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' APPENDIX II

SUBJECT OTATEMENT.
.

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 r.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 sense 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,
1

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)

I
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VOLUNTARY CONSENT STATEMENT

Milltory Milltory Patient Civilian Civillon Patient

I, , having the capacity to consent,

voluntarily and wibut force or duress consent to participate in research involving )
'

the use of tracer amounts of radioisotopes. I have been informed of, and understand,

the nature, duration, and purpose of the experimemt, the method and means by which

it is to be conducted, the inconveniences and hozords to be expected, and the

effects upon my health and person which may possibly come from porticipation in

the experiment.

Specifically, I ogree to receive f3"'Yf a small quantity of

containing microcuries of .I |
also agree to furnish wine and stool samples for the period following until no detect-

oble radioactivity is present and submit to measurements of expired gases if Corbon-

14 has been received.

I understand that I may at any time during the course of the experiment revoke

my consent and withdraw from the experiment without pre [udloo.

I do not at this time have ony physical diseasse, except for the following j

; , or mental disease, to the best of my knowledge. |
!
J

i |
'

|

| DATE SIGNATURE |

i

i

:
'

!

: SIGNATURE OF WITNESS
i ,

; APPRCNAL

; I have personally ascertained that the quality of the foregoing consent is

sufficient to permit the volunteer to participate in the experiment.'

:'
.

i

ATTENDING PHYSICIAN PROJECT LEADER 1

'

03853
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USAMRNL - Bioenergetics Division 24 January 1969'*

PROTOCOL - FINAL
Project No. : 3A061102B71R Research in Biomedical Sciencei

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

ST 10: Effects of Diet and Altitude on Carbohydrate'

i Metabolism and the Metabolic Responses to

Exercise (With Labelled Glucose)
,

e

I. INTRODUCTION
r

f Recent studies in this Laboratory (1,2,3,4) have dealt with
metabolic derangements which develop in human subjects who arei

abruptly exposed to altitude. Attempts have also been made to
evaluate the beneficial effects of a high 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 expc,sure 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 clucidated. The-

following is a summary dealing with carbohydrate metabolism at
altitude and the metabolic changes, principally of free fatty acids,,

i

| during ex'ercise.
! A. Carbohydrate Metabolism at Altitude:
I 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,'

I anoxemia increase the fasting blood sugar in the absence of excitemeat
(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
I the blood sugar (7, 8). In man, on the other hand, variable re-

sults have been reported by various investigators. At altitudes
;

, ,

|

1

| 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 atly
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.

2
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Picon-Reategui (11) performed insulin toler'ance'

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

Interestinglyof plasma potassium during the insulin tolerance tests.
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 epinephrine 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
However, hypoxic animals had a fasting plasma glucose ofrats.

17 mg percent less than sea level controk.
These conflicting 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 remainder of this introduction will deal with
energy fuel for working muscle, w'lth emphasis on FFA.

3
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] B. Metabolic Fuel for Working Muscle:
4

]- Proteins contribute little fuel for working muscle
j. c ella.- In 1866, Pettenkofer and Voit (quoted by 1 strand [24]) re-
! ported that protein catabolism during heavy exercise was not higher
i than under resting conditions. These findings have been confirmed

by others (25). In contrast with 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-i

: 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
j' 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.
i
?- In contrast with high-fat diets, human subjects
; on a normal diet (27) showed that only 50 to 60% of the energy was
j 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-p
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 i

carbohydrate contributions to metabolism. As mentioned above, i
,

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
Exercis e:

During aerobic work, fasting human subjects ex-
hibit alterations in plasma free fatty acid concentrations (30, 31,
32, 33, 34, 35, 36, 37, 38). During the first ten to fifteen 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 is
associated with increase efflux of PFA from plasma. After about
twenty 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- |

I

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 dim tide 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.

5
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i

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
endinge, to stimulate lipid mvbilization in adipose tissue. With
regard to other hormones, growth hormone increased during ex-
ercise h1 man (39); however, patients with hypopituitarism have
a normal 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 findings that beta-adrenergic blocking drugs, such as . |

pronethalol, decrease the rise in plasma FFA during and after
exercise (41). Similarly, nicotinic acid has been shown to
greatly diminish the mobilization of FFA and the rise in plasma
glycerol during exercise (42, 43). Interestingly 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 nervous 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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$ During 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
1 have reported similar trends (31, 40, 46, 47, 48, 49). Young,
'

et al (50) found that during intermittent work for 24 hours, plasma
FIFA stabilized at 'about three times the resting' level. Finally,
Carlson and Froberg (51) reported that walking fifty kilometers,

+ day for ten days with low caloric intake produced increments'

j- in plasnm FFA and glycerol during the first.six days, and a sub-
sequent slight decrease; plasma concentrations of cholesterol

~

j and phospholipid and triglyceride were markedly decreased during
'

this period.

With regard to plasma FFA composition,-

i Wood, et al (49) reported a diminution in oleic: palmitic acid i

ratio in plasma during acute exercise, suggesting a greater |
fractional turnover rate for oleic acid as compared to palmitic
acid. Carlated, et al (46) reported a decrease in the percentage
of plasma stearic acid and a slight increase in the percentage of'

j linojeic acid, but no change in oleic acid. Hagenfeldt .and Wahren
(52) reported that during arm exercise, the net uptake of linoleic.

acid is smaller 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 lipidsj .

other than 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 results. A sigr.ificant fall in plasma cholesterol
i phospholipids, and triglycerides have been observed after eight to
|' nine hours of skiing (54). MacDonald (59) reported decrements in
i plasma lipid concentrations after 27 to 55 miles of walking.

Campbell (60) reported reductions in serum cholesterol in hu-'

man subjects running on a treadmill three times / week for ten,

<
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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 j

(12). Eight male subjects were exposed to an altitude of 14,100 |
lfeet 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 i

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 j
l

high altitude, l

At sea level or low altitude, exercise (treadmill j

running with a 107o grade at 100 m/ min) p-oduces 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 j

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 U.

D. Responsibility of the Welfare of the Human Subjects
(Studies I and II):

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 in 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 accc,m,-wes

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 j

human subjects to high altitude (4300 m). The following parameters |

will be compared to sea level control data: |
1

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

b. Influence of physiologic dose of glucagon (1 micro -
gram /kg body weight) on concentrations of plasma glucose, insulin ,

growth hormone, and free 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.

III. 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 e 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

9
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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
Hou ston, 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 j

a military garrison mess hall, will be fed ad libitum and the j

daily intake will be measured for each subject during the study I

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 1), glucose turnover and response to glucagon
will be determined. On Day 2, arginine infusion tests will be per-
for med. On Day 3, a standard submaximal exercise test will be
done. 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

j same series of tests at sea level and they will be pair fed at the
same rate as the altitude group.

4 Glucose Turnoven The technique of measured tracer in-
jection of glucose-U-C" ' will be utilized to determine the inter-
rnixing glucose mass, apparent distribution space of glucose,
and rates of glucose appearance into and disappearance from
circulation. A single dose of 30 microcuries of high specific

,
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14activity glucose-U-C will be injected intravenously after ob- -

taining a blood sample in the fasting state. This dosQs approxi-
mately 1/7th of the maximal recommended dose of C labelled
. glucose. 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- j
breakable vials, and all contaminated solutiono will be sent to the i

Radioisotope Branch, Physiology Division for disposal. Urine

and fecal disposal will be donc according to AEC regulations al-
though it is known tgt most of the labelled glucose (75% +) will
be disposed of as C O in the expired aigsee inclosed request
for an amendment perrditting the use of C labelled glucose in
human volunteers).

Glucagon Tests: This will be performed on the same day that |

glucose turnover is gne. Exactly 65 minutes following administra-
tion of glucose-U-C a single ir.jection of glucagon (1 microgram / |

,

kilogram body weight) will be injected intravenously and blood I

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 A ests: 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
a nalyz er. 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 twenty 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."

i
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Mental Attitude and Ability (Studies I and II): (a) General
,

High Altitude Mood Symptom Questionnaire: A check list that re-
flects attitude changes and syinptoms of mountain sickness will he
administered twice daily on each subject throughout the study. This
questionnaire has proven to be valid in recent studie:: (69, 70) and
will provide a final numerical value which may describe the degree
of severity of the clinical symptoms. (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 attention 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 purcha sing and prepara-
tion of the liquid diets. ,

1

2. Project Leaders:

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) $ 750.00
10 Civilians, Military Personnel

(1 trip each) 1,250.00

8 Additional trips to accompany
troops to Pike's Peak, Colorado 1,000.00

8 Subjects 1,000.00

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

civilians and I officer (26 days) 4,000.00

5 Enlisted men (26 days) 500.00
Pike's Peak - 6 civilians and 1 officer

and 5 enlisted nien 1,500.00

Test Subjects (8) 400.00
Miscellaneous funds for research TDY 2,000.00

d. Equipment:

Practically all on hand (Miscellaneous) 2,000.00

e. Supplie s:
,

Misc ellaneous 3,500.00

f. Contract Funds:

Refrigerator - Freezers Rental 500.00
Truck Rental 1,000.00

Air Conditioning Units 1,000.00

Car Rental 2,000.00

g. Support from Fort Sam Houston, Texas:

To include building with tables, chairs,
etc. 2,500.00

Total $26,400,00

14
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APPENDIX I TO STUDY I j

A,8equest for an Amendment is Submitted Pertaining to the Use of I

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-
fig of The Surgeon General, detailed reference is made for use of
C labelled carbohydrates.

The general health physics 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 cm 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. Dytpils as to 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). ,

1

" b. Request for Use of Carbon-14 to label Vitamin ( )
and Related Compounds. j
Therefore, because of demonstrated usefulness |
and necessity of using tracer techniques to study j

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

i
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14 14

glucuronolactone-g G , glucuronic-6-C acid .

and ascorbic-1-C acid be administered by
mouth to humans in further studies for the pur- i

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 I

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 permissible limits
for normals of 5 rem per year (lower below age
25)." |

l
II. SPECIFIC AMENDMENT REQUEST

The following amendment of the inclosed request is being
sought:

Tha t, in addition to what has been stated in the "Re-
quest for Approval for Human Use of Radioisotopes in Tracer
Amounts in Vglunteer Experimental Research Subjects", per-g

taining to C labelled carbohydrates, approval be granted for
ingavenous 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.

l4
A sterile and pyrogen-free solution of C 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.

1
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III. DOSAGE CONSIDERATIONS AND CALCULATIONS:

The maximum dose of 50 microcuries of C * 1abelleds.,

glucose to be administered per adult is well within the officially.

j approved dosage (maximum permitted is 300 microbandes) for
i study of metabolic precesses in man as noted in reference 75, 76.

f
'

- b. Since 1954, C labelled glucose has been used in human
j subjects to study glucose metabolism, and the following references
j are only 3 of a voluminous and well-known literature on this sub-
} Ject (77, 78, 79).
4

Accogng to Baker, et al (77) and Bolinger, et al (78),c.
| about 60% of C labelled glucoseynjected intravenously, was

expired in the figt 24 hours as C O. About 90% of the label
' will appear in C O in *xP red ak w tMn 72 hows after Wection.i

2
Thus, the majority of injected glucose is oxidized to CO and H 0,

2 2i mostly via breakdown to active acetate and entry into the Krebs
cycle. In that regard, followgg the intravenous administration in

|- man of 100 pc of acetate-1-C Gould, et al (80) reported that ap-,

proximately 56% of radiocarbon was eliminated during the firg 24,

"

hours. On this basis, they assumed that less than 25 pc of C is

; " retained" in the " fat compartments" of the body following a sige,

100 pc dose. Inasmuch as the maximum permissible dose of C,

| compounds retained in the body is estirnated to be 250pc (Handbook
! 52 of the National Bureau of Standards [81j), Gould and his co-
|- workers felt justified in administering, over geriod of several

months, a maximum of five 100 pc doses of C acetate to human
i subjects without regard to their life expectancy. Radioautograph

studies by Hellman and co-workers (82) of tissues obtained at
postyrtem examination from patients who had received 200 pc,

| of C acetate also failed to disclose areas of concentration of the
; isotope.
1 '

14d. The dose of radiation from 50 microcuries of C glucose;

; is calculated, based on above information in the literature and using
i the formulae desgr If one assumes that all 50microcuries of C''gbed elsewhere (83).1 glucose are retained in the body indefinitely

| -

i
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(which of course is not the case), then - '

51. 2 x C x 5 5 rada (per day)/djf ,=

where,

= microcuries per gram body weightC

= 50 pc/70,000 g for an average-size adult |

f
E g = average beta rr.y energy per disintigration |

!in Mev
14 ;

= 0. 050 Mev for C I

j

thus,

d g = 51. 2 x 50 x 0. 05 = 1. 83 x 10' r/ day
70,000 .

|

f (or 0. 013 r/ week) 14
j

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

f
It must be emphasized; figwever, that the majority of the

O in expired air, as referencedinjected dose is excreted as C 2
Thus, each subject will gelve a considerably less3

earlier.
radiation dose from the 50 pc of C glucose than 1. 83 x 10 r/ day.

is excreted from the bodyAssuming that 90% (45 pc) of C
and 10% (S pc) retained indefinitely, each subject will receive agtal

, rad from the 45 pc, and 1.83 x 10
, life time dose of 2. 35 x 10
r/ day from the 5 pc retained in the body.

IV. USE OF GLUCOSE C :

Intravenous administration of C
labelled glucose will be

used to study:

a. Intermixing glucose mass.

Apparent distribution space of glucose, andb.
Rates of appearance (mostly hepatic output) and

|

c.
dispppearance (tissue uptake) of glucose in human subjects exposed

,

!

l

!
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to altitude and various dietary and drug r>egimens, and in patients
,

with metabolic disorders.

Each volunteer will sign a Voluntary Consent Statement.

,

)

|

|

|

|
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ST lt The Effects of High Carbohydrate Diets on Physical
Performance

l

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 investigatore.

.

II. JUSTIFICATION
One of the major problems in the military has been: (a) j

to find a means of increasing endurance and delaying 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- I

hydrate diets may be beneficial. Field commanders would need
this information in order to accurately estimate their personnel
requirements and operational capabilities. This study will at- ,

Itempt to delineate further the mechanisms by which high carbo-
hydrate diets increase work performance.

III. 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 consultation with Major C.
Miller, the diets will be prepared and fed by the Metabolic Ward
per sonnel.

20
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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 Metabouc |
'Ward, U. S. Army Medical Research and Nutrition Laboratory.

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

Weeks 1 - 2 No Exercise Denver |

|Weeks 3 - 7 Heavy Physical
Exercise Denver

Week 8 Heavy Physics'
Activity Pike's Peak

Weeks 9 - 10 Heavy Physical
Activity (a,11 to
consume a normal
diet) Denver

All of the physiological measurements will be done in the
Bioenergetics Division d'uring 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-
m ents. The weekly schedules will be as follows:

Submaximal Work g
Day and I. V. G. T. T. Work

Blood Parameters

Mon - AM A B
PM

Tues - AM C D A B
PM A B

Wed - AM E F C D
PM C D

Thurs - AM G H E F
PM E F

Fri - AM GH
PM GH

21
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SCHEDULE - 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

Activity None - Heavy at 3600 Calorie Level

Altitude 1600 m 4300 1600 m
m

_ Mea s ur ements

Sub Max
(bloods,
etc.) X X X X X X s

a

Sub Max j

(no |
bloods) X X X {

!

3

Max i

Work X X X X X X {
i

IV GTT |
Body j*

Com- |
po sition X X X X X X j

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.

|

I

!
'
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; Standardized submaximal physical activity will be ,

; a.

]
performed on the treadmill once each week. This will consist of |

For ten |
; walking at 3. 5 mph on a 4% grade for twenty minutes.

iminutes prior to the steady state exercise, twenty minutes of ex-'

!arcise and sixty minutes of recovery after exercise, continuousi '

i measurements of oxygen consumption, carbon dioxide production,
ventilation rates and volumes and pulse rates will be made with i

}
the continuous respiratory gas analyser. Blood pressures will
be obtained at ten to fifteen minute intervals throughout the period. i

,

b. A maximal work performance will also be done
each week on each subject and will be based on the Balke test, |

,

,

j '

: in which the grade will be increased 1%/ minute until the man
stops due to exhaustion. Only oxygen uptakes and pulse rates
will be measured during this performance, j

,

*

Blood Parambters: The blood and plasma parameters will f
!

|
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 thei

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 bej
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,j
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 acids, cholesterol, triglycerides, sodium,
potassium and total 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,;

i k.
.
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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 taken during the entire study. The fecal samples will be |
pooled for 7 day periods. Urines will be collected for 24 hour i

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
libitum but measured. This will be kept refrigerated in plastic
bottle s.

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 leaders will be CPT Shafeek S. Sanbar,
MC; Herman L. Johnson, Ph. D. ; C. Frank Consolazio, C, :|

!|
t
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Bioenergetics Division; and Harry J. Krzywicki. Bioenergetics
Division. Major C. Miller of the Metabolic Division will also be
a co-investigator.

.

3. Personnel (Salaries):

S. S. Sanbar - 100$4f.htnne $ 2,250. 00
H. L. Johnson - 90% of time 2,340.00

C. F. Consolazio - 40% of time 1,720.00

H. J. Krzywicki - 50% of time 12, 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 days); 3 civilians, 1 officer, 4 enlisted men,
and 8 subjects 1,730.00

c. Equipme nt 2,000.00

d. Supplies 3,000.00

Foods (Dietary Components) 2,000.00e.

f. Contractural Rentals ,

4 Vehiclea 1,000.00

Truck 400.00

Total $11,130.00

cH W
C. FRANK CONSOLAZIO
Chief, Bioenergetics Division

-

',96&r w f.

SHAFEEK S. SANBAR
CPT, MC 09859

25 ' Bioenergetics Division
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STUDY 11

Composition of Diets

Groups
Normal % of Total High Carbohydrate % Total

Liquid Portion

Calories 1821 1823
Protein, gm 70.I 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
Pr otein, gm 73.I 16.1
Fat, gm 72.3 35.9
Carbohydrate, gm 217.3: 48.O

l

Totals (All Diets)
Calories 3609 3611
Protein, gm 143,2 15.7 143.I 15.6
Fat, gm 145.9 35.9 73.3 18.1
Carbohydrate, -

gm 441.7 48.4 606.1 66.3 j'*

* The solid portion of the diets will contain TV dinners, canned meats,
fruits, fruit juices, milk, dry cereal, etc.

i
|

|

|

|

|

26

1

|
-

?
- . - - .



. _. _ _ ..

. .

.

.

Work Unit 080; ST 10 24 January 1969

REFERENCES

1. Consolazio, C. F. , et al. , Am. J. Clin. Nutr. p: 154, 1968.
2. Consolazio, C. F. , et al. , Federation Proceedings (in pres s).

3. Krzywicki, H. J. , et al. , Federation Proc eedings (in pres s).

4. Johnson, H. L. , et al. , Federation Proceedings (in press).
53: 211, 1919.5. Kellaway, C. H. , J. Physiol. 3

6. Wertheimer, E. , Ztschr. ges, exper. Med. M: 309, 1930.
(Quoted from Forbes, Ref.19).

7. Kelley, V. C. and R. K. MsDonald. Am. J. Physiol. 152:
250, 1948.

8. Stickney, J. C. , et al. , Am. J. Physiol. 154: 423, 1948.

9. Abder halden, E. and N. Kotschneff. Pfluger's Arch. 216:
362, 1927 (Quoted from Forbeu, Ref. 19 ).

10. Fr enkel- Tis s ot, H. C. , Deutsch. Arch. klin. Med. 133:

286,1930 (Quoted from Forbes, R ef. 19).

I 1. Picon-Restegui, E. , Federation Proceedings 25: 1233, 1966.

12. * Klain, G. J. and J. P. Hannon. Proceedings of Soc. of Exptl.
Biology and Med. 129: 646, 1968.

13. Picon-Reategui, E. School of Aviation Medicine, USAF Re-

port 56-107, Randolph AFB Texas, November 1956.

3,2: 1,14. San Martin, M. S. An. Fac. Ciencias Med. Lima 2

1940 (Quoted from Picon-Reategui, Ref. 13 ).

15. Monge, C. C. An. Fac, Med. Lima 32: 1, 1949 (Quoted
from Picon-Reategui, Ref. 13 ).

16. Goldberger, S. Boll. Soc. Ital, sper. 4: 710, 1929 (Quoted
from Forbes, Ref. 19 ).

17. Fe r raloro, G. Arch. Sci. biol. (Italy) H: 41,1932 (Quoted
from Forbes, Ref.19).

27

.

*5 [ E f** #MI to% ' r-

.



. - _

.

.

24 January 1969Work Unit 080; ST 10

18. Madon, N. Arch. Sci. Biol. (Italy) 17: 41,1932 (Quoted |

|
from Forbes, Ref.19).

19 Forbes, W. H. Am. J. Physiol. 116: 309. 1936, i

l

20. Janoski, A. H. and J. W. Anderson. Clin.' Re s. 16: 1968.
)

Janoski, A. H. , et al. , Federation Proceedings (in press).21.

22. Picon-Reategui, E. Metabolism 11: 1148, 1962.

23. Davidson, M. B. USARDC Annual Progress Report, June
s

1968.

24. Astrand, P. O. Federation Proceedings 26: 1772, 1967. ;

)

25. Hedman. R. Acta Physio 1. Scand. 40: 305. 1957.

26. Zuntz, N. Oppenheimers Hanbuch der Biochemie 4,: 849, ;
'

1911 (Quoted from Astrand, Ref. 24).
<

27. Christensen, E. H. and O. Hansen. Skand. Arch. Physiol.
_81 : 137, 1939. i

28. Bock, A. V. , et al. , J. Physiol. , London 66: 162, 1928. )
,

29. Hultman, E. Scand. J. Clin. Lab. Invest. 19: Suppl. 94,
)

1967.
5_3 :3

b 30. Carlson, L. A. and B. Pernow. J. Lab. Clin. Med.
833, 1959.

31. Friedberg, S. J. , et al. , J. Clin. Invest. 39: 215, 1960.

32. Bruce, R. A. , et al. . Am. J. Med. Sci. 242: 59, 1961.

33. Carlson, L. A. and B. Pernow. J. Lab. Clin. Med. 8:

673, 1961.
IKonittinen, A. , et al. , Ann. Med. Exptl. Biol. Fenniae34.

(Helsinki) 40: 250, 1962.

35. Friedberg, S. J. , et al. , J. Lipid Res. 4: 34, 1963.

36. Havel, R. J. , et al. , J. Clin. Invest. 42: 1054, 1963.

1

I

,

28 :

|
,

- - . ,



__ - _ . _ _. - _.

|.

|

8

i

Work Unit 080; ST 10 24 January 1969 {
'

37. Havel, R. J. , et al. , J. Appl. Physiol. M: 613, 1964.
! 38. Carlson, L. A. , et al. , Adipose Tissue, Section 5, Am.
4 Physiol. Saciety. Washington, D. C. , p 625, 1965.

39. Roth, J. , et al. , Metab. Clin. Exptl. _12,: 577, 1963.
40. Basu, A. , et al. , Quart. J. Exptl. Physiol. 45,: 312, 1960..

41. Muir, G. G. , et al. , Lancet 2,: 930, 1964.
42. Carlson, L. A. , et al. , Metab. Clin. Exptl. 12: 837, 1963.
43. Jenkins, D. J. Lancet 1: 1307, 1965.

44. Carlsten, A. , et al. , Acta Physiol. Scand. 6_4: 439, 1965.
45. Rodahl, K. , et al. , J. Appl. Physiol. M: 489, 1964.

.

46. Carlsten, A. , et al. , Scand. J. Clin. Lab. Invest. M: 185,
1962.

47. Cobb, L. A. and W. P. Johnson. J. Clin. Invest. 42: 800,,

1963.

48. Calvy, G. L. , et al. , Military Med. 129: 1012, 1964.
49. Wood, P. , et al. , Metabolism M: 1095, 1965.
50. Young, D. R. , et al. , J. Appl. Physiol. 2_1,: 1047, 1966.1

51. Carlson, L. A. and S. O. Froberg. Metabolism 16: 624,
1967.

-

52. Hag enfeldt, L. and J. Wahren. Life Sci. 5_: 357, 1966.
53. Sanner atedt, R. , et al. , Circulation 38: VI - 171, 1968.
54 Carlson, L. A. , et al. , Acta Physiol. Scan. 62: 51, 1964.

;

55. Mon' 'ye, H. J. , et al. , Am. J. Clin. Nutr. 7_: 139, 1959.
56. Brumbach, W. B. Res. Quart. 32: 147, 1961.

57. Johnson, T. F. and H. Y. C. Wong. Res. Quart. 32: 514,
1961

~

29

q
, c - .. . . . . w w . ,, i ..wu

,

i



- _ .

.

.

Work Unit 080; ST 10 24 January 1969

58. Fitzgerald, O. , et al. , Clin. Sci. 28: 83, 1965.

59. MacDonald, I. : Guy's Hosp. Report 115: 1, 1966.

60. Campbell, D. E. Am. J. Clin. Nutr. 3: 79, 1966.

61. Dalderup, L. M. , et al. , Nutr. Dieta. 9: 112, 1967.
3_2,: 499, 1961.262. Golding, L. A. , Res. Quart.

63. Rochelle, R. H. Res. Quart. 32: 538, 1961.

64. Holloszy, J. O. , et al. , Am. J. Cardiol. p: 753, 1964.

65. Naughton, J. and J. F. McCoy. J. Chron. Dis. 19: 727,

1966.

66. Surks, M. I. , et al. , J. Clin. Endocr. & Met. 28: 789,
1967.

67. Is s ekutz, B. , Jr. , et al. , Federation Proceedings 25: 1415,
1966.

68. Hansen, J. E. , et al. , J. Appl. Physiol. 23: 523, 1967.

69. Harris, C. W. , et al. , Aerospace Med (in press).
|

70. Evans, W. O. J. Appl. Psychol (in press).

71. Grether, W. F. and P. K. Smith. SAM Project No. 89,
No. 2, 1942.

72. Sanbar, S. S. Metabolism 16: 259, 1967.

73. Wrenshall, G. A. and G. Hetenyi, Jr. Metabolism 8,: 531,
1959.

,

|

74. Forbath. N. and G. Hetenyi, Jr. Diabetes 15:778, 1966. .|

75. Proceedings of the Second International Conference for .

|

Peaceful Uses of Atomic Energy, Geneva, 1 - 13 Sep 58,
Vol. 25.

76. U.S. Department of Commerce, National Bureau of Standards,
Handbook 69, 5 Jun 59.

.

30

|

|

''

. '; ;. ,r' .~c .
'

x.,

. - .. -- ..



_ _ _

-
.,

s

...

Work Unit 080; ST 10 24 January 1969

77. Baxer, N. , et al. , J. Biol. Chem. 211: 575, 1954.

78. Bolinger, R. E. , et al. , Metabolism M: 394, 1966.

79. Forbath, N. and G. Hetenyi, Jr. Diabetes M: 778, 1966.

80/ Gould, et al. , J. Lab. Clin. Med. 46: 373, 1955.

81. Handbook of the National Bureau of Standards.

82. Hellman, et al. , J. Clin. Inve st. 33: 142, 1954.

83. Quimby, E. H. and S. Feetelberg. Radioactive Isotopes in
Medicine and Biology, 2nd Edition, Lea and Febyr, Philadelphia,
p. I13, 1963.

84. Report of Committee II on Permissible Dose Internal Radiation.
Pergagmon Press, New York, p. XXI. 1959.

,

,

.

e

d

j

?

31

,
, . - c . y;'

..



_ -_ -. _ .a. . . _ . .. ._. _

'
..

,-

*
, .. e.- ~.-1.

.
..,

!

>

i y v,. . . . . . . . g, n.. g f C O N, S r. . . .. d. . 3 .. r; lw. M9
. e. : .s 4 mi :.. ..

,.

.

'

M!!!? cry M1!!?c y ?.?!ar.) Civ!!!:n Civillen .c 21:nt' '

| 1, hav::; 2hc c:pc*ty to c:0::.?,
' |-

l,

1

.. . ., .:n., e. g v,t :. st . . . .a c., c. . . cn.. . s :.o . . .e.c. . .u. w t..,. . . ~.~. c%. *nyw''. v*. .m.w. . ...
. s. i 4

.

,
... .. . . . . . . . . . . . , . ,

|.

| tha t.:o o? t::::: cxce::: c.:::dlohotops. i h=va b cn Inform:.;d c?, cnd und:n;tand, 1
'

thdr.:.turo,' dure:!on, c .4 purp:e eftha c:t.5::: ment, th5 method and mc5ns by wh!ch-

'!? S to ha centuacd, tho inconvan!:Oc:: cnd hc ::d3 to ha c"pctcd, and the

cf.'cd: upa my h::lth end p :en.wh!ch =cy p::!bly como f:c:n p:: tic!p2!ca In'

-

. . .... v. . .. . . . e. .~. . mo ,. ,,.

. . . .
.

SpchEce!!y, ! c; co to ec:0!va \",.."''),~~~'''d) c exc!! quant!iy c?
; < . . . . . . . ,..

'

( c l.y jw

. . t. e . .,, .,t ,..O w. ..t . C7 |' -
. .

. . . .r, ...w. ... . .ww .. w
,

,

. . . ; ~ .ww .O.e .i ...,.:..9 ur.^. Il 6.o d". w w^. -. . - . . _.e , w u., ,. ; ,. .., . w. . c.w. .s.t. t .. .w . O w . ., i O . . . . . . . . -. . . . . . w i . . w . . .,.; ;,,. w w . ..... w.. ,

.. . t y .;V..y .? . .. a.. w . > S.,.,,g . tr .. .. , ., . ..,. .., . A , o." c.w., t ed f ,.;3 j f (c.' aoj - C.L.s . s%.,i s ?. m

.. .. .s. .. . . . . .v..~.... . . . . . s. w o. .w
,

1

' '.'

9.'e '. r L . n. ,s. . t.V 4. .
,1 e . . . . .w .

. .-.t . , . . . . . , e r 9. 3 e. ;~. ;f,r..a.. ,yw. ':0, L.. s .. . . .i ,... .- .. .. . .. . . ; . .y c .. y .s.t a w
.

. . . .
. w .. .. .. w. . . .. .~ . . .

;

my consc..t and withs::w f:::.~. tho c::p:i: :n? wl hos paludica.

I do nM c? thb ?!co h:.vs cny phys!cci dSec::.3, c::c:pt fc: the fo!!cw!nc4

c ,. ' d.b., - -'., ^. w '. ' ..* .'~. *. c?. ..'.y .'.:.ow!ca's-* ........w. . .,
,

! il
4

*

r/.*. .;.

e e .a. A t * a *; 93..:.|:O j s.7.V. . v.i

,

i S!GNATU.13 O.: WITNESS

* /t; ,.3..3.OVAw

! h0v0 5::CO*.:!!yCOC'.,:IC}:.Od thc7 thO c,uCI!?y of th3 (0:OCO!ng Con *,3M is#

.
A1 s**

v , ....t.s r L.3 VC . L.a. w%. i O p., t. ,.t.,..,%.v in . .., C . ,. 4.t . .,s., . . h t. . S.
., L. .

. . . . . . . . . , ~ . . . . . . . , . ,
.. .

.

<

n ..f..\t3!. i./ o iv.51..~tA N.A a- .e. O.* : r-~ !.r:p , e.n,
-. .

3.w4 .3..%. . 4 .

s .
4

*
9

.. _.,. . . . . . . . . . - . . . . - - - - - * - - - - . - - , .or. r

<-- w



_ _ _ _ _ _ _ _ __ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

,

\ %- . g.. . . s .- .

...:

1 f ,

| |
'-

.

>
;- .

b
.

i |
'

.-

i CURRICULUM VITAEi

!
I Shafeek S. Sanbar, CPT, MC 10 December 1968
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Society, American Universitysof Beirut, Lebanon j); .

g1967-1968 President, American Arab , Committee, Ann -
.>

4

;Arbor, Michigan . .
< j.

. ,

:
L HONORS AND FELLOWSHIPS RECEIVED g

' .

'

,i.

-

t.-' '

1956 B. Sc. granted ' WIT DISTINCTION" !N '
.

I\ 1960 M. D. granted "WITH DISTINCTION" !
i

.

,- :
- 1961-1963 Cardiovascular Traipeeship by U. S. Public ,I,, *

Health Service, Grant HTS-5403.

i
, Fello'wship by Ontari|o Heart Foundation, Canada

t1964-1965-
,

i

: 1965 The Francis Hutchindon Award, University.of f*

Toronw, Ontario, C$.nada ! ;.

Research Association | by Ontario Heart M[undation,[
9 :1965-1966: -

Canada -m----'.. -

[
,

_ . . .

1966-1967 '' , Fellowship by Michigan Heart Foundation t
:.

"[ ,,,19.,67;1968 ~ Advanced Fellowship by American Heart
|

, . ;,

'

, ' ' Association',
,

. ..-
.

.. , .

,j , ,
. u

. . . . - . = - - - - - ----, . . .
1 . .

. - *
. . ,

,
, ,

. - :=. = . . .... . m.. ..
,

. - *
..

. **m, * * - anagyg-m

....-...,..-..m- t.,
<

, , , , , _ , .

L~ .' ' '

|,

. . . ' . . .. . . . . ..
'.. -.

-..-; _.
'''~_ . , . . . , . _ _ _ . , - - - ~ '"

_

,

9

w e n .--



. _ _ - .

- -

' '

.. . * . . .
.u _ . , -

.

.

.

*
.

I
i

Curriculum Vitae - Shafeck S. Sanbar, . CPT, MC
.

.

PUBLICATIONS .

1. Sanbar, S. S. , Alaupovic, P. , and Furman, R. H. : '-

Isolation and Chemical Composition of Human Plasma
.f .,

Alpha-Lipoprotein and its Protein Moieties. Circulation. -

-

, ,.

_26:.670, 1962 .

'' 2. Sanbar, S. S. , Alaupovic, P. , Howard, R. P. , Bradford, i

R. H. , and Furman, R. H. : The Mer.bolism of Radio-
.

iodinated Alpha-Lipoprotein andjits Protein Moiety in, .

Normal and Hyperglyceridemia (Hyperlipemic) Subjects.
.

J. Lab. Clin. Med. 60: 1014, 1962.; -

t. ;
.. . - . . . _ _ . _ ,-

. ,

3. Sanbar, S. S. : Structure and Metabolism of Scrum High
Density Lipoproteins, Dissertation Abstn.c.;, 26, .< :., , ->,.-

!

4. A'laupovic, P. , Gustafson, A. , Sanbar, S. S. , and Furman,j
: R. H.: Characterization of the Protein Moieties of Human
j Scrum Lipoproteins. Proc. Six'th Int. Congress of Biochem. ','

! N. Y. , N. Y. , 26 July - 1 Augu.ht 1964.
. _ ,.

'

g ;

: 5.. Alaupovic, P. , Gustafson, ' A. , Sanbar, S. S. , and Furman,
R. H.: The Protein Moietics of| Human Serum Lipoproteins .'

.

J
A Basis for Classification. Circulationi 30: III-1, 1964. - W

,

I - N, 6. ' Sanbar, S. S. , Zweifler, A. , ard Conway, J. : Carbohydrate -~

Metabolism in Essential Hyperlipidemia. Circulation, ' '--
.

3 0: III-27, 1964. Ft - ~ - -

, ~

: 7. Evans, J. R. , Jacobs, M. H. , and Sanbar, S. S. : Factors
!

j Influencing Incorporation of Exogenous Fatty Acids into .

.

Myocardial Lipids. Canad.. Med. Ass. J. ,92,: 352, 1965.
,

'

.

&

8. Sanbar, S. S. , Zweifler, A. , ar.d Conway, J. : :The " Fatty
',

Acid Syndrome" in Hyperlipiderr ia. Canad. Med. As s. J. ..
92: 367, 1965.; *

9. Sanbar, S. S. , Evans, J. R. , and Fo[ bath, N. : In Vivo
'

'

'

Eff.ect of Fatty Acid on Glucose lvtetabolism. " Federation
'

-
.

'

. .' ~.'Pr oc . 24: 432,.1965. - -

;
-

.
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| Curriculum Vitae - Shafeek S. Sanbar, 'CPT, MC
.

;
. .

PUBLICATIONS (Cont'd)'

10. Sanbar, S. S. , Hetenyi, G. , Jr. , Forbath, N. , Lin', B. ,
and Evans, J. R. : Influence of Free Fatty Acid (FFA) ;

on Glucose Metabolism in Vivo'and in Vitro. Circulation, |'

32: Iu- 29, 1965. *

|;y:. -
t S |

11 Sanbar, S. S.': Effect of L-Leucine on Glucose Turnover. g y
'

9'.,

Federation Proc. 25: 303, 196,6. e-

"
12. Sanbar, S. S. : Action of Diazo'xide on Glucose Metabolism

and Plasma Lipids. Clin. Res!. 14: 354, 1966.
1

Action of Diazo;xide on Plasma Free Fatty
-

13. Sanbar, S. S. :

Acid (FFA) and Triglyceride (G3) Metabolism. Circulation,
34: HI-205, 1966. ! i

I131
14. Walfish, P. J. and Sanbar, S. ,S. : Insulin-I Disappearance

Rates Following Diazoxide, Epinephrine and Glucose
Administration. Clin. Res. 14: 443, 1966.

15. Sanbar, S. S. and Reynolds, C!: Effects 'of Epinephrine (E)
and Glucagon (G) on Glucose Tdrnover. Clin. Res. 14:
442, 1966.' .*

131
16. Walfish, P. J. and Sanbar, S. ;S. : Insulin-I

,

.

Disappearance Rates Following Diazoxide,. Adrenalin and\
\ Glucose Administration. Canad. Med. Ass. J. 96: 366,

1967. ;.

17. Zweifler, A. J. , Sanbar, S. S.,, and Conway, J. : Familial'

Hyperlipoproteinemia Type II (FH-II): Scrum Lipids During
GTT and After. Therapy. Clin.| Res. M: 333, 1967.'

_ _ .

18. Sanbar, S. S. , Conway, F. J. ,I Zweifler, A. J. , and Smet, ,

G.: Diabetogenic Effect of Dilantin (Diphenylhydantoin).
Diabetes, 16:'533, 1967.

19. Sanbar, S. S. , Smet, G.', and weifler, A. J. : Decrease in

Serum Lipids and Platelet Adh siveness (PA) following.

, . Polyvinylpyrrolidone (PVP) Administration in Patients with
N. Familial Hyperlipoproteinemia (FH). . Circulation, 36: E-36,-

' . ' 1967.''' .
--

.
,

,
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_ Curriculum Vitae - Shafeek S. Sanbar, C'PT, MC t

PUBLICATIONS (Cont'd)
-

-

20. Sanbar, S. S. , Mitchell, S. A. ,| Lockey, R. F. , Vicek,
E. A. , and Greene, J. A. , Jr. :.: Metabolic Effects of

. *.

Mypotonoton Indunod by Homorrnage and by Hypotensive'

Drugs. Clin. Res. 13: 410, 1967..

21.. Knopf, R. K. , Floyd, J. C. , Jr'. , Sanbar, S. S. , Fajans,
S. S. , Ped, S. , and Conn, J. , W'. : Plasma Insulin Response
to Arginine in Patients with Familial Hyperlipoproteinemia.'

J. Lab. Clin. Med., 70: 1025, 1967.
_

22 3 Sanbar, S. S. , and Smet, G. : Comparison of the Hypolipidemic-
Action of Dextran and Polyvinylpyrrolidone (PVP) in Human

- Subjects. J. Lab. Clin. Med. 3: 890, 1967.-

,' 2 3. Schneider, J. A. and Sanbar, S.I . : Plasma Expanders *

S
and Platelet Adhesiveness. Clid. Res. 16: 456, 1968.*

.

I

24. Sanbar, S. S. and de Romero, S. : 'Ihfluence of Hydralazine
on Glucose Turnover and Plasma Lipids. Clin. Res. M:
469, 1968. ;

'd 25. Sannerstedt, R. , Sanbar, S. S. , and Conway, J. : Metabolic
. ,

fq\v@, Effects of Exercise in Hypertriglyceridemia Patients. !

Circulation, 38: VI-171,1968. !
.

dim 2. . Sanbar, S. S. and West, K. M.: Rectal Absorption; of Radio-6

active 6-alpha-methyl Prednisolone in Ulcerative Colitis. |

J. Med. I.;iban, M: 380, 1961 f
'

.

27. Sanbar, S. S. and Alaupovic, P.|: Effect of Urea on the -*

Behavior of the Protein Moiety of Human Serum Alpha-Lipo- '

protiens in Solution. Biochem, hiophys. Acta, %: 235, ,

*

1963.
*

-

28. Furman, R. H. , - Sanbar, S. S. , Alaupovic, P. , Bradford,
R. H. , and Howard, R. P. : Studies of the Metabolism of
Radioiodinated Human Serum Alpha-Lipoprotein in Normal j-

and Hyperlipidemic Subjects. . J.I Lab. Clin. Med.', 63: 193, !,- -

|",V'1.964. (
'

-
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Curriculum Vitae - Shafeek S. Sanbar, CPT, MC '

'

PUBLICATIONS (Cont'd) ,

'
,

29. Sanbar, S. S. , Hetenyi, G. , Jr. , Forbath, N. , and
Evans, J. R. : Effects of Infusion of Octanoato on clucono

,

Concentration in Plasma and on t'he Rates of Glucose Pro--
'

duction and Utilization in Dogs.. lMetabolism, 14: 1311, 1965.
~

3 0. - Alaupovic, P. , Sanbar, S. S. , Nurman, R. H. , Sullivan,
'

, M. L. , and Walraven, S. L. : St'udies of the Composition j
~

.

and Structure of Serum Lipoproteins: Isolation and
i{
'

'

Characterization of Very High Density Lipoproteins of -
.

Human Serum. Biochem. , 5: 4044, 1966. ,! '.
, ,

i
31 . Sanbar, S. S. , Conway, F. J. , Zweifler, A. J. , Julius, S. ,

.

*

and Hoobler, S. W. : Familial Hyperlipoproteinemia ;

(Hyperlipidemic) Syndromes. Univ. Mich. Med. Cente.r ,'.
J., 32: 277, 1966. i i,

-

: s .

32 Sanbar, S. S. : Effect of L-Leucine on Glucose Turnover ;
in Do~gs. Metabolism, 15: 557, 1966.,

_

'

33. Sanbar, S. S. , Evans, J. R. , Lin, B. , and Hetenyi, G. , Jr. : '
-

Studies on the Effect of Octanoate on Glucose Metabolism in '|
"

. .
,

Dogs. Canad. J. Physiol and Pharmacol..,_45:,2,9n 1967. ,I
:

.

4 '- .m
34. . Sanbar, S. S. , Martin, J. : Stimulation by Octanoate of if !

Insulin Secretion by Isolated Rat I)ancreas. Metabolism hi
16: 482, 1967. ' I-

' '

.

35. Sanbar, S. S. : Metabolism of Pla, sma Glucose and Lipids.. _ _.___. I'
..

.
.

Following Diazoxide Administrati'on in Dogs. Metabolism,
. . .

'

16: 259, .1967. P
'

.
-

- . :. : :- m
, 3 6. Bacon, .G. E. and Sanbar, S. S. : Serum Lipids and Lipo-

,

proteins 'of Insulin-Treated Diabetic Children. -Univ. Mich.--- 1 .
-

>~ " ' " ' . . . . . . - - -:--~-Med. Center J. , - 34: 84, 1968..
~ b. '

-

- r. .

37 - Sanbar, S. S. : Alterations in Glucose Turnover Following . . f
Single Intravenous' Injections of E inephrine and Glucagon in '

.

q Dogs. Metabousm, . 1_7,: 631, 1968.
,
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Curriculum Vitae - Shafeck S. Sanbar, C'PT, MC i.

.

.; ;

' ''' ' '

h''

PUBLICATIONS (Cont'd). ;j.,
~

J n-Vivii7 t

I i
38. Sanbar, S. S. , Zweifler, A. J. ,; and Smet, G. :

and In-Vitro Effects of Polyvinylpyrrolidone on Platelet [
Adhesiveness in Human Blood. iLancet '2_: 917,.1967.. 6 ,* q

'

39. Sanbar, S. S. and Smet, G. : H) olipidemic Effect of .

Polyvinylpyrrolidone in Man. Circulation, 38: 771, 1968.-- -. ||
;

1
-

40 Sanbar, S. . S. : Current Therap of Type II Familial g
_,

Hyperlipoproteinemia (Essential: Familial Hypercholesterolemic), y
'4

Univ. Mich. Med. Center J. , 34: 197, 1968.
'i.

Sanbar, S. S. , Zweifler, A. J. ,! and Conway, J. : Dietary f'
*

41.
Fat Restriction and Atromid Therapy in Pt.tients with Type :.-

j
'

Hypercholesterolemic). g'ge,mia (E,ssential Familial
II Familial Hyperlipopro

.._ h; Med."#' 1346, 1968.
>

.

i

G. , Hoobler, S. W. , Sanb: ar, S. S.', and Julius, ' S. : j
42 Smet,

Clinical Observations on a New Antihypertensive Drug, 2- ;

(2,6-Dichlorophenylamine)-2-imidazoline hydrochloride. j' ,.

Am. Heart J. (in press). | ,|
t

43. Sanbar, S. S. and de Romero, S. : Action of Hydralazine ;!.

on Glucose Turnover and Plasma Lipids in Dogs. ji,,

I , i,Metabolism (in press).
| [|

--

44. . Goldberg, E. ... and Sarbar, S.i S. : Hyperglycemi,c j.

Non-ketotic Coma Following Administration of Dilantin (l',
(Depheny1 hydantoin). Diabetes ( n press). |

I

45. Zweifler, A. Z, and Sanbar, S. .: Inhibition of Platelet-
*

Adhesiveness and Aggregation b Benzyl Alcohol and
' '

Phenol. tam 6. %h;forrenblica.ticr.k(w prm) -IC*r/ Stud N
:

u FTc.uw ( i
*

46. Schneider, J. A. , Sanbar, S. S. , and Zweifler, A. Z. :
Plasma Expanders and Platelet idhesiveness (in preparation).:. f,

e

47. Sanner stedt, R. , Sanbar, S. S. , and Conway, J. : Metabolic -{!
Effects of Exercise in Hypertriglyceridemia Patients (in |'

|: ;,,- |., pr eparation).
.-
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Curriculum Vitae - Shafeek S. Sanbar, CPT, MC |
' ? |.

PUBLICATIONS (Cont'd) ,,,
,

| . . . |
'

48. Snopf, R. K. , F loyd, J. C. , Jr. , Sanbar, S. S. , i
'

Fajans, S. c. , Ped, S. , and C onn, J. W. : Plasma

Insulin Response to Arginino in! atients with Familial lP:
.

'

!; Hyperlipoproteinemia (in preparation).. ,

-

,,,

I

'49. Sanbar, S. S. : Diabetogenic Effect of. Dilantin (Diphenylhydantoin).' '

(in preparatio n).

50. DISSERTATION: Sanbar, S. S. : Structure and Metabolism ,

of Scrum High D cnsity Lipoprofcins.* . Oklahoma City. The-

' University of Oklahoma, 1963, 80 pages. #
-

Sanbar, S.' S. :[Kyperlipoproteincmil berlip,idemi_nj.}d
sy,.

.

~~
51 BOOK: :

Little, Brown and Company, Bo'ston, Massachusettc,1969$u.0, , j
,
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1(An 34011)
|A1NKNCE OA OffKE SYM80L SU6MCT

,

I MEDEN-RI Radioisotope User Certification ;j
I

To Recorder, . Radioisotope raou Radioisotope ~IME 6 Jan 6 CMT 2

t Committee of FGH and USAMRNL Section USAMRNL MAJ Liddle 26111

1. Request that Shafeek S. Sanbar, CPT, MC, be certified as a
user of radioisotopes in human subjects under the conditions
outlined in " Request for Approval for Human Use of Radioisotopes
in Tracer Amounts in Volunteer Experimental Research Subjects."

2. Als'o request that CPT Sanbar be certified for non-human use i
'

of the following radio 4.sotopes:

Carbon - 114 1 millicurie
Hydrogen - 3 5 mil 11 curies
Selenium - 75 1 m1111 curies ,

Iodine - 131 1 millicurie |
Iodine - 125 1 mil 11 curie l

1- ,

..dy.' e.- ,

CHARLES G. LIDDLE
MAJ, VC
Chief, Radioisotope Section
USAMRNL

_

DA di"t 2496 iJes*"a.3?A'S'Fa duf.'o43"!!Jen. --- , -~~~~""

we - . -..,4+-. - ---- j p g, , ,.
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Units) $1 Jes Aromic Eweeot Commission.

'' '
'*'~ fs*$ " " APPUCATION FOR BYPRODUCT MATERIAL UCENSE |"Js.?C"'| ne. a. naso. il

Paea 3 $UPPLEMENT A-HUMAN USE

This page may be completed by the physicion's preceptor (if ony) in the medical use of radioisotopes. When the information is not
- furnished by the preceptor, the nome and present oddress of the preceptor (if ony) should be shown in item 12 below.

F. (e) USNQ PHYSICIAN'S NAME (b) NAME AND A00tt55 of APruCANT (It deWerent from 9(e))

Shafeek S. Sanbar

10. CLNICAL TRAINING AND EXPitf(NCE Of PHY51CIAN WHO WILL USE BYPRODUCT MATEtlAL

) (t) (C) (o)
TYPE Of PARnOPAnON FOR ALL CASESNMR Of IN COLUMN O (circle oppliceble nom.

150 TOPE CONDiflON($) DLAGNO$tD OR TafAftD CASE 5 t.,s .t is.ms in ecce,dence we liey set
fore below)

|_t3g Diognosis of thyroid function _LUU /h@@@
Treatment of hyperthyroidism 2 @ 2 ("J[ @
Treatment of thyroid cancer I 2 3 4
Trootment of cardiac conditions 1 2 3 4
Brain tumor localization 5 () 2 3s
Blood determinations 100 0@@@ l

O*ers, 100 (r) 2 3@
1 2 3 4

P-32 Treatment of polycythemio and leukemio 2 @QQ@ I

Soluble train tumor localization 1 2 3 4
Treatment of bone metostases 1 2 3 4

Others: 1 2 3 4 )
1 2 3 4

P-32 Treatment of prodatic cancer 1 2 3 4
CrPO4 Treatment of cervical concer 1 2 3 4 |

Treatment of pleural e#vaions and/or oscites 1 2 3 4 i
IOthers, 1 2 3 4

I 2 3 4 1
'

Au-198 Treatment of prostatic cancer 1 2 3 4

Colloid Treatment of cervicol career 1 2 3 4
Treatment of pleural e#wsions and/or oscites 1 2 3 4 ,j
Othersi 1 2 3 4

1 2 3 4

Cr-S i Blood determinations 50 G@@@
Others 1 2 3 4

1 2 3 4
other Fe-59-JJgb__synttleEiLand RBC survivn1 in NN@@
isotopes Co-60 Vit. B12 in 62 3@

-

50 @2 3@Htt-197-Kidney scans and vnnngrnmn
Se-75-Methionine for parathyroid scan 2 1@3@

lley to above numbers (column D) Active Por$cipation and Discussion

I. Enomination of potents to determine suisability for radioisotope diagnosis and/or treatment and recommendations on desoge to be prescribed.
2. Collaboro6en in calibration and odministrohen of demoges including relosed moosurements and plothag of deto.
3. AcHvo period of traming and emperience of sufReient duration to permit followup of patients through treatment and poenrootment period incivding

reevoluotion os to e#ectiveness and compi.cohons.
4. Study ond discussion of case 6istories to establish most ofRcocious diognostic and/or theropewtic techniques for this rodioisotope use.

Ii. TOTAL NUMSER Of HOURS OF PARTICIPATION IN CUNsCAL TRANNO hours,

.

I2, THE TRANING AND EXPERIENCE INDICAft0 Atovt WAS 09fANED UNDER THE SUPftVISION 04 GUCANCE

Professors of Dept. of '

Biochemistry ,,, Unic , of Okla, Medical Shafeek S. Sanbar. Cot.MC
(N .e 9 rsam ter=eemen oa**r'=a) Schoo1 (Seel4

. _ . ,, .. - _ _ _ _ _ _ _ . . _ _ . _ . , _ .. ._. __

FT w - *



Pa is f.<,Fwm AEC-313 ($ 58) r

,; TRAINING AND EXPEs, 4CE OF EACH INDIVIDUAL, NAMED IN ITEM 4 0 . sus,pfemeatol shuts eI nusuory)
, * .

i i s. TYPE OF TRAININ G DUaAfiON OF ON THE JOS FORMAT COvest
WHitt IRAINED TRANNO (Carcio enmt) (Cecie onmt)

{

o. r,inc; pies .no p<oct.ses or ,oaiotion WHO course in Radioisotopes 1 Moi >

(y,,) y, [ y,,) g,
p<.txtiaa . Course (3 credit hrs) for Ph. D. 3 Mos. . .

! ggobgxperience at Unive 3 Yrs6. Roa..octi,;t, m..s.,.mont s,onao,si,o. g, t.en .a m net.,in, runni .es ou in. (y,,) g, (ve,) No
st~ments . Same as above. ... ...

,

c. me,hemoi cs oa coic iotion. 6. sic to the
(Yes) No (Yes) Nos,se oa moos.,ement of ,oa.oocti.ity. Same as above 3 Yrs

d. Siological eNects of rodieri.n . Same as above 3 Yrs (Yei) No (fa) No
,. enretleNCe witn RAotArlON. cAcluos ,s. or rod.. isotopes or .n.i.oient .sewi.nce.) |)4

|
! ISOTOPE maximum AMOUni WHeas exPERifNCE WAS OAINED DURAtlON OF EXPERIENCE TYPf 07 U$f

i! C-14 2 pc Amer. Univ. of Beirut, Lebanon 1 yr Metabolic Studies
" "

|i|
H-3 10 pc Univ. of Okla. Med. School 3 yrs

" "e- 0.5pc Oklahoma City yrs
" "-13 5 pc Univ. of Toronto, Toronto yrs
" "I-125 5 pc Univ. of Mich. , AnnArbor 3 yrs

10. RADIAtlON DETICTION INSTRUMENTS. (Use suppiemental sheets if necessary.),

TYPf OF IN$TRUMINT$ NUMata RADIAflON $1NS TMTY RANOI WINDOW THICKNE$$ U$f
(loclude meke end model number of each) AVAILASLi DtitCTED (er/lv) (mg/cm ) (Monororing, survey.ng, mooserung)e

|

|
|

11. METHOD, PRIOVENCY, AND STANDARDS USED IN CAUSAATING INSTRUMINTS tl5 FED A80VI.

I 2. FILM 4ADOES, DO54MtTI AS, AND 880-A55AY PROCEDutts USED. (for fien bedges, spefy method of col,brating and procening, or nome of suppi.w)

INFORMATION TO BE SUBMITTED ON ADDITIONAL SHEETS
13. FACILITIE$ AND f oulPMf NI. Describe lebetofory fecelstaes and remote hondjusg equipment, slotage confoinets, sh.eldang, fwme hoods, etc. (aplenatory sketch

of imlety is ereoched. (Cecle answw) Yes No

14. RADIAtlON PROTICTION PROGG AM. Describe the rod.ohen pro #echen program inclod.ng control measures. If appl.coteen covers sealed sources, subm.s leak
teshng procedwres where opplicable, nome, freining, and esperience of person ta perform look tests, and estengements for performing inihol rediohen surver, serv-
icsag, meintenance end repair of the source.

15. WA5f t DISPOSAL If e commerceol weste disposal service is emplered, specily name of company. Otherwise, submit detailed description of methods which will
be weed fe, dispes no of red ***chve =es'es and eshmetes of she type end ennownf of octevity involved.

CERTIFICATE (This item must be completed by applicant)
le. THE APPLICANT AND ANY OFFICIAL Exf CUTING THl1 CI AfiFICAff ON BE HAL7 OF THE APPLICANT NAMED IN ITEM 1, CERflFY THAT THl$ APPLICATION l$

PAtPARED IN CONFORMITY WlfH TITLt ID, CODE OF FtDERAL ttoutAtlONS, PAAT 30, AND THAT ALL INFORMAflON CONTAINED HEAllN, INCLUDING ANY
$UPPLEM(NTS ATTACHED Hittf0, t$ TAUT AND CORAECT TO THE 8817 OF OUR KNOWLEDGE AND SELitF.

_Shafeek Sanbar CPT,MC. s

Applicoat as !

Date 8p TO m r v. m, Mu
Chairman, Radio ope Committee

r,tw .f se,t.e .n o .c.elr n

W ARNING.-18 U. $. C., Section 1001 Act .I June 23.19484 62 Stot. 749 moies it a criminal oWense to make a willivity falso statement et4

representation to any aeportment es agency of the United $tos s os to any matter within its ivrisa,ction.e

* U.S. GOVERNMENT PRD6TDs0 OFFICES itH O . sess?3

.

.+m. .c -m%,, ee_ e -+a 4-..a.....w. *w #e ee- .e - ggw,qq

. . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _
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| REQUEST FOR APPROVAL FOR HUMAN USE OF RADIOISOTOPES IN TRACER
!

AMOUNTS IN VOLUNTEER EXPERIMENTAL RESEARCH SUBJEdTS
4

-

Submitted by: ,,
,

;

. U. S. Army edlcal Research and Nutrition Lobomfory
Denver, Colorado;

,

M. E. McDowell, M.D., Lt. Col., MC, Commanding Offloor and Director
| J. E. Conham, M.D., Lt. Col., MC; Chief, Wtobolic Division
j J. E. Hansen, M.D., Lt. Col., MC; Chief, Physiology Divi Ton
j E. M. Baker, Ph.D., W|., MSC; Assistant Chief, Chemistry Division l

] and Chief, Carbohydrate 8mnch !
K. E. Kinnamon, DVM, Capt., VC; Chief, Radioisotope Bronch, |

Physiology Division |
4 .

! ,J. R. Handy, M.D., Capt., MC; Chief, Cellular Physiology Section, *

j Physiology Division
I H. E. Souberlich, Ph.D., (PL-313), Chief, Chemistry Division
. G. A. Leveille, Ph.D., (GS-13), Chief, Lipid and Protsin Chemistry Bronch,
| Chemistry Division ,,

[ 8. M. Tolbert, Ph.D., Professor of Chemistry, University of Colorado and .

Consultant to USAMANL2

/.#
,

; ,g ,/ s
|

-

. , - :
.

! Fituimons Genomi Hospital
Denver, Colomdo

: '

'

C. A. Wore, M.D., Lt. Col., MC, Chief, Umlogy Service
. O. G. Stonington, M.D., Professor of Umlogy, Univenity of Colomdo School
; of Wdicine and Consultant to FItuimons Geneml Hospital
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Section 1. General Introduction
Poroproph

Purpose of request ----~~~----------------~~-- 1

1

S cope of re goest -------------------- 2 l
-------

General guidelines for requested studies =- -- 3

4 lHistory of USAMRNL footope usage ~= -=

Specific radioisotopes to be used - - 5= - - - ---

<

Section 11. General Health Physics for Requested Isotopes *

C a rbon - 1 4 ------------ ------------------------ 6

H yd rogo n -3 - --------- ~ ~ ------------ -~ ~~ - ~ ~ -------- 7

Mag ne s iu m-28 ---------~~~~------- = - - 8- - - - - - -

Ca l c ium -47 --------------------~~-- 9- - - - - -

Ca l c ium -45 --------- -- ~ ----------~ ~--------- 10

* (for references consult Appendix 1.)

; Section Ill. Proposed Nutrition and and Metabolism Tracer Studies
;

'
V i ta m i ns -------- - - -- -- ------------------------ 11

:

|i

: Amino Ac ids -------------~~~---~~~------------ 12
!

1

i L i p id s ----------- -- - -- -- -- ------ ------ ----- - - - -- 13
,

Carbohydrotes -----~~--------- - 14- - - - - - - -

.
i

M i ne ral s -----------~ ~ ~~--~ ~------~~ ~- 15
L -

I
,

e

I

i
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AppendicesIll_. ADTE Facilities Fact Sheet, USAMANL,18 November 1963

Appendices IV. Reprints Supporting Vitomin C Studies .
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Section 1. General Introduction -|

|

1. Purpose of mquest j
.1

o. Par. %(3), AR 40-37, "Rodioisotope License Program (Human I

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

tb Secretary of the Army prior to the submission of license opplication (through

channels to AEC) for human use (of radioisotopes), wkn volunteers are to be j

used as experimental ruearch subjects. This potograph (Por. 3b(3) AR 40-37)
-

cites AR 70-25, "Research and Development: Use of Volunteers os Subjects of
I. . . ,

(meorch," dated 26 March 1%2 os the basis for the requirement.
i

b. AA 70-25 prescribes policies and procedures goveming the use of

volunteers as sub| cts, including research in nuclear, biological and chemical

warfare, wherein human oeings oc kiiherotely exposed to unusual or potentially

hozordous conditions. Par. 6 of this AR requires oppmval of the Chief of

Amearch and Development prior to the research and, in the case of nuclear,

biological or chemical agents, approval of the Secretary of tb Army is reqvfred.

Radioisotopes in tracer amounts os used in metobolic ond physio-c.
1

i logical experiments are not nuclear ogents (in the context and Intent of AR 70-25
:

i

these words undoubtedly moon nuclear warfare ogents). Furtbrmore, tracer2

i
,

quantitles of rmfloisotopa m licensed by AEC and used by competent medical,
,

-;

|research scientists constitute o bolth hozord so minimal as to permit debate re ;i;
,

I

the oppHcobility of AR 70-25. |
''

i,

i :
;

I

i
<

. . .
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'

*
.,

f

:
5 .

d. Nevertklus, to cornply with tb odministrative technicolity Irnposed;

j

i ' by Por. 3b(3), M d0-37 and Por. 6, M 70-25, this requat is sulxnitted for
<

| opproval for homon use of stated radiolaotopes in imcer omounts in volunteer
i
; experimental research subjects at U. S. Army Medical Raeorch and Nutrition

44 .

j labomtory and Fitzsimons Geneml Hospitol/in field studim conducted by USAMANL.

i -

2. Scope of roquat'

| Experiments included in this request ore g in and of themselves, -o.
.

: unusual or potentially hozordous under th definitions of M 70-25. Thy would F

f be considered potentially hazardous (and minimolly so) only to tk extent tkt -

;
-

rodlooctive isotopw in tracer quantitia are used.>

:
'

| b. Theofore, this requat seeks approval only for use of the specified 4

1

| radioisotopa, tb experiments otlwrwise not requiring ladividual gproval under

| .

f M 70-25. However, sufficient description is fumiskd to Indloote irgortonce
-

:

i of the studies in warranting use of radioisotopes. .

: c. ' For any studies later contenplated under ik general dacription

| given in this request which would, in and of tkmselves (apart from the use of

f
radioisotope tracers), consti+vte unusual or hozordous experiments, speelfic-

,,

i :
'

! approval (dimetod to tk non-Isotope espects) would then be requested per
i

! M 70-25.
[ L

d. This requat will pesant the health physics aspects of tk radio- ,

! Isotope tracers required $ection 11); will present in detail tk ruearch methods I
.

'
;

| ond plans for C-14 and H-3 usage in vitamin C'studim, and outline otbr
t..

' '
. . ,

|, .

;

:
.. . _ _ _ _ _ . . . _., - .

i
_. ._. ._. __ _ _



. _ _ _ __ __ . . _ _ . _ _ . _ _ _ _ . - ._ . . _ _ _ _ _ ____ _ __ _ _ . _ _

-[.-
,,''

* /. '/
'

t*'

F; ., : ' .... , .,...s. . , . p. . ...,,

if
-

, . . ... .. < ,, y , ; n , , ,.,. ,
.

, . ,'
f ,*<..

|
. .,

,

|
' -

... , .,
. ..,-

.
,

'

|
- ..

proposed studies referring to tb vitamin C studies os a model Section 111, Par. |

|
11); and will describe other metoholic and nutritional studies requiring other .' - |

.

rodlotsotope tmoors in addition to C-14 and H-3 Section lil, Pors.12-14.. g
. .. .

;
i.,.. . . .

3. General guldslines for roquawd studios , ;i, ,,, ,,,; , . . , ,
., ,., .. ...,,s.., . . . . .

,

-
. The administered rodienstive.motorial-would.lo no coast.axosed.a. c..o.

>

., . .. .
,<.;- -

,, .

rodlotion daee high enough to approech the permissible dose Indicated,,In CFA -, ,,'
.. .. .,

, Title 10, Port 20, RC-12, "The Medical Use of.Rodioisotopes *:w.... c.detions -,

i
,

. ,. .-.
.

1 and Requirements by b Atomic Energy Commission.*' in fact, in no one will
t .-,

; th does exceed one-half that of % permlalble dom and every'ottempt will '
<

| be made to use even' leaser opmts of factope when compatible'with obtainInc
-

t --
; . . . .

. .. ..
'

' . ^ O '..

i reliable dato.
f ,' ' ''

-
. .

<

i

j b. All policies, procedures and regulations prescribed Inh 2 70-25
;

| and AR 40-37 will be rigidly adherad to in oil Irwestigotions.
'

.'.
:

| c. Tb person in chorpe of each specific. phase of b studies proposed
'

,

i- >

j herein will b formally designated prior to.the research by b Commanding
i i

j Officer, USAMRNL, from b Gowrnment scientists listed in this application, I
;

I; i .

and,the attending physician will similarly be deslensted from.the Medical j j,,

,

. .,., ... .;.t ,. .;. . . ., . . , ; y , ! . , .i . . .

: Officers among them
.

-
. . .

'
. ,

, .

| 4. History of USAMANL Iw+me usage
,

'

o .' This loberatory hos employed rodlooctive labeled conspounds in ,',
is

.

.

! studies with human subjects under AEC Lloense Number 546-4 since 17 l.

t. .

; Decesher 1957. Authorisation was given initially.to use lodine lobled
. .,

~
'

| 3
3

;..
.

.

-

.
, . .- ... ,-s ....- ... .,

.. . ~* r. >, ..,
4 - .

'

| _
.

-.

.

t

, --. - - - . -e- - - . - - -,
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- '
. > s . ;. , a . ;,, ,, , ,,

- - e. ,. . ... ,. ... .

i, .
,

j,.

l <

-. ,
.

,

-

1 ' human serum olbumin to moosuse the turnover rate of olixanin of 10 normal you,ng l
. . . .. .

!
. . , . ..

' . ., :. . : . s , i, , --
.,

men in various nutritional states. '

..
,

. . . .

b. USAMANL staff members have had experience in use of verlous ;

radioisotopes in a number of chemical forms In collaborative clinical lavesticottons
- .

. .. -. .

* ', with Fitzsimons General hital involving the.boste disease preciens,or new.; p',/. . *
.

.
.

a..,..,, p ; i. . .w .y ,. . > . . p. , ..
.

.
.

, .

trootment proceduous. Such work has been corried out under the Fitzsimons i
,.

-

a .
. ' . . .,a.*-

,. ..

General Hospleol's AEC License 5-46-9 which includes authorisation for use c.. .
... . . .r . . , ., .

'

f.
''

' ' . '}, |' .
''of the followings. ,'

'.- -

., ,;, ,

,

.,

III
. ,

.' , (1) lodine for diagnosis of thyroid functkm 'ond th. .id)seanning.
'

'

. , ,
... . . ..

*

131- '

($ lodine labeled human eerum for the determination of blood-

.-. . , ..

. volumes and plasmo volurnes. ',
~

..',,,....1 , ;, ; ,(y , . ,. ' ; ..~ . ... .;,,
- .

. ,

' ~.
. , .

. ...
.- .,,5....~. .. .

..
,

, (3) lodlem labe!ad Rose Bengal dye, for determinotlon of liver. i .
*

-
,

. . .. ,.

,. . . . . .
, . , .

.
. . .

' '.

function and liver scons. .D' ,...< -- '.-* -

., ..s ,,,

(4) lodir=131 lobsled futs oW fatty acids for determinatlort of fat
'

'

'

. . ,, .: * ' ;. n. - - .. .
. .. .

; obsofptIoth' , ' ,*,q; a , ,'; | -
' '

i. .. ,
.1 . .

. : P . ' .-
.. .. . . , , . .1 .

. . . . L. < . .. , . . . n. u (,.. .' . fi) ' lodineleiseled renal function compounds. . ' . ..

, .

.tst ., .. .. .'

: ., .

4 .,

(6) Phosphorus for the treennent'of polycythemie vero,,leukemio ' |32'
.

,

.
. . .

and bone metastools.
.

..
. ..

1 .
. ,

51 /-

j (7) Chromium for the detervalnation of red cell volume and red '

.

; - - -
.

* . . .. . .

cell survival time. i
# '

.--

, .

(Id Cobalt Icbeled vitamin 8 for the dio: posts of pemiciour i-

12
[ |i

*
-

- - .
, .

: onomia. !
-

.

,
.' -

- .- . ;.s ,
. -

.. ,

-
,, ,. ;4., ,

,

| . . . . . . ,.
-

>
.

.
.

. . ., . . . - .
..

.,6 ,

'. .

, '
. a

,

s
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(9) fron for iron metabolism studies.

O

c. On 11 December 1959, outhorization was granted in License No.

5-46-12(L 61) for t6 use of Carbon-14 labeled glucose, glucuronic acid,

glucuronolactone and oscorbic acid to measum the pool size and turnover rate

of body oscorbic ocid in normal human subjects and for investigation of tb pos-

" enry ttw h.m - ,y be able to synthsize small amounts of oscorbic acid..

|

)
d. License No. 5-46-12(L 61) was renewed on 24 October 1%1 and

expanded to include Corbon-14 labeled glycine, cholesterol, movolonic acid

acetote and carbon monoxide, in addition to tb cornpounds previously authorized,

for use in metabolism and physiological tmeer studies in humans.
.

A recent amendment to License No. 5-46-12 (including priore.

oppmvol by the Secretary of tk Army) permitted ik use of tritiated water for
i

tb determination of total body water in 112 human volunteers at Ft. Corson,

Colomdo,

f. Current status of AEC radioisotope licenses of USAMRNL and

Fitzsimons General Hospital: '

(1) This lobomtory is currently licensed by AEC (License No.

5-46-12 (L 63) for human use of tb isotopes listed above in Por. 4c and d; the

specifically authorized study in Par. de having been completed. All human usoge

not explicitly covered by Por. 4c of AR 70-25 hos ben discontinued pending.

outhorizations (requested by this document) required by AR 40-37. This AEC ,

i
license will expire 31 December 1963.

~

5
, .

I

.

-
. - -

,

- __ . . _ , , _ . . _ . - .

;

.- . _ - - - - . . . .
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.

O

(2) This laboratory also currently opemtes under tb general

(animal usage) AEC radioisotope License No. 5-46-11 (H 63). This was orig-

Inolly scheduled to expire 31 August 1%3, but has been extended indefinitely

by AEC (who are holding our renewal opplication dated 21 May 1%3) pending |

consolidation of the sepomte FGH and USAMitNL licenses into one broad license
1

!for the entire post (o joint FGH ond USAMANL license).
;

(3) Consolidation of the heretofore separate licenses of FGH and |

USAMANL Into one brood license has been recommended by the Preventive

; Edicirw Division of Office of The Surgeon Genomi, and sanctioned by AEC
!

j because of the favorable record of radioisotope handling by both FGH and
*

|

| USAMANL. Application for the new joint'lleense (omitting the radioisotopes
'

i, requested herein for volunteer research use) will be forwarded to AEC (through !
|

,

| The Surgeon General) by FGH-USAMANL within oppmximately 10 days.
J

! (4) Upon opproval of the radioisotopes requested herein per Por.
!

| 3b(3) AR 40-37, applicotton will be made to AEC (thmugh The Surgeon Geneml)
:

| for oddition to the joint AEC license by amendment.
.

5. Specific' motoisotopes to be used -

,

| Use of the following radioisotdpes in volunteer human research ino.

'
tracer dosages is requested:

By-peduct Material Chemical ond/or Physical Form .
,

j Carbon-14 Vitomins
,

Amino ocids-

|. : Lipids (os glycerides, cholesterol I
*

.

: and free fatty ocids)
Carbohydmtes

'

Acetate,
,

h volonic acid~

'
81cnrbondte or CO26

,

-

,
.~ .- -. -

_ . - _ _ - - - - - _ - _ . . - _ _ - _ _ _ _ _ - _ _ _ - _ . _ _ _ . - - _ _ _ _ _ _ _ _ _ _ _ _ _ e- -- w--+'



,

IO

.

By-product Material Chenilcol and/or Physical Form
.t

Hydrogen-3 Vitamins

Magnesium-28 Mgo, MgCl Mg citratey
Calcium-47- CaCl

2
Calcium-45 CaCl '

2

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

nutrients or metabolites for the human.

i

|

|

.

1

|

.

.

-
.

.

I

*

.

7

09859.
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!
Section 11. Gernml Health Phy:Ics for Requested Iv;tnpes j

6. Carbon-14
,

Corbon-14 has a soft beto emiaton that lends itself to tracer studies.

Fat in the body is usually considered N critical organ. The biological half '

I

life for Carbon-14 in fot la given as 35 days. Th National Buteau of Stonderds

Handbook No. 69 lists A maximum permiss!ble burden in fat as 300 pc. Constants I
!'

for calculating maximum permiulble internal concentration of radioisotopes I

'

onumes At 50% of A Carbon-14 that is present in th blood is transferred

to th critical organ, fot. However, based on ontmals, it can also be ossumed '

~

that few of tb Corbon-14 labeled cornpounds proposed to b used would opproach

this retention in the critical organ. The mo|ority of the cornpoonds proposed

are roodily metabolized and removed from the body as expired CO or met bolites
2

in tb urine,cnnd would reduce even further tk body burden of Irrodlation.

Flushing procedures could also be employed in the case of the labeled vitamins

to hosten bir removal from N body upon completion of the studies. In all
,

investigations, balonces will be performed that will permit careful knowledge of

the extent of retention wwi turnover of N'lobeleil compound odministered.

' '7. Hydrogen-3

Hydrogen-3 emits only a very soft beta porticle, but with present counting

instruments is a very useful isotope for tracer studies. The entire body is

generally considered the critical organ and'the isotope has a biological half

life of approximately 12 days. Tk maximum permissible body burden is 1-2 mc.
-

1 r
'

8
,

t f

'

i
www man, _ y . .a - , * * * * * * -
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1

This opproximate amount has been used routinely in nunwrous laboratories for )

~ he determination of total body water in the humon, Permission has been grantedt

this laboratory to use this technique utilizing one millicurie of tritiated water

on volunteen at Ft. Corson. .

The use of tritiated vitamins is proposed since several vitamins are

ovelloble only as the trittated conpounds. Because of the considerably smaller

pool size, the dosoge of tritium employed as a vitamin will be much less than

that employed in the measurement of total body water. Amounts less than 0.1

me are anticipated. Tritiated folic acid and pyridoxine are presently employed -
; -

j' of a number of laboratories for studying malabsorption syndromes in humans such

i '

| os may be encountered in tmpicci sprue,
s

8. Wgnesium-28

| This isotope is ovallable os a cyclotron produced element. it has a very
,

i !

short half life of only 21 hours. Wenesium-28 has been used in a number of
1

,

; laboratories with humans. Dr. J. K. Alisa, Department of Medicine,
'

I Univer:Ity of Colomdo School of Wdicirm,' Denver, has administered 90pc of

Mg-28 to normal subjects and patients and found essentially no activity in the

urine or plasma offer 40 hours. By this time, approximately 90% of the Mg-28

!

was accounted for in the feces and urirw. (Peaceful Uses of Atomic Energy,

Vol. 24, p.148,1958; The Role of Wgewslum in Biological Process, J. K. |

Alkowa,1963, C. C. Thomas, Publishers, springfield, Ill.)
,

,
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9. Calcium-47

This mlotively mcently ovalloble isotoped with a half life of only 4.9

days hos seen use in o number of studies with human subjects. The maximum per-

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

10 pe; with bone the critical orgon o permfulble burden of Spc is allowed. .For

the pmposed studies, a dose not to exceed '5pc would be used, with on antici-

potion that a dose of oniy 2pc may be sulficient.
.

10. Calcium-45-

If the use of Calcium-47 should prove not feasible because of the short |

-

1

; half life and transportation or delivery difficulties, Calcium-45 would be employed ' l

1

in$ fed. Calcium-45, with a soft beto emission and a half life of 163 days, hos
'

4

1

.

c maximum permissible burden in bone of 30pc o! 200pc for the total body. .

|
The dosage proposed for the studies outlined would not exceed 15pc.

All use of radioisotopes in humans would be in acconionce with the '-
-

1

following: )
4

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

2. The" licensee shall comply with"the provisions of Title 10, Port 20,
,

Code of Federal Regulations, Chapter 1, "$tondords for Protection Against

Radiation," ond RC-12 "The Medical Use of Radl61sotopes--Recommendations

I

and Requirements by the Atomic Energy Commlesion."
-

.

'
t .'

,

10 , I
' |

'

|

'
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3. Radioisotopes for use in humans shall be acquired from o supplier

'

other then on Atomic Energy Commission facility, who certifies the pharmaceutical

quality and assay of such material. .

4. The licensee, except as otherwise specifically prwided for in the

license, shall possess and use the material os peribed in this license in occordance

with statements, representations and procedures contained in supplementory sheets

ottoched to the opplicotton.-
,

5. All neles, regulations and limitations set forth by Army, MC, and

local authorities (including those set forth1n AR 70-25, AR 40-37 and Handbook

69 of the National Bureau of Standards) will be complied with.
;

,

!

j

, i

.

i
*

'

i

!
I

t
*

}

t 1 ,1

| I.

'

.

1

!

|F

-

j

| j

| 11
,

a

<
, ,

-- ~ - , _ , . _ _ _ .

.

.



-- _ _ . _ - _ .

1
*

1.

!

l
See?lon 111. Proposed Nutrition and Metabolism Tracer Studies ;

.

11. Vitamins: Investigations on the vitamin requirement of the human with the
use of Carbon-14 or Hydrogen-3 labeled vitamins or related compounds ;
(References cited in the paragraph (11) are listed in subporograph 11h) :

a. Background for vitamin C studies

Past studies (1) Indicated that D-glucuronolectone caused increased
,

blood ascoebic acid levels as well as increased urinary excretion of oscorbic a:Id

in men, whereas D-glucuronic acid did not do this. To check the possible con-
t

version of D-glucusonolactone to escorbic acid, it was decided to study the

metabolism of the lactone in two ways. One was to give the D-glucuronolactone-

14 |
6-C orally and then isolate urinary oscorbic acid to determine if any of the '

|

labeled lactone had been converted to L-ascorbic acid. The other was first to r

I4label the total body oscorbic acid pool with L-oscorbic-1-C acid and then

test with various loads of D-glucuronolactone to s' e if any changes would takee

i place in the specific activity and rate of excretion of ascorbic acid. Further, on
:

1 attempt was mode to see if total body oscoble acid o'nd its rate of utilization
!

| were related to the fat-free body weight.

Ruults of studies (2) with hool}hy men revealed that close to on4-

fourth of D-gluEuronolactone-6-C was c'onverted to L-oscorble acid whersh

on the othr hand, no activity could be detected in the ascorbate derivative '

isolated from the urine of sub[ects receivin's D-gl6curonic-6-C" acid. In ' !

,

Ioddition, it was found that one-half of theurinary oxolate arises from the
4

'

breakdown of oscorbic acid and is excreted ot a cBnstant rate. Further, in 6' men
i-

12 |
'

:
.
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of diverse body weight and degra of fotness, it was found that ascorbote
i
1.

utilization, as expressed in terms of C oxalate excretion, occurred at a rate

of 0.207 mg per day per kilogram of fot-free body weight.

One of the more interesting findings of these experiments was that

no C"O octiv!!y could be detected in the expired air of the subjects receiving2
NL-oscorbic-1-C ocid even with the uw of a 15-liter Ionization chamber for

'

greater sensitivity. A fraction of 1% oxidation to CO during the first 8 houn
2

'

Id have been oostly detected by this technique. This finding was in ogreemente-

with the earlier work of Hellman and Burns (3). Recently, Abt et al. (4) reported

that mon excrete opproximately 25% of the total activity of L-oscorbic-1M

acid vjalhe lung. Because doubt had been caused as to whether or not man
,

.

N.dold decarboxylate C labeled oscorbic acid do'C"O ' o wrI*8 f **Periments2
'

were performed in this laboratory which resulted in a publicotton (5) showing:

1. Chromolographic and rodlocutographic e' idenci was presented showing that. v
,

progressive degrodotive changes occur in L4scorbic acid dissolved in water and < <

kept at 25' C. for a 72-hour period; 2. Whsn a human subject received 20pc'
'

of freshly dissolved L-oscorbic-I-C M Nocid solution', little or no C oppears in

his respiratory CO ; 3. Men who were giveti similov samples of L-oscorbic-1-C"2

ocid aged for 36 and 72 hours, respectively, excreted 30.6% of the ingested CI4
<

; |

os respiratory Cb . The true nature of the compounds undergoing decorboxylation';

2
.

In mon in these studies connot be defined frdm the work presented here except'
,

that they are not reduced oscorbic acid. ' ' ''

i
'

'13 " '

.. t. :
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b. Request for use of Carbon-14 to label vitamin C and related compou is
'!
,.

Therefore, because of demonstrated usefulness and neces Ity of using

tracer techniques to study metabolic pathways, the proposal is being made that '

14 14tracer amounts of Carbon-14, os glucose 4-C , glucuronolactone4-C
,

glueuronic4-C" acid and oscorbic-1-C N ocid be administered by mouth to

humans in furtkr studies for tb purpose of measuring the pool size and the rate of

utilization of body oscorbic acid under varying conditions. The subjects to be

used will be military personnel (volunteering for the specific study) or laboratory i

personnel, both male and female, or Fitzsimons General Hospital personnel (as

well as Fitzsimons General Hospital patients who volunteer). The possible hazards

of the experiments will be explained in odv4nce to all subjects. Although

multiple experiments may be performed on in'dividuals, in no cose will the total

body rodlation dose from this experiment, other experiments, or from x-rays,

exceed the maxirvium permissible limits for ndrmals of 5 rom per year (lower blow

ogo 25). ' ' '

c.,' Experimental methods (using labiled vifbmin C and related compoundt
-

I4Th L4scorbic-1-C acid will be obtbined from the California
.

4

Corporation for 816 chemical Research, Los AAgeles.". All C * labeled compounds )
1

,

'

!; will be checked fde purity prior to use by meRing point measurement and by {
,

14paper chromatography. Th activity of all C labeled conpounds will be ' i
I

checked by rodloossay. TM L-ascorbic-1-C I4 acid %Ill be freshly dissolved in !
'

; / i- 2 1,.
,

,

14 !
'

'

u
> *

i"
* *

"
1

,
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,

'l
distilled water and immediately swallowed by th experimental subject. No !

,

|

j cold corrier will 6 given to these sub[ects. ;
? :
i Total daily urine will be collected and measured from all subjects;-

j thne soppin will be refrigerated and 2.0 ml of each will be taken for rodlocuoy.
,

j immediately offer mceiving tk tracer quantity of L-escorbic acid,
!

the subjects will be mode to expire directly through a CoCl drying train into
2

i 'o 5-liter Cory-Tolbert lonization chamber connected to o vibrating reed elec-
,

i
14

tremeter. Th C 0 octivity, total coy and the volume of flow is recorded2,

| outomatically on o 6-channel recorder.
4

j Tb total octivity of each urine sompte is determined by use of a |

:

| liquid scintillation counter using P-diomone-foluene. Oxalote in selected sompin
i ;

j is isolated as calcium oxolate, recrystallised 4 times and disolved in 1 N hydro- |
} ,

; chloric acid for counting in ek liquid scintillation counter. Quantitative
i '

! determination of the total oxalate is done by the~Archr method (6). Efficiencies-

,

; i - .

| for all liquid scintillottor. counting of soniples are determined Individually by use |

of odded stondord C" somple. ',
,

! UrInory oscorbic ocid levels are cbmically detennined by the-

Schaffert method (7). UrInory escorbic oc'id is tiien isolated by the method '
I

described by Jockel et al. (8). After the'dinitrophenythydrazone (DNPH)

derivatives are recrystallized, thy are dileolved in P-dioxone and applied to

weighed planchts and counted in o gas fibw counter. All DNPH derivatives

are recrystallized to constant octivity which usually requires 4 to'6 recrystallizations.

'

15
'

'
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Total body tissue volume (V) is estimated in duplicate tests using i
1

o body volumeter based on displacement of water (9). From body weight (M)
( l

! and V, fot (F) in kg is calculated according to on equation developed in this

( i,

j lobomtory: F = 4.834 V - V.336 M.

d. Experimental plan; studies on facto : that may influence the vitamin.

; :

[
,

1 C metabolism and requirements In man: -

,.

) (1) Recapitulation of the method
.

I4 @s hvef Studies of body composition and tk use of C i

: 1

resulted in a method for stating tk actual utiliz6 tion of oscorbic acid by healthy
i

i men.
1

144

: In human sub[ects who Ir6 pest 20 pc of L-oscorble-1-C ocid,
.

tk dolly urinary oxalote orising from metabolism of tb labeled oscorbote is

j subsequently excreted as o constant proportion of total C" octivity remaining
.

|
in the body. Thus, it con be inferred that the portion of the dolly oxolate which

! orises from metobolism of oscorbate is forrkd and excreted at a constant rate.
! -

'

: Ingestion of a single, corkporatively large 0.5 gm quantity'of
2

I

i unlabeled oscorbic acto or its precursors by sub[e"sts whose body escorbic acid ;-
!:<

.

j pools had been previously labeled, as described above, results in increased

N
excretion of C ascorbote of lowered spe*cific activity. These effects are

~

i

! transitory in that within 2 days total osoorbate ederation retums to previous levels
;

.
.

"

j ond osconote specific activity Is lower thin it was price to dilution of the

| body oscorbote pool.
'

' "

'
16.

.
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I

i Simultaneously, h total activity and h specific activity

[ of A oxalote decrease, but the proportionality of total oxalate activity to
i

specific activity of tk oscorbote renmins the same. From tbse effects, it con be

j inferred that the utilization brookdown of oscorbic acid in h body occurs et a

j constant rote irrespective of an increased mte of supply of oscorbate to the body.
;

! Furkr, in 8 men of diverse body weight and degree of fotness,

it was found that oscorbate utilization, as expressed in terms of C" oxalate
|

| excretion, occurred at a rate of 0.207 mg per day per kg of fot-free body weight.
:
1

Rorely, if ever, do odult males exceed 90 kg in leon body mass. Threfore, 28'

a
4

| mg per day intoke would match tb greatest quantity of oscorbote metabolized by
.

< 4

I

| the largest healthy man. Furhr, it is of interest to note ht despite repeated

reports Iri the literature of loss of oscorbic bcid.in'swoot, when one of the subjects

discussed abovewas swooted for a 6-hour p&riod Id a hot room offer being lobin'edi

'
14 14

|- with 20pc of oscorbic-1-C ocid, no 6 octivity could be detected in the
!

| collected total body swoot. The chemical 6nolysl6 of th sweat Indicated tb

; presence of o small amount of oscorbate. Howeve'r, wMn h swoot was lyophilized
: .

j to dryness and then applied to o chromatogr'ophic sheet and run in a stonderd solvent

! system, no redue d oscorbic acid could W demonairoted. Tkse results are not

surprising' in vlek of the fact that it is well known ht all th cWmical determin-
.

hotions for oscorb'Ic acid are not obstely specific for oscorbic acid in
|

E ' 2
biological fluids'.

,
,

;,

-
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Tk method as employed consists of giving on Individual o 4

,

single oral dose of 20-50pc of L-oscorbic-l-C"ocid ond,thn collecting o .

I

single 24-hour urine sample. The escorbic acid contained in the urine is isolated j
j'

as the dinitropknylhydrozine derivative and counted to obtain specific octivity t

|

os pc/mg of oscorbote excreted. The oxalote that is derived from the labeled
j

I

occorbate and excreted is also isolated and counted. Tbn, by slanply dividing

14 I

the specific activity of the excreted oscorbate by the total C octivity of the !
)
i

formed and excreted oxalate, one con obtain on estimate of the number of milli- i

groms of as::orbote utilized during the 24-hour period. [
>

This method could be used in human studies to determine whether
,!

i
'

or not there is on increased utilization or on increased need for ascorbic acid in
I.

' !

the followinG conditions:
'

f

Cold -

Hoot .I
'

Acclim6tization to bot, co'.d, stres and oltitude |
Stress

.
,

.

Traumo and bum patients
'

infections -
,

- a ;

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

I
odoptotion occurs in pqle who have been os a chronic low dierary intake, of

' '

vitomin C. ;

; ,

($ Need for more dato on vitamin C metabolism i ;-

,. ,

i

According to the text "World Review of Nutrition and Dietatics" ,

(Vol. til,1%3) published by G. H. Sourne, p.187, the following conclusions
!

regarding vitamin C ors stated:

58

h ,
,
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''

"1. The most frequently quoted recommended allowance
of vitamin C for adult man under the prevailing con-

,

ditions of civilization and climate vorles around 80 me.
L-oscorbic acid / day.

"2. High doses, though not toxic are not recommended -

and may, according to some findings, lead even to o
negative odoption of the organism.

,

"3. Medium doses (up to 200 mg) are probably reasonable
under some special conditions-certain types of work,
rehabilitation and thempeutic allowances."

At a recent meeting held by the Fedemtion of American Societies

for Experimental Biology in Washir.gton, D.C. on 14-15 March 1963, the Ad Hoc

Committee on Milltory Applicability of Research on Ascorbic Acid mode the

following recommendation: That this laboratory, i.e. USAMRNL, attempt to

study the utilization of vitamin C in humans in the following conditions:
F

YCold
Heat
Acclimatization

*
Stress

.

Interrelationship of vitamin C with other vitdmins
| Wounds and burns

,
}.

'
i;

j (3) Extension of the methods.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

r

|
obove-ncmed conditions, using the met previously described, in human

:
-

. volunteer A|ects be considered for authorization.
|

To accomplish this request, it would equire that a team of 2

or more invesilgato, from this labomtory be sent to several geo9'#P oal oroashl
,

19.

i :

$ f
- ,

.
-

.
, . .s_ -. _ _ _ . . _ .

--. . .- -- .. -- _ - , - -



_ _ _ _ _ _ __ _ _ _ _ _ _ _ - . . _ . . . . _ . _ . _ _ . _ _ .

.

. e

e

with differing climatic conditions. Th areas under con:Wrotion are (1) Camp

Hole, Leodville, Climax or Mt. Evans areas in Colorado for studies on oscorbic
.

ocid in acclimatization to cold, and (3) a tropical onwa within the Caribbean Command

for studies on ocellmatization to tropical conditions. In oddition to this general |
'

. l

wpproval for use of isotopes, the opproval and concurrence of the local commander |
|

or oppropriate local health outhorities would be obtained for each locotton and I

experiment. At each locotton, comparisons would be mode between subjects who

hod recently arrived and those who had resided at the locotton for on extended

period of time. These results would in tum M compared with findings obtained

at this laboratory on subjects residing in Denver, Colorodo. At each location,

not more than 10 subjects would be studied. Normol, healthy volunteers, preferably

military, would be selected to receive the < N !abeled ascorbic acid as previously

outlined; body composition data would b obtained by skinfold or other oppropriate ]

measurements. With th dato obtained from tMse studies, one could tMn assign l

what would be the ideal vitamin C pool site and uillization under these climatic

conditions in comparison with the dato prWlously 'obtained at this laboratory on

'

normal health, subjects.
' "

Upon evoluotion of the dat'o, corderations would be made os
'

to recommended allowances for vitamin C u6 der co"nditions of cold, hoot, altitude

! '

and ecclimatization.

Studies on tk interrelatI<dship o(vitamin C with otkr vitamins

Nwould be performed at this laboratory with normal volunteers, employing C

, w.

* < <
_

1

1
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'



.. . - . . . . - - . - . . . . - - _ _. - - - . --

.

..
.

i

labeled oscorbic acid in the amounts and manner os previously outlined. Evidence

I
of a relationship between vitamin C and vitamin 8 in the human has been recently6

I#
obtained at this laboratory in non-Isotopic studies. The use of C oscorbic acid

in these investigations would permit a better understanding of the apparent

|
Interrelationship. The possible increased needs for vitamin C in situations of

stress (surgery or rodlotion therapy, os examples), wounds or burns would be per-

formed in conjunction with Fitzsimons General Hospitol should suitoble~potients

become ovelloble. -

Proposal to use C-14 and Hydrogen-3 labeled vitamins other thane.

vitamin C, using the outlined vitamin C stueles os a general model

IOther Carbon-14 labeled vitamins would be studied in essentially

the some manner and employing the some techniques and procedures as those indi-

cated for oscorbic acid. Excretion rotet, pool size, turnover rates, obsorption and

metabolle products will be measured for'ecch. 'The influence of various nutritional

states on the above porometers will be Idvestigated in on attempt to evoluote dietary
,

require'ments for vitamins. The body pool size of oscorbic acid is considered

greater than bot of any other vitomin on"d the l' rnover rote is os slow or slbweru

than other vitamins; therefore, the omount of n5dioactive label used for the other

Ivitamins will be less, and with the grooter turnover rote, will produce less'of a

" I '
body burden than the vitamin C.

When Carbon-14 labeled vitamins dre not evollable, the obove studies ;
'

I
will be perfortned with the use of tritium'lobeled vitomIns. The most commbnly i

s , n
-

.
h *|

.;
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employed tritlated vitamins are pyridoxine and folocin. These two vitamins

have been employed at various lobomfories in malobso ption studies with humans.

The some pommeters and procedures as outlined for Carbon-14 labeled vitamin C

and the above will be employed, except that electrometer measurements of

expired air will be omitted. Th dosage employed will in no case exceed 100.pc ;;

f of tritium labeled vitamin. This dosoge of tritium represents only 10% of that

j routinely employed in total body water measurements and is indicative of the low

i rodlotion dose received.

; f. Health physics )

The dose of any of tb C" labeled vitamins will not exceed 50
|

j microcuria. The following maximal milstion d5 sages are calculated with the ,

|
'

j' old of the ICRP Handbook (Appendix 1, reforence 1). Th physical half time of
I 14 The following is on approximation of the biologicPC is considered infinite.
'

I half time. All tb vitamins to be used are highly? reactive; however, for assorbic

'
ocid the turnover rote is probably slower, bssibly much slower than for t6 otbr

; Atomins. From nutritional dato, the total body oscorbic acid is almost certainly
*:

| less than 6 gm, and the dolly tumover greater than 10 mg. The half time of

i

i body vitamin C'under these conditions wo Id be 400 days'. This estimate is

| obviously too Ibng, perhaps by as much as'on order of magnitude. The only date
'

! In the litemture on mon (L. Hellman and l. J. Bums, J. Biol. C6m. 2}L): 923,
!

1958) (E. M. Baker, H. E. Sauberlich, S. J. Wo'Ifskill, W. T. Wallace and1

E. E. Dean, l' roc. Soc. Exp. Biol. and Mind g: 737,1%3 shows a poolilze

2$
'

1

,
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of about 1.4 gm in a 70 kg man, with a half time of about 16 days. With the

maximum estimate of a Ny half time, o dose of 50 microcuries of C"

ascorbic ocid evenly distributed in a 70-kg man will give a total rodlotion dose

of only 1.13 rem (0.164 rem the first 13 weeks). . With a half time of 16 days,.

,

the some dose will give a total rodlotion dose of 0.045 rem (0.044 rem the first

13 weeks). In the case of tritiated vitamins, th dosage will in no cose exceed i

100pc of tritium. This dosage of tritium represents only 10% of that routinely
'~

enployed in total body water meosurements; consequently, the body burden is

very low. ,

g. Personnel '

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

than the cormultant) will be designated as project leader, and one of the Medical I

l

Officers named below will be designated as attending physician per Par. 6, AR

70-25. I|
' ' ' '

I8 'Maj. E. M. Baker, Ph.D., MSC
|

''
H. E. Sauberlich, Ph.D. (PL-313)

''Lt. Col. M. E. McDowell, M.D.,'MC
Lt. Col. J. E. Conham, M.D., MC
Lt. Col. J. E. Hansen, M.D., MC.

Cet. J. R. Handy, M.D., MC-

8. M. Tolbert, Ph.D. (Consultant, University of Colorado)
|

'

.
.' " '

,
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12. Amino Acids: Investigations on the metabolism of omino ocids in the
,

human with the use of Carbon-14 labeled compounds (references cited
in this porograph are listed in Par.12f) y

| o. Background ,

'

i ja''

Th recent work of Crowholl et al. (1) using 1-C -glycine has.

demonstrated that this footope was diluted about 2k times during the conve :fon.

l
of glycine from the first metobolic pool (l.a. the pool of glycine with which a

.

dose of glycine mixes immedlotely offer obsorption and distribution, and which con.

i

be sompled by moons of the uncombined urinary glycine ($) to oxolate, Indicating

that about ' 0% of the urinary oxolate was derived from glycine during this period.4; ,,

14
| Berlin et al. (3) did not measure tb C octivity in tb urinary

oxolote In their glycine-2-C studies. However, they did show with the use of
4

the methyl labeled glycine that 90% of the CI4 dctivity was accounted for ln thei'
-

.

expired C"O and that only S% of the C octivity was excreted in tb urine.
2

; This would tend to indicots that th cotobollsm of glycine-2-C", insofor os
,

f oxolate formotlon is coricorned, is for diff& rent then that of the carboxyl labeled
i

N ' O! glycine-1-C
'

.

When C * labeled ascorbic odid was*omily administered to humSns,I

;

Hillman and 8 vins (4) reported that on ove>oge of 44% of the total rodlocarb' no)

l
excreted in urine was recovered os oxolote. It was demonstrated in this laboirotory

that 50s of the' urinary oxolote was derive'd from .-oscorbic ocid-1-C" ond wasI

excreted at a constant rate per day (5, 6). Threfore, it is of Interest to study
'

both glycine-1-C * ond glycine-2-C'* me'tobollsm in humans to determine (1)I '

1 ' ^ 29 % "

'

o

.

g, , # , ..*t -% s .an. - ~4 ' * * * ' ' ~ "
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I4 i
.whether or not the glycine C is partially converted to and excreted as oxalote

4

at a constant rote per day as well as (2) the amount per day excreted as urinary
,

o

: oxolote.
i

!

Further, it would be desirable to measure tk expired C"O I" *
2

f vibrating reed electrometer to determine the amount and extent of decorboxylotion |
I4

of the C labeled glycine in man, it shovid be noted that this has been done in

5 humans using glycine-2-C" (3), but not with the glycine-1-C".
i

-

b. Experimental plan (Part 1)
\'

-
.

.

A total of no more than 10 Human s6bjects would be involved in these |
.

, e
.

'

experiments. Further, the subjects would be staff members of this laboratory,

20-46-year old moles. There would be no dietary restriction placed on these subjects.
,

,

141
! Each subject would have to /eceive orolly 20pc of glycine-1-Cd as

well os'a further 20 pc of glycine-2-C" at a mbch later date (40-80 day ihterval). |;

!

|- No cold corrier glycine will be given tob subject of the time the labeled

material is odministered. Immediately ofter toking the C" glycine, the subject

!
will be mode to breathe through a drying train directly into the ionization chamber

of the vibrating reed electrometer. The hubject wlli continue to breathe ot'E

! Intervals through the system until he reaches his'bockground truce signol This

la done by boding the subject breathe Int'o the sfatem for 20-30 minutes, thien
;

"
allowing a 30binute rest. This process is continued until the electrometer

> v

trocing returns to background signol.
~

e .

' '

1
-

. , >

:
'y' r.1

I < .

|
'
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;

,

]
Further, 24-hour urine collections will commence with the ingestion

) of the C" glycine label and will continue on every other 3rd day for a period of
i

i 2 weeks. The urine samples will then be analyzed for the total urinary oxalate

!
; content. The oxolate of each sample will tbn be isolated and counted in the

u

I liquid scintillator. Also, certain selected samples of the urine will be analyzed j
1

on the omino acid analyzer which has a flow-through scintillation detector;

ottoched. This will enable us to obtain both the specific and total activity of

the urinary free glycine of otbr radioactive metabolites. Each urine sample will<

; be counted for total activity. Thus, if one knows the total dose given as glycine

C" os well as the dose remaining in the body at any given time, os well as the
;

j specific activity of the excreted urinary glycine, one should be able to approximate

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

, ,

; !!,

Health physics pertaining to par.12b -

; c.

The normal A.E.C. procedurds shall'be odhered to insofar os the:

f. administration,' handling of the isotope ordi the disposal of the urine sampin'

' '

: obtained from the subjects.
e

I4
The dose of the C glycine Jill not* exceed 20pc for either ths

"

N Nglycine-14 or the glycine-2-C . This following maximal radiation dosages

j ore calculated klth the aid of the ICRP Ho'ndbook (Appendix 1, reference 1)'.
'

The physical half life of C Is considered infinite. The following'

' * 14is an approximation of the biologic half time of glycine-24 . According to
i

| N.1. Berlin, 8. M. Tolbert and C. Lotz U. Clin. Invatisation 31, No. 31

; a 1 -

:
6 <

!

E ,w

l
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335-337, 1952), the longest " half time of glycirw-24 elimination from the

tissues of man is opproximately 50 days." With the estimate of a 50-< icy half

N
tims, o dose of 20pc of glycine-24 evenly distributed in o 70 kg mon will

give o total rodlotion dose of only 0.056 rem (0.0478 rem the first 13 weel i).

Anothr body compartment of considembly less importance and a half time >f

about 100 days was descrbd at a later date by Berlin et al. (Pme. Soc. Exp.
'

Biol. and Med. 88: 386, 1955). However, since the majority of the dose is not
I

retained, but lost within the first 24-hour period as expired CO "' 0'I"*'Y
2

excretory products, the body irradiation bunien la considerably less than this value.

In the cme of glycine-1-C", we have only the dato of R. W.' E.

IOWatts and J. C. Crowholl (Blochem. J. 73: 277-86, 1959) using tb stable' C

Isotope to estimate the glycine metabolid pool Ih mon. According to these'outhors,

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

state that the turnover mte in a 70 kg mo$ is 3.2 gng/hr. or 76.8 gm/ day. !Thus,
3

76.8= 0.189 dr 18.9% tumover. The bl6 logical t i would then be equal td
; 406

n c. j4 e,

0.693 = 3.7 days. Assuming then a 4-day half life for tb glycirm-1-C , a dose.

i 5"lU i ,,

j of 20pc evenly distributed in a 70 kg man will give,o total rodlotion does of only i:

4 s ,

i 0.005 rem (0.005 rem t6 first 13 weeks).
i a <: ; r ,

: d. Experimental plan (Port II)
~

,

: : i ,
i Other Carbon-14 labeled omino ocids would be studied in essentially |i

; n e., .

the some manner os tho'r employed with glycine. Similarly, pool size, tumover
i :,. .

rates and metabolites would 6 measured in on ottempt to study tk protein and -
: i a3 g

,

,. .

'E a ,
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omino acid requirements'of the human. These studies should also provide addi-

tional knowledge os to the metabolic pathways and interrelationships of omino

ocids in the human. It is anticipated that not more than 3 subjects will be required

for ooch amino ocid investigated. The dosage of Carbon-14 employed would not

exceed that Indicated for Carbon-14 glycine, and with the half time estimated

not to exceed that for glycine. The radiation burden, threfore, would be low ond

would not in any instance approoch the maximum permissible dose.

e. Personnel .

.

Maj. E. M. Baker, Ph.D., MSC, Pro [ect Leader'

H. E. Sauberlich, Ph.D. (P[-313) Co-Project Leodor
G. A. Leveille, Ph.D.
Lt. Col. M. E. McDowell, M.D., MC (Serving also os attending
physician) : "' *

Lt. Col. J. E. Conham, M.D., MC (Serving also os attending
!' ' '

^

physician) |
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Watts, ' Conversion of glycine to oxolate'in a n8rma'l subject. Lancet, Nov.14,
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|
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|
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13. i.! Ids: Studies on lipid metabolism in the homon with the use of
j

'

-14 labeled compounds (reference cited in this patograph are; o-

i listed in Por.12c)
,

i o. Experiment 1: Carbon-14 tracer studies on cholecterol metok|:...
j in the human
i

j (1) Sockground and procedures

I4 I4Trocer amounts of C , as cholesterol-4-C , will be administered
~

i omily to study the influence of neomycin and various fots on cholesterol
; !,

f obsorption in order to determine whether the hypocholesteremic effect of those -|
: |

! materials is the result of an impaired obsorption in order to ascertain whether I
.

1

I4
! these materials influence cholesterol syntbsis, acetate-1-2-C and movolonic

,

! ocid-2-C will be administered Introver.ously.I4
,

a

| The work of Samuel and Stelter (Proc. Soc. Exp. 8tol. Med.
,

;

; 100: 193,1959) has demonstrated a hypodholesteremic effect for neomycin.
.

/
Unsoturated fat has also been shown to hdve o cMolaterol lowering effect. 'The a

,
,

! mechanisms by which roomycin or unsaturated fdt depress plasmo cholesterol
J

| remain obscurJ. Unpublished data from t$1s let,4.sk,ry indicate that neomycin

functioA by Interfering with cholesterol End/or bile acid obsorption. The

b
effect (# unsofumted fots appears to be tMolds b) on interference with

cholestirol obiorption mediated by thi stdec. froStion in vegetable fots ord b)

: a porticular systemic effect (8 conte-Stewort, Fod , Proc. 2_0: No.1, Port I:!,

'~ '

p.127,1961).
: - i

in order to further elucidate th5 mechonism of action of these' ' ' '

compounds, human volunteers fed neomycJn, difkrent fots or o control diet; i

'

i :

,.

,

Y# ks ,

1
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will be given on oral dose of choluterol-4-C" (20-50pc) and its obsorption
'

I4
determined. in other subjects, similarly treated, ocetate-1-2-C or movolonic

Iacid-2-C will be administered intravenously (50pc) and incorporation into

cholsterol will be ascertoired by determining the specific activity of plasmo

'
'

cholesterol.

(3 Health physics

The maximum dosage to be employed is 50pc for acetate,

movolonic acid and cholesterol. The maximal rodlotion doeoge, calculated with

h old of N ICRP Handbook (Appendix I, refence 1) tor these levels of

administered rodlooctivity, will not exceed h' permissible limits for normal

subjects of 5 reny'yr. with no more bn 3 rem id any 13 consecutive week' period

(above. ope 18). The half life of cholestdrol is hvoximately 20 days (CooG, R. P.:
'

Cholesterol,1958, Acodemic Press, N. Y.) and if bt of chr compounds

,

synthestred fr6m acetate or movolonic acid is assumed to be similar and, further, !

- the physical half life of C is considere$ Infinfte, o dose of 50 pc of C ' labeled dI4 I
i;

cholet'erol, movolonic acid or ocetate edenlyptributed in o 70 kg individual hj

will give o total rodlotion dose of 0.056 fem (0f054 rem the first 13 weeks).
.

..
: ,

'' l 'I'

$) Personnel
''

f| Gibrt A. Leveille, PhiD., Praect Leodor i, i.

; Howerde E. Sauberlich, Ph.D., Project Leodor I;

:: Lt. Col. M. E. McDowell, MiD., MC (Serving also os ? !.

ottending physicion) !',

Lt. Col. J. E. Conham,3 M.D.$ MC (Serving also os ',.
I

.

h! attending P ysicion)
i' .i 2 d a n

|
-

,

Ih 8< .. ;
.
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i b. Expertant 2: Suppressibility of cholesterol synthesis by exogenous
~

4

|
cholesterol looding in mon

(1) Sockground
a

TM relative stability of serum cholesterol levels, despite markedi

i

1 variation in dietary intoke of cholesterol, hos been attributed to compenetory

b changes in hepotic sy'nthesis of cholsterol (1-5). Recently, Sipperstein and Guest
i

have suggated, on tk basis of in, vitro studies, that tk mechanism of this homo-
,

|

static effect is a sensitive negative feedback system wkreby cholesterol inhibits
4

! the conversion of p-hydroxy-S methyl gluoryl do A to nuvolonic acid (6). Thise
9

~

outhors speculate that insensitivity of this feedback might be involved in disordersi

|
i of choluterol metabolism.
.

In order to test this hypothsis,'It is planned to ascertoln q'uanti-!

i

totively the responw of cholaterol synthsis to en exogenous cholesterol ided.:

'

.

After dato on ' normal subjects have been bbtaine|d, these will be compared hith -

groups demons /roting abnormalities of chdinterol metobollun, i.e. Idiopathic

hyperch|olesterolemio-proven otkroscleroits, didbetes, hypo- ond hyperthyhoidosis,
t

# I
.

4 nephrotic syndrome.

5 8 4
i (2) Method

'

i Patients will ue given 100 microcuries 1-C ocetate Intravenously'

I
or orally. Timed serum samples will be abolyzed for total and C cholet4rol. in;

I4 I
certotripotients, C of other serum I.ipl4 and d as C O will also be rbosured.

2.

'

m3- ,4
. ,

'

) d g i" s

1 4 J/ > [
*

*
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:

These procedures will then be repeated offer o stonderd cholesterol lood sufficient

to elevate serum choluterol in normal subjects (7). Differences in total and

! specific activity of serum cholesterol before and ofter cholesterol loading will

'

be used os on index of the sensitivity of the hepatic response to exogenous
,

|
choluterol. hthods of analysis will be similar to those decribed by Gould

{ et al. (8).
; -

.

(3) Health physics
.

1 .

! With regard to radiation safety, reference is mode to the work of |

:
.!

i
-

| Gould et al. (8): !
'

!

"The dose of 100 pc was ' chosen 'so that repeated doses
~

could be given to the some subject without exceeding
occepted values for the' maximum permissible dose for

.

'

.)l40 in expired air offer the :man. Our studies of C 2 -

odministration of I-C14acetafe demonstrated that"

opproximately 56 per cent of the radiocarbon was-

' eliminated during the liht 24 h'ours.* On this basis, ' -

we have mode the msumption that a single 100 pc
dose will rgsult in the ' retention' of not more than"

25 pc of C '4 in the slowly exchanging ' fat comport-
,

ments' of the body. The maximum permissible dose'

id ompounds retained in the body fata is estimatedforC c
to be 250 pe, accordingf to calculations in Handbook *

52 of the National Bureau of Standards.7 Thus, we
v H believe w are justified in administering, over o period

of several months, o maximum of five such doses to
human subjects without fegard to their life expectoney.

2 ,

"Ref. 7. Eximum Permthible Amounts of Radioisotopes
in the Human Body, etc
book, 52, pp.12 and Ih, Not; Bur. Standards Hond-, G.(.O., Washington, D.C.,,

March 20,1953. ! |
-

3 v
,

$-

t ;

!w

34' '

il i

f ( d.
'
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"*Shreeve also reported bot 56 per cent of tb Cl4
in ocetate was eliminated as Cl402 by man of the
end of 24 hours. Hellman reported that 60 per cent
of tk radiocarbon was retained at the end of 24
hours, and 35 per cent of the end of the first week
after administration of ocetate. It should be noted. .|
that he used the methyl-lobeled acetate (2-C14- |
ocetate). "

,

in the present study, only 2 doses of 100 microcuries each |
#

will be given Instood of 5 doses of 100 microcuries os above. The dose will

therefore be well below tk maximal permissible dose quoted.

(4) Personnel .

) Gilbert A. Leveille, Ph.D., Plojict Leader
'

| Howerde E. Sauberlich,'Ph.D..; Project Leader
Lt. Col. M. E. McDowell, M D., MC (Serving also os

4

] ottending physician) ?

Lt. Col.J. E. Conham, M.D.,[MC (Serving also os:

ottending physicion) '
j .
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14. Carbohydrates: Investigations on the digestibility and metabolism of
carbohydrates in the human with the uw of Carbon-14 labeled compounds

~

(references cited in this persograph are listed in Por.14e)

a. Background

ExperInwnts have been in progress for some time et this laboratory

investigating the dientibility of Carbon-14 labeled cellulose, Mmicellulose
t

and various uncommon supor In loboratory ontmols as ik rot, hamster and guinea

pig (1, 2). Solonce studies employing a vibrating reed electrometer to measure

i
th expired carbon dioxide, togetler with urine and focal measurements, have l

.

demonstrated that the rot may digest as 'much ais 25 of the ingested cellulose-(l).
t > ,

In th case of the humon, ft is codsidered that cellulow posses through
-

the dipstive tract without being attacked by ony of tb digestive enzymes, though
:

{ some bacterial deconiposition probobly fakes place in the large intestine.' Whether
:

| or not tk bacterial actions are of value"to the'homon are unclear. Vario've studies
;

j at thislaboratory as well as elsewbre Eculd 15dicate that at times cellulose is
i

E
digested to o limited extent by the humah (3-4. However, it must be recognized

i

! that In' humon* belonce studies, the methAds for)he measurement of cellulose and
1

kmicElluld are Ins than satisfactory f6r critfcol evoluotion. Furthermore, the
;

possibility of hocterial decomposition of cellulb or homicellulose in the Tower 'I

1

. Intestihol trekt may give rlw to on "oppdrant" digestibility without any "th=" "

digestibility ih terms of nutrient benefit Io tb $vmon. The use of Carbon-14 '

{ lobid cellube with human subjects wduld give more definitive results wIth
-, s ,

j regard b this problem. Very exacting bdiance Atudies could be conducted!

j '. ' g ie

e

-

.; ; ( y..
,.,

,

* '
,,
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*

!
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, Furthermore, the presence or lock of presence of radiooctivity in the expired

corbon dioxide, or in t6 vrine and blood, would be rather conclusive evidence,
,

which could be quantitoted, et cellulose is or is not utilized, if utilization

is indicated, the question of whether or not it is mediated through the intestinal

floro could be roodily investigated with h use of oral antibiotics (3, 4

lb. Pmeedures ;

Tk procedures employed would be very similar to those previously

decribed for use with Carbon-14 labeled vitamin C. Normol, bolthy . volunteer

subjects (minimum number) would receivsf orolly specially propored Carbon l4F a

' labeled cellulbee in on amount not to ex4eed 1Epc. The subjects will hohe

previously rec' ived controlled levels of delluloie in h diet to investigate'thee.

Ir(luerice of this dietary component on tKe digeltibility of the C" cellulode.

Solonen stud!Js will be conducted with tk old of markers for the stools. The

expired air will 6 monitored with'the old of a 5 or 15-liter choenber with a Cory-

Tobrt vibrotr'ng reed electrometer and obtomotfc carbon dioxide measuren4nts.

The exsilred oft will be monitored until nd radiodetivity is detectable. Urirle

|
'

collect}ons will alt,o be made throughout hhe per$od and mdioactivity mooso.:ments
1

perform' d witN o scintillcrtion counter. N signif cent amounts of rodlooctivlty| e
4

,

| or. found to bh pres.ne, ottempts will bdode E det.rmine e natur. of th.

! mdiooclivo cd, unds. s i a

If' evidence of cellulose digeklon is%ted, odditional subjects ivill
'

l"

I4
rooelve' prior to receipt of the C celluidse omf supplements of entibiotics'in -

u s e a

a 11 $ 5 4
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on effort to study b possible role of the intestinal flom in the dipstion process.

Th ontibiotics, roomycin and bacitmein would be enployed, using b omounts and

paedure previously emplopd in recent studies by the Metabolic Division of this

lobomfory to reduce or eliminate th intestinal floro of human subjects (3, 4). If

I4C leld Imllh a pctim a M e milee, similar diptibiliy

studies would be conducted with these materials.

c. Health physics
,

As indicated above, th dosoge of tb Carbon-14 labeled cellulose,
'

hemicellulose or pectin would not exceed 100pc. Although the digestibility of. ,

1

these compounds is not fully known, it l's exceMingly doubtful that any are com-
,

I
'

pletely obsorbed. If cellulose is digested to osy extent, it would be most'Ibly

conve'rted to' glucose which the body readily ndtobolizes with a major portion;

i
being' removed quickly through the lungi as cobn dioxide. Even if it is basumed

j that 100% dfgestion and assimilation tolles plob, this dosage of radioactivity would
i

be considerably less than the maximum permissible dose. Glucose, the unit com-

|
ponent of pollulose, is metobolized in Idree quantitles each day by the ' uEn body.h

! N radioactivity would, ther iore, be leodilyMiluted throughout b boM and not
' - .

. .

concentmte#or locollred in a small om6vnt of% Issue. N eventual critical organ
'

for w6t Corbn-14 that would be retaleted would be fot; but in considemtion of'

:

tb onkunt of Carbon-14 retairwd and ckpositell in tk fot and with a biolbical !
l

,

half life of 35 days for Carbon-14 in fat} the rlsdiation body burden produded by d )
5I4

would be considerably less than the maximum penhissible dose.100pd of cel'lulose C

!
'

i ,;9. ; _

.
09859 |' r 5 <
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!

!

! With th old of the ICRP Hondbook (Appendix 1, reference 1), the calculated
.

| total dose would be 0.690 rem (0.576 rem the first 13 weeks). Assuming no ob-
.

1

! sorption, tb greatest dose received by the Intestinal tmet would be 0.691 rem.

i .

! d. Personnel -

: .

| H. E. Souberlich, Ph.D. (PL-313), Project Leodor
; Lt. Col. M. E. McDowell, M.D. (MC) (Also ottending physician)
i Lt. Col. J. E. Canham, M.D. (MC) (Also attendinC P ysicion)h

: Mol. E. M. Baker, Ph.D. (MSC), Co-Project Leader
j 8. M. Tolbert, Ph.D. (Consultant, University of Colomdo)
!
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15. Minerals: Studies on mineral metabolism and interactions in the human
with the use of radioisotopes (references cited in the paragraph are |,

,

listed in Por.15f) ,

initial studies would seek the mle of mognesium and calcium in human i

kidney stone disease:
'

1.

o. Backeround )
|

Urinary calculi are among tk most ancient offlictions of man. This

polnful and often fatal disease is known to have occurred as long as 8,000 years

ogo (1), and no race or geogrcphical area has been entirely free of a calculus

problem. Tkm appear to be " stone belh" of h,lgh incidence in regions such as

southem Chino, northem Thailand, the Punjab district of India, Arable and Iroiq. '

. In addition, thre have been reports of 5 tone 4 aves," one such occurring'in

Europe duringIthis century (3
'

i Despite the antiquity and frequency of this disease, the basic
!

.

mechanisms o/ calculus formation remain unknown, and fully 85% of all pdtlents

who form urin' ry calculi have no recognized lohol or systemic disease (3). Most
'

o

authorities agree that a nutritional defictency efr Imbolonce is a probable fbefor,

but few rollo81e studies have been conddcted to relate specific nutrients tdI

;

4

E ' i
| calculus formation in human populations (4).

,

.;
.

SWies of this laboratory (5)iond efhewhere have established that|
3

.

nephrocolcinosis and wrolithiasis (principolly phosphates and carbonates of calcium)

oro frequently associated with magneslunt defielbncy in rots and other species.
. . ..

;. Of porticulocknterest is tb observation that about 20% of opparently othlwise

k, L ;
.8 - .

i

G k k

>. .,.
.. - ..
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normal tr.ts consuming a semipurified diet contnining 400 ppm magnesium
.

.

'(minimum requirement for growth is 120-150 ppm) will develop uroliths similar

to those found in the markedly deficient sat and that elevation of the dietary Mg

'

to 4,000 ppm will prevent this occurrence.

Furthennore, Selye has shown.that introperitoneel 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 insen the accumulation of calcium in the kidney which results from o

high phosphorus intake. Depite these indications of an important role for snagnesium

in calculus formotion and calcium metoholism, practically no published Information

exists on the metabolism of this nutrient Ill hunwri urinary calculi disease (4)'.

Prnliminary studies at this labbratory (6) have Indicated that some"

populations in' areas with a reported high incidedce of stone formation (e.gi,
'

Burma invntipations) may, indeed, consd' a reldtively low amounts of mogAesium.m

In addlIlon, mbgnesium supplements hav/brougih of least a temporary (6 m5nths)

halt to the forination of phosphatic type sfones iri a patient with no demonstfable

infection or mstabolic disorder and a prellous rdte of stone formation d 2 pbr month

' ' ' r

for a period of 3 years (7).

86 sed on this evidence, it isTelt ther considerable justificatlod

exists for the Eudy of the role of magnal(im os well as other factors in human

renal lithiasis. Certainly, a primary obHetiva is o de'ermination of the value

.| i %).
.

,

C 4 42 3 $
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of mogneslum supplements in a large number of pottents and a study of any

changes in urinary constituents ossociated with a favorable response to this therapy.

b. Basic experimental plon (recordless'of use of radioisotope tracer-}

(1) Patients w'lli be obtained throogh the Departments of Urology at

Colorado. General Hospital and Fitzsimoru General Hospitol. Only those subjects

will be chosen who form stones at a relatively rapid mte (at least one wery 2
'

months) and who oro free of renal infections.

A subject so chosen will be kept on o metobolic word for a 2-week

period so that 2 complet 3-day fecol and drine c611ections con be made. Total

Co, P, Mg and vitomin 8 int ke during ttJs perioB con be estimated from tables
6

of composition or by actual analysis. The total focal collection for 3 days will i

!
be pooled, homogenized and ashed for a do' termination of its content of calcium, |

lI
,

phosphorus and mognesium. A routine urindlysis (MH, sp. gravity, crystols, Mc.) ||

will be pIrformati on each 24-hour urine collection and at least 500 ml will lle

saved foriubseq6ent onalysis. Proposed uribory constituents to be analyzed for;
~

i

ore magnesium, calcium, phosphorus, oxalot , cittote, uromucold, vitamin ll1

; 6
: .

; and xanthurenic beid. After the specimensbre redelved from the 2 bolonce p6riods,
!.

f 420 mg of MgO '(250 mg Mg) will be given Efolly id o iingle capsule to be takhn ofter I
'

;

; supper. Therop/ should continue for at leait 6 mo6ths, during which time ths

] patient's rote of' stone formation will be not'ed. N24-hour collection of urin $
.

! will be made every 30 days and the above bentloded tests will be performed.U
! I

Potients day be $sked to repeat the balance' study after 6 months to ascertain !ji

'||
-

i 9 i > ee
; j-

, , ;

:
r > ;.. .
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ony changes in balonce or retention of calcium, magnesium or phosphorus os a

assult of this treatment.
,

(2) Progress 'to'date
. .

To date, one patient h t been studied completely in tenns outlined
...

.

'
obo've, that is, this mon hos been on magnssiam wpplements os treotment for his *

,

recurrent uro!!thiosis. He has been on these suppie,ments for 6 months without a
i

~

recurrence in stone formation; he was then brought back into the hospitol.and
, |

-l
denied the supplements for o period of a month. . During both periods, his urinary

J

excretion of c6|cium,' phosphorus, magnelium, oxolate and mucoprotein weii
l. ,

determined. '

A second patient hos been given magnesium for 6 months and
;
I

has shown a fowable response in that he hos not formed stones during this period.'5

He recently returned to the hospital for fdliow-up studies. The findings on hg-

nesium theropf with these two stone-formthg patibnts will be submitted as o -

' II 'manuscript to the Journal of Urology.

,' 'l Additional patients are uhderstudy with the cooperation of11.;
,

. . ...

Col . C .C A. M6 ore, M.D. (MC) of Fitzsidons Gilneral Hospital, Dr. O. G!,

Stoningt'on of Colorado General Hospital, and Lt. Col. J. E. Conham, M.D. (MC)
i .

of the Metabolic Division of this laboratoiy. As'odditional cooperative patients,

become"ovoilo6te, expanded clinicol triofs as to the effectiveness of this tre'ot-f-

, ,

raent for chronic lithiests will be underfoldn. F I
.

.. .

'

: e
.

44 - ,1
,; . .; -
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, . Experimental plan incorpomtid us of redlocctive tracers (Por.12b(3)cj
u ',

The mineral balance studies thus for conducted on the above subjects

,I . <

j. oppear to Indicate abnormolities 7.i calcium and ma'gnes!vm obsorption and excretion.
t

'

| However, the bolonce techniques leave much to be desired from the stondpoint of

. e proc 1se and exacting procedure to give the definitive Information necesse.y for on
a ..

unequivocal evoluotion of small ' changes that'moy occur in absorption or excretion.i

; I

l in addition, the method gives little information on turnover rates or retention of

! the dietory calcium and mognesium and of tis magnesium supplements.

i
. I_n order to obtain the desired informnion that may permit a tietter' "

4, - ,

}

understpnding of the cause of uroliths in humans dnd the effect of magnesium In

their treatment, the use of Magnesium-28'6nd Cdicium-45 or 47 is proposed!i

|- Accurate Inforderbn on the obsorption and tumo0er of the elements in the shone-
"

i

formine iiubject'could be readily obtained kith the use of these isotopes. TM
'

Information codid be obtained on the patieht both before treatment and ofter'o It

i
period of mogndsium treatment to determinb changes or Interactions that may%ve |

.

'

;

} occurred in colicium or magnesium metabollsm. Sbch dato may give on insight
1

I
i Ints the mecha6 ism of action involved. Ck equef !mportance, comporative j

| studies with thd use of several solts or oxides of Magnesium-28 could be roodily ' j

_

performeid in on ottenyt to explain the roobn forkhe apparent success obtained*

0with M of tiffs laboratory, while other sklts of mognesium have been of rd value

(4, 8). Similor' studies in a minimum norr er of nbrmol volunteer subjects wdid
{

.

1

be corried out $s necessary to evoluota the findinhs in the patients. |i

" '

48 5S
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It is hoped that a better understanding of the problem would result:
..

! ,

1
i from the isotope studies which would leod to a screening test that would identify

which stonederming patients that could be expected to receive beneficial effects;
,

1

from magnesium therapy. The performance of the isotopic studies indicated

! appear highly necessary before recommendations or large scale trootment with
'

~;

I mognesium be initioted with stone 4orming subjects.
:

! d. Procedures and health physics

i
The patients would be handled in a manner similar to that employed

|

of present for nion-rodioactive mineral bo!bnce stLdies of calcium, magnesIS ond
'

i
I
e

phosphorus. Selected stone-forming potiints or kxmol volunteers would be Sloced

on the Metabolic Woni of this laboratory.'. The shb[ects would receive o coEtrolled
i2

|

diet without mhgnesium therapy. After o' period of 7-10 days on these diets, withi

i

belonce'studlel conducted, the potlants Euld r4ceive o tracer dq$e of eithMr
!

Mg-2B bt edceeding 20 pc) or Colclum447 (nof exceeding Spc) or Calcium-45 -
4

(9) (not' exceeding 15pe),orolly. Markes would be employed to assist in the

stool collectiohs. Urine, stools and bloo8 somptes would be collected and bnolyzed

until essentially no octivity could be detdcted. 5 it is hoped that dosages of

radiols tope n&ry be reduced further to orde-holfkhe amounts indicated and 'itill

permit htisfodtory measurements. This duld tilan permit double labeling cY
I

selectN patiebts or repeat labeling of a htient'or normal volunteer following
'

|i

6 months of Ngnesium theropy without 'pproocking the maximum permissilde body

burden of rodkotion. If the dosogo contdt be rebced sufficiently, then otbr
~

i ,
# c g |

I
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-
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patients or subjects would receive the second lictope or the isotope ofter 6 months

of mognesium therapy. Balance studies with known diets and intakes and main-

tenance'on the Stobotic Word for periods of 5-6 days (i.e. before and after the

6-months' therapy period--not maintenance on the etabolle Word throughout j

the 6mths' period) would be associated with all subjects. If tb orol studies
'l

Indicate furtlwr evoluotion of the retention and turnover of mognesium or calcium |
1

in the body, a limited number of select volunteer pottents or normal volunteers 1

would receive introvenously adminishored isotopes. In all Instances, the intravenous

dose would notoexceed 35pc. For compaintive Nrposes, a limited number (3-5)

of normdl, healthy volunteer subjects woujd be placed on the some diet's and

belonce studies performed with the use of ibe sard isotopes in the same dosoipe

*
os empidyed wiih the volunteer patients. i

Ths healthy physics of Mg-28f Co-47 and Ca-45 has been constNered2

briefly before. 'It should be emphasized tHot the hmximum dosages obtained hith ,

the omo6nt of ibtopes used in the proposed studies will at no time equal tho'
.

maximuth permdsible dosage. 5 5 ' >
|

With the aid of the ICR" HorEbook (Appendix 1, reference 1), th'

calculatbns be|ow were mode. In each c " 1 "I Is tiw Infinite dose receivdd by

the critical oqpon and "2" is the dose rece|ved dhing the first 13 weeks by th

critical Egon. lThe critical organ is given[In parbntheses.*

,

A.E Syc of Co-47 odministeE oroll) (bone) 2"
,

.r 1. 0.359 rem [ } {s *

2. 0.359 rem
O l 4j k

'

-

i ; s :
. , ,

1 ? W E

.
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2.5pc of Co-47 administered intravenously (bone)B.
.

1. 0.150 rem
~

2. 0.150 rem

C. 15pc of Co-45 odministered orally kne)
i

1. 5.883 rem
-

2. 1.897 rem ,
,

D. 7.5pc of Co-45 odministered introvenously (bone)
,

1. 0.245 rem ,-
i.

' 2. 0.079 som

h. 20 pc Mg-28 odministered orally (bone)-
~

''
. . .1. 0.465 rem

2. 0.465 rem

*F. 35pc of Mg-28 odministdred intievenously (bone) |

1. 1.992 a.'
*

2. 1.992 rem*

*G. 35pc of Mg-28 odministdred int 6enously (whole body)

1. 0.044 rem
2. 0.044 um

*H. 20pc of Mi-28 odministeted orally (stomoch)

1. 0.116 rem
2. O.116 rem (i.e. residence time of I hour)

$ !

*l. 20 pc of Mg-28 odministered orally (small intestine)
,

1. 0.079 rem
2. Some (i.e. residence time =.4 houn)i s

*). 20 pc of Mg-28 odministered orally (upper large tr,testine)

1. 1.284 rem
2. Some (i.e. residence = 8 grs) ,

,

*K. 20pc of Mg-28 odmietstered orolly (lower large intestine)

1. 1.720 rem '

2. Some (i.e. residence time =d18 hou s)\

*Rodlotion burden for Mg-26 were obtained by calculations and the use of:
|

. '-.' _ a. - 3
-

-

2, *

J -

.

,

-

:; -
,
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1. ICRP Handbook (Appendix 1, reference 1).

2. Peaceful Uses of Atomic Energy, Vol. 24, Port 1, " Isotopes in

Blochmistry and Physiology," 1958, United Nations Publication.

3. Rodlooctive isotopes in Medicine and Biology: Medicine, S. Silver,

1962, Leo and Febiger, Publishers.

4. Th Role of Magnesium in Biologic Processes, J. K. Alkowa, Ib,

C. C. Thomas, Publisher.

5. Silver, L., Robertson, J. S. and Dahl, L. K.: Magnesium Turnover

in the Human Studies with Mg-28. J. Clin. Investigation 33 420,1960.

6. Radiological Health Handbook, P8121784R, U. S. Dept. of Health,

Educption and Welfore, Public Health Service, U. S. Dept. of Commerce,1%0.

According to information supplied fmni the above sourca, obsorption
'

of mognesium from the G.I. tract is very low. However, for the purpose of these

calculations, 60% obsorption was assumed when the isotope was adminhtered
,

,

orally and the critical organ considered bone. However, when segments of theI

G.I. tract were' considered the critical org5n, no obsorption was asumed. A
!

previously stated, elimination offer obsorption is v5ry rapid. Again, however, inj
i

order not to urdrestimate the dosoge, on idtake /nd retention of 90% of the
.

Isotope w6s ossuched to be removed from the# blood by the critical orgon bne).
'

All bilected excreto would be'disposbd of in on acceptoble manner
,

,
's ' -

under the supervision of the Rodioisotope 8/bnch of this lobomfory.
'

$
i 1 /

.
'
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1

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

Project Leader (Also ottending physician)
.

Lt. Col. J. E. Conham, M.D. (MC), USAMANL (Also attending |

physician)
Dr. O. G. Stontegton, M.D., Colorado General Hospitol (Also attending*

;

physician)j
Cgt. G. E. Bunce, Ph.D. (Consultant, Tripler Cmr! Hospital,'

'

Hawoll) !
,

Lt. Col. M. E. McDowell, M.D. (MC), USAMANL (Also ottending.

!
;

.

physician) <

'
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