQ was low during
work periods, and 70 to 99% of the energy for working muscles

was derived from fat combustion,

In contrast with high-fat diets, human subjects
on a normal diet (27) showed that only 50 to 60% of the energy was
supplied by fat during submaximal exercise. These authors
showed further that subjects living on a very high-carbohydrate
diet, where 90% of the total caloric intake was derived from carbo-
hydrates, that fat contributed only 25 to 30% of the metabolic fuel
for working muscle. Thus, the diet seems to effect the participa-
tion of fat versus carbohydrate in work metabolism,

In 1928, Bock and co-workers (28) emphasized
the influence of the severity of work on the proportions of fat and
carbohydrate contributions to metabolism, As mentioned above,
human subjects on a normal diet engaged in submaximal exercise
derive up to 2/3's of their energy from fat, In contrast, the closer
the human subjects work to their maximum, the more important
carbohydrates become and, with exhaustive exercise, all fuel may
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be derived from carbohydrate (27). Interestingly enough, fat
metabolism appears to play a somewhat larger role in trained hu-
man subjects in providing energy for working muscle than in un-
trained human subjects (29).

C. Changes in Metabolic Substrates in Plasma During

Exercise:

During aerobic work, fasting human subjects ex-
hihit alterations in plasma free fatty acid ~oncentrations (30, 31,
32, 33, 34, 35, 36, 37, 38). During the first ten to .ifteen minutes
of exercise, there is a reduction in the concentration of plasma FFA,
This has been termed the circulatory phase during which time the
cardiovascular adjustments to exercise occur rapidly and this 1s
associated with increase efflux of FFA from plasma. After about
twerty minutes of exercise, plasma FFA concentration returns to
control levels of may be higher due to enhanced influx of FFA into
the plasma., This has been termed the metabolic phase. During
this phase the glycerol concentration increases, indicating en-
hanced lipolysis of triglycerides, presumably from adipose tissue.
Finally, after stopping exercise, plasma FFA concentration rapidly
increases to a peak about ten minutes after the end of exercise
and subsequently returns towards control level within half to one
hour. The post-exercise period has been termed the recovery
phase. During the latter phase, glycerol, in contrast with FFA,
abruptly falls towards control values within a few minutes after

stopping exercise,

During the metabolic phase, the turnover rate
of plasma FFA is increased (35, 37). These authors have shown
further that in trained subjects about 75% and in untrained sub-
jects about 50% of the FFA flux through plasma was immediately
oxidized. However, despite an RQ of 0.75, only 25 to 50% of the
carbon di. ‘ide in expired air could be derived from immediately
metabolized plasma FFA, This indicates that lipid sources other
than plasma FFA must have been used to generate energy for muscle

work,
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The mechanism by which exercise enhances
lipid mobilization is not fully elucidated. As reviewed by
Carlson, et al (38), the activity of the sympathetic nervous
system appears to be increased during exercise. In adrenalectomized
patients, who are subsisted on cortisone, plasma FFA increased
during exercise, suggesting that lipid mobilization during exercise
occurs independent of the adrenal medulla. Norepinephrine is
believed to be the substance released by the sympathetic nerve
ending. to stimulate lipid m.bilization in adipose tissue. With
regard to other hormones, growth hormone increased during ex-
ercise ia man (39); however, patients with hypopituitariem have
a nor-nal FFA response during exercise, suggesting that the
pituitary hormones play a minor role in stimulating lipid

mobilization during exercise (40).

In support of the sympathetic nervous system
being the mediator for lipid mobilization during exercise, are
the {indings that beta-adrenergic blocking drugs, such as
pronethalol, decrease the rise in plasma FFA during and after

Similarly, nicotinic acid has been shown to

exercise (41).
plasma

greatly diminish the mobilization of FFA and the rise in
glycerol during exercise (42, 43). Iuterestingly enough, nicotinic
acid had no effects on either the rate of removal or oxidation of
plasma FFA, nor did it influence the efficiency of muscular work,
Carlson, et al (42) also showed that glucose administration had
similar effects on plasma FFA as nicotinic acid. Against the
sympathetic nervons system hypothesis; however, are the findings
by Carlsten, et al (44) in which he showed that administration of
Arfonad (trimethaphan) or hexomethonium, which are ganglionic
blocking agents, do not alter either the metabolic response of
plasma FFA during exercise nor their individual FFA composition.

The changes in plasma FFA vary with the intensity

and duration of exercise. Rodahl, et al (45) showed that during
heavy work lasting for ten minutes, plasma FFA decreased.
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Duri:; moderate work for one hour, plasma FFA remained es-
sentially unchanged, but they increased markedly during the re-
covery phase. Finally, during prolonged exhaustive work in
fasting subjects, plasma FFA rose steadily. Other investigators
have reported similar trends (31, 40, 46, 47, 48, 49). Young,
et al (50) found that during intermittent work for 24 hours, plasma
FFA stabilized at about three times the resting level. Finally,
Carlason and Froberg (51) reported that walking fifty kilometers
» day for ten days with low caloric intake produced increments
i1 plasma FFA and glycerol during the first six days, and a sub-
sequent slight decrease; plasma concentrations of cholesterol
and phospholipid and triglyceride were markedly decreased during
this period.

With regard to plasma FFA composition,
Wood, et al (49) reported a diminution in oleic:palmitic acid
ratio in plasma during acute exercise, suggesting a greater
fractional turnover rate for oleic acid as compared to palmitic
acid. Carlsted, et al (46) reported a decrease in the percentage
of plasma stearic acid and a slight increase in the percentage of
linoleic acid, but no change in oleic acid. Hagenieldt and Wahren
(52) reported that during arm exercise, the net uptalke of linoleic
acid is emaller than that of palmitic and oleic acid. Havel, et al
(37) on the other hand, reported no relative changes in palmitic,
oleic or linoleic of plasma FFA during exercise,

As to the effects of exercise on plasma lipids
other thar FFA, there are little or no changes in concentrations
of plasma cholesterol, phospholipid or triglyceride during short
exercise (31, 53). Several authors (55, 56, 57, 58) reported no
effect of physical training on total serum lipids or serum cholesterol
concentrations, On the other hand, other investigators have re-
ported different -~esults. A significant fall in plasma cholesterol
phospholipids, and triglycerides have been observed after eight to
nine hours of skiing (54)., MacDonald (59) reported decrements in
plasma lipid concentrations after 27 to 55 miles of walking.
Campbell (60) reported reductions in serum cholesterol in hu-
man subjecte running on a treadmill three times/week for ten

ik
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weeks. Similar findings have been reported by others (61, 62,
63, 64, 65). '

The effects of high altitude on serum lipid com-
ponents of human subjects were investigated by Klain and Hannon
(12). Eight male subjects were exposed to an altitude of 14, 100
feet for fourteen days. Total serum lipids and to a lesser degree
serum cholesterol were diminished. However, serum phospho-
lipid and FFA concentrations progressively increased during the
period of altitude exposure. The increase in plasma free fatty
acid concentrations at altitude may be related to the reported in-
crease in catecholamine secretion at altitude (66).

There are no studies in the literature dealing
with the changes in plasma lipid components during exercise at
high altitude.

At sea level or low altitude, exercise (treadmill
running with a 10% grade at 100 m/min) produces no change in
plasma glucose concentration; however, glucose turnover is in-
creased slowly, reaching a maximum at the end of exercise (67).
These authors have also reported an elevated increment in blood
lactate and pyruvate increase with moderate or maximum exercise,
but the resting levels of these two substrates diminish with ac-
climatization (68). There is a paucity of information on the
metabolic alterations during a standard exercise workload at
altitude. Two separate studies will be conducted and will be re-
ferred to as Study I and Study 1L

D. Responsibility of the Welfare of the Human Subjects

(Studies I and 1I):

The Medical Officer, CPT S. S. Sanbar, will be
medically responsible for the health of the human subjects. He
will be present during all phases of the study and will have the
authority to terminate all phases of the study if he has probable
cause that continuation will result iu injury, disability, or death to

the volunteer subjects.
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During the one week at high altitude, CPT R. Cohn,
MC, Metabolic Division, will take over the responsibility of the
subjects living on the Metabolic Ward while CPT Sanbar accom: ""‘es

the other subjects to altitude.

II., OBJECTIVE

The immediate aims of the proposed study are to evaluate
whether glucose metabolism is impaired during abrupt exposure of
human subjects to high altitude (4300 m). The following parameters

will be compared to sea level control data:

a. Intermixing glucose mass, apparent distribution
space of glucose, anc rates of appearance (hepatic output) and
disappearance (tissue uptake} of glucose, *neflfured by the technique
of measured tracer injection of gluccse-U-C .

b. Influence of physiologic dose of glucagon (1l micro-
gram/kg body weight) on concentrations of plasma glucose, insulin,
growth hormone, and {ree fatty acids.

c. Influence of intravenous infusion of the amino acid
arginine on plasma glucose, insulin, growth hormone, and free
fatty acid concentrations.

d. Metabolic pattern during submaximal exercise.

I, JUSTIFICATION
Two of the major problems encountered at high terrestial
environments are the ''mountain sickness'' syndrome after abrupt

altitude exposure and the decreased ability to perform maximal
physical work at altitude. These effects of altitude would seriously

handicap our military personnel if they were engaged in any con-
flict under these ¢ nditions. This study deals specifically with
this problem, in attempting to determine why a high carbohydrate
diet and heavy physical exercise will decrease the clinical

e S
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symptoms of acute mountain sickness, and to investigate the de-
rangements in carbohydrate and lipid metabolism at altitude,

IV, EXPERIMENTAL DESIGN (Study I)

Sixteen, normal male Army volunteers from Fort Sam
Houston, Texas, will be studied. The criteria for acceptance of
the subjects into the study will include a normal, complete physical
examination, including EKG's, the absence of prior exposure .o
high altitude, and a history of normal or average American food
intake for at least two weeks prior to the beginning of the study.
A diet containing a normal distribution of nutrients, as issued at
a military garrison mess hall, will be fed ad libitum and the
daily intake will be measured for each subject during the study
period. With the exception of the treadmill walk, these subjects
will not exercise during the entire study period,

Eight subjects will be rapidly transported to Pike's Peak,
Colorado (elevation 4300 meters). Each of these subjects will
remain on Pike's Peak for threc days, after which he will be re-
turned to Fort Sam Houston, On the morning following arrival to
Pike's Peak (Day !), glucose turnover and response to glucagon
will be determined. On Day 2, arginine infusion tests will be per-
formed. On Day 3, a standard submaximal exercise test will be
All tests will be performed in the morning while the sub-
jects are in a fasting state. As mentioned above, the total daily
nutrient intake for each subject will be calculated. After com-
pletion of the altitude phase at Pike's Peak, the second group of
eight men will be selected to match the first eight subjects with
respect to height, weight, race, and age. They will undergo the
same series of tests at sea level and they will be pair fed at the

same rate as the altitude group.

Glucose Turnover; The technique of measured tracer in-
jection of glucose-U-C = will be utilized to determine the inter-
mixing glucose mass, apparent distribution space of glucose,
and rates of glucose appearance into and disappearance from
A single dose of 30 microcuries of high specific

done.

circulation,

10
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activity glucole-U-C14 will be injected intravenously after ob-
taining a blood sample in the fasting state, This dosf“ie approxi-
mately 1/7th of the maximal recommended dose of C ~ labelled
glucoee. Following injection of labelled glucose, blood samples
will be obtained at 15, 25, 40, 55 and 65 minutes for determination
of specific activity of plasma glucose as described by Sanbar (72).
Curve fittings of the results of specific activity will be performed
by an IBM Computer, and calculations will be carried out as described
by Wrenshal and Hetenyi (73) and Forbath and Hetenyi (74). No
other radioisotope will be administered to the subjects. Since

the dose of radioisotope is relatively small, no special precautions
will be utilized such as isolation of the subjects, However, the
blood samples obtained from the subjects will be placed in non-
breakable vials, and all contarminated solutions will be sent to the
Radicisotope Branch, Physiology Division for disposal. Urine

and fecal disposal will be done according to AEC regulations al-
though it is known t?it most of the labelled glucose (75% +) will

be disposed of as C O_ in the expired aitl(‘aee inclosed request
for an amendment permitting the use of C ~ labelled glucose in
human volunteers).

Glucagon Tests: This will be performed on the same day that
glucose turnover is done. Exactly 65 minutes following administra-
tion of glucose-U-C ', a single ir ection of glucagon (I microgram/
kilogram body weight) will be injected intravenously and blood
samples will be obtained at 1, 5, 10, 15, 20 and 30 minutes fol-
lowing the injection, The plasma will be analyzed for glucose
specific activity, which will provide information regarding re-
lease of glucose by the liver and measurements will also be made
of plasma insulin, growth hormone, and free fatty acid concentra-

tions,

Arginine Infusion iests: This test will be performed on Day
2. Two control blood samples will be obtained at fifteen minute
intervals before starting the intravenous infusion of arginine.
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Arginine (.2 g/kg body weight or a maximum of 30 g) will be ad-

ministered intravenously over a period of 30 minutes. During

the infusion, three blood samples will be obtained at ten minute
intervals. After the infusion of arginine, blood samples will be
obtained at 15, 30, 60, 90, and 120 minutes. The plasma will be
analyzed for glucose, free fatty acid, insulin, and growth hormone

levels,

Standard Exercise Test: Standard exercise test will consist
of a twenty minute walk at 3.5 mph on a treadmill with a 4% grade.
For ten minutes prior to the walk, 20 minutes of the walk, and 60
minutes after exercise, continuous measurements of oxygen con-
sumption, carbon dioxide production, ventilation rates and volumes
and pulse rates will be made with the continuous respiratory gas
analyzer. Blood pressures will be obtained at ten to fifteen minute

intervals throughout this period.

Blood and Plasma Parameters: Prior to the treadmill test,
an indwelling catheter will be placed in an arm vein for obtaining
serial samples. Blood samples will be drawn at ten minutes and
immediately prior to the treadmill walk, at ten and twemnty minutes
of the walk and post-exercise at five, ten, fifteen, thirty, forty-five,
and sixty minutes. These blood samples will be used to determine
blood glucose, pyruvate, lactate, hemoglobin content, and hemato-
crit values and a portion of the blood will be centrifuged. This
plasma will be used in the determination of free fatty acids,
cholesterol, triglycerides, sodium, potassium, and total pro-
teins. All of the tests will be done in the morning after an over-

night fast,

Body Composition: Body composition measurements will be
done on separate days and will include body density by displacement,
body water using deuterium oxide and thiocyanate space.

Blood Volumes: Total blood volumes will be determined
prior to the treadmill tests by the infusion of Evans Blue T-1824
Dye immediately after obtaining the first (-10') blood and drawing
additional blood just prior to exercise for the determination.

12



Work Unit 080; ST 10 24 January 1969

Mental Attitude and Ability (Studies 1 and II): (a) General
High Altitude Mood Symptom Cuestionnaire: A check list that re-
flects attitude changes and symptoms of mountain sickness will he
administered twice daily on each subject throughout the study, This
questionnaire has proven to be valid in recent studies (69, 70) and
will provide a final numerical value which may describe the degree
of severity of the clinical symptoras. (b) Digit Symbol Substitution
Test (Convergent Production): This test may be adversely affected
by hypoxia (70, 71). It is intended to measure information pro-
cessing ability when minimal pressure of constant atteantion is re-

quired.

Body Weight: Body weight will be taken on each man daily,
immediately upon arising and after voiding.

V. ADMINISTRATIVE

1. Division Responsibility:

This will be a Bioenergetics Divisior study with col-
laboration from Metabolic Division for the purchasing and prepara-
tion of the liquid diets.

2. Project l.eaders:

The project leaders will be CPT Shafeek S. Sanbar,
MC; Herman L. Johnson, Ph.D.; with C. Frank Consolazio, C,
Bioenergetics Division and Harry J. Krzywicki as co-investigators.

3. Cost:
a. Personnel (Salaries):

S. S. Sanbar - 90% of time for 5 weeks $1,125,00
H. L. Johnson - 90% of time for 5 weeks 1,170, 00
C. F. Consolazio - 10% of time for 4

weeks 172. 00
H. J. Krzywicki - 30% of time for 5 weeks 412,00
Five enlisted men - 100% of time for 5

weeks 4, 125,00
Four civilian technicians - 75% of time

for 5 weeks 1,875.00
One EM - Combined Maintenance 224.00

13
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b. Travel to Fort Sam Houston and Return:

2 Project Leaders (3 trips each)
10 Civilians, Military Personnel

(1 trip each)
8 Additional trips to accompany

troops to Pike's Peak, Colorado
8 Subjects

c¢. Per diem:
Fort Sam Houston, Texas - 6

civilians and 1 officer (26 days)

5 Enlisted men (26 days)

Pike's Peak - 6 civilians and | officer
and 5 enlisted men

Test Subjects (8)

Miscellaneous funds for research TDY

d. Eguigmenﬂ

Practically all on hand (Miscellaneous)

e. Sugelies:
Miscellaneous
f. Contract Funds:

Refrigerator - Freezers Rental
Truck Rental

Air Conditioning Units

Car Rental

Support from Fort Sam Houston, Texas:

o

To include building with tables, chairs,

etc,

Total

14

$ 750.

1, 250,

00

00

1,000.00
1, 000, 00

4, 000,
500.
1,500,

400.
2, 000,

2,000,

3,500.

500.
1, 000,
1, 009,
2, 000,

2,500,

$26, 400,

00
00

00

00
00

00

00

00
00
00
00

00

00



Work Unit 080; ST 10 24 January 1969

APPENDIX 1 TO STUDY I

Alse@elt for an Amendment is Submitted Pertaining to the Use of
C'  Labelled Glucose in Tracer Amounts in Volunteer Human Ex-

perimental Research Subjects.

I, INTRODUCTION

In the "Request for Approval for Human Use of Radioisotopes
in Tracer Amounts in Volunteer Experimental Research Subjects",
submitted in 1968 by the U. S. Army Medical Research and Nutrition
Laboratory, Denver, Colorado, for reconsideration and renewal of
radioisotope license by the Atomic Energy Commission and the Of -
fice of The Surgeon General, detailed refercnce is made for use of

C ~ labelled carbohydrates.
The general heaith physice for Carbon-14 was described on
page 6 of the request:

With regard to the proposed usage of labelled carbohydrates,
the following statement was made on page 19, paragraph 3, of the

request:

""Studies on the interrelationship of various types
of carbohydrates and other dietary components on
serum triglyceride and cholesterol in the human
have advanced to the state where tracer levels of
common sugars are necessary to provide the de-
sired information. Df?ilu as Lo procedures em-
ployed in the use of C ~ labelled carbohydrates
were included in the previous license''.

The ''previous license'' included the following statement (page 14
of formerly approved request).

"b. Request for Use of Carbon-14 to label Vitamin ©
and Related Compounds.

Therefore, because of demonstrated usefulness
and necessity of using tracer techniques to study

metabolic pathways, the proposal is being made 14
that tracer amounts of Carbon-14, as glucose-6-C

15
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glucuronolactone- -C“. glm:ux'onic-()-Cl acid
and ascorbic-1-C ~ acid be administered by
mouth to humans in further studies for the pur-
pose of measuring the pool size and the rate of
utilization of body ascorbic acid under varying
conditions. The subjects to be used will be
military personnel (volunteering for the specific
study) or laboratory personnel, both male and
female, or Fitzsimons General Hospital person-
nel (as well as Fitzsimons General Hospital
patients who volunteer). The possible hazards
of the experiments will be explained in advance
to all subjects, Although multiple experiments
may be performed on individuals, in no case
will the total body radiation dose from this
experiment, other experiments, or from x-
rays, exceed the maximum permissisle limits
for normals of 5 rem por year (lower below age

25),

I, SPECIFIC AMENDMENT REQUEST

The following amendment of the inclosed request is being

sought:

That, in addition to what has been stated in the "Re-
quest for Approval for Human Use of Radioisotopes in Tracer
Amounts in Vplunteer Experimental Reosearch Sabjects'’, per-
taining to C  labelled carbohydrates, approval be granted for
infiavenous administration of a maximum of 50 microcuries of
C" " labelled glucose per adult for purpose of studying glucose
metabolism in health and disease and under a variety of ex-

perimental conditions.

A sterile and pyrogen-free solution of CM labelled

glucose will be injected intravenously in its pure form. All
other safety standards will be followed as detailed in the in-

closed 1968 request,

16
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I, DOSAGE CONSIDERATIONS AND CALCULATIONS:

a. The maximum dose of 50 microcuries of Cl4 labelled
glucose to be administered per adult is well within the officially
approved dosage (maximum permiited is 300 microbmzdes) for
study of metabolic prccesses in man as noted in reference 75, 76.

b. Since 1954, C“ labellied glucose has been used in human
subjects to study glucose metabolism, and the following references
are only 3 of a voluminous and well-known literature on this gub-
ject (77, 78, 79).

c. Accopging to Baker, et al (77) and Bolinger, et al (78),
about 60% of C* ~ labelled glucou“iqjoctod intravenously, was
expired in the firgt 24 hours as C 'O_. About 90% of the label
will appear in C 'O, in expired air withln 72 hours after injection.
Thus, the majority of injected glucose is oxidized to CO_ and HZO.
mostly via breakdown to active acetate and entry into the Krebs
cycle. In that regard, follow}ig the intravenous administration in
man of 100 uc of acetate-1-C" °, Gould, et al (80) reported that ap-
proximately 56% of radiocarbon was eliminated during the ﬁr,s 24
hours. On this basis, they assumed that less than 25 uc of C' = is
"retained'' in the ''fat compartments' of the body following a aixi*le
100 pc dose. Inasmuch as the maximum permissible dose of C
compaunds retained in the body is estimated to be 250 pc (Handbook
52 of the National Bureau of Standards [81]), Gould and his co-
workers felt justified in administering, over eriod of several
months, a maximum of five 100 juc doses of C°~ acetate to human
subjects without regard to their life expectancy. Radioautograph
studies by Hellman and co-workers (82) of tissues obtained at
postmortem examination from patients who had received 200 pc
of C ~ acetate also failed to disclose areas of concentration of the

ieotope,
d. The dose of radiation from 50 microcuries of C14 glucose
is calculated, tesed on above information in the literature and using

the formulae desc ribed elsewhere (83). If one assumes that all 50
microcuries of © ~ glucose are retained in the body indefinitely

17
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{which of course is not the case), then -
df = 51.2xCx E /2 rads (per day)

where,
C - microcuries per gram body weight
= 50 pc/70, 000 g for an average-eize adult
E ﬁ = average beta riy energy per disintigratior
in Mev
14
= 0.050 Mev for C
thus,

4 p =51.2%50%0.05=1.8)x 10" ¢ /day
70, 000 .

(er 0.013 r/week)

Therefore, even if one assumes all 50 uc of C
glucose are retained in the body, the radiation received from them
will be within the permiuible dose of 0,1 rem per week (84).

It must be emphasized; chvcr, that the majority of the
injected dose 18 excreted as C O, in expired air, as referenced
earlier. Thus, each subject will eive a considerably les
radiation dose from the 50 pc of C  glucose than 1. 83 x 1077 r/day.

Assuming that 90% (45 uc) of Cl‘ is excreted from the body

and 10% (5 pc) retained 1nd_e§lniuly. each subject will receive a.&oul
life time dose of 2.35 x 10 rad from the 45 pc, and 1,83 x 10

"r/day from the 5 pc retained in the body.

IV. USE OF GLUCOSE C
dministration of C“ labelled glucose will be

Intravenous a
used to study:

a. Intermixing glucose mass.

b. Apparent distribution space of glucose, and

¢. Rates of appearance (moetly hepatic output) and
digsppearance (tissue uptake) of glucose in human subjects exposed




Work Unit 080; ST 10 24 January 1969

to altitude and various dietary and drug ragimens, and in patients
with metabo'ic disorders.

Each volunteer will sign a Voluntary Consent Statement,

19
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ST L The Effects of High Carbohydrate Diets on Physical
Performance

I, OBJECTIVE

The primary objective of this study is to evaluate the effects
of a high carbohydrate-low fat diet on physical work performance
at sea level and at high altitude. This study should elucidate some

of the discrepancies by various investigator=.

I, JUSTIFICATION

One of the major problems in the military has been: {a)
to find a means of increasing endurance and celaying the onset
of fatigue of troops in combat; and (b) to relieve or reduce the
severity of clinical symptomatology in troops abruptly exposed
to high altitudes. Recent investigations suggest that high carbo-
hydrate diets may be beneficial. Field commaénders would need
this information in order to accurately estimate their personnel
requirements and operational capabilities. This study will at-
temnpt to delineate further the mechanisms by which high carbo-
hydrate diets increase work performance.

11, EXPERIMENTAL DESIGN

Eight, young, normal male subjects (conscientious objectors)
will be randomly assigned to two groups of four each, the first to
consume a diet of normal American nutrient composition and the
second group a high carbohydrate-low fat diet (approximately 70%
of the calories from carbohydrate) Table I. All of the men will
be given approximately 3600 Calories/day, with 1800 Calories
from normal foods and 1800 Calories from a liquid supplement.
The differences in the diet will be in the liquid portion. It is
anticipated that the subjects will completely consume the daily
ration during the entire study. After coneultation with Major C.
Miller, the diets will be prepared and fed by the Metabolic Ward

personnel.
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The subjects will be required for ten weeks between the
period 21 April to 30 June 1969 and with the exception of week
seven at Pike's Peak, the study will be conducted on the Metaboiic
Ward, U.S8. Army Medical Research and Nutrition Laboratory.

The two groups will begin to eat their designated ration on
Day 1 with the following schedule:

Weeks | - 2 No Exercise Denver
Weeke 3 - 7 Heavy Physical

Exercise Denver
Week 8 Heavy Phyesics'

Activity Pike's Peak
Weeks 9 - 10 Heavy Physical

Activity (all to
consume a normal
diet) Denver

All of the physiological measurements will be done in the
Bioenergetice Division during the Denver phase. During the
Pike's Peak phase, tvio men, one from each group, will be
transported to the top of Pike's Peak daily for the various measure-
ments. The weekly schedules will be as follows:

Submaximal Work Maximal
Day and i M o T (o S Work
Blood Parameters

Mon - AM A B

PM
Tues - AM C D A B

PM A B
Wed - AM E F C D

FM C D
Thurs - AM G H E F

PM E F
Fri - AM G H

PM G H

21
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SCHEDUIL.E - WEEKLY |

0 1 2 3 4 5 6. 7 8 9 10

Diet - Experimental | Experimental All (Normal
All {2 Groups) (Normal and High Control)
Normal Carbohydrate)

Control

- Heavy at 3600 Calorie Level

Activity None

1600 m 4300 1600 m ————
m

Altitude

.Muouumenu

Sub Max

(bloods,
etc. ) X X X X X X

Sub Max
(no
bloods) X

Max
Work X X X X X X

IV GTT
Body
Com-

position X X X X X X

Physical Activity: After the second week, all of the subjects
will maintain a daily energy expenditure of 3600 Calories for the

remainder of the study.
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a. Standardized submaximal physical activity will be
performed on the treadmill once each week. This will consist of
walking at 3.5 mph on a 4% grade for twenty minutes. For ten
minutes prior to the steady state exercise, twenty minutes of ex-
ercise and sixty minutes of recovery after exercise, continuous
fmeasurements of oxygen consumption, carbon dioxide production,
ventilation rates and volumes and pulse rates will be made with
the continuous respiratory gas analyser. Blood pressures will
be obtained at ten to {ffteen miuute intervals throughout the period.

b. A maximal work performance will also be done
each week on each subject and will be based on the Balke test,
in which the grade will be incrcased 1%/minute until the man
stops due to exhaustion. Only oxygen uptakes and pulse rates
will be measured during this performance,

Blood Parameters: The blood and plasma parameters will
be done six times on each man during the entire study, twice
during the non-exercise period, twice during the heavy exercise
period (weeks 2 and 4), once at high altitude and once during the
final phase. All of the tests will be done in the morning after an

overnight fast,

Prior to the exercise test, an indwelling catheter will be
placed in an arm vein for obtaining serial samples. Blood
samples will be drawn at ten minutes and immediately prior to
the treadmill walk, at ten and twenty minutes of the walk and
post exercise at 5, 10, 15, 30, 45, and 60 minutes. These blood
samples will be used to determine blood glucose, pyruvate,
lactate, hemoglobin content, and hematocrit values and a portion of the
blood will be centrifuged. This plasma will be used in the
determination of free fatty acida, cholesterol, triglycerides, sodium,
potassium and tutal proteins and lipoprotein electrophoresis.

Intravenous glucose tolerance tests will be done six times
during the same periods, but on a different day. On these days,

23
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body composition measurements will be done. They include body
density by displacement, body water using deuterium oxide and
thiocyanate space. Total blood volumes will be determined prior
to the treadmill tests by the infusion of Evans Blue T-1824 Dye
immediately after obtaining the first (-10') blood and drawing
additional blood just prior to exercise for the determination.

Body weights will be taken on each man daily, immediately
after arising and voiding.

Balance Studies: Complete collections of urine and feces
will be taxen during the entire study. The fecal samples will be
pooled for 7 day periods. Urines will be collected for 24 hour
periods, the volume measured, and then the pH adjusted to 2. 0.
Water, nitrogen and mineral balances will be computed,

Water: Additional water will be available to all men ad
libitumn but measured. This will be kept refrigerated in plastic

bottles.

Two to three weeks prior to the beginning of the study, the
subjects will be supplemented daily with iron (ferrous sulfate).
This therapy will continue during the entire study. Since iron
therapy may have some effects at altitude, it will be eliminated
during week 7. The control and high carbohydrate diets will be
supplemented with vitamins and minerals so as to contain the

daily NRC Allowances.

IV, ADMINISTRATIVE
1. Division Responsibility:

This will be a Bioenergetics Division and Metabolic
Division study with the Metabolic Division being responsible for
housing and the feeding of the test subjects.

2, Project Leaders:

The co-project leadere will be CPT Shafeek S. Sanbar,
MC; Herman L. Johnson, Ph.D.; C. Frank Consolazio, C,
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Bioenergetics Division; and Harry J. Krezywicki, Bioenergetics
Division. Major C. Miller of the Metabolic Division will also be

a co-investigator,
3. Personnel (Salaries):
S. S, Sanbar - 100% of.time $ 2,250.00

H. L. Johnson - 90% of time 2, 340, 00
C. F. Consclazio ~ 40% of time 1,720.00
i H. J. Kreywicki - 50% of time K, 300. 00
Five enlisted men - 100% of time 8, 250, 00
Four civilian technicians - 75% of time 3, 750,00
One EM, Combined Maintenance 224.00
Total Salaries $19,834,.00
4, Cost:
a. Travel to and from Pike's Peak
(subjects and test personnel) 1, 000,00
b. Per diem - Pike's Peak phase
(10 daye); 3 civilians, | officer, 4 enlisted men,
and 8 subjects 1, 730,00
¢. Equipment - 2, 000,00
d, Supplies 3, 000.00
e. Foods (Dietary Components) 2, 000,00
f. Contractural Rentals
4 Vehicles 1, 000,00
Truck 400,00
Total $11, 130,00

C., FRANK CONSOLAZIO
Chief, Bioenergetice Division

L

y i

SHAFEEK S, SANBAR
CPT, MC
25 Bloenergetics Division
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STUDY U1

Composition of Diets

Groups
Normal % of Total High Carbohydrate % Total

uQuld Portion

Calories 1821 1823
Protein, gm 70.1 15,2 70.0 15.2
Fat, gm 73.4 35.9 1.0 0.5
Carbohydrate, gm 224.4 48.8 388.8 84.3
Solid Portions (same for both groups)*
Calories 1788
Protein, gm 73. 1 16,1
Fat, gm 7R:.3 35.9
Carbohydrate, gm 217.3 48.0
Totals (All Diets)
Calories 3609 3611
Protein, gm 143.2 15,7 143. 1 ‘
Fat, gm 145.9 35.9 73.3 18.1
Carbohydrate,
gm 441.7 48. 4 606. 1 66.3

* The solid portion of the diete will contain TV dinners, canned meats,
fruits, fruit juices, milk, dry cereal, etc,
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This page may be completed by the physicion's preceptor (if any) in the medical use of radioisotopes. When the information is not
furnished by the precepior, the name and present address of the preceptor (if any) should be shown in item 12 below.
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!

10 CUINICAL TRAINING AND EXPERIENCE OF M’lCIAN WHO WILL USE BYPRODUCT MATERIAL
A ® © { ST, . Y
OF PARTICIPATION FOR ALL CASES
1SOTOPE CONDITION(S) DIAGNOSED OR TREATED "‘-‘""“s:.“ N Couies o {sivels appliosbly v
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"Others. R e 1 2 344 ]
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Section |. General Introduction

1. Pumpose of request
a, Por. 3b(3), AR 40-37, "Rodiolsotope License Program (MHuman

Use), " dated 12 August 1963, requires that written approval be obtained from

the Secretary of the Army prior to the submiision of license application (through

channels to AEC) for human use (of rodicisotopes), when voluntesrs are 1o be

used os experimental ressarch subjects. This porograph (Par. 3b(3) AR 40-37)
cltes AR 70-25, "Research and Developmaent: Use of Volunteers as Subjects of
er&a, " dated 26 March 1962 as the basis for the requirement. ’

b. AR 70-25 prescribes policies ond procedures goveming the use of
volunteers as subjects, Including research In nuclear, blologlical and chemlcal
warfore, whareln human oeings oz 4 -Iiharately exposed to unusual or potentially
hazardous conditions, Par. & of this AR requires approval of the Chief of
Research and Development prior to the ressarch and, In the case of nuclear,
biological or chemical agants, approvel of the Secretary of the Army is required.

¢. Rodioisotopes In tracer amounts a3 used in metabolic and physio-

loglcal experiments are not nuclear ogents (in the context and intent of AR 70-25
these words undoubtedly mean nuclsar worfare agents), Furthermors, tracer
quantities of rodloisotopes m licersed by AEC and used by competent medical

research sclentlsts comatitute o health hazard s0 minimal os to permit debate re

the apphicabil ity of AR 7025,

e ———— A ———
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d. Nevecrtheless, to comply with the odministrative technicality Imposed
by Par. 3b(3), AR 40-37 ond Par. 6, AR 70-25, this request s submitted for
opproval for humon use of stated radlolsotopes in tracer omounts In velunteor

experimantal research swhbjects at U, 5. Ammy Medical Research and Nutrition
and

Loboratory end Fitzsimons General Hospital/In field studies conducted by USAMRNL,

2. Scope of request
a. Experiments included in this request are not, in and of themselves,

unusval or potentially hazardous under the definitions of AR 70-25, They would
be considered potentiolly hazardous (and minimally s0) only to the sxtent that
rodloactive Isotopes In tracer quantities are used.

b, Thersfors, this request teeks approval only for use of the specified
rodicisotopes, the experiments otherwise not requiring Individual approvol under
AR 70-25. However, sufficlent dascriptian s fumished to Indicate Importance
of the studies In warranting use of rodioisotopes.

¢. For any studies loter contemplated under the genera! dascription
glven In this request which would, In and of themselves (oport from the use of
rodiolsotope tracern), comt!*ute uruwal or hazordous experiments, pecific
approval (directed to the non-lsotops aspacts) wauld then be requested per
AR 70-25,

d. This requast will present the health physics aspects of the rodio-
Isctope tracers required (Section |1); will present In datall the ressarch mrhor.h
ond plans for C=14 and H=3 usage In vitamin C studies, ond outline other

2
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proposed studies referving to the vitamin C studies as o model (Section Ili, Par,
11); ond will describe other metcbolic ond autritional cudles requiring other
radiolsotope tracens in cdditlon te C-14 ond H<3 Section Ill, Pers. 12-13).

3. Ganerol guidalines for movaamd studles |, A

a. The administersd rodiscctive moteriol vould hwmwc at!

sdliolis dive Mgk iniiagh 5 aupriaih ihé fimintile e waamd InCFR
Title 10, Part 20, RC=12, *The Medical Uss of wbmwza;
ond Requirements by the Atomlc Energy Commisslon.* In fact, In no cose will
the dose excesd cna=half that of the pervissible doss ond every attempt will

be mode to use even lewsar amounts of [saiape when compatible with ebtalning | .

PSS
/.us

relicble dato. |
b, All policies, procedures and regulations prescribed In AR 70-25
and AR 40-37 will be rigldly ocherad o in oll investigations,
c. The person in chorge of each specific phase of the studies proposed

" horelo will be formelly designeted prier te.the ressarsh by the Commonding

Officer, USAMRNL, from the Governenant sclentists listed In this opplication,
and the attending physicion will similacly be designated from the Medicol

S ey P et U o
'

Offlcers among them,
4. History of USAMRNL lwotons vsage
a. This loboratory hos employed radicactive labeled compounds In
studlies with human subjects under AEC Licenss Number 5-46-6 sinca 17

Decewber 1957, Authorlzotian wos given Initlally to we lodine ' labsled
3
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human serum albumin to measure the tumover rate of albumin of 10 nomal yeung
men In various mutritional states #
b. USAMENL stoff membar have hod experience In we of variows

rediolsctopes In a number of chemical forms In colloborative cllalcol lnmlcaﬂm

with Firzsimons Ocnoml quol Involving lh basie dloco mam h,. R

Mmtproe«bm Suehwhhabonmu«nuubcﬂnmubm :

Genarol Hosplial's AEC License 3-46-5 which Includes ovthorlzation forun; o
of the followlng: B L '»f;: g7 ¥
" 10 et ™™ s dicanosts o vt onerhin i it saniotig.

(2 lodlno'a' Icheled human serum for the d-n’mlnﬂlon'of blood
volumes and plosmc volumes, | ' LS s
@ todine™" lubeted Rase Bangal dye for determination of liver

function ond |iver scons. ‘ L b2,

(4 todine™" lobsled futs ond fatty acids for datemination of fat

N

™ ", o\(a

* (9 “todien " 1ckisled renal Anetion compovnds.
() Phaq;horuaz for the trectment of polycythemia vera, levkemia

v

and bone metastasls. |
() Chromium®" for the determination of red cell volume and red

ceoll survival time.

® Cobalt™® Icbaled vitamin B, for the diegnesls of perniciows | -



4] lron59 for iron metabolism studies. :

c. On 11 December 1959, outhcrization was gronted in Licerse No,
5-46-12(L 61) for the use of Carbon=14 labsled glucose, glucuronic acid,
glucuronolactone and ascorbic acid to measure the pool size and turmover rate
of body escorbic acld in normal human subjects and for Investigation of the pos=

"oty thay human - <y be able to synthesize small emounts of ascorblc acld,

d. License No. 5-46-12(L 41) was renewed on 24 October 1961 and
expanded to Include Carbon=14 labeled glycine, cholesterol, mevalonic acid
acetote and carbon monoxide, in oddition to the compounds previously outhorized,
for use in metabolism and physiological tracer studies in humans.

e. A recent omendment to License Mo 5-46~12 (including prior
opproval by the Secretary of the Army) permitted the use of tritiated water for
the determination of total body water in 112 human voluntesrs at Ft. Corson,
Colorado.

f.  Current status of AEC rodicisotope |icenses of USAMRNL and
Fitzsimons General Hospltal:

(1) This laboratory is currently licersed by AEC (License No.
3-46-12 (L 63) for humon use of the lwotopes |isted above in Par. 4c and d; the
specifically authorized study in Par. 4e having been completed. All human usoge
not axplicitly covared by Par. 4c of AR 70-25 has been discontinued panding
outhorizations (requested by this document) required by AR 40-37. This AEC

license will expire 31 December 1963,

e e ee—— ——— . ———
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(2 This laboratery also currently operates under the general
(onimal vsoge) AEC rodioisotope Licernse No. 5-46-11 'H 63), This was orig=
inally scheduled to expire 31 August 1963, but has been extended Indefinitely
by AEC {who are hcelding our rerewal opplication dated 21 May 1963) pending
comsol idation of the seporate FGH ond USAMRNL licenses into one broad license
for the entire post (a joint FGH and USAMRNL license).

(3) Consolidation of the heretofore separate |icenses of FGH and
USAMRNL Into one brood license has been recommended by the Preventive
Medicine Division of Office of The Surgeon General, and sanctioned by AEC
because of the favorable record of rodicisotope handling by both FGH and
USAMRNL. Application for the new joint license (omitting the rodicisotopes
requested harein for volunteer research use) will be forwarded to AEC (through
The Surgeon General) by FGH-USAMRNL within approximately 10 days.

(4) Upon approval of the radiolsotopes requested herein par Par.
3b(3) AR 40-37, application will be mode to AEC (through The Surgeon General)
for addition to the joint AEC license by amendment,

3. Specific rod'olsotopes to be used

a. Use of the following rodiolsotopes in volunteer human research in

q

tracer dosages s requested:

By-product Materlal Chomlcal and/or Physical Form
Carbon-14 Vitamins
‘ Amino acids

Lipids (os glycerides, cholesterol
and free fatty acids)

Caorbohydrates

Acetate

Mevolonic acid

Bicgrbood'o or COp

. ——
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By -product Materlial Chemical and/or Physical Form

h

Hydrogen-3 Vitemins

Magnesium=-28 MgO, MoClz, Mg citrate
Colclum=47 CoCli 2

Calcium=45 CoCl2

b. All the lobeled compounds to be employed are naturally occurring

nutrients or metabol ites for the human.

(9853
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Section Il. General Health Physics for Requested lso' es

6. Corbon-14

Carbon=14 has o soft beta emission that lends itself to tracer studies.
Fat In the body is usually considered the critical organ. The blological half
life for Carbon=14 in fat is given s 35 days. The National Bureau of Standards
Handbook No. 69 lists the maximum permissible burden in fat as 300 pe. Constants
for calculating maximum permissible internal concentration of radioisotopes
assumes that 50% of the Carbon=14 that is present in the blood Is transferred
to the critical organ, fat. However, based on animals, It can also be assumed
that faw of the Carbon=14 lobeled compounds proposed to be used would approach
this retention in the critical organ. The majority of the compounds proposed
are readily metabolized and removed from the body s expired CO2 or metaboliies
In the urine, cond would reduce even further the body burden of Irrodiation.
Flushing procedures could also be employed in the case of the lobeled vitamins

_ to hasten their removal from the body upon completion of the studies. In oll
investigations, balonces will be performed that will permit careful knowledge of
the extent of retention and tumover of the lobeled compound administered.
7. Hydrogen-d e

Hydrogen~3 emits only a very soft beta particle, but with present counting
instruments s o very useful Isotope for tracer studies. The entire body Is
generally considered the critical orgin and the isotope has o blological half
life of approximately 12 days. The maximum permissible body burden is 1-2 me. :




This approximate amount has been used routinely In numerous laboratories for

" the determination of total body water in the human, Permismsion has been granted
this laboratory to use this technique utilizing one millicurie of tritiated water
on volunteen ot Ft, Carson,

The use of triviated vitamins is proposed since several vitomins are
available only os the tritiated compounds. Because of the considerably smaller
pocl size, the dosoge of tritium employed as a vitomin will be much less than
that employed in the measurement of total body water. Amounts less than 0.1
mc are anticipated. Tritiated folic acid and pyridoxine are presently employed
at @ number of laboratories for studying malchsorption syndromes in humans such
as may be encountered in tropicol sprue.

8. Mogmslum-ZB

This isotope is available as o cyclotron produced element. It has o very
short half life of only 21 hours. Magnesium=28 has been used in @ number of
laboratories with humans. Dr. J. K. Aikawa, Department of Medicine,
| Univenity of Colorado School of Medicine, Denver, has administered 90 pc of
Mg=28 to normal subjects and patients and found essentially no activity In the
vrine or plasma ofter 40 hours. By this time, approximately 90% of the Mg-28
was accounted for In the feces and urine. (Peoceful Uses of Atomic Energy,
Vol. 24, p. 148, 1958; The Role of Magnesium in Biologicel Process, J. K.
Alkawa, 1963, C. C. Thomas, Publishers, Springfield, 111,)
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9. Calcium-47
This relatively recently avoilable isotoped with o haif life of only 4.9

doys hos seen ute In o number of studies with human subjects. The maximum per«

missible burden when the totai body is considered the critical organ is opproximately

10 pe; with bone the critical organ o permissible burden of 5 pc 1s allowed. For
the proposed studles, a dose not to exceed 5pc would be used, with on antici-
pation that a dose of only 2 pc may be sufficlent.

10. Colclum=-45

If the use of Calcium=47 should prove not feasible because of the short
half life and transportation or delivery difficulties, Calcium=-45 would be employed
instoad. Calclum=45, with a soft beta emission and o half life of 163 days, has
¢ maximum permissible burden in bone of 30 pc of 200 pc for the total body.
The dosage proposed for the studles outlined would not exceed 15 pc.

All use of radioisotopes in humans would be In accordance with the
following:

1. Use will be confined to metabolic and physiological tracer studies.

2. The licensee shal' comply with the provisions of Title 10, Part 20,
Code of Federal Regulations, Chapter 1, *Standards for Protection Against
Rodlation, * ond RC~12 "The Medical Use of Radibisotopes~~Recommendations

and Requirements by the Atomic Energy Commission.”

10
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3. Raodioisotopes for use in humans sholl be oéwimd from a supplier

other than an Atomic Energy Commimion facility, who certifies the pharmaceutical
quol ity and ausay of such material

4. The licenses, except as otherwise specifically provided for in the
license, shall possess and use the material as gescribed In this license in accordance
with statements, representations and pmcadur;o contained In supplementary sheets
attached to the opplication,

5. All vles, regulations and limitations set forth by Amy, AEC, and
local authorities (including those set forth in AR 70-25, AR 40-37 and Hondbook

69 of the National Bureou of Standards) will be complied with,

"
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Sec'ion 1, Proposed Nutrition and Matabolism Tracer Studies

11, Vitamins: Investigations on the vitamin requirement of the human with the
vse of Carbon=14 or Hydrogen-3 labaled vitamins or related compounds
(References cited in the paragraph (11) are listed in subparagraph 11h)

a. Bockgmnd for vitomin C studies

Past studies (1) indicated that D-glucuronolactone caused increased
blood ascorbic acld levels as well as increased urinary excretion of ascorbic acid
in men, whereas D-glucuronic acid did not do this. To check the possible con=
version of D-glucuronolactons to ascorbic acid, It was decided to study the
metabol ism of the lactone in two ways. One was to give the D-glucuronolactone=«
6-C " orally and then isolate urinary ascorbic acid to determine if ony of the
labeled lactone had been converted to L-ascorbic acid. The other was finst to
label the total body ascorbic ocid pool with L-«corblc-l-cu acid ond then
test with various loads of D=glucuronolactone to see if any changes would take
place in the specific activity and rate of excretion of ascorbic acid. Further, an
attempt was mode to see If total body ascorbic acid and its rate of utllization
were related 1o the fat-free body weight,

R. wits of studies (2 with hocm\y men revealed that close to one=-
fourth of D-glucuronolactone-6-C 1 was converted to L-ascorbic acld whersasy
on the other hand, no activity could be detected In the ascorbate derivative
Isolated From the urine of subjects receiving D-glo'cumnlc-é-cu acid. In
oddition, It was found that one<half of the urinary oxalate arlses from the

breakdown of ascorbic ocld and [s excreted ot a constant rate. Further, In 6 men

12
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of diverre body welght ond degres of fatness, It was found that ascorbate
utilization, as expressed in terms of C“ oxalate excretion, occurred at o rate
of 0.207 mg per day per kilogram of fat-free body welight.
One of the more interesting findings of these experiments was that
no C “02 activiiy could be detected In the expired air of the subjects recelving
L-ascorbic=1-C " acid even with the use of a 15-liter lonization chamber for
greater sensitivity, A froction of 1% oxidation to COZ during the firt 8 hours
1 have bean easily detected by this technique. ths’ﬂndlng was In agreement
with the earlier work of Hellman and Burns (3). Recently, Abt et al. (4) reported
that man excretes :approxlmauly 25% of the total activity of I.-oscoc'blc-l-C“
acid via the lung. Becouse doubt hod been caused as to whether or not mar
wéuld decarboxylate Cu lobeled ascorbic acid do C “02, o saries of axperiments
ware performed in this laboratory which resulted in o publication (5) showing:
1. Chromatogrophic ond radioautographic evidence wos presented showing that
progressive degrodative changes occur in Lescorblic acld dissolved In water and
kopt at 25% C. for a 72-hour period; 2. Whan o human subject received 20 pc
of freshly dissolved L-ascorbic=1-C 14 acid solution, little or no C“ oppears in
his respiratory COZ; 3. Men who were givef similar somples of L-ascorbic=1C 1
acid aged for 36 and 72 hours, respectively, excreted 30.6% of the ingested C "
as resplratory COz. The true nature of the compounds undergoing decarboxylation
in man in these studies cannot be defined from the work presanted hare except
that thay are not reduced ascorbic acid.
13




b. Request for use of Carbon=14 1o label vitamin C and related compounds

Therefore, because of demonstrated usefulness and necessity of using
tracer techniques to study metabolic pathways, the proposal Is being made that
tracer amounts of Carbon=14, as glucose~6-C ', glucuronolactone=6-C ',
glucuronic=6-C " ocid and ascorbic=1-C " acid be administered by mouth to
humans in further studies for the purpose of measuring the pool size and the rate of
utilization of body ascorbic acld under varylng conditions. The subjects to be
used will be military personnel (volunteering for the specific study) or laboratory
personnal, both male and female, or Fitzsimons General Hospital personnel {os
well as Fitzsimors General Hospltal patients who volunteer), The possible hazards

of the experiments will be explained in advance to all subjects. Although
multiple experiments moy be performed on individuals, In no case will the total
body rodiation dose from this experiment, other experiments, or from x=rays,
exceed the maximum permissible limits for normals of 5 rem per yeor (lower below
age 29).

¢. Experimental methods (using labeled vifamin C and related compoundy

The L-ascurblee)-C ' acid will ba obtined from the Californic
Corporation for Bibchemical Research, Los Adgeles. All ' labaled compounds
will be checked for purity prior to ute by meRing point measurement and by
poper chromatograbhy. The activity of all ™ lobeted compounds will be
checked by radioassay. The L-ascorbic=1-C " acidwill be freshly dissolved In

4
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distilled water ond immediately swallowed by the experimental subject. No
cold cog.rlor will be given to these subjects.
\ Teteh datly wine will be eollosted and mossured from ofl sbjocty
these sopples will be refrigerated ond 2.0 ml of each will be taken for rodiccusay,
Immediately after receiving the tracer quantity of L-ascorblc acid,
the subjects will be mode to expire directly through o CoCI2 drying traln Into
o 5-liter Cary=Tolbert lonization chamber connected to o vibrating reed elec~

trometer. The C“O activity, total CO, ond the volume of flow Is recorded

2
outomatically on o 6=channel recorder,

The total activity of each urine somple is determined by ute of a
liquid scintillotion counter using P-dioxane-toluens. Oxalate In selected somples
Is lsolated os calcium oxalate, recrystallized 4 times ond disolved in 1 N hydro-
chloric écld for counting In the liquid scintillation counter. Quontlitative
determination of the total oxalate is done ﬁy the Archer method (6). Efficlencles
for all quuld scintillatior, counting of samples are determined Individuolly by use
of odded sandard C ' somples.

‘ Urlnary ascorbic acld levels are chemically detennined by the
Schaffert method (7). Urlnory escorbic ocid s ther bolated by the method
described by Jacke!l et ol , (8). After the dinitrophenylhydrazone (DNPH)
derivatives are recrystollized, they ore diisolved In P-dioxune and opplied to

walghed planchets and counted In @ gos flow countor, All DNPH derlvatives

are recrystallized to constant activity which uswally requires 4 to 6 recrystolilzotions.

15
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Total body tissue volume (V) is estimated in duplicate tests using

i
t
!
!
i
|

a body volumeter bosed on displocement of water (7). From body waight (M)
and V, fat (F) In kg is calculoted according to an equation developed in this

laboratory: F = 4,834V = V., 336 M.
d. Experimental pian; studie: on factor: that may Influence the vitamin

C metabollsm and reguirements In man:

(1) Recopitulation of the method

Studies of body composition and the use of C W isotopes have
resulted In o method for stating the actual utilization of ascorbic acid by healthy
men,

In human subjects who ingest 20 pe of L-ascorbic=1-C " acld,
the dally urinary oxalate arising from metabolism of the labeled ascorbate is
subsequently excreted as o constant proportion of total C“ activity remaining

in the body. Thus, it cor be [.ferred that the portion of the daily oxolate which

arises from metabol ism of cicorbate Is formed ond excreted ot o constont rote.
Ingestion of a single, comparatively lorge 0.5 gm quantity of
unlobeled ascorble aci. or its precuron by subjects whose body ascorbic acid
pools had been previously lobeled, as described above, rewlits In lﬂ;:romod
excretion of C " ascorbate of lowered specific activity, These effects are
transitory In that within 2 days total ascorbate edcretion retums to previous levels

and ascorbate specific activity is lower thon it wos pric: io dilution of the
body ascorbate pool .

16



Simultaneously, the total activity and the specific activity

of the oxolote decrecse, but the proportionality of total oxalate activity to
specific activity of the ascorbate remains the some. From these effects, it can be

infarred that the utilization breakdown of ascorbic acid in the body occurs ot @
constant rate Irrespective of an increased rote of supply of ascorbate to the body.

Further, In 8 men of diverse body weight and degree of fatness,

it was found that ascorbate utllization, as expressed in terms of C“ oxalate
excretion, occurred at a rate of 0. 207 mg per day per kg of fat-free body weight,
Rarely, if ever, do adult males exceed 90 kg in lean body mass. Therefore, 28

mg per day intake would match the greatest quantity of ascorbate metabolized by
the iargest healthy man. Further, it is of interest to note that despite repeated
reports in the literature of loss of ascorbic ocid.in sweat, when one of the subjects
discussed obove was iwected for a é~hour period in a hot room aofter being labeied
with 20 pc of ascorbic~1-C o acid, no E“ activity could be detected in the
collected total body swaat. The chemical analysis of the sweat indicated the
presence of a small amount of ascorbate. However, when the sweat was |yophilized
to dryness and then applled to a chromatographic theet and run in o standard solvent
system, no reduced ascorbic ocid could be demonstrated. These results are not
surprising In view of the fact that it Is well known that all the chemical determin=
otions for ascorblc acid are not obsatutely fpecific for ascorble acid In

biclogical fluids.

7
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The method as employed coralsts of giving an individual a

single oral dose of 20-50 pc of L-cscorbic=1-C ' acid and then collecting o
single 24-hour urine sample. The ascorbic acid contained in the urine Is isolated
as the dinltrophenylhydrazine derivative and counted to obtain specific activity
as pe/mg of ascorbate excrated. The oxolote that Is derived from the labeled
accorbate and excreted Is also Isolated and counted. Then, by simply dividing
the specific activity of the excreted ascorbate by the totai C'4 activity of the
formed and excreted oxalate, one can obtain an estimate of the number of milli-
grams of as:zorbote utilized during the 24-hour period.

This method could be used in human siudies to determine whether

or not there Is an Increased utllization or an Increcsed need for ascorblc acid in

the following conditions:

Cold

Heat
Acelimbtization to heat, co'd, strers and altitude

Stress
Trouma ond bum patients
Infections

Moreover, this method could be used in human studies to determine whether or not

adaptation occuns in paople who hove been 0» o chronic low dierary intake of

vitamin C,

(3 Need for more dota on vitamin C metabolism

According to the text “World Review of Nutrition and Dietotics”

(Vol. 111, 1963) published by G. H. Bourne, p. 187, the following conclusions

regording vitamin C are stated:
18




“Y. The most frequently quoted recommendad ollowance
of vitamin C for adult man under the prevailing con=
ditions of civilization and climate vories around 80 mg
L=ascorblc acld/day.

"2. High doses, though not toxic are not recommended
and may, according to some findings, leod even to o
negative adoption of the organism,

“3. Medium doses (up to 200 mg) are probobly reasonable

under some spocial conditions=certain type. of work,
rehabilitation and therapeutic allowances.”

At o recent mesting held by the Federation of American Societies
for Experimental Biology in Washirgton, D.C. on 14=15 March 1963, the Ad Hoc
Committes on Military Applicability of Research on Ascorbic Acid made the
following recommendation: That this laboratory, .e. USAMRNL, attempt to
study the utilization of vitamin C in humans in the following conditions:

Colé

Heat

Acclimatization

Stress

Interrelationship of vitamin C with other vitdmins
Wounds and burns

(3) Extension of the mathods to problems stated in preceding paragraph

In view of the obove recommendations and the lack of information
on the above problems, it is requested that vitamin C utilization studies in the
cbove-ncmed conditions, using the method previously described, in human

volunteer = tjects be considered for authorization.

To accomplish this request, it would ~aquire that o team of 2

or more inves:igate s from this laborotory be sent to several geographlical creas
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with differing climatic conditions. The areas under consideration are (1) Comp
Hole, Leodvillie, Climax or Mt, Evans areas in Colorado for studies on ascorblé
acid In acclimatization to cold, and (3) a tropical area within the Coribbean Command
far studies on acclimatization to tropical conditions. in oddition to this general
v pproval for use of Isotopes, the approval and concurrence of the local commander
or oppropriate local health cuthorities would be obtained for each location and
experiment. At each location, compariions would be made between subjects who
hod recently arrived and thoss who had resided ot the location for an extended
period of time. These resuits would in tum be compared with findings obtained
at this laborotory on subjects residing in Denver, Colorodo. At each location,
not more than 10 subjects would be studied. Normal, healthy valunteers, preferably
military, would be selected to receive the C " 'obeled ascorbic acid as previously
outlined; body composition data would be oblained by skinfold or other oppropriate
measurements, With the data obtalned from these studies, one could then assign
what would be the ideal vitamin C pool size and utilization under these climatic
conditions In comparison with the dota previously obtained at this laboratory on
normal health, subjects.

Upon evaluation of the data, considerations would be made os
to recommended allowances for vitamin C under conditions of cold, heot, altitude

A
-

ond acclimatization.
Studles on the Interrelctionship of vitemin C with other vitaming

would be performed ot this laboratory with normal volunteers, employing C‘4
m L]



lobeled escorbic acid in the amounts and manner as previously outlined. Evidence
of a relationship batween vitamin C and vitomin '6 in the human has been recently
obtained ot this laboratory in non-isotopic studies. The use of C“ ascorbic acid
in these Investigations would permit o better understanding of the apparent
interrelationship. The possible increased needs for vitamin C in situations of

stress (surgery or rodiation therapy, os examples), wounds or burns would be per~
formed in conjunction with Fitzsimons General Hospital should suitable patients

become available.

e. Proposal to use C-14 and Hydrogen=3 labeled vitamins other than

vitamin C, using the outlined vitamin C studdies a1 o general model

Other Carbon-14 labeled vitamins would be studied in essentially
the same manner and employing the some techniques and procedures as those indi-
cated for ascorbic acid. Excretion rates, pool size, turnover rates, cbsorption and
metabol i¢ products will be measured for 'sach. 'The influence of various nutritional
states on the obove parometers will be irivosﬁguud in an attempt to evaluate dietary
requirements for vitamins. The body pool size of ascorbic acid Is considered
greater than that of any other vitamin and the turnover rote is as slow or slower
than ether vitomine; therefore, the amount of nddloﬁcﬂvo labe! vsed for the other
vitaming will'be less, and with the oroofit tumover rate, will produce less of @
body burden than the vitamin C. ! ;
When Carbon=-14 lobeled vitamins dre not avallable, the cbove studies
will be performed with the use of tritium lcbeled vitaming, The most commbonly
b
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employed tritiated vitamins are pyridoxine and folacin. These two vitamins

have been employed at various laboratories in malabso.ption studies with humans.
The same parameters and procedures as outlined for Carbon=14 labeled vitamin C
and the above will be employed, except that electrometer measursments of
expired air will be omitted, The dosage employed will in no case exceed 100 pc
of tritium labeled vitamin. This dosage of tritium represents only 10% of that
routinely employed in total body water measurements and Is Indicative of the low
rodiation dose recelved.

f. Health physics

The dose of any of the C'* labeled vitamins will not exceed 50
microcuries. The following maximal rodiation dosages are calculated with the
0id of the ICRP Handbook (Appendix I, reference 1). The physical half time of
C W is considered infinite. The following'is an approximation of the biologic
holf time. All the vitamins to be used are highly reactive; however, for ascorbic
acid the turnover rate is probably slower, possibly much slower than for the other
sitamins., From nutritional dota, the total body ascorbic acid Is almost certainly
less than & gm, and the daily tumover grecter than 10 mg. The half time of
body vitamin C under these conditions would be 400 days. This estimate is
obviously too long, perhaps by as much as’an order of magnitude. The only date
in the litersture on man (L. Hellmon ond J. J. Bums, J. Biol. Chem. 230: 923,
1958) (E. M. Boker, H. E. Souberlich, S. J. Wolfskill, W, T. Wallace ond
€. E. Dean, Proc. Soc. Exp. Blol. and Mbd. 109: 737, 1962 shows o pool size
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of about 1.4 gm in o 70 kg man, with a half time of about 16 days. With the
maximum estimate of o 400-doy half time, o dose of 50 microcuries of (:‘4
ascorbic ocid evenly distributed In @ 70<kg man will give a total radiation dose
of only 1.13 rem (0. 164 rem the first 13 weeks). With o half time of 16 days, :
the same dose will give a rotal rodiation dose of 0.045 rem (0.044 rem the first
13 weeks). In the case of tritiated vitamins, the dosoge will In no case exceed
100 pc of tritium. This do‘oh'of tritium represents only 10% of that routinely
employed in total body woter &&uumnh; consequently, the body burden is
very low.

g Personnel

For each specific phase of the studies, one of the following (other

than the consultant) will be designated os project leader, and one of the Medical
Officers nomed below will b designoted as attending physician per Par. 6, AR

70-23, ' :

Maj. E. M. Baker, Ph.D., MSC *

H. E. Souberlich, Ph.D. (PL-313)

Lt, Col. M. E. McDowell, M.D,, MC

Lt, Col. J. E. Canham, M.D., MC

Lt. Col. J. E. Hansen, M.D., MC

Copt. J. R. Handy, M.D., MC

B. M. Tolbert, Ph.D. (Consulitant, Univenity of Colorado)

L] .
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12, Amino Acids: Investigations on the metabolism of amino ocids in the

human with the use of Carbon=14 labsled compounds (references cited
in this parogroph are listed in Por. 12)

a. Background

The recent work of Crawhall et al. (1) using [ l-Cu] ~glycine has
demonstrated that this Isotope was diluted about 2& times during the conve—ion
of glycine from the first metabolic pool (i.e. the pool of glycine with which o
dose of glycine mixes immediately ofter absorption and distribution, and which can
be sampled by means of the uncombined urinary glycine (2) to oxalate, indicating
that about 40% of the urinary oxalate was derived from glycine during this period,

Berlin et ul. (3) did not measure the C'4 activity in the urinary
oxalate in their glycine=2-C W studies. However, they did show with the use of
the methyl lobeled glycine that 0% of the C 4 dctivity was accounted for In the
expired CMC)2 and that only 5% of the C’“ activity was excreted in the urine,
This would tend 1o Indicate that the catabolism of glyclm-Z—C", insofar as
oxalate formation ls concerned, is far different than that of the carboxyl labeled

. n

glycine=1-C 4,
When C 4 Iobeled ascorbic acid wos orally administered to humans,
Hillman and Bums (4) reported that on avefoge of 44% of the total rodiocarbon
excreted in urine was recovered as oxalate. It was demonstrated in this laboratory
that 50% of the urinary oxalate was derived from L-ascorbic ocid=1-C ¥ ond wes
excreted ot o constant rate per day (5, 6). Therefore, it is of interest to study

both glyclm-l-C“ and glycine=2-C o metabolism in humons to determine )]
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whether or not the glycine ¢.'.14 Is partiaily converted to and excreted as oxalate

at @ constant rate per day as well as (2 the amount per day excreted as urinary

oxaclate,

Further, it would be desirable to measure the expired C“Oz ina
vibrating reed electrometer to determine the amount and extent of decarboxylation

of the €' labeled glycine in man. It thould be noted that this has been done In
humons using 9lyclno-2-C“ (3), but not with the giyc!m-l-C“.

b. Experimental plan (Part 1)

A total of no more than 10 human sibjects would be involved in these
experiments, Further, the wbjechs would be staff members of this laboratory,
20-46-year-old males. There would be no distary restriction placed on these subjects,

Each subject would have to teceivetorally 20 pe of glycine=1-C " as
wall as o further 20 pc of glyclm-Z-C“ at @ mUch later date (40-80 day Ihterval).
No cold carrier glycine will be given to the subject at the time the iabeled
material is administered. Immediately after tok*ng the CM glycine, the subject
will be made to breathe through a drying train directly into the ionization chamber
of the vibroting reed electrometer. The subject'will continue to breathe ot
intervals through the system until he reaches his background trace signal . This
is done by having the subject breathe into the system for 20~30 minutes, then

ollowing o 30-minute rest. This process Is continued until the electrometer

Y

tracing retums to background signal .

«
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Further, 24=hour urine collections will commence with the ingestion
of the Cu glycine label and will continue on every other 3rd day for a period of
2 weaks. The urine samples will then be analyzed for the total urinary oxalate
content. The oxalate of each sample will then be isolated o?d counted in the
liquid scintiliator. Also, certaln selected samples of the urine will be analyzed
on the amino acid analyzer which has o flow=through scintillation detector
attached. This will enable us to obtain both the specific and total activity of
the urinary free glycine of other radioactive metabolites. Each urine sample will
be counted for total activity. Thus, if one knows the total dose given as glycine
C“ as well as the dose remaining in the body at any given time, as well as the
specific activity of the excreted urinary glycine, one should be able to approximate

the total body pool size and turnover rate of the free glycine pool,

¢. Health physics pertaining to Par. 1

The normal A.E.C. procedures shall be adhered to insofar as the

administration, handling of the isotope and the disposal of the urine samples

! L4

obtained from the subjects,
The dose of the C ' glycine Will not'exceed 20 pc for elther the

glycln.-l-C“ or the glyclno-?-C“. The following maximal radiation dosages

are calculated with the aid of the ICRP Handbook (Appendix |, reference 1),

14

The physical half life of C'" Is considersd infinite. The following

is on opproximation of the blologic half time of dyclm-Z-C“. According to
N. I. Berlin, B. M. Tolbert and C. Lotz (J. Clin. Investigation 31, No. 3
Vel i




335-337, 1952, the longest "half tima of glycine=2-C "# elimination from the

tissues of man Is opproximately 50 days." With the estimate of o 50~doy haif

tims, o dose of 20 pc of plyclno-Z-C" evenly distributed in @ 70 kg man will

give a total rodiation dose of only 0,056 rem (0,0478 rem the first 13 wee .

Another body compartment of considerably less importance and @ half time

about 100 days was described ot o later dv.ato by Barlin ot ol . (Proc. Soc. Exp.

Biol. and Med. B8: 386, 1955). However, since the mojority of the dose Is not

retained, but lost within the first 24-hour period as explired CO2 as Urinary

excretory products, the body Irradiation burden is considerably less than this value.
In the case of glycine=1-C "4, we have only the data of R. W. E.

Watts and J. €. Crawhall (Biochem. J. 73: 277-86, 1959) using the stable C '

isotope to estimate the glycire metabolic pool In mon. According to thou"’omhou,

the pool size of glycine in o 70 kg mon is 406 gm or 5.8 gm/kg. Further, they

state that the tumover rate in o 70 kg man is 3.2 gm/hr. or 76.8 gm/day. Thus,

76.8= 0,189 or 18.9% tumover. The bidlogical t § would then be equal to

0.693 = 3.7 doys. Assuming then o 4=doy half life for the glycine=1-C "4, o dose

of 20 pc evenly distributed In @ 70 kg man will give a total rodiation dose of only

\

0.005 rem (0.005 rem the first 13 weeks).

d. Experimental plan (Port 1)

Other Carbon~14 labeled amino acids would be studied in essentially

. by
the some manner as thar employed with glycine. Simllarly, pool size, tumover

rates ond metabolites would be measured in an o"fom to study the protein ond -

28 A .
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omino acid requirements of the humun. These studies should also provide addi-

tional knowledge 1 to the metobolic pathways and interrelationships of amino

ocids In the human. it is anticipated that not more than 3 subjects will be required
for sach amino acid Investigated. The dosoge of Carbon-14 employed would not

exceed that indicated for Carbon=14 glycine, and with the half time estimated
not 1o exceed that for glycine. The rodiation burden, therefore, would be low and

would not In any instance approach the maximum permissible dose.

o. Penonnel

Maj. E. M. Baker, Ph.D., MSC, Project Leader
H. E. Sauberlich, Ph.D. (PL=313) Co-Project Leoder

G. A. Leveille, Ph.D,
Lt. Col. M, E. McDowell, M D., MC (Serving also as attending

physicion)
Lt. Col. J. E. Canham, M.D., MCSorvlng al»mcmndlng

physician)
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13. Lipidst Studies on lipld metabolism in the human with the use of
Co:'&?n-ll labeled compounds (references clted in this parograph are
listed in Par. 12¢)

a. Experiment 1: Carbon=14 trocer studlies on cholecterol metabe. ...
TR b

(1) Beckground and procedures

Tracer amounts of C “, o d\olunmld-cu, will be administered

orally to study the influence of neomycin and various fats on cholesterol
absorption in order to determine whether the hypocholesteremic effect of those
materiols is the result of an impaired absorption. In order to ascertain whether

these materials influence cholesterol synthesis, camo-!-Z-Cu and mevalonic

ocid-2-C" will be administered intraverously. ‘ ,

The work of Samuel ond Steiner (Proc. Soc. Exp. Biol. Med.
100: 193, 1959) has demonstrated o hypocholesteremic effect for neomycin.
Ursaturated fat hos also been shown to hdve o cholesterol lowering effect. 'The
mechanlsms by which neomycin or unsaturated fat depress plasma cholesterol
remalin obscure. Unpublished data from this lobératory indicate that neomycin
functions by Interfering with cholesterol dnd/or bile acld absorption. The
offect of unsaturated fats appeans to be tv&dclda b) on interference with
cholesterol absorption mediated by the stérc. fraction in vagetable fats and b)
o particular systemic effect (Bronte-Stewart, Fed . Proc. 20: No. 1, Part 11,

- o
- “

p. 127, 1961).
In order o further elucidate the mechanism of action of these
compounds, human voluntesn fed neomycin, different fots or a control diet
3!




will be given on crol dose of cholumol-“-cu (20-50 pc) and ity absorption
determined. In other subjects, similarly treated, oa'oto-l-Z-C“ or mevalonic
acld-?-C“ will be administered intravenously (ﬁpc) and incorporation into
cholestero! will be ascertained by determining the specific activity of plasma
cholesterol .
(2 Health physics
The maximum dosage to be employed Is 50 pc for acetate,

mevalonic acid and cholesterol. The maximal rodiation dosage, caleulated with

the ald of the ICRP Handbook (Appendix |, reference 1) tor these levels of
administered rodloactivity, will not exceed the "pormlulblo limits for normal
subjects of 5 rem/yr. with no more than 3 rem 1A any 13 consecutive week period
(above oge 18). The half life of cholestrol Is approximately 20days (Cook, R. P.:
Cholesterol, 1958, Acodemic Press, N. Y.) and if thot of other compounds
synthesized frém acetate or mevalonic acid is aisumed to be similor and, further,
the physical half life of €' is contidersd Infinfte, o dose of 50 e of C ' labeled
cholesterol, mevelonic acid or acetate o\?gnly’,’!,'fibvtod ino 70 kg lndlvléuol

will give @ total rodiation dose of 0.056 fem (0054 rem the fint 13 weeks).
(’) Personne| ‘ ‘ |

Gilbert A, Leveille, PR D,, Py  ect Leoder

Howerde E. Sauberlich, Ph.D., Project Leoder

Lt. Col. M. E. McDowsll, MD., MC (Servingalso s -

attending physicion)
, L. Col. J. E. Canham," M.D.; MC Serving also as

attending physician)
¢
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b. Experiment 2: Suppressibility of cholesterol synthesis by exogenous

cholesterol loading in man

(1) Bockground
The relative stability of serum cholesterol levels, despite marked

variation in dietary intake of cholesterol, hos been attributed to compentntory
changes In hepatic synthesis of cholesterol (1-5). Recently, Sippentein and Gu et
nave suggested, on the basis of in vitro studies, that the mechanism of this homeo~
static effect is a sensitive negative feedback system whereby cholesterol Inhibits
the conversion of B=hydroxy=8 methyl glutaryl Co A to mevalonic acid (6). These
authors speculate that insensitivity of this feedback might be involved in disorders
of cholestero! metabolism.

In order to test this hypothesis, it is planned to ascertain quanti=
tatively the response of cholesterol synthesis to &n exogenous cholesterol lood.
After data on normal subjects have been dbtained, these will be compared with
groups demonstrating abnormalities of chdlesterol metabolism, 1.e. idiopathic

hypercholesterolemia-proven atharosclerdsis, didbetes, hypo- and hyporthy‘oidosis,

/

nephrotic syndrome.
(3 Method ’ s

Patients will ve given 100 microcuries I-C“ acstate intravenously

or orally. Timed serum somples will be ahalyzed for total and C'4 cholesterol . In

certaln’patients, Cu of other serum lipidi and C“ as C“O2 will also be measured.

C ——
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These procedures will then be repeated after a standard cholestero! load swificient
to elevate serum cholesterol in normal subjects (7). Differences in total and
specific activity of serum cholesterol before and after cholesterol loading will
_ be used as an index of the sensitivity of the hepatic response 10 exogenows
cholesterol . Mathods of onalysis will be similar to those described by Gould
st al. (8).

(3) Heclth physics

With regard to rodiation safety, reference is made to the work of

Gould ot al. (8):

"The dose of 100 pc wos chosen so that repeated doses
could be given o the same subject without exceeding
accepted values for the' maximum pomhublo dose for
man. Our studies of C“Oz in expired air ofter the
administration of 1-C !4 acetafe demonstrated that
opproximately 56 per cont of the radiocarbon wos
eliminated during the st 24 hours.* On this basis,
we have made the assumption that o single 100 pe
dose will r?sulf in the 'retention’ of not more than
25 pe of C !4 in the slowly exchanging *fat compart=
monh' of the body. The maximum permissible dose
for C14 compounds retained in the body fat. is estimated
to be 250 pc, occording to calculations in Handbook
52 of the National Bureou of Standards.” Thus, we
belleve we cre {ustified in odministering, over a period
of several months, o meximum of five such doses to
human subjects without hgard to their life expectoncy.

<

"Ref. 7. Maximum Poml Ible Amounts of Rodiolsotopes
in the Human Body, otc Not, Bur, Stondards Hand~
book, 52, pp. 12and 15 G.P.O., Washington, D.C.,
Morch 2, 1953. ‘




“*Shreeve also reported that 56 gar cent of the C14
in acetate was eliminated as C 1402 by man at the
and of 24 hours. Hellman reported that 60 per cent
of the rodiocarbon was retained at the end of 24
hours, and 35 per cent af the end of the fint week
after odminlstration of acetate. It should be noted
that he used the methyl-iabeled acetote (2-C14-
ocetate),

in the present study, only 2 doses of 100 microcuries each
will be given instead of 5 doses of 100 microcuries as above. The dose will
’ therefore be well below the maximal permissible dose quoted.
(4) Personnel
Gilbert A. Leveille, Ph.D., Project Leader
Howerde E. Sauberlich, Ph.D., Project Leader

Lt. Col. M. E. McDowell, M.D,, MC (Serving also as
attending physician)

Lt. Col.J. E. Canham, M.D., MC (Serving lso as
attending physicion)
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14, Carbohydrates: Investigations on the digestibility end metabolism of

corbohydrates in the human with the use of Carbon~14 labeled compounds
(references cited in this panogroph are listed in Par. 14e)

e. Background
Experiments have been in progress for some time at this laboratory

investigating the digestibility of Carbon=14 labsled cellulose, hemicellulose
end varleus uncommon sugoars in loboratory animals as the rat, hamster and guinea
pig (1, 2. Balance studies employing a vibrating reed electrometer to measure
the expired carbon dioxide, together with urine and fecal measurements, have
demonstrated that the rat may digest as much as 25% of the ingested cellulose (1).

In the case of the human, [t is coflsidered that cellulose passes through
the digestive tract without being attacked by ony of the digestive enzymes, though
some bacterial decomposition probably fokes pfuce In the large intestine. Whether
or not the bacterial actions are of value'to the’human are unclear. Various studies
ot this laboratory as well as elsewhers would indicate that at times cellulose is
diguﬁd to o limited extent by the human (3-5). However, It must be recognized
that in human balance studies, the methdds for the measurament of celiulose and
hemicellulosd are less than satisfactory for critical evaluation. Furthermore, the
possibility of bacterial de composition d‘ullul&o or hemicellulose in the lower
intestinal traét may glve rise to an “oppdrent” digastibility without any "true"
dlpooﬂlblllty fh terms of nutrient banefit fo the Auman. The use of Carbone=14
lobeled cellulose with human subjects wauld give more definitive results with
regard to this problem. Very exacting b&loncn budbt could be conducted’
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Furtharmore, the presence or lack of presence of rodicactivity in the expired
carbon dioxide, or in the urine and blood, would be rother conclusive evidence,
‘whlch could be quantitated, that cellulose Is or Is not utilized . If utilization
Is Indicated, the question of whether or not it Is mediated through the intestinal
flora could be readily investigated with the use of oral antibiotics (3, 4).

b. Procedures |
The procedures employed would be very simllar to those previously ‘
described for use with Carbon=14 labsled vitemin C. Nermal, healthy volunteer
whjects (minimum number) wauld receive’ orally speciolly prepared Carbon-14
lobeled cellulose in an amount not to exéeed 100 pc. The subjects will have

previously recelved controlled levels of Eelluloda in the diet to investigate the

Inf lvence of this dietary component on the digeltibility of the C 4 celluiods.
Bolonce studies will be conducted with tHe aid of markers for the stools. The
omlﬁd alr will be monitored with the cid of a 5 or 15=liter chamber with o Cary~-
Tolbert vlbmfng read electrometer ond abtomatic carbon dioxide measurements.

The expired alr will be monitored untll no rodlo&cﬂvl?y is detectable. Urine
coliectlons will al.o be mode throughout ';l\o por;.ad and radioactivity measy, >ments
pdoM with @ scintillation counter. N olgnlficam amounts of radicactivity
ore found 1o b present, attempts will be imade 16 determine tha nature of the
rodioactive M y : :
" IPevidencs of cellulose digeftion is’noted, odditional subjects Will

recelve prior to recelpt of the c™ colluidse oref swpplamants of antiblotics’in
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an effort 1o study the possible role of the intestinal flora In the digestion process.
The ontiblotics, neomycin and bacitracin would be employed, using the amounts and
procadure praviously empioysd in recent studies by the Metabolic Division or rhis
laboratory to reducs or aliminate the intestingl flora of human subjects (3, 4).‘ If
T ihhod bbantiuions &¢ Sintits oniis mnde svibiiviia; siulies Suniiithy
studies would be conducted with thess materials.

¢. Health physics
As indicated sbove, the dosoge of the Carbon-14 isbeled ceilulose,

hemicellulose or pectin would not excesd 100 pc. Although the digestibiliry of

these compounds Is not fully known, it is excesdingly doubtful that any are com=
pletely obsorbed. If cellulose is digested to any extent, it would be most likely
converted to glucose which the body reddily métabol izes with o major portion

being removed quickly through the lungt as cafbon dioxide. Even if it is assumed

that T00% dfpestion and assimilation tokes plo&, this dosage of rodioactivity would

be considerably less than the maximum permissible dose. Glucose, the unit com=
ponent of peliulose, is metobolized In ldrge quantities each day by the human body.
The rodioactivity would, thei ore, be feodilyMiluted throughout the bod} and not
concentroted or locallzed in o small ombunt of Yissue. The eventual critical organ

' for what Carbon=14 that would be retaided would be fot; but In corsideration of

the amount of Carbon=14 retained and deposited in the fat and with a blolbgical

half life of 35 days for Carbon=14 In fat? the radiation body burden produéed by -

100 pe of collulore=C ' would be considerably-less than the maximum perhissible dose.
. \39 i ) -
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With the ald of the ICRP Handbook (Appendix |, reference 1), the calculoted
total dose would be 0.690 rem (0.576 rem the first 13 weeks). Asmuming no cb=

sorption, the greatest dose received by the intestinal tract would be 0.6%1 rem,

d. Personnel

H. E. Souberlich, Ph.D. (PL-313), Project Lecder

L, Col, M, E. McDoweli, M.D, (MC) (Also ottending physician)
Lt. Col, J. E. Canham, M.D. (MC) (Also attending physicion)
Maj. E. M. Baker, Ph.D, (MSC), Co-Project Leader

B. M. Tolbert, Ph.D., (Consultant, Univensity of Colorado)
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15. Minerals: Studies on mineral metabolism and interactions in the human
with the use of rodioisotopes (refarences cited in the paragraph ore
listed in Par, 15)

Initial studies would seek the role of magnesium and calcium in human

kidney stone disease:

a. Background

Urlnary caleull are among the most anclent offlictions of man. This
painful and often fatal disease Is known to have occurred as lang as 8, 000 yeans
ogo (1), ond no race or geogrephical area has been entirsly free of a calculus

problem. There appear to be "stone belfy™ of h‘lgb incidence in reglons such as

southern China, northern Thalland, the Punjab district of India, Arabia and lrog.

In oddition, there have been reports of "stone Waves, * one such occurringin
Europe during this century (2.

Despite the antiquity and fraquency of this disease, the basic
mechanisms of calculus formation remain unknown, ond fully 85% of all patients
who form urinary calcull have no recognized lobal or systemic disease (3). Most
authorities agree that o nutritional defictency or imbalance is o probable factor,
but few relioBle studies have been condlcted to,‘nloh specific nutrients td
cal culis formation in human populations g, ’

' Studies ot this laboratory (5) and eflewhere have established that

nephrocal cinosls and urolithiasls (principally phosphates and carbonates of calcium)

are frequently associated with magnesiunt deficlncy in rots and other species.
OF particularfintersst Is the observation that obdut 20% of apparently othehwise
“ " “] '(
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normal rets consuming o semipurified diet cuntaining 400 ppm magnesium
(minimum requirement for growth is 120-130 ppm) will develcp uroliths similar

to those found In the markedly deficient rat and that slevation of the distary Mg

to 4,000 ppm will prevent this occurrence.
' Eurthermore, Selye has shown that introperitonec! administration

of magnesium will prevent the formation of uroliths which normally follows experi~

mental hyperparathyroidism in the rat. An increase in dietary magnesium will also

markedly lessen the accumulation of caleium in the kidney which results from o

high phosphorus intake. Despite these indications of an important role for magnesium

in calculus formotion and calcium metabolism, practically no published information

exists on the metabolism of this nutrient i human urinary caleuli disease (4).
Préliminary studies at this laboratory (6) have indicated that some

populations in areos with o reported high inciderce of stone formation (e.g-,

Burma Investigations) may, Indeed, consume reldtively low amounts of mogiesium.

In addition, magnesium supplements have brought ot least o temporary (& ménths)

halt to the formation of phosphatic type sfones in a patient w ith no demonsttable

infection or metabolic disorder and & provious rate of stone formation o 2 per month

for o period of 3 yeans (7). ' A

Based on this evidence, it is Yalt that considerable justification
exists for the jtudy of the role of magnesium as well as other factors In human

renal lithiasis, Certainly, a primary objective Is o de*ermination of the value

' i R}



of magnesium supplements in a large number of patients and a study of any
changes In urinary constituents ossociated with a favorable response to this therapy.

b. Basic experimental plon (regardiess of use of rodioisotope tracer:)

(1) Patients will be obtained through the Departments of Urology at
Colorado General Hospitel and Fitzsimons General Hospitel. Only those subjects
will be chosen who form stones ot o relatively rapid rate (ot least one every 2
months) and who are frae of ranal infections,

A subject 5o choven will be kept on o metabolic ward for o 2-week
period so that 2 complete 3-day facal ond urine céliections can be made. Total
Ca, P, Mg and vitemin 86 intake during this periotd can be estimated from tables
of composition or by actual analysis. The total facal collection for 3 days will
be pooled, homogenized and ashed for o detarmination of its content of calcium,
phosphorus and magnesium. A routine urinélysis (BH, sp. gravity, crystals, ete.)
will be pbrformet on each 24-hour urine coliectioh and at least 500 ml will be

’mod for subsequent analysis. Proposed urihary constituents to be analyzed for

are magnesium, calclum, phosphorus, oxalote, cittate, vromucoid, vitamin '6

and xanthurenic bicid, After the specimans ‘ars received from the 2 balonce periods,
420 mg of MgO (250 mg Mg) will be given Zloily i a single copsule to be taken after
spper. Theropy should continue for ot leasy 6 mohiths, during which time the
potient's rate of stone fW!on will be noted. A 24-hour collection of urind

will be made every 30 days and the abovc-;nnﬁo&d tosts will be performed.
Patients may be diked to repeat the balonu’study t:f?or 6 months to oscertain ';

-
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any changes in balance or retention of calcium, magnesium or phosphorus as o

result of this treatment.

(2 Progrou to date

To date, one poﬁon; h. - been studied completely in teims cutlined

above, that is, this man has been on magnes, m supplements as croom\ont-for his
recurrent urolithiosls. He has been on these suppiements for 6 months without @
recurrence in stone formation; he was then brought back into the hospital and
denied the supplements for o period of o month, During both poriods, his urinary
excretion of chlcium, phosphorus, magnedium, oxalate and mucoprotein wos
determined. '

A second patient has been given magnesium for 6 months and
has shown a fo. able response in that he’hos not formed stones during this period.,
He recently returned to the hospital for fdllow=up studies. The findings on lﬁoa-
nesium therapy with these two stone=formihg patients will be submitted os o

4 |

manuscript to the Journal of Urology .
' " Additionol patients are Jhderstudy with the cooperation of 11,
Col. C: A, Mbors, M.D. (MC) of Fitzsions Géneral Hospital, Dr. O, G}
Stonington of Colorado General Hospital, and Lt. Col. J. E. Canham, M.D. (MC)
of the Metabolic Qivision of this luboratofy., As’odditional cooperative patients
become ‘available, oxpondod.clinico“l trials as to'the effectiveness of this rr,“ot-

ment foi chronfc lithiosis will be undertaken, 4

., ‘
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c. Experimental plan lneo.'gomtini usa of redioactive tracens (Par. 120(3)

The mineral bo'ance studies thus far conducted on the above subjects
appear to Indicate abnormalities ' 1 calcium ond magnes'um abserption and excretion.
However, the balance techniques lsave much to be desired from the standpoint of
. @ precise and sxccting procadure to give the definitive information necessay for an
unequivocal evaluation of small changes that may occur in absorption or excretion.
In oddition, the method gives little information on turnover rates or retention of
the distary calcium and mognesium and of the magnesium supplements.

In order to oblain the desired information thet moy permit o batter
undomfnding of the cause of uroliths in humars and the effect of magnesivm in
their mémm, the use of Magnesium=28 bnd Cdlcium=45 or 47 is proposed .
Accurate Informc i .n on the absorption and tumover of the elements in the stone~
forming subject could be readily obtoinad With the use of these isotopes. Thé
information could be cbtained on the patisht both before treatment and after'o
period of magndsium treatment to determink changes or interactions that may hove
occurred In coltium or magnesium metabolism. Sbch date moy give an Insight
int> the mechahism of actlon Involved. OF equel importance, comporative *
studies with the use of several salts oy exidss of Magnesium=28 could be reodily
performed in an attempt to explain the reulon for Yhe apparent success obtained
with MgO ot thls laboratory, while other foits of ‘magnesium have been of nd value
(4, 8). Similar studies In a minimum numbier of normel volunteer subjects wauld
be carried out a3 necessary to evaluate the findinis in the patients.
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It is hoped thot a better undenstanding of the problem would result

from the lsotope studies which would lead to @ screaning test that would identify

which stone-forming patients thot could be oxpacted to receive beneficial effects

from magnesium therapy. The performance of the isotopic studies Indicated
appear highly necessary before recommendations or large scale treatment with
magnesium be Initiated with stone~forming subjests.

d. Procedures ond health physics

The potients would be handied In @ manner similar to that employed

at present for non-radioactive mineral baltince studles of calcium, mognesium and
phosphorus. Selected stone~forming patishts or normal volunteers would be placed
on the Metabolic Ward at this laboratory.’ The sbbjects would recelve o control led
dist without magnesium therapy. After o’period of 7-10 days on these diets, with
balonce studiet conducted, the patients would réceive o trocer dao of either
Mg-28 (not excoeding 20 pc) or Calclumd4? (not exceeding 5 pc) or Caolcium=45
(9) (nof exceeding 15 pc) orally. Morkes would be employsd to assist in the
stool collsctiohs. Urlne, stools and blood smples would be collected and dnalyzed
until essentially no activity could be detécted. \ it is hoped thot dosages of
rodlolsétope iy be reduced further 10 orke-holf Yhe amounts Indicated and till
permit iotlsfo&oq measurements. This would thon permit double labeling o
selected patiehts or repeat lcbeling of o boﬂm or normal volunteer following
& months of mbgnesium theropy without u.Bprmcfrlng the maximum permissible body
burden of radfation. If the dosage canndt be reduced wiiclently, then other

‘ : w | "
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patients or subjects would receive the second lictope or the isotope after 6 months
of magnesium theropy. Balance studies with known diets and intakes and main-
tenance on the Metabolic Ward for periods of 56 days (i.e. before and after the
é~months' therapy period==not maintenance on the Metabolic Ward throughout
the 6-months' period) would be associated with all subjects. If the orol studies
indlcate further evaluation of the retention and turnover of magnesium or colcium
in the body, a limited number of select volunteer patiant or normol voluntesns
would receive intravenously administered isotopss. In all instances, the intravenous
dose would not exceed 35uc. For comparutive purposes, o limited number (3-3)
of normal, hcofthy volunteer sbjech would bo placed on the same diets and
balence studies performed with the use of fhe sarvie isotopes in the same dosage

as empldiyed with the volunteer patients. -
Thé healthy physics of Mg=28, Ca=47 and Ca=45 has been considerad
belefly before. " It should ke emphasized tat the haximum dosages obtained With

the amount of llotopos used in the proposed studies will ot no time equal the

maximum permiksible dosoge . : ’ ;
With the aid of the ICR” Handbaok (Appendix |, reierence 1), the
calculatlons below were made. In each cdse "1 15 the infinite dose receivéd by

the critical orgon and "2" is the dose recefved diking the first 13 weela by the

critical drgan. 'The critical organ is given in porinthm.

AN Spe of Ca=47 administered orall§ (bone)

1. 0.359 rem ; , i
2. 0,359 rem '
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*G.

*H.

.Jl

“«®,

2,5 pe of Ca-47 administered intravenously (bone)

1. 0,150 rem
2., 0.15 rem

15 pe of Ca-45 administered orully (bone)

i. 5.883 rem
2, 1,897 rem

7.5 pc of Ca-45 administered Intravenously (bone)

1. 0,245 rem
2. 0.079 rem

20 pe Mg=28 odministered orally (bone)

-1, 0,465 rem

2. 0.455 rem
35 pc of Mg=28 administdred intravenously (bone)

1. L9920
2. 1.992rem

35 pc of Mg=28 odministdred intravenously (whole body)

1. 0.044 rem
2- 0.044 )

2 pc of Mg-28 odministeted orally (stomach)

1. 0.116 rem
2. 0.116 rem (i.e. residence time of 1 hour)
3 ’
20 pc of Mg-28 administered orally (small intestine)

1. 0.079 rem
2. Same (i.e. nsidenco'timo = 4 hours,
|

20 pe of Mg-28 odminlistered orally (upper large irtestine)

1. 1.284 rem
2. Same (i.e. nudonco‘- 8 hoxn)

20 pc of Mg=28 admirstered orolly (lower large intestine)

1. 1.720 rem
2. Same (i.e. usidonc.\ﬂm -118 hou™s)

*Rodiation burden for Mg=-28 ware obtained by calculations and the use of:

g (
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1. ICRP Handbook (Appendix |, reference N.
2. Peaceful Uses of Atomic Energy, Vol. 24, Part 1, “Isotopes in

Biochemistry and Physiology, " 1958, United Nations Publication.
3. Rodioactive lsotopes in Medicine and Biology: Medicine, $. Silver,

1962, Lea and Febiger, Publishers.
4. The Role of Mognesium in Biclogic Processes, J. K. Alkawa, 196,

C. C. Thomas, Publisher.
5. Silver, L., Robertson, J. 5. ond Dah!, L. K.: Magnesium Turnover
in the Human Studies with Mg~28. J. Clin. Investigetion 39: 420, 1960.
6. Rodiological Health Hondbook, PB 1217848, U. 5. Dept. of Heolth,
Educption and Welfare, Public Health Service, U. S. Dept. of Commerce, 1960.
According to information supplied from the above sourcys, absorption
of magnesium from the G.1. troct s very low. However, for the purpose of these
col eulations, 60% cbsorption wos assumed when thé isotope was administered
orally and the critical organ considered bone . However, when segments of the
G.1. tract were considered the critical orgdn, no obsorption was assumed. As
previously stated, elimination ofter absorption is véry rapid. Again, however, In
_order not to underestimate the dosage, on Ihtoke dnd retention of 90% of the
isotope wds assuthed to be remaved from the‘blood by the critical orgon (bone).
All kollected excreta would be'disposhd of in an acceptable manner

under the supervision of the Radioisotope Brunch of this laboratory.
i p 5
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e. Personnel

H. E. Souberlich, Ph.D. (PL-313), USAMRNL, Project Leader
Lt. Col. C. A. Moore, M.D. ‘MC), Fitzsimons General Hospital,

Project Leader (Also attending physician)
Lt. Col. J. E. Conhom, M.D. (MC), USAMRNL (Also attending

physician)

Dr. O. G. Stonirgton, M.D., Colorodo Genercl Hospital (Also attending

ysician)
Capt. G. E. Bunce, Ph.D. (Consultant, Tripler w nsrai Hospital,

Hawall)
L. Col. M. E. McDowell, M.D. (MC), USAMRNL {Also attending

physiclan)
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Appendix |. Referances on General Health Physics
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