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oprecE Or THE SURG 40N SENERAL

WASHINGTON 25, D.C.
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%
Isotopes Branch 6' ,,. n -

s
Division of Licensing and Regulation q J- -}
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g
U. S. Atomic Energy Consnission g. -

-

Washington, D. C. 20545 6 MAR 311964- E
I{ U.S. Ah.T.ih J:iin

uci.difEEum
Cb

Gentlemen: m

Reconsnend approval of the inclosed application for amendment
to AEC Byproduct Material License No. 5-46-13 ( A66) for Fitzsimons
General Hospital and the U. S. Army Medical Research and Nutrition
Laboratory, Denver, Colorado.

Your attention is invited to condition 10 of AEC Byproduct Material
License No. 5-46-13 dated 3 February 1964. It is requested that this
condition be amended so that use of radioisotopes in tracer amounts for
human volunteers be authorized for use at those places which have been
approved as a part of an authorized study by the Radioisotope Committee {of Fitzsimons General Hospital and the U. S. Anny Medical Research and i

Nut.rition Laboratory, The Surgeon General, and the Secretary of the |
Army in accordance with statements of application dated 12 March 1964

Sincerely yours, i

/gj
1 Inc1 dSWELL G. D ELS,

AEC-313(intrip) Lt Colonel, MC
Preventive Medicine Division
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MIDDH.RM (19 Dec 63)Request for Approval to Use Radioisotope Tracers in Volunteers

'

SUBJECT:
20315 MAR 2 1964

HQ, US Army Medical R&D Command, DA, OfSG, Washington, D.C.

Comunsading Officer, U.S. Army Medical Research and Nutrition
$

t MEDEN.CO, Denver,Tot
Laboratory, Fitssimons General Hospital, ATTH:<

Colorado 80240 i

j
Subject request is granted approval per the attached mano from the

<Secretary of the Army. J'

8=

BERT E. BLOUNT /
1 Inci Brigadier General, MC
wd 1 inct Commanding

i Added 1 inci
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WASH f MGTON 15. D.C., ,

; ,

.
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FEB 221964
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' " " 'A" M W FORs WIEF OF STAFF, UNITED STATES ARMY

M 30ft Request for Approval to Use Radioisotope Tracers*

in Volunteers

approval is granted for the use of radioactive isotepes
as tracars in volaanteer human subjects of research in,

seaternames with the protocol submitted to The Surgeon'

esmeral, by letter 3RDEN 00, W. S. Army Medical Research 4

and Nutricien Laboratory, Fitasimens General Boepital, Denver,
esisende, subject as above, dated 19 Desamber 1963.
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U. S. ARMY MEDICAL RESEARCH AND NUTRITION LABOR ATORY
FITZSIMONS GENERAL HOSPITAL

|.

oENVER dd. COLORADO 80240! |
*

IN REPLY REFER 703
19 December 1963 )MDEN-00<

SUBJECT: Request for Approval to Use Radioisotope Tracers in Volunteers
6

i

TO: C==anding General'
j U. S. Army Medical Research

| ,t j

!
and Development Command

ATTN: Chief, Medical Research Branch
Of fice of The Surgeon General'

Department of the Army"

Washington, D. C. 20315

i 1
-

!

1. Enclosed are copies of a Request for Approval for Human Use
| of Radioisotopes in Tracer Amounts in Volunteer Experimental Research |' '

;,

Subjects.
1

2. Eight copies of the request are furnished to facilitate early
processing, however, only three copies are provided with Appendix IV,;

" Reprints, Supporting vitamin C Studies," due to a short supply.
,
.

| & [h $
-

1 Inci MARION E. McDOWELL

a/s (8 copies) Lt Colonel, MC
C==anding

:
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ATOMIC ENERGY COhuAISSION ,,,,,
,Fefe AEC-313 '"d'''*"*""''"""S'S APPLKATION FOR BYPRODUCT MATERIAL LKENSE

'
,

|NSTRUCTIONS.-Complete items 1 through 16 if this is en initlel opplication..lf opplication is for renewol of a license, com.
plete only items ] through 7 and indicate new information or changes In the progrom os requested in items 8 through 15. Use ,

supplemental sheets where necessery. ltem 16 must be completed on all applications. Mell three copies to: U. 5. Atomic Energy
D. C. Attention: Isotopes Branch, Division of Licensing and Regulation. Upon opproval of this

Commission, Weshington 25, ll receive en AEC Byproduct Material License. An AEC Byproduct Meterial License is issued inapplication, the opplicent wi
accordance with the general requirements contoined in Title 10, Code of Federal Regulations, Port 30 and the Licensee is sul>-
iect to Title 10, Code of Federal Regulations, Port 20.

l (e) NAME AND STRiff ADDRESS 07 APPLICANT. (instervieon, Arm, hosp foi, (b) 57! tiff ADDRES5(IS) AT WHICH SYPRODUCT MATERIAL WILL DE USED. (if i

person, esc 5 dnMorent from I (o)) |
+

Department of the Army, Fitzsimons Installations named in 1 (a) and, for
.

General Hospital and U. Se Army Medical Carbon-14, those locations named in
Research anstNutrition Laboratory Paragraph 6, d(3) pages 19 & 20(and

DesserfColorado subject to conditions therein specified)of
approved Inci #2, " Request for Apprgyal

(if aus is on opplcoMIN4eAdM ,2. DfPARTMfMT TO U$f BYPRODUCT MAffRIAL 3. PREVIOUS LICENSE NUMSfR(5).
- i._, ,l.as. 6, *ofe er d ,ae .m.b.,.)

Radiology Service, FGH,and USA Med License Noe 5-46-13 (A66) with expiratioi '
,

Rach & Nutr Lab date January 31,1966
4. NDIVIDUAL U$fR(5). (Nome and hfie of individvol(s) he well use or dwectly 5. RADIATION PROffCT10N OFFICER (Nome of person duegnefed es radeoften pro-

| supervese use of byprod cf mofereel Give trommg and emperience m Hems 8 and section o#icer af ofher then endevedvol weer. Astoch resume of hes kosame and es.

9) perence os we ## ems 8 and 9.)*
i

As specified in License No.5-46-13(A66) As specified in application (dtd Dec 6,'63) I

condition 12 for License No. 5-46-13(A66) -

!

6. (e) SVPRODUCT MATERIAL- (flements (b) CHEMICAL AND/OR PHYSICAL FORM AND MAXIMUM NUM4ft OF MILLtCutif5 07 EACH CHEM | CAL AND/OR PHYS-4

and inoss number of each J ICAL FORM THAT YOU WILL POSSES $ AT ANY ONE TIME. (ff seaned source (s1 aise sfase nome of monvfortwer, niedel

Ao Carbon-14 A"*tifrffmn#"" ""d **"*"" "''** *" '*"" ) Ae10 mi
Be Carbon-14 B. Amino Acids B.10 mc'

Ce Carbon-14 Co Lipids (as glycerides , cholesterol & free fatty acids) C.10 mc#

D. Carbon-14 De Acetate - De 10 mt
;

! E. Carbon-14 Ee Carbohydrates E.10 m(
i Fe Carb on-14 Fe Mevalonic acid Fe 10 mc

Ge Carbon-14 G. Bicarbonate, CO2 G.10 mc
He Hydrogen-3 He Vit = ina He 50 mc

Ie Magnesium-28 I. MgO, Mg C1, Mg citrate le 10 mt'
2

J. Calcium-47 J. Ca Cl2 Je 10 mc

Ko Calcium-45 K. Ca C12 K.10 mt
:

1

1

7. Of 5CRIN PURPOSE FOR WHICH SVPRODUCT MATERIAL Witt M U5fD. (ff byproduct mosersel es for " human use," supplement A (Form AfC-3 3 3a) must be com-
placed an lov of fhis esem if byprodvet mosermi es an she forme of a sealed sowce, include she mene and model number of fhe sporoge container ond/or dence in

,

,

whosh the sovese well be sfered and/or veed.)

1 See attached copies:" Request for Approval for Human Use of Radioisotopes in
Tracer Amounts in Volunteer Experimental Research Subjects" submitted thru
channels to Secretary of the Army 19 Dec 63 by U.S. Army Medical Research and
Nutrition Laboratory, Fitzsimons General Hospital, Denver, Colorado, and
Memorandum of Approval by Secretary of the Army dated 22 Feb 64e (Incis 1&2)

;

.

58638

(Cenemued on severse side)
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Uwrme $vues A. owc fue.ov Consussion*

'"* 8#N 9 ' APPUCATION FOR BYPRODUCT MATERIAL LICENSE |",7,,", i."*,d; ,.., n_.ca. ,
5

,

'''' 3- SUPPLEMENT A-HUMAN USE

If byproduct motorial is for '' human use" (intomol administration of byproduct materiol, or the radiction therefrom to human beings),'

complete this supplement and ateoch to the opplication for byproduct motorial license,

l. l.) U54NG PHYSICIAN'S NAME
|b) NAME AND ADDRESS OF APPLICANT (If d.A.,.nt fr 1(.))

Department of the Army,
Fitzsimons Gen Hospitaland Same

JISAJdeimitclL8tNutr_ Lab;
2. T>tf UteNG PHYSICIAN INDICAffD ASOVE t$ UCEN$tD TO DISPfNSE ORUGS IN THE PRACTICE Of MEDICINE BY A STATE OR TERRITORY

,

- Of THE UNITED STAft$, THE OtSTRICT OF COLUMelA, OR THE COMMONWEALTH 07 Puf trrO RICO. Yfl NO

C*a'*s=NA
3. A STAftMENT OF USING PHY$lCtAN'S CLINICAL RAD 00tSOTON EXP.RIENCE (PAGE 3 Of THIS SUPPLEMENT)11 SU6MITTED IN SUPPORT!

Of THt$ APPUCATION. IF AN$wtA 15 HQ, USE PAGE 2 Of THIS SUPPLEME" I N 08 Rff8- .TO TION OR
mtAnD DOCUMENTS ON wHICH THis IN,ORMAYiON APreAts. As spec'iEeE'In AppItcaTY ERi on "s "O

C.af msm
6Dec63) For License No. 5-46-13 (A66)-

PROPOSED DIAGNOSIS OR TREATMENT

4. (.) DESCtat PUAPOSE 70s WHICH BYPRODUCT MAffaiAL WILL M U$tD INCLUDING SPECIFIC CONDITIONS OR Ot5 EASES TO M DIAGNOSED OR TMATED
(u P :ie.- ,,3 See attached copies:" Request for Approval for Human Use of Radio-

isotopes in Tracer pounts in Volunteer rimental Research Subjects" submitted
thru channels to Sec y of the Army 19De A Med Rsd1 & Nutr GH

Igg,e,r,ggloggno of Approval'by Sec'y o e Army dtd 22 Feb 64 c 1&'2)i
'

,

,

i w DesCR.e mOCEDuns mCH wilt u O.5enviD TO Minimize HAzA D PROM HANDuMG, STORAGE, AND Disposal 0, rHe YPRODUCrrMAretiAt.

As specified in Application (dtd 6Dec63)For License No. 5-46-13 (A66),

.

! (d) DeScarTION AND SKETCHE5 OP SPEGAL DtvlCES TO M 05fD FOR ADMINt$TERING $YPRODUCT MATERIAL TO HUMAN BEINGS Aff( "o)-"5
m AnAC=D(uretATum ===*Ces wu sumCai As specified in Application C.Ctr msm!

m ON nLe wiTH THe isOTons exn+0N (dtd 6Dec63)(A66).} "* )
For License No.~

"
5-46-13 C=Cu mswa

une TO APPuCAnoN NO

5. PROPOttD DO6 AGE SCHEDULE
i.)u,..ii , ,ii,a a6,,,w t .M.,M .uw - ,.a .,,w.,.

,
,f.,M ,-i.,.. .i.,,as

I, R.a - ( is a.. 6.l. wi . .i iv 6. ., 4 ( 2 4 .,v>s

See attached copies:" Request for Approval for Human Use of Radioisotopes in Tracer'

Amounts in Volunteer Experimental Research Subjects" submitted thru channels to

,

Secretary of the Army 19Dec63 by U.S. A. Med Rsch & Nutr Lab, FGH, Denver, Colo
i and Memo of Approval by Secretary of the Ar.my dtd 22Feb64 (Incis 1&2) |

4

: i

l

(A4 cn t ((b) INVESTIGAflVE PA.OPOS,AL FOR EXPERIMENTAL, NEw OR UNUSUAL HUMAN USt5 l$ ATTACHED.m a.4.. a,. 16..i a,ia,a i w .af.6 an . Cnal msmi

me c. 6f y, ou.6.r d typ. .I p s (i. . .g. g,.up, ibu.d, .))

,

6. IP SYPRODUCT MAftRIAL wlLL NOT M OSTAINfD IN PtfCAutAAft0 PORM FOt ORAL ADM6NI57tATION 04 IN PRECAutAAftD AND STfeluzED FORM FORj
|

|
PARENTERAL ADMINISTRATION, DESClllet IDENTIFICATION, PROCES$1NG, AND STANDAADizATION PROCEDumfl.

By-product material will be obtained in pre-calibrated form for oral administration ,

:

'

or in pre-calibrated and sterilized form for parenteral administration
r c r a p}'

v -_

7. THE PROPOLED USE OF SYPRODUCT MAff tlAL HAS MfM, OR wlLL DE, APPROVED BY THE MEDICAL 150 Tort COM- f g NO*

CRCLI ANswfR \ Ytl j
MITTff.

HOSPITAL FACluTIES FOlt INDivlDUAL PitACTICE USE ONLY NA

4. (.) THE APPUCANT HA5 COMPLtTED AARANGEMENTS FOR A HOSPfTAL TO ADMif RADIOACTIVE PATIENT $ WHEN. YES NOCMal ANsWEg
fYtt ADVl%A$lt.

(b) A COPY OP INSTRUCTIONS TO St FURNISHt0 TO THE HOSPITAL A5 TO RADIOLOG6 CAL SAPETY PetCAUTIONSCMCLE AN3wn Yt3 NO
TO St TAKEN Ape AVAILAOLE RADIAftON INSTRUMENTATION IS ATTACHED*

.

, , a 4 e~- # , -ai.. ..e. - eee -siu>* * * er-wies *e **% * .imb % *

I
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i REQUEST 'FOR APPROVAL FOR HUMAN USE OF RADIOlSOTOPES IN TRACER

AMOUNTS IN VOLUNTEER EXPERIMENTAL RESEARCH SUBJECTS
'

.

Submitted by:~ '

U. S. Army Medical Research and Nutrition Laboratory
Denver, Colorado

;

M. E. McDowell, M.D., Lt. Col., MC, Commanding Officer and Director
J. E. Conham, M.D., Lt. Col., MC; Chief, Metabolic Division
J. E. Hansen, M.D., Lt. Col., MC; Chief, Physiology Division

,

E. M. Baker, Ph.D., Maj., MSC; Assistant Chief, Chemistry Division|
and Chief, Carbohydrate Branch

K. E. Kinnamon, DVM, Capt., VC; Chief, Radioisotope Branch,
Physiology Division,

"

.J. R. Hondy, M.D., Capt., MC; Chief, Cellular Physiology Section,
Physiology Division' *

H. E. Sauberlich, Ph.D., (PL-313), Chief, Chemistry Division j
.

G. A. Leveille, Ph.D., (GS-13), Chief, Lipid and Protein Chemistry Branch,i

: Chemistry Division
1 B. M. Tolbert, Ph.D., Professor of Chemistry, University of Colorado and !

'

Consultant to USAMRNL
|

'

and i;

Fitzsimons General Hospital 1
.

Denver, Colorado

C. A. Moore, M.D., Lt. Col., MC, Chief, Urology Service
O. G. Stonington, M.D., Professor of Urology, University of Colorado School |.

of Medicine and Consultant to Fitzsimons General Hospital
: I

,

.
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|Section 1. General introduction

Paragraph
Pu rpose of re quest --------------------------------------- 1

.

S cope of reque s t ---------------------------------------- 2

Generol guidelines for requested studies -------------------- 3
1

History of US AMRN L isotope usage --------------- -------- 4'

1

1

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

Section 11. General Health Physics for Requested Isotopes *

C a rbo n - 1 4 - - - --- - -- -- - -- -------- ------- --- -- --- -- -- - --- 6

H yd roge n -3 -- ------------ ------------- ----- ------------ 7
;

Ma g ne s l u m - 28 ------------------------------ ------------ 8 |

C a l c i um - 47 -------------------------------------------- 9

C o l c l u m - 4 5 --- ------ -- ------------- ------------------ -- 10

* (for references consult Appendix 1.)

Section Ill. Proposed Nutrition and and Metabolism Tracer Studies

V i t o m i n s ---- -- ---- -- -- -- -------- ------ ---------- ------ 11

Am i no A c i ds ------------------------------------------- 12

L i p i d s -- ------ ----------- ----- --------- ---- ----------- 13

C a r boh yd ra t e s ---- -------------------------------------- 14
.

M i ne ra l s ---- ---- -------- -- ---- ------ ----- ---- -- ---- -- - 15
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Appendices 1. References on General Health Physics

Appendices ll. Voluntary Consent Statement

AppendicesIll. RDTE Facilities Fact Sheet, USAMRNL,18 November 1963

Appendices IV. Reprints Supporting Vitamin C Studies

1
,

|
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Section 1. General introduction
.

i

- 1. Purpose of request"

i
j ' a'. Par. 3b(3), 'AR 40-37, _" Radioisotope License Program (Human ,

t

[ Use)," dated 12 August 1%3, requires that written approval be obtained

f from the Secretary of the Army prior to the submission of license application
i

i '(through channels to AEC) for human use (of radioisotopes), when volunteers . J
: ,

!- <

are to be used as experimental research subjects. This paragraph (Par. 3b(3)
d

| AR 40-37) cites AR 70-25, "Research and Development: Use of Volunteers
,

as Subjects of Research," dated 26 March 1%2 as the basis for the requirement. {
;- -

b. AR 70-25 prescribes policies and procedures governing the usea

of volunteers as subjects, including research in nuclear, biological and
'

i
chemical warfare, wherein human beings are deliberately exposed to unusuali

i

or potentially hazardous conditions. Par. 6 of this AR requires approval of
'

] the Chief of Research and Development prior to the research and, in the
,

; case of nuclear, biological or chemical agents, approval of the Secretary

of the Army is required.

The Atomic Energy Commission will license the use of tracerc.'

omounts of radioisotopes in physiological studies in normal human beings1 ,

' 1

done by competert medical research scientists. Such licenses have been.

1

granted to members of this organization in the past. |

|'

|
l,'

,
'

I

58S38 !
'

..
,
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d. To comply with the requirements of Par. 3b(3), AR 40-37 and

Por. 6, AR 70-25, this request is submitted for opproval for human use of

stated radioisotopes in tracer amounts in volunteer experimental research

subJerrs at U. S. Army Medical Research and Nutrition Laboratory and

Fitzsimons General Hospital and in field studies conducted by USAMRNL.

2. Scope of request

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

unusual or potentially hozordous under the definitions of AR 70-25. They

would be considered potentially hozordous (and minimolly so) only to the

'

extent that radioactive isotopes in tracer quantities are used.

b. Therefore, this request seeks opproval only for use of the specified

radioisotopes, the experiments otherwise not requiring individual approval

under AR 70-25. However, sufficient description is furnished to indicate

importance of the studies in worronting use of radioisotopes.

For any studies later contemplated under the general descriptionc.

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

radioisotope tracers), constitute unusual or hozordous experiments, specific

approval (directed to the non-isotope aspects) would then be requested per

AR 70-25.

d. This request will present the health physics aspects of the radio-

Isotope tracers required (Section ll); will present in detail the research methods

and plans for C-14 and H-3 usage in vitamin C studies, and outline other .

2
,

;-
4

SSE38
.

o
$
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i

! proposed studies referring to the vitamin C studies as a model (Section lil, Par.

: 11); and will describe other metabolic and nutritional studies requiring other

; radioisotope tracers in addition to C-14 and H-3 (Section Ill, Pars.12-15).

3. General guidelines for requested studiesa

:

a. The administered radioactive material would in no case exceed a[ ,

j radiation dose high enough to approach the permissible dose indicated in CFR

} Title 10, Port 20, RC-12, "The Medical Use of Radioisotopes--Recommendations
1

i
,

: and Requirements by the Atomic Energy Commission." In fact, in no case will l
: |

the dose exceed one-half that of the permissible dose and every attempt will |I

be made to use even lesser amounts of isotope when compatible with obtaining
.

i reliable data,
t

I b. All policies, procedures and regulations prescribed in AR 70-25
;

| and AR 40-37 will be rigidly adhered to in all investigations.

The person in charge of each specific phase of the studies proposedc.

herein will be formally designated prior to the research by the Commanding.

.

: Officer, USAMRNL, from the Government scientists listed in this application,
|

and the attending physician will similarly be designated from the Medical;

! Officers among them. .

1 '

! 4. History of USAMRNL isotope usage
].

This laboratory has employed radioactive labeled compounds in ia.
!

studies with human subjects under AEC License Number 5-46-6 since 174

December 1957. Author!zation was given initially to use lodine labeled I

:

3 ,

.

'

SCS38 i
,
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human serum albumin to measure the turnover rate of o!bumin of 10 normal young

men in various nutritional states.

b. USAMRNL staff members have had experience in use of various

radioisotopes in a number of chemical forms in collaborative clinical investigations

with Fitzsimons General Hospital involving the basic disease process or new

treatment procedures. Such work has been carried out under the Fitzsimons

General Hospital's AEC License 5-46-9 which includes authorization for use

of the following:

(1) lodine for diagnosis of thyroid function and thyroid scanning. |

(2) lodine labeled human serum for the determination of blood

volumes and plasma volumes.

(3) lodine labeled Rose Bengal dye for determination of liver

function and liver scans. |

131 |

(4) lodine labeled fats and fatty acids for determination of fat ;

obsorption.
1

(5) lodine labeled renal function compounds.

32
(6) Phosphorus for the treatment of polycythemia vera, leukemia

and bone metastasis.

51
(7) Chromium for the determination of red cell volume and red

cell survival time.

60
(8) Cobalt labeled vitamin B i r the diagnosis of pernicious

12

onemia.

4
.

'

58S38
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'

(9) Iron for iron n etabolism studies.
'

.

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

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

glucuronolactone and ascorbic acid to measure the pool size and turnover rate

of body oscorbic acid in normal human subjects and for investigation of the pos-

! sibility that humans may be able to synthesize small amounts of oscorbic acid.
:

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

; expanded to imlude Carbon-14 labeled glycine, cholesterol, mevalonic acid

acetate and carbon monoxide, in addition to the compounds previously authorized,
1

for use in metabolism and physiological tracer studies in humans.

A recent amendment to License No. 5-46-12 (including prior; e.

' opproval by the Secretary of the Army) permitted the use of tritiated water for
,

|

; the determination of total body water in 112 human volunteers at Ft. Carson, |

$

| Colorado.
|
|

; f. Current status of AEC radioisotope licenses of USAMRNL and

Fitzsimons Genero! Hospital:

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

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

. specifically autho~rized study in Par. de having been completed. All human usage

not explicitly covered by Par. 4c of AR 70-25 hos been discontinued pending
3

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

license will expire 31 December 1%3.

5
.
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(2) This laboratory also currently operates under the 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
//)kaub

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

consolidation of the separate FGH ond USAMRNL licenses into one brood license Md
aek

for the entire post (o [oint FGH and USAMRNL license). ,

d "(3) Consolidatien of the heretofore separate licenses of FGH and
.aaz'.d

USAMRNL Wo one broad license has been recommended by the Preventive

Medicine Division of Office of The Surgeon General, and sanctioned by AEC

because of the favorable record of radioisotope handling by both FGH and /7E 1
Lo

USAMRNL. Application for the new joint license (omitting the radioisotopes !.b .
requested herein for volunteer research use) will be forwarded to AEC (through ,.,g .yy
The Surgeon General) by FGH-USAMRNL within opproximately 10 days. (A '')

7
(4) Upon approval of the radioisotopes requested herein per Por. g

3b(3) AR 40-37, application will be made to AEC (through The Surgeon General)

for addition to the joint AEC license by amendment.

5. Specific radioisotopes to be used

Use of the following radioisotopes in vclunteer human research in io.

tracer dosages is requested:

By-product Material Chemical and/or Physical Form

Carbon-14 Vitamins i

#

Amino acids
~

Lipids (os glycerides, cholesterol
and free fatty acids)

Carbohydrates
Acetate
Mevolonic acid-

Biegrbonate or CO2 50g3g

___ __-----___
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By-product Material Chernical and/or Physical Form
*

t

Hydrogen-3 Vitamins.

Magnesium-26 MgO, MgCl Mg citratey
Calcium-47

CoCI'2
>

Calcium-45 CoCl
2

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

nutrients or netabolites for the humon.
4

i

|

1- |
:
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Section ll. General Health Physics for Requested isotopes |

6. Carbon-14

Carbon-14 has a soft beta emission that lends itself to tracer studies.

Fat in the body is usually considered the critical orgon. The biological half.

life for Carbon-14 in fat is given as 35 days. The National Bureau of Standards

1
'Hondbook No. 69 lists the maximum permissible burden in fot as 300 pc. Constants |

for calculating maximum permissible internal concentration of radioisotopes
]

assumes that 50% of the Carbon-14 that is present in the blood is transferred

to the critical organ, fot. However, based on animals, it con also be assumed

that few of the Carbon-14 labeled compounds proposed to be used would opproach

this retention in the critical organ. The majority of the compounds proposed

are readily metabolized and removed from the body as expired CO r met bolites |2
l

in the urine,:and would reduce even further the body burden of irradiation. l
;

Flushing procedures could also be employed in the cose of the labeled vitamins
,

\.
*

to hosten their removal from the body upon completion of the studies. In alls.

'

investigations, balances will be performed that will permit careful knowledge of
.

| the extent of retention and turnover of the labeled compound administered.
l

7. Hydrogen-3'

Hydrogen-3 emits,only a very soft beta particle, but with present counting i
;

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

generally considered the critical orgon and the isotope has a biological half

. life of opproximately 12 days. The maximum permissible body burden is 1-2 me.

8

.

3

4

- 4 e --- - - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



1

. . .- . . - . . .- .

.
.

9

'
.

.

This approximate amount has been used routinely in numerous laboratories for

the determination of total body water in the humon. Permission has been granted

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

on volunteers at Ft. Corson.

The use of trittated vitamins is proposed since several vitamins are

ovalloble only as the tritiated compounds. Because of the considerably smaller

pool size, the dosage of tritium employed as a vitomin will be much less than

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

mc are anticipated. Tritiated folic acid and pyridoxine are presently employed |

at a number of laborotories for studying malobsorption syndromes in humans such j

as may be encountered in tropical sprue. l

8. Magnesium-28

This isotope is available os a cyclotron produced element. It has a very |

!
short half life of only 21 hours. Magnesium-28 has been used in a number of j

|

laboratories with humans. Dr. J. K. Aikawa, Department of Medicine,

University of Colorado School of Medicine, Denver, has administered 90pc of,

Mg-28 to nc: mal subjects and patients and found essentially no activity in the

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

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

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

Aikawa,1%3, C. C. Thomas, Publishers, Springfield, Ill.)

9
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9. Calcium-47

This relatively recently ovallable isotoped with a half life of only 4.9

days has seen use in a number of studies with human subjects. The maximum per-

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

10 pc; with bone the critical orgon a permissible burden of Spc is allowed. For

the proposed studies, o dose not to exceed Spc would be used, with on antici-

potion that a dose of only 2pc may be sufficient.

10. Calcium-45

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

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

instead. Calcium-45, with a soft beto emission and a half life of 163 days, has

a maximum permissible burden in bone of 30pc or 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 accordance with the

following:

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, " Standards for Protection Against

Radiation," and RC-12 "The Medical Use of Radioisotopes--Recommendations

and Requirements by the Atomic Energy Commission."

10
.
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3. Radioisotopes for use in humans shall be acquired from o supplier

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

quality and assay of such material.

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

license, shall possess and use the material as pescribed in this license in accordance

with statements, representations and procedures contained in supplementory sheets

attached to the opplication.

5. All rules, regulations and limitations set forth by Army, AEC, and

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

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

,

*

t

11
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Section Ill. 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 reloted compounds
(References cited in the paragraph (11) are listed in subparagraph 11h)

o, Background for vitamin C studies

Past studies (1) indicated that D-glucuronolactone caused increased

blood ascorbic acid levels as well as increased urinary excretion of ascorbic acid , ,

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

- version of D-glucuronolactone to oscorbic acid, it was decided to study the

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

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

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

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

test with various loads of D-glucuronolactone to see if any changes would take

i

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

attempt was made to see if total body ascorbic acid and its rate of utilization
;

were related to the fat-free body weight.

Results of studies (2) with healthy men revealed that close to one-

I4fourth of D-glucuronolactone-6-C was converted to L-oscorbic acid whereas,

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

' isolated from the urine of subjects receiving D-glucuronic-6-C ocid. In

| oddition, it was found that one-half of the urinary oxalate arises from the

breakdown of ascorbic acid and is excreted at a constant rate. Further, in 6 men
.

12'
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of diverse body weight and degree of fotness, it was found that oscorbate;

utilization, os expressed in terms of C oxolate excretion, occurred at a rate

of 0.207 mg per day per kilogram of fat-free body weight.
,

One of the more interesting findings of these experiments was that

no C "O ctivity c uld be detected in the expired air of the subjects receiving
2 ,

$ L-oscorbic-1-C" ocid even with the use of a 15-liter ionization chamber for

greater sensitivity. A fraction of 1% oxidatio . to CO during the first 8 hours
2

could have been easily detected by this technique. This finding was in agreement

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

I4 ithat mon excrete approximately 25% of the total activity of L-oscorbic-1-C
; -

ocid v1/rhe lung. Because doubt had been caused as to whether or not man:

1
i

duld decarboxylate C labeled oscorbic acid do C"O ' 5eri'S f experiments
2

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

1. Chromatographic and radioautographic evidence was presented showing that

progressive degradative changes occur in L-oscorbic acid dissolved in water and

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

I4of freshly dissolved L-oscorbic-1-C ocid solution, little or no C oppeo s in

his respiratory CO ; 3. Men who were given similar samples of L-oscorbic-1-C2

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

as respiratory CO . The true nature of the compounds undergoing decarboxylation2 ;
l

in mon in these studies cannot be defined from the work presented here except j

that they are not reduced oscorbic acid.

13
;
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b. Request for use of Carbon-14 to label vitamin C and related compounds

Therefore, because of demonstrated usefulness and necessity of using

tracer techniques to study metobolic pathways, the proposal is being mode that

14tracer amounts of Carbon-14, os glucose-6-C , glucuronolactone-6-C
,

glucuronic-6-C ocid and ascorbic-1-C" ocid be administered by mouth to

humans in further studies for the purpose of measuring the pool size and the rare 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

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

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

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

multiple experiments may be performed on individuals, in no case will the total

body rodlotion 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).

Experimental. methods (using labeled vitamin C and related compoundtc.

The L-oscorbic-1-C" ocid will be obtained from the California

Corporation for Blochemical Research, Los Angeles. . All C" labeled compounds

will be checked for purity prior to use by melting point measurement and by

paper chromatogrophy. The activity of all C labeled compounds will be

checked by rodloossay. The L-oscorbic-1-C ocid will be freshly dissolved in.

14
.
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distilled water and immediately swallowed by the experimental subject. No

j cold corrier will be given to these subjects.

Total daily urine will be collected and measured from all subjects;
4

| these samples will be refrigerated and 2.0 ml of each will be taken for radioassay.

$ Immediately after receiving the tracer quantity of L-oscorbic acid,.

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

a 5-liter Cory-Tolbert lonization chamber connected to a vibrating reed elec- i

The C"O ctivity, t t I CO , nd the volume of flow is recordedtrometer.
2 2 |

| automatically on a 6-channel recorder,

i The total activity of each urine sample is determined by use of a

liquid scintillation counter using P-dioxone-toluene. Oxalate in selected samples
;

is isolated as calcium oxalate, recrystallized 4 timos and dissolved in 1 N hydro-.

- I
| chloric acid for counting in the liquid scintillation counter. Quantitative

determination of the total oxalate is done by the Archer method (6). Efficiencies
4

| for all liquid scintillation counting of samples are determined individually by use
2 14 |

of added standard C samples, l
'

i
.

Urinary oscorbic acid levels are chemically determined by the |
'

Schaffert method (7). Urinary oscorbic acid is then isolated by the method

described by Jackel et al. (8). After the dinitrophenylhydrazone (DNPH)

; derivatives are recrystallized, they are dissolved in P-dicune and applied to

[ weighed planchets and countad in a gas flow counter. All DNPH derivotives

are recrystallized to constant activity which usually requires 4 to 6 recrystallizations.
,

15
.

~
.

*

M

--Y ''v , e+- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _ _ _ _ _ _



.- .. .. . ._ . -___ _ -

-
- --

''
.

.

*~

' '

s,

,

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

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

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

laboratory: F = 4.834 V - V.336 M.

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

C metabolism and requirements in man:

(1) Recopitulation of the method

Studies of body composition and the use of C,14 isotopes have

resulted in a method for stating the octual utilization of oscorbic acid by healthy

men.-

In human subjects who ingest 20 pc of L-oscorbic-1-C ' ocid,
l

the daily urinary oxolate arising from metabolism of the labeled oscorbote is

subsequently excreted as a constant proportion of total C octivity remaining

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

j orises from metabolism of oscorbote is formed and excreted at a constant rate.
I

Ingestion of a single, comparatively large 0.5 gm quantity of

unlabeled oscorbic acid or its precursors by subjects whose body oscorbic acid
i

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

T4
excretion of C wh of ImW #fk dim TW @ts me

d

transitory in that within 2 days total oscorbote excretion returns to previous levels

| and oscorbate specific activity is lower than it was prior to dilution of the

body oscorbate pool.

16
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Simultaneously, the total activity and the specific activity

of the oxalate decrease, but the proportionality of total oxalote activity to-

specific activity of the oscorbote remains the same. From these effects, it con be

inferred that the utilization breakdown of oscorbic acid in the body occurs at a

constant rate irrespective of on increased rate of supply of oscorbate to the body.i

I

Further, in 8 men of diverse body wQnt u.'l degree of fotness,
*

.

it was found that oscorbate utilization, as expessed in terms of C' cxolate

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

Rarely, if ever, do adult males exceed 90 kg in lean body mass. Therefore, 28

| mg per day intoke would match the greatest quantity of ascorbate metabolized by
4

the largest healthy man. Further, it is of interest to note that despite repeated

reports in the literature of loss of oscorbic acid.in swoot, when one of the subjects

discussed above was sweated for a 6-hour period in a hot room offer being labeled

with 20 pc of oscorbic-1-C ocid, no E activity could be detected in the

collected total body swoot. The chemical analysis of the sweat indicated the
j <

presence of a small omount of oscorbate. However, when the sweat was lyophilized
'

to dryness and then opplied to o chromotographic sheet and run in a standard solvent

system, no reduced oscorbic acid could be demonstrated. These results are not

surprising in view of the fact that it is well known that all the chemical determin-

otions for oscorbic acid are not absolutely specific for oscorbic acid in j

biological fluids.

17
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The method as employed consists of giving on individual a

single oral dose of 20-50 pc of L-oscorbic-1-C ocid and then collecting a

single 24-hour urine sample. The ascorbic acid contained in the urine is isolated

as the dinitrophenylhydrazine derivative and counted to obtain specific activity

as pc/mg of oscorbote excreted. The oxolate that is derived from the labeled

accorbate and excreted is also isolated and counted. Then, by simply dividing

I#
the specific activity of the excreted ascorbate by the total C octivity of the

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

grams of oscorbate utilized during the 24-hour period.

This method could be used in human studies to determine whether

or not there is on increased utilization or on increased need for oscorbic acid in

the following conditions:

Cold
Heat
Acclimbtization to heat, cold, stress and altitude
Stress
Traumo and burn patients
Infections.

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

adoptotion occurs in people who have been oo o chronic low dietary intake of
a

vitamin C.

(2) Need for more data on vitamin C metabolism

According to the text "World Review of Nutrition and Dietetics"
f

(Vol. Ill,1%3) published by G. H. Bourne, p.187, the following conclusions

regarding vitamin C are stated:
'

18
4

'
-_ _ _ - . . - _ -



_ _ _ _ _ __ . .. . ._ . _. _ _ __ .. .. _ _._ _ _ __

-
- .

-

-
.

'

. -

*

.

*
r

-
,

.

: "1. The most frequently quoted recommended allowance
of vitamin C for adult raan under the prevolling con-

: ditions of civilization and climate varies around 80 mg
L-oscorbic acid / day. :

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

'

and may, according to some findings, leod even to o.

negative adoption of the organism.

,

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

i At a recent meeting held by the Federation of American Societies

i

{
for Experimental Biology _in Washington, D.C. on 14-15 March 1%3, the Ad Hoc

j Committee on Military Applicability of Research on Ascorbic Acid mode the
:

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

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

Cold.

Heat
i Acclimatization

Stress
,

{ |nterrelationship of vitamin C with other vitdmins
Wounds and burns

(3) Extension of the methods to problems stated in preceding porograph
.

1

In view of the above recommendations and the lack of information

i on the above problems, it is requested that vitamin C utilization studies in the

above-named conditions, using the method previously described, in human
i

i volunteer subjects be considered for authorization.
4

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

or more investigators from this laboratory be sent to several geographical areas

19
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with differing ellmatic conditions. The creos under consideration are (1) Camp

Hale, Leodville, Climax or Mt. Evans areas in Colorado for studies on ascorbic

acid in acclimatization to cold, and (3) a tropical area within the Caribbean Command
.

for studies on acclimatization to tropical conditions. In addition to this general

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

or oppropriate local health authorities would be obtained for each location and

experiment. At each location, comparisons would be made between subjects who
o

had recently arrived and those who had resided at the location for an extended

period of time. These results would in turn be compared with findings obtained ,

at this laboratory on sub|er.ts residing in Denver, Colorado. At each location,

not more than 10 subjects would be studied. Normal, healthy volunteers, preferably

military, would be selected to receive the C labeled oscorbic acid as previously

| outlined; body composition data would be obtained by skinfold or other oppropriate

measurements. With the data obtained from these studies, one could then assign

what would be the ideal vitamin C pool size and utilization under these climatic

conditions in comparison with the data previously obtained at this laboratory on

normal healthy subjects.

Upon evoluotion of the dato, considerations would be made os

to recommended allowances for vitamin C under conditions of cold, heat, altitude

and acclimatization.

Studies on the interrelationship of vitamin C with other vitamins

would be performed at this laboratory with normal volunteers, employing C

20
.
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labeled oscorbic acid in the amounts and manner os previously outlined. Evidence

of a relationship between vitamin C and vitamin B in e um n has Wen recently
6

I4
obtained at this laboratory in non-isotopic studies. The use of C ascorbic 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, as examples), wounds or burns would be per-

formed in conjunction with Fitzsimons General Hospital should suitable patients

become available.

Proposal to use C-14 and H3drogen-3 labeled vitamins other thane.

vitamin C, using the outlined vitamin C studies os a general model

Other Carbon-14 labeled vitamins would be studied in essentially ;

i

the some manner and employing the some techniques and procedures as those indi-
,

1

cated for oscorbic acid. Excretion rates, pool size, turnover rates, absorption and

Imetabolic products will be measured for each. The influence of various nutritional

states on the obove parameters will be investigated in on attempt to evoluote dietary

requirements for vitamins. The body pool size of oscorbic acid is considered

greater than that of any other vitamin and the turnover rate is as slow or slower

than other vitamins; therefore, the amount of rodlooctive label used for the other

vitamins will be less, and with the greater turnover rate, will produce less of a

body burden than the vitamin C.

When Carbon-14 labeled vitamins are not available, the above studies

will be perfonned with the use of tritium labeled vitomins. The most commonly

21
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} employed tritiated vitamins are pyridoxine and folacin. These two vitamins
4

; have been employed at various laboratories in malabsorption studies with humans.
i

The same parameters and procedures as outlined for Carbon-14 labeled vitamin C

i and the above will be employed, except that electrometer measurements of
i
!

expired air will be omitted. The dosage employed will in no case exceed 100 pc

of tritium labeled vitamin. This dosage of tritium represents only 10% of that

i routinely employed in total body water measurements and is indicative of the low
:

j radiation dose received.
;
* f. Health physics

5 The dose of any of the C labeled vitamins will not exceed 50
.

microcuries. The following maximal radiation dosages are calculated with the
-

_ oid of the ICRP Handbook (Appendix 1, reference 1). The physical half time of

) C " is considered infinite. The following is an, approximation of the biologic
s

j' half time; All the vitamins to be used are highly reactive; however, for ascorbic

! acid the turnover rate is probably slower, possibly much slower than for the other
.I
i vitamins. From nutritional data, the total body ascorbic acid is almost certainly

; less than 6 gm, and the dally turnover greater than 10 mg. The half time of

body vitamin C under these conditions would be 400 days. This estimate is
,

obviously too long, perhaps by as much as an order of magnitude. The only data
,

i

j. In the literature on man (l.. Hellman and J. J. Burns, J. Biol. Chem. 230: 923,

1958) (E. M. Baker, H. E. Sauberlich, S. J. Wolfskill, W. T. Wallace and
|

,

E. E. Dean, Proc. Soc. Exp. Biol. and Med. 109: 737, 1 % 2) shows a pool size ;.

1
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j of about 1.4 gm in a 70 kg man, with a half time of about 16 days. With the
.

maximum estimate of a 400-day half time, o dose of 50 microcuries of C"

! ascorbic acid evenly distributed in a 70-kg man will give o total radiation dose
!

:

i 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 radiation dose of 0.045 rem (0.044 rem the first

i 13 weeks). In the case of tritiated vitamins, the dosage will in no case exceed

100pc of tritiur.. This dosap of tritium represents only 10% of that routinely

employed in total body water measurements; consequently, the body burden is

i very low.

g. Personnel

| For each specific phase c.f the studies, one of the following (other

4

than the consultant) will be designated as project leader, and one of the Medical ,

!
'

Officers named below will be designated as attending physician per Par. 6, AR
i
*

70-25.

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

*

B. M. Tolbert, Ph.D. (Consultant, University of Colorado)
.
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; 12. Amino Acids: Investigations on the metabolism of amino acids in the
human with the use of Carbon-14 labeled compounds (references cited
in this paragraph are listed in Par.12f);

'
Backgrounda. .

. .

13The recent work of Crowholl et al. (1) using 1-C -glycine has,

demonstrated that this isotope was diluted about 2h times during the conversion
,

of glycine from the first metabolic pool (i.e. the pool of glycine with which o

dose of glycine mixes immediately ofter absorption and distribution, and which con
,

,

be sampled by means of the uncombined urinary glycine (2)) to oxalate, indicating
,

that about 40% of the urinary oxalate was derived from glycine during this period.
i 14 .

Berlin et al. (3) did not measure the C octivity in the urinary 13

1

oxalate in their glycine-2-C" studies. However, they did show with the use of I
I

the methyl labeled glycine that 90% of the C" activity was accounted for in the
!

'

!

nd that only S% of the C" activity was excreted in the urine.y expired C O
2

;
14i This would tend to indicate that the catabolism of glycine-2-C , insofar as

.

; oxalote formation is concerned, is for different than that of the carboxyl labeled

14glycine-1-C .

When C" labeled ascorbic acid was orally administered to humans,

Hillman and Bums (4) reported that on overage of 44% of the total radiocarbon
,

excreted in urine was recovered as oxolate. It was demonstrated in this laboratory
;

14'

that 50% of the urinary oxalate was derived from L-ascorbic acid-1-C and was
.

i excreted at a constant rate per day (5, 6). Therefore, it is of interest to study

I4both glycine-1-C and glycine-2-C metabolism in humans to determine (1)

25 i
:

I I
.

4
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I4whether or not the glycine C is partially converted to and excreted as oxalate

at a constant rate per day as well os (2) the amount per day excreted as urinary

oxalate.

Further, it would be desirable to measure the expired C O i"
2

vibrating reed electrometer to determine the amount and extent of decarboxylation

of the C 'lobeled glycine in man. It should be noted that this has been done inI

I4
humans using glycine-2-C (3), but not with the glycine-1-C .

'

b. Experimental plan (Part 1)

A total of no more than 10 human subjects would be involved in these

experiments. Further, the subjects would be staff members of this laboratory,J *

20-46-year-old males. There would be no dietary restriction placed on these subjects. )

14 !
Each subject would have to receive orally 20pc of glycine-1-C as

well as a further 20 pc of glycine-2-C at a much later date (40-80 day interval).

No cold carrier glycine will be given to the subject at the time the labeled

14
material is administered. Immediately offer taking the C glycine, the subject

will be made to breathe through a drying train directly into the ionization chamber

of the vibrating reed electrometer. The subject will continue to breathe at

intervals through the system until he reaches his background trace signal. This

is done by having the subject breathe into the system for 20-30 minutes, then

allowing a 30-minute rest. This process is continued until the electrometer

trocing returns to background signal.

26
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j Further, 24-hour urine collections will commence with the ingestion 1

I4
| of the C glycine label and will continue on every other 3rd day for a period of
1

). 2 weeks. The urine samples will then be analyzed for the total urinary oxalate
1

'

. !content. The oxalate of each sample will then be isolated and counted in the
I l

k

'

liquid scintillator. Also, certain selected samples of the urine will be analyzed j
,;

j on the amino acid analyzer which has a flow-through scintillation detector

attached. This will enable us to obtain both the specific and total activity of i

the urinary free glycine of other radioactive metabolites. Each urine sample will

be counted for total activity. Thus, if one knows the total dose given as glycine j

C as well as the dose remaining in the body at any given time, as well as the,

; specific activity of the excreted urinary glycine, one should be able to approximate
!

! the total body pool size and turnover rate of the free glycine pool.

Health physics pertaining to Par.12bc.

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

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

I obtained from the subjects.

14-

The dose of the C glycine will not exceed 20pc for either the,

glycine-1-C or the glycine-2-C . The following maximal radiation dosages

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

The physical half life of C is considered infinite. The following
1

is an approximation of the biologic half time of glycine-2-C According to.
,

' N.1. Berlin, B. M. Tolbert and C. Lotz (J. Clin. Investigation 31, No. 3:
!

27 ).,

1.
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335-337, 1952), the longest " half time of glycine-2-C elimination from the -

tissues of mon is opproximately 50 days." With the estimate of a 50-day half

time, o dose of 20pc of glycine-2-C evenly distributed in a 70 kg man will,

. :

'
give a total rodlation dose of only 0.056 rem (0.0478 rem the first 13 weeks).

,

Another body compartment of considerably less importance and a half, time of

about 100 days was described at a later dote by Berlin et al. (Proc. Soc. Exp.;

| Biol and Med. 88: 386, 1955). However, since the majority of the dose is not

retained, but lost within the first 24-hour period as expired CO2 * U' " 'Y

| excretory products, the body irrodiotion burden is considerably less than this value.
1

in the cose of glycine-1-C we have only the data of R. W. E.,

13
Watts and J. C. Crawholl (Biochem. J._73: 277-86,1959) using the stable C

Isotope to estimate the glycine metabolic pool in man. According to these authors,

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

state that the turnover rate in a 70 kg man is 3.2 gm/br. or 76.8 gm/ day. Thus,

76.8= 0.189 or 18.9% turnover. The biological t i would then be equal to
406

0.693 = 3.7 days. Assuming then a 4-day half life for the glycine-1-C a dose I,

0.189
of 20pc evenly distributed in a 70 kg man will give a total radiation dose of only j

0.005 rem (0.005 rem the first 13 weeks).

d. Experimental plan (Part II)

Other Carbon-14 labeled omino acids would be studied in essentially

the some manner as that employed with glycine. Similarly, pool size, turnover

rates and metabolites would be measured in on attempt to study the protein ond

28
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amino acid requirements of the human. These studies should also provide addi-

tional knowledge as to the metabolic pathways and interrelationships of amino

acids in the human, it is anticipated that not more than 3 subjects will be required

for each amino acid investigated. The dosage of Carbon-14 employed would not ,

!

exceed that indicated for Carbon-14 glycine, and with the half time estimated j
i

not to exceed that for glycine. The radiation burden, therefore, would be low and

would not in any Instance opproach the maximum permissible dose.

e. Personnel

Maj. E. M. Baker, Ph.D., MSC, Project Leader j.

H. E. Sauberlich, Ph.D. (PL-313) Co-Project Leader |
IG. A. Leveille, Ph.D.

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

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

f. References

(1) Crowholl, J. C., R. R. Mowbray, E. F. Scowen and R. W. E.

Watts, Conversion of glycine to oxalate in a normal subject. Lancet, Nov.14,

810-11, 1959.

(2) Watts, R. W. E. and J. C. Crowholl. The first glycine metabolic

pool in man. Biochem. J.3: 277-86, 1959.

(3) Berlin, N. I., B. M. Tolbert and J. H. Lawrence. Studies in
'

14 14
glycine-2-C metabolism in man. I. The pulmonary excretion of C O ' J'

2

Clin. Investigation 30: 73-76, 1951. )
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(5) Baker, E. M., H. E. Sauberlich and S. J. Wolfskill. Metabolism
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13. Lipids: Studies on lipid metabolism in the human with the use of
Carbon-14 labeled compounds (references cited in this paragraph are
listed in Par.12c)

a. Experiment 1: Carbon-14 tracer studies on cholesterol metabolism
in the human

(1) Background and procedures

Tracer amounts of C", as cholesterol-4-C", will k administered

orally to study the influence of neomycin and various fots on cholesterol

absorption in order to determine whether the hypocholesteremic effect of these

materials is the result of an impaired absorption. In order to ascertain whether

l4
these materials influence cholesterol synthesis, ocetate-1-2-C and mevolonic

14 l

ocid-2-C will be administered intravenously. |

The work of Samuel and Steiner (Proc. Soc. Exp. Biol. Med.

100: 193, 1959) has demonstrated a hypocholesteremic effect for neomycin.

Unsaturated fat has also been shown to have a cholesterol lowering effect. The

mechanisms by which neomycin or unsaturated fat depress plasma cholesterol

remain obscure. Unpublished data from this laboratory indicate that neomycin

functions by interfering with cholesterol and/or bile acid abso9 tion. The

effect of unsaiorated fots appears to be twofold: a) on interference with

cholesterol absomtion mediated by the sterol fraction in vegetable fots and b)

o particular systemic effect (Bronte-Stewart, Fed. Proc. 2_0: No.1, Part lil,

p. 127, 1961) .

In order to further elucidate the mechanism of action of these

compounds, human volunteers fed neomycin, different fots or o control diet

31
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will be given on oral dose of cholesterol-4-C" (20-50pc) and its absorption

determined. In other subjects, similarly treated, acetate-1-2-C" or mevolonic

acid-2-C" will be administered Intravenously (50pc) and incorporation into

cholesterol will be ascertained by determining the specific activity of plasmo

cholesterol .

(2) Health physics

The maximum dosage to be employed is 50pc for acetate,

mevolonic acid and cholesterol. The maximal radiation dosage, calculated with
|

the aid of the ICRP Handbook (Appendix 1, reference 1) for these levels of |

administered radioactivity, will not exceed the permissible limits for normal

subjects of 5 rem /yr. with no more than 3 rem in any 13 consecutive week period>

(above age 18). The half life of cholesterol is opproximately 20 days (Cook, R. P.:

Cholesterol,1958, Academic Press, N. Y.) and if that of other compounds

: synthesized from acetate or mevolonic acid is assumed to be similar and, further,

I#the physical half life of C is considered infinite, a dose of 50 pc of C labeled

cholesterol, mevolonic acid or acetate evenly distributed in a 70 kg individual

will give a total radiation dose of 0.056 rem (0.054 rem the first 13 weeks).

'

(p) Personnel

Gilbert A. Leveille, Ph.D., Project Leader
Howerde E. Sauberlich, Ph.D., Project Leader

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

Lt. Col. J. E. Canham, M.D., MC (Serving also os
attending physician)
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b. Experiment 2: Suppressibility of cholesterol synthesis by exogenous

cholesterol loading in man

(1) Background

The relative stability of serum cholesterol levels, despite marked

variation in dietary !ntake of cholesterol, has been attributed to compensatory

changes in hepatic synthesis of cholesterol (1-5). Recently, Sipperstein and Guest

have suggested, on the basis of in vitro studies, that the mer.hanism of this homeo-

static effect is a sensitive negative feedback system whereby cholesterol inhibits

the conversion of S-hydroxy-B methyl glutaryl Co A to mevalonic acid (6). These
l

authors speculate that insensitivity of this feedback might be involved in disorders

of cholesterol metabolism.

In order to test this hypothesis, it is planned to ascertain quanti-

tatively the response of cholesterol synthesis to an exogenous cholesterol load.
I

After data on normal subjects have been obtained, these will be compared with

groups demonstrating abnormalities of cholesterol metabolism, i.e. Idiopathic

hypercholesterolemic-proven atherosclerosis, diabetes, hypo- and hyperthyroidosis,

nephrotic syndrome.

(2) _ Method

Patients will be given 100 microcuries 1-C ocetate intravenously

or orally. Timed serum samples will be analyzed for total and C cholesterol. in

certain patients, C of other serum lipids and C" as C 0 will is be measured.14

2
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These procedures will then be repeated after a standard cholesterol load sufficient

to elevate serum cholesterol in normal subjects (7). Differences in total and

specific activity of serum cholesterol before and after cholesterol loading will

be used as on index of the sensitivity of the hepatic response to exogenous

cholesterol. Methods of analysis will be similar to those described by Gould

et al . (8).

(3) Health physics

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

Gould et al. (8): l

"The dose of 100 pc was chosen so that repeated doses '

could be given to the some subject without exceeding
accepted values for the maximum permissible dose for
man. Our studies of C l4O in expired air after the2
administration of l-C l4 acetate demonstrated that
approximately 56 per cent of the radiocarbon was
eliminated during the first 24 hours.* On this basis, I

we have made the assumption that a single 100 pc
dose will result in the ' retention' of not more than

l425 pc of C in the slowly exchanging ' fat comport-
ments' of the body. The maximum permissible dose
for C l4 compounds retained in the body fats is estimated
to be 250 pc, according to calculations in Handbook
52 of the National Bureau of Standards.7 Thus, we
believe we are [ustified in administering, over a period

|

of several months, a maximum of five such doses to |
human subjects without regard to their life expectancy. I

"Ref. 7. Maximum Permissible Amounts of Radioisotopes
in the Human Body, etc., Nat. Bur. Standards Hand- )
book, 52, pp.12 and 18, G.P.O., Washington, D.C.,

,

March 20,1953. '
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"*Shreeve also reported that 56 per cent of the C14
in acetate was eliminated as C140 by man at the2
and of 24 hours. Hellman reoorted that 60 per cent
of the radiocarbon was retained at the end of 24
hours, and 35 per cent at the end of the first week
offer administration of ocetate, it should be noted
that he used the methyl-labeled acetate (2-C14-
acetote) . "

In the present study, only 2 doses of 100 microcuries each

will be given instead of 5 doses of 100 microcuries as above. The dose will

therefore be well below the maximal permissible dose quoted.

(4) Personnel

Gilbert A. Leveille, Ph.D., Project Leader
Howerde E. Sauberlich, Ph.D., Project Leoder
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 physicion)

c. References
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(3) Frantz, l. D., H. S. Schneider and B. T. Henkelman, J.

Biol. Chem. 206: 465, 1954.

(4) Tomkins, C. B., N. Sheppard and I. L. Choikoff, J. Biol.

Chem. 201: 137,1953.

(5) Hotto, S. and I. L. Chaikoff, Arch. Biochem. M: 28, 1955.

(6) Sipperstein, M. and M. J. Guest, J. Clin. Investigation

39: 6i43, I 60.f
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1

and D. R. Howton,1%0, Pergamon Press. |
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14. Carbohydrotes: Investigations on the digestibility and metabolism of
carbohydrotes in the human with the use of Carbon-14 labeled compounds
(references cited in this porsgraph are listed in Por.14e)

Backgrounda.

Experiments have been in progress for so.we time at this laboratory

investigating the digestibility of Carbon-14 labeled cellulose, hemicellulose

and various uncommon sugars in laboratory animals as the rot, hamster and guinea

pig (1, 2). Bolonce studies employing a vibrating reed electrometer to measure

the expired carbon dioxide, together with urine and fecal measurements, have

demonstrated that the rot may digest as much as 25% of the ingested cellulose (1).

In the case of the human, it is considered that cellulose posses through

the digestive tract without being attacked by any of the digestive enzymes, though

some bacterial decomposition probably takes place in the large intestine. Whether

or not the bacterial actions are of value to the human are unclear. Various studies

at this laboratory as well as elsewhere would indicate that at times cellulose is

digested to a limited extent by the human (3-5). However, it must be recognized

that in human balance studies, the methods for the measurement of cellulose and

hemicellulose are less than sottsfactory for critical evoluotion. Furthermore, the

possibility of bacterial decomposition of cellulose or hemicellulose in the lower

intestinal tract may give rise to on "opparent" digestibility without any "true"

| digestibility in terms of nutrient benefit to the human. The use of Carbon-14

labeled cellulose with human subjects would give more definitive results with

regard to this problem. Very exacting balance studies could be conducted.
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Furthermore, the presence or lock of presence of radioactivity in the expired
<

carbon dioxide, or in the urine and blood, would be rather conclusive evidence,

which could be quantitoted, that 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 the use of oral antibiotics (3, 4),

b. Procedures

; The procedures employed would be very similar to those previously

described for use with Carbon-14 labeled vitomin C. Normal, healthy volunteer

subjects (minimum number) would receive orally specially prepared Carbon-14

labeled cellulose in on omount not to exceed 100pc. The subjects will have

previously received controlled levels of cellulose in the diet to investigate the4

influence of this dietary component on the digestibility of the C cellulose.

Bolonce studies will be conducted with the old of markers for the stools. The

expired air will be monitored with the aid of a 5 or 15-liter chamber with a Cory-

Tolbert vibrating reed electrometer and automatic carbon dioxide measurements.

The expired air will be monitored until no rodlooctivity is detectable. Urine

collections will also be mode throughout the period and rodlooctivity measurements,

,

performed with a scintillation counter. If significant omounts of radioactivity

are found to be present, ottempts will be mode to determine the nature of the
"

radioactive compounds.

If evidence of cellulose digestion is noted, odditional subjects will

receive prior to receipt of the C cellulose oral supplements of antibiotics in |
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an effort to study the possible role of the intestinal flora in the digestion process.

The antibiotics, neomycin and bacitrocin would be employed, using the amounts and |

. I

procedure previously employed in recent studies by the Metabolic Division of this

laboratory to reduce or eliminate the intestinal flora of human subjects (3, 4). If

C labeled hemicellulose or pectins con be made available, similar digestibility

studies would be conducted with these materials,

c. Health physics

As indicated above, the dosage of the Carbon-14 labeled cellulose,

hemicellulose or pectin would not exceed 100pc. Although the digestibility of

these compounds is not fully known, it is exceedingly doubtful that any are com-
1

pletely obsorbed. If cellulose is digested to any extent, it would be most likely I
|

converted to glucose which the body readily metabolizes with a major portion I

being removed quickly through the lungs as carbon dioxide. Even if it is assumed ,

1

that 100% digestion and assimilation takes place, this dosage of radioactivity would

be considerably less than the maximum permissible dose. Glucose, the unit com-

| ponent of pollulose, is metabolized in large quantities each day by the human body.

The radioactivity would, therefore, be readily diluted throughout the body and not |
'

1

concentrated or localized in a small amount of tissue. The eventual critical organ'
3

for what Carbon-14 that would be retained would be fat; but in consideration of

i the amount of Carbon-14 retained and deposited in the fat and with a biological l

: I

half life of 35 days for Carbon-14 in fat, the radiation body burden produced by |

100 pc of cellulose-C" would be considerably less than the maximum permissible dose.

|

39 J

I
'

.

e ' --ea' > m we-ertw. -ep . wow we _ w ee..=Mwa,= e * a es eraP * %sJ h-w w&sN4-** * N*W**-" ~ * * W W g m g.,. e, e * J3 w-s

. _ _ .,. , .

I



. - , ..._.

| '

.. ,

-

i
. .

1
-

.

:
,

With the old of the ICRP Handbook (Appendix 1, reference 1), the calculated

total dose would be 0.690 rem (0.576 rem the first 13 weeks). Assuming no ab-

sorption. the greatest dose received by the intestinal tract would be 0.691 rem.

d. Personnel

H. E. Sauberlich, Ph.D. (PL-313), Project Leader
Lt. Col. M. E. McDowell, M.D. (MC) (Also attending physician)

'

Lt. Col. J. E. Conham, M.D. (MC) (Also attending physician)
Maj. E. M. Baker, Ph.D. (MSC), Co-Project Leader,

B. M. Tolbert, Ph.D. (Consultant, University of Colorado).
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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 Par.15f)
i
'

initial studies would seek the role of magrasium and calcium in human

kidney stone disease:,

;
*

Background'o.

Urinary calcull are among the most ancient afflictions of man. This

'

painful and often fatal disease is known to have occurred as long as 8,000 years

ago (1), and no race or geographical area has been entirely free of a calculus

problem. There appear to be " stone belts" of high incidence in regions such as

southern China, northern Thailand, the Punjab district of India, Arabia and Iraq.

In addition, there have been reports of " stone waves," one such occurring in

Europe during this century (2).

Despite the antiquity and frequency of this disease, the basic

mechanisms of calculus formation remain unknown, and fully 85% of all patients

1

who form urinary calculi have no recognized local or systemic disease (3). Most i

authorities agree that a nutritional deficiency or imbolonce is a probable factor,

but few reliable studies have been conducted to relate specific nutrients to

calculus formation in human populations (4).

Studies at this laboratory (5) and elsewhere have established that

nephrocalcinosis and urolithiasis (principally phosphates and carbonates of calcium)

are frequently associated with magnesium deficiency in rats and other species.

Of particular interest is the observation that about 20% of apparently otherwise i
l
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normal rats consuming a semipurified diet containing 400 ppm magnesium

(minimum requirement for growth is 120-150 ppm) will develop uroliths similar

to those found in the markedly deficient rot and that elevation of the dietary Mg

to 4,000 ppm will prevent this occurrence.

Furthermore, Selye has shown.that intraperitoneal administration

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

mental hyperparathyroidism in the rot. An increase in dietary magnesium will also'

markedly lessen the occumulation of calcium in the kidney which results from a

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

in calculus formation and calcium metabolism, practically no published information

exists on the metabolism of this nutrient in human urinary calculi disease (4).

Preliminary studies at this laboratory (6) have indicated that some

populations in areas with a reported high incidence of stone formation (e.g.,

Burma investigations) may, indeed, consume relatively low amounts of magnesium.

In addition, magnesium supplements have brought at least a temporary (6 months)

halt to the formation of phosphatic type stones in a patient with no demonstrable

infection or metabolic disorder and a previous rate of stone formation af 2 per month

for a period of 3 years (7).

Based on this evidence, it is felt that considerable justification
,

exists for the study of the role of magnesium as well as other factors in human

renal lithiasis. Certainly, a primary objective is a determination of the value
1
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of magnesium supplements in a large number of patients and a study of any
,

changes in urinary constituents associated with a favorable response to this therapy.

b. Basic experimental plan (regardless of use of radioisotope tracers)

(1) Patients will be obtained through the Departments of Urology at

Colorado General Hospital and Fitzsimons General Hospital. Only those subjects

will be chosen who form stones at a relatively rapid rate (at least one every 2
,

i months) and who are free of renal infections.

A subject so chosen will be kept on a metabolic ward for a 2-week.

|
period so that 2 complete 3-day fecal and urine collections con be made. Total

.

Co, P, Mg and vitamin B int e ur n9 5 PeM con be esHmoted from taWes6

of composition or by actual analysis. The total fecal collection for 3 days will
.

I

be pooled, homogenized and ashed for a determination of its content of calcium, j

phosphorus and magnesium. A routine urinalysis (pH, sp. gravity, crystals, etc.)

will be performed on each 24-hour urine collection and at least 500 ml will be
,

saved for subsequent analysis. Proposed urinary constituents to be analyzed for

are magnesium, calcium, phosphorus, oxalate, citrate, uromucold, vitamin B
6

and xanthurenic acid. After the specimens are received from the 2 balance periods,

420 mg of MgO (250 mg Mg) will be given daily in a single capsule to be taken after
'

suppe r. Therapy should continue for at least 6 months, during which time the

patient's rate of stone formation will be noted. A 24-hour collection of urine

will be made every 30 days and the above-mentioned tests will be performed.

Patients may be asked to repeat the balance study after 6 months to ascerta'in
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any changes in balance or retention of calcium, mognesium or phosphorus os a

result of this treatment.

(2) Progress to date

To date, one patient has been studied completely in terms outlined

above, that is, this man has been on magnesium supplements os treatment for his

recurrent prolithiosis. He has been on these supplements for 6 months without a

recurrence in stone formation; he was then brought back into the hospital and

denied the supplements for a period of a month. During both periods, his urinary

excretion of calcium, phosphorus, magnesium, oxalate and mucoprotein was

deterrnined.

A second patient has been given magnesium for 6 months and

hos shown a favorable response in that he has not formed stones during this period.

He recently returned to the hospital for follow-up studies. The findings on mag-

nesium therapy with these two stone-forming patients will be submitted as a

manuscript to the Journal of Urology.

Additional patients are understudy with the cooperation of Lt.

Col. C. A. Moore, M.D. (MC) of Fitzsimons General Hospital, Dr. O. G.

Stonington of Colorado General Hospital, and Lt. Col. J. E. Conham, M.D. (MC)

of the Metabolic Division of this laboratory. As additional cooperative patients

become available, expanded clinicel trials os to the effectiveness of this treot- )

ment for chronic lithiosis will be undertaken.
'

|
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c. Experimental plan incorporating use of radioactive tracers (Por.12b(2)) )
-

l

The mineral balance studies thus for conducted on the above subjects |

appear to indicate abnormalities in calcium and magnesium absorption and excretion.
>

; However, the balance techniques leave much to be desired from the standpoint of

a precise and exacting procedure to give the definitive information necessary for on

unequivocal evoluotion of small changes that may occur in obsorption or excretion. )
j

|n addition, the method gives little information on turnover rates or retention of )
,

the dietary calcium o'nd magnesium and of the magnesium supplements.

: In order to obtain the desired Information that may permit a better |

|

understfnding of the cause of uroliths in humans and the effect of mognesium in
4

their treatment, the use of Magnesium-28 and Calcium-45 or 47 is proposed.

Accurate information on the absorption and turnover of the elements in the stone-

forming subject could be readily obtained with the use of these isotopes. The

information could be obtained on the patient both before treatment and offer o

period of magnesium treatment to determine changes or interactions that may have

occurred in calcium or magnesium metabolism. Such dato mey give on insight'

into the mechanism of action involved. Of equal importance, comparative

studies with the use of several salts or oxides of Magnesium-28 could be readily

performed in on attempt to explain the reason for the apparent success obtained
,

f

with MgO at this laborotory, while other salts of magnesium have been of no value

(4, 8). Similar studies in a minimum number of normal volunteer subjects would

be corried out as necessary to evoluote the findings in the patients.

45
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it is hoped that a better understanding of the problem would result;

from the isotope studies which would lead to a screening test that would identify
1
4

which stone-forming patients that could be expected to receive beneficial effects
i

from magnesium therapy. The performance of the isotopic studies indicated
!

!' appear highly necessory before recommendations or large scale treatment with
4

magnesium be initiated with stone-forming subjects. )
-

d. Procedures and health physics

! The patients would be handled in a manner similar to that employed
4

at present for non-rodioactive mineral balance studies of calcium, magnesium and
:

phosphorus. Selected stone-forming patients or normal volunteers would be placed
,

'

i on the Metabolic Word at this laboratory.. The subjects would receive o controlled
,

$ diet without magnesium therapy. After a period of 7-10 days on these diets, with

balance studies conducted, the patients would receive o tracer dh of either'

;

i Mg-28 (not exceeding 20 pc) or Calcium-47 (not exceeding S pc) or Calcium-45
:

(9) (not exceeding 15pc), orally. Markers would be employed to assist in the
;

stool collections. Urine, stools and blood samples would be collected and analyzed
,

;

) until essentially no activity could be detected. It is hoped that dosages of

radioisotope may be reduced further to one-half the amounts indicated and still'

| permit satisfactory moosurements. This would then permit double labeling of

selected patients or repeat labeling of a patient or normal volunteer following
i

6 months of magnesium therapy without approaching the maximum permissible body
4

4

l h hburden of rodlotion, if the dosage cannot be reduced sufficient y, t en ot er
,

1

4
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patients or subjects would receive the second isotope or the isotope ofter 6 months
!

of magnesium therapy. Balonce studies with known diets and intakes and main-

tenance on the Metabolic Word for periods of 5-6 days (i.e. before and offer the
'

6-months' therapy period--not maintenance on the Metabolic Word throughout

the 6-months' period) would be associated with all subjects. If the oral studies

indicate further evoluotion of the retention and turnover of magnesium or calcium

in the body, a limited number of select volunteer patients or normal volunteers !
.

would receive intravenously administered isotopes. In all instances, the intravenous
l

dose would not exceed 35pc. For comparative purposes, a limited number (3-5) |
|

of normal, healthy volunteer subjects would be placed on the some diets and

balonce studies performed with the use of the some isotopes in the some dosage

os employed with the volunteer patients.

The healthy physics of Mg-28, Co-47 and Co-45 hus been considered

briefly before. It should be emphasized that the maximum dosages obtained with

the amount of isotopes used in the proposed studies will at no time equal the

maximum permissible dosage.

With the old of the ICRP Handbook (Appendix 1, reference 1), the

calculations below were made. In each cose "1" is the infinite dose received by

the critical orgon and "2" is the dose received during the first 13 weeks by the

critical orgon. The critical organ is given in parentheses.

A. 5 e of Co-47 odministered orally (bone)

1. 0.359 rem
2. 0.359 rem

47 ,

;

*

._ . ,

j
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B. 2.5pc of Co-47 administered intravenously (bone)

1. O.150 rem
2. O.150 rem

C. 15 pc of Co-45 administered orally (bone)

1. 5.883 rem'

2. 1.897 rem

D. 7.5 pc of Co-45 administered intravenously (bone)

1. O.245 rem
^

2. 0.079 rem
'
*E. 20 pc Mg-28 administered orally (bone),

1. 0.465 rem-

2. 0.465 rem

*F. 35 pc of Mg-28 administered intravenously (bone)

| 1. 1.992 rem
2. 1.992 rem

; *G. 35pc of Mg-28 administered intravenously (whole body)

1. 0.044 rem )
2. 0.044 rem

.

*H. 20 pc of Mj-28 administered orally (stomach)
I1. 0.116 rem

2. 0.116 rem (i.e. residence time of 1 hour) j
1
'

*l. 20 pc of Mg-28 administered orally (small in+estine)

1. 0.079 rem ,

,

I
2. Some (i.e. residence time = 4 hours)

*J. 20 pc of Mg-28 administered orally (upper large intestine)
'

1. 1.284 rem
2. Some (i.e. residence = 8 hours)

*K. 20 pc of Mg-28 administered orally (lower large intestine) |

# 1. 1.720 rem
2. Some (i.e. residence time = 18 hours)

* Radiation burden for Mg-28 were obtained by calculations and the use of: |
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l. ICRP Handbook (Appendix 1, reference 1).'

.

2. Peaceful Uses of Atomic Energy, Vol. 24, Part 1, " Isotopes in
;

! Biochemistry and Physiology,".1958, United Nations Publication.
!

3. Radioactive isotopes in Medicine and Biology: Medicine, S. Silver, i

,

1%2, Lea and Febiger, Publishers.
.

' 4. The Role of Magnesium in Biologic Processes, J. K. Aikawa,1%3,
;

;

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 39: 420, 1 % 0.

6. Radiological Health Handbook, PB 121784R, U. S. Dept. of Health,

Educ# tion and Welfare, Public Health Service, U. S. Dept. of Commerce,1%0.
,

According to information supplied from the above sources, absorption

of magnesium from the G.I. tract is very low. However, for the purpose of these

calculations, 60% absorption was assumed when the isotope was administered

orally and the critical organ considered bone. However, when segments of the

G.I. tract were considered the critical organ, no absorption was assumed. As

previously stated, elimination after absorption is very rapid. Again, however, in

order not to underestimate the dosage, an intake and retention of 90% of the

isotope was assumed to be removed from the blood by the critical organ (bone).

All collected excreta would be disposed of in on acceptable manner

. under the supervision of the Radioisotope Branch of this laboratory.
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i e. Personnel

; - i
H. E. Sauberlich, Ph.D. (PL-313), USAMRNL, Project Leader'

! Lt. Col. C. A. Moore, M.D. (MC), Fitzsimons General Hospital,
Project Leader (Also attending physician)

; Lt. Col. J. E. Canham, M.D. (MC), U5AMRNL (Also attending
physician)

Dr. O. G. Stonington, M.D., Colorado General Hospital (Also attending
physician)

Capt. G. E. Bunce, Ph.D. (Consultant, Tripler General Hospital,
Hawaii)

Lt. Col. M. E. McDowell, M.D. (MC), USAMRNL (Also attending
physician)
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Appendix 1. References on General Health Physics

1. Recommendations of the International Commission on Radiological'

Protection, ICRP Publication 2, Report of Committee 11 on Permissible Dose for

'
Internal Radiation,1959, Pergamon Press.

2. Radiological Health Handbook, U. S. Department ef Health, Education.

and Welfare, Sept.1%0.

3. Radioactive isotopes in Medicine and Biology: Medicine, S. Silver,1962,4

Leo and Febiger, Publishers.-

4. Radioactive isotopes in Medicine and Biology: Basic Physics and instru-
:

mentation, E. Quimby and S. Feitelberg,1%3, Leo and Febiger, Publishers.;

5. Use of Radioisotopes in Animal Biology and the Medical Sciences, Vol.1'
,

; and 2,1%2, Academic Press.

6. Maximum Permissible Amounts of Radioisotopes in the Human Body and

Maximum Permissible Concentrations in Air and Water. Handbook 52, U. S. Dept.

of Commerce. |
-

7. Progress in Nuclear Energy: Series VI, Biological Sciences, J. G. Bugher, |
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J. Coursaget and J. F. Loutit, Editors,1959, Pergamon Press.

8. Maximum Permissible Body Burdens and Maximum Permissible Concentrations

,
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U . S . Dept . of Commerce .
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9. Progress in Nuclear Energy: Series Vil, Medical Sciences, J. G. Bugher,

J. Coursaget and J. F. Loutit, Editors,1959, Pergamon Press. :
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'
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Howton,1960, Pergamon Press.'
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1
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; VOLUNTARY CONSENT STATEMENT -

,

, ,

Military Military Patient Civilian Civilian Patient ;

i I, , having the capacity to consent,

voluntarily and without force or duress consent to participate in research involving the usej

. of tracer omounts of radioisotopes. I have been informed of, and understand, the nature, ;

-

duration, and purpose of the experiment, the method and moons by which it is to be conducted,;
'

the inconveniences and hozords to be expected, and the effects upon my health and person

j which may possibly come from porticipation in the experiment.

1Specificolly, I ogree to receivef"'o' a*]y " Y) o small quantity of

j containing ' microcuries of I also agree to fumish
.

. ;

urine and stool somples for the period following until no detectable radioactivity is present ,

and submit to measurements of expired gases if Carbon-14 has been received.i
,

! I understand that 1 may at any time during the course of the experiment revoke my consent |

ond withdraw from the experiment without prejudice.

i do not at this time have any physical diseases, except for the following

, or mental disease, to the best of my knowledge.
:
i

;

i
!

DATE SIGNATURE

;

;
e.

SIGNATURE OF WITNESS
; l

i
APPROVAL

| have personally oscertained that the quality of the foregoing consent is sufficient to !

permit the volunteer to porticipate in the experiment.
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. ATTENDING PHYSICIAN PROJECT LEADER l'
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