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ATOMIC ENERGV CoMMi$$10N Form o
p gg '"#"''"'"""*"~"'"* APPLICATION FOR BYPRODUCT MATERIAL LICENSE

INSTRUCTIONS. Complete items 1 through 16 if this is on initial application. If opplication is for ren wol of a license, com-
plate only items 1 through 7 and indicate new information or changes in the program as requested in items 8 through 15. Use
supplemental sheets where necessary. ltem 16 must be completed on cil applicottons. Mall three copies to: U. 5. Atomic Energy

D. C. Attention: Isotopes Branch, Division of Licensing and Regulation. Upon approval of this
Commission, Washington 25, ll receive on AEC Byproduct Material License. An AEC Byproduct Material License is issued inopplication, the applicent wi
accordance with the general requirements contained in Title 10, Code of Federal Regulations, Port 30 and the Licensee is sub-
lect to Title 10, Code of Federal Regulations, Part 20.

I, (o) NAME AND STRfff ADDRESS Of APPUCANT. (Inshtwhon, firm, hospsfoi, (b) 5TRfff ADDRf S5(85) AT WHICH 6YPtoDUCT MATERIAL WILL Sf U$fD. (il
perwn, esc j defferent kom I (a).)

Same as Item 1 (a) andDepartment of the Army Sumit of Pikes Peak, ColoradoFitzsimons General Hospital and
U. S. Army Medical Research and (Condition 11)
Nutrition Laboratory

Denver, Colorado 80240
3. PRivious LICENSE NUM6fR($). (if lhes is on applecahon for renewol of e

2. DEPARTMENT To V5f 8YPRODUCT MAffRIAL
inense, please indecote and give number )

Radiology Service and USAMRNL
05-00046-13 Renewal

O INDIVIDUAL U$fR($) (Name and hele of indevedwal(s) who well use or dere< fly S. RADIATION PROff CTION OfflCf R (Name of person designo%d os rodeohon pro-

supervose use of byproduct mo ereal Give Ivomang and empereente en items 8 and lection oWeer of other shon nnderedwol user. Attack resume of hos trasneng and en-
r

"*'*"''''""*""*""d'#" Users approved by the Radioisotope As designated by Radioisotope ComitteeComittee (See Appendix I for Radioisotope (WO 2 Charles Spinks, See Appendix IComittee. members and Appendix II for f r training and experience)individuals approved for human use)

1 ~ 's) SYPRODUCT MAff RIAL.(b) CHEMICAL AND/OR PHYSICAL FORM AND MAXIMUM NUMSER oF MILLICutif S of f ALM CHfMICAL AND/OR PHYS-6 (flements
% and moss number of each ) ICAL FORM THAT YOU WILL PO55f 5$ AT ANY ONE TIME. (if sealed sovrce(si also state wome of monadorfurer, model

number, number of soortes and monsmom othestr per sourse l

A. Iodine 131 A. Iodide A. 250 millicuries
B. Iodine 131 B. Iodinated Human Serum Albumin Be 5 millicuries

Ce Iodine 131 C. Labeled Renal Func tion Compounds C. 6 millicuries I

D. Iodine 131 D. Rose Bengal D. 2 millicuries

E. Iodine 131 E. Labeled Fats and Fatty Acids E. 2 millicuries

F. Iodine 131 F. Cholografin F. 2 millicuries

G. Todine 131 G. Thyroxine G. 2 mil 11 curies
H. Iodine 125 H. Iodide H. 1 millicurie

I. Iodine 125 I. lodinated Human Serum Albumin I. 1 millicurie

J. Iodine 125 J. Labeled Renal Function Compounds J. 1 millicurie

K. Iodine 125 K. Rose Bengal K. 1 millicurie

L. Iodine ~125 L. Labeled Fats and Fatty Acids L. 1 millicu is

See Appendix III See Appendix III
7. Of 5CRl6f PURPOSE POR WHICH BVPRODUCT MATERIAL WILL DE U$f D. (if byproduce moser ol es for ' homon useM supplement A (form AEC-313o) must be com ,

Iif byproduct er'osereal es en the foran of a sealed sou ce, enclude #he eno6e and model number of the storage contonner ond/or devue enpl. sed en lov of fhis steen r

wh h me scorce .,il be s,o,ed ondz., osed.s

A. Diagnosis of thyroid function and thyroid sca' ning. Treatment of hyper-n

thyroidism, cardiac conditions and thyroid carcinoma.
Be Determination of plasma volumes and cardiac output. Cardiac scanning.

. Localization of brain tumors. Placenta localization.
Ce Determination of renal function, ,

D. Determination of liver function. Liver scanning. j, , , . , ,

E. Determination of fat absorption. Osasa
F. Determination of liver and gallbladder function.

1

See Appendix IV

g 30 g g 970220 '' """"*# " '*"*"* "#*'
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PegoTwo
i Form AEC-313 0 58)
i TRAINING AND EXPER8ENCE OF EACH INDIYlDUAL NAMED IN ITEM 4 (Use supplemenaal sheets if aecusory)

s TYPE OF TILAININo DURATION OF ON THE JOS PORMAL COURSE
4

!- ,,m . .
WHitt TRAINED gggggggg gg;,,g, ,,,,,,y gg,,,g, ,,,,,y _,

,

Individuals'will have appropriat5 oPr6.cie.s'ond practic.s 1.f r.d,., ions *" "* '" "*
training and experience prior ~t~o r

| preoccan ; .. ,

6. Rodi cilvity measuremoni soonM,diso. approval' by 1tadioisotope Couunittoe e s
;

j won and monieoriaelahaigueimadh (See Appendix I & II for training j Yu No Yn No
*

. ._. and experience of Radioisotope l''-
en,m.ats.r , ;-

c. m h.raeliciend c.ievie?.ns 64ic e. me Committee members and persons
'

y,, g, y,, g,

e,se .ad me swee ne .f r.di =nvity . authorized for human use). -
*

Yn No Ya No
j d. Siological e#ects of radiehon,

9. jXPERINCE WITH RADIATION. (Aceval use of radioisesepes or equivoient esperience.)'

EOTOPt MAXIMUM AMOUNT WHERE EXPttitNCE WAS OA6NED ' DURAftON OF (XPERitNCf TYPE Of USE

<

* ^ - ~~

Same as Item'8<
'

< .
.

y sm * * j

b *
.

*

j 10. RADATION DETECTION INSTRUMENTS. (Use syf foi sheets if necessary.)

RADIATION $tN$1TIVITY RANGE WINDOW THICKNESS' ' USE'

TYPE OP INSTRUMENTS ' NUMSER
',OtitCTED (ar/hr) (mg/cm') (Mem#errag, surverms, meevring)

(n civde rae6e sed #aedel number of earh) AVAILASLE ,

e

! Ssa ' Appendix V for Ra{iat* ion Detection instruments .

*

. _

'

.
.

t _.

_

11. METHOD, PREQUENCY, AND STANDARDS U550 IN CAUSRATING INSTRUMENT 5 USTED ASOVt.
w4 p +

*'

Ssa Appendix V~.
s

(For finn badges, speedy me#hed of calibreimg and processme, er aeme of sepker.) --

12. F1M SADOES, DO53 METERS, AND SiO. ASSAY PROCEDutt$ USED.'

All parsonnel wear film badges. Badges are processed at 4 week intervals by Lexington
Blue Grass Army Depot. Nursing personnel use pocket dosimeters when working near
thsrcoy patients. Pocket dosimeters are calibrated at 6 month intervals by Pueblo

<

*

4 A=, ha.m s. M 41. c .14 h m e 4 e tame
INFORMATION TO BE SUBMITTED ON ADDITIONAL SHEETS' '

13. FACLffit$ AND EQUIPMENT. Describe lebenstery fecilitim and remese honding equipment, storege conseiners, sholding, fume hoods, ecc. Es;' 1, skeech
,

s seemer is .noched. rCircie .ew-) Ov.' "* See Appendix VI
14. RADIATION PROftCTION PROGRAM. Deecribe the rudention preeection pregnen includag centrol measures. If opplicehon covers seeled sources, submit look

iesting prec.dwr= wn.. oppsicabi., nome, ireiaiag a .s,-5 c. s is pe,vorm ieek seats, and .,,e g.m.n.s fe, p.rf ming saisies ,od.eeie svever, s,+,

<

Lag, meiateaease .ad repair os me s*""- See Appendix VII .%
- - 3 .-

} 15. .WASit DISPOSAL. If a commercial wesse disposal service is employed, speersy aeme of company. Osherwise, submie detailed description of methods which will

be, used for despesing of red'oective westes and othmese. the type end amount of octivity involved.' See. Appendix VI'

- - - CERTIFICATE (T9 45 item must lee sempleted iny applisent)

| 16. THE APPLICANT AND ANY OfflCIAL EXECUTING TH68 CERTIFtCATE ON 8t HAL7 Of THE APPLICANT HAMED IN ITEM I, CERTIFY THAT THIS APPUCATION 15
PetTARED IN CONPORMITY WITH TITLt 10. CODE OF PEDERAL REOULATIONS, PART 30, AND THAT ALL INFORMATION CONTAINED HERitM, INCLUDING ANYi

SUPPLEMENTS ATTACHED HERETO,15 TRUE AND CORRICT TO THE DEST Of OUR KNOWLEDOf AND StutF.'

Department of the Army*

FGH & USAHRNL, DA ver, Colo. 80240
Applicent Witem I,

-

p
25 June 1968 g

. f _ _.cad-

EDWIN L. OVERHOLT
; Chief, Radioisotope Committee

Ttie d <=tdriag omcw Fitzsimons General Hosp e
& US Army Hed.Rsch & Hutr Lab.

:* WA*NINo.-18 U. S. C., Section 1001: Act of June 25,1948,62 Stot. 7d94 makes it a criminal oRense to make o 6,illfvity folse sootement or
t!pesseatshen to oay deportment or ogency of Ao United 5+oses os to ony moteer within its ivrisdiction.

* v s sovsamment reievins eerics . isse o~sisses

i

1
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APPENDIX 1

Radioisotope Committee

A description of the Radioisotope Committee is attached as Part i or
this appendix, and the heapital regulation appointing the Radioisotope
Committee is attached as Part II. '

.

The present membership of the committee is as follows:<

Colonel Edwin A. Overholt, MC, Chief, Depa ' mt of Medicine
* Chief , Depar c of Surgery

Colonel John E. Canham, MC, Connanding Office , USAMRNL
Lt. Colonel Paul E. Siebert, MC, Chief, Radiology Service
Major John T. Decker, MC, Chief, Pathology Service
Major Charles C. Liddle, VC, Chief, Radioisotope Section,

Physiology Division, USAMRNL
Captain Norman Helman, MC, Chief, Radioisotope Section,

,

'

j Radiology Service
.

Warrant Officer W-2 Charles L. Spinks, Post Engineers
!

Curriculum Vitae of the members of the Radioisotope Committee is
attached along with the training and experience of those who have
previous radioisotope experience.

* Colonel John W. White, MC, Chief, Department of Surgery departed
Fitzsimons last week. Ilis replacement has not been assigned as yet.
The Curriculum Vitae for his replacement will be included with the
next Radioisotope Committee minutes after his arrival.

$,nfW'Y
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FITZSIMONS GENERAL HOSPITAL
' Denver, Colorado 80240

.

* CHANGE 1 TO
HOSPITAL REGUIATION 23 April 1963
NUMBER 15-1,

BOARDS, COMMISSIONS AND COMMITTEES'

PROFESSIONAL BOARDS AND COMICTIEES

* Hospital-Regulation 15-1, 14 March 1968, is changed as follows:
1

* * * *

2. Composition. *

I * * * *

!

1. Medical Records Committee.
,

*
'

* * +

(Added) Chief, Department of Dentistry

* * * *

i
i m. Hospital Utilization Board.

* * * *
<

(Added) Chief, Department of Dentistzy
|
' * * * *

| MEDEO-XO

FOR THE COMMANDER:

.

.

C. E. BRADF0
,

Major, MSC
DISTRIBUTION: Adjutant

"B" and "C",

Plus 10 ea - B8

|
5 ea - B11, B28, B43, B48

3

4
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FITZSIMONS GENERAL HOSPITAL
Denver, Colorado 80240

,

|

* HOSPITAL REGULATION
NUMBER 15-1 14 March 1968

BOARDS, COMMISSIONS AND COMMITTEES

PROFESSIONAL BOARDS AND C0bHITTEES

1. Purpose. To establish the professional boards and committees
necessary for the efficient operation of this installation.

2. Composition. (The Senior Officer is Chairman unless otherwise
specified.)

a. Profile Classification Board.

Assistant Chief, Department of Medicine
Assistant Chief, Department of Surgery
Chief, Department of Hospital Clinics
Chief, Personnel Mgt Section, Military Personnel Branch
Unit Commanding Officer of individual concerned

b. Rabies Control Board.

Chief, Department of Hospital Clinics (Preventive Medicine
Officer) - Chairman

Chief, Department of Surgery
Chief, General Medicine Service
Chief, Pediatric Service

. Post Veterinarian (Assistant Preventive Medicine Officer)
Chief, Pathology Division, USAMRNL-

|
c. Sterilization and Therapeutic Termination Board. |,

|

Three staff physicians, one of whom will be the Chief or
Assistant Chief, OB-GYN Service, or the Chief or Assistant Chief, Urology
Service. The second and third members of the board will be designat(3 in |
each individual case by the Commanding General (in his absence the Executive |

Officer) with due consideration to the patient's related physical and mental )
condition. The senior member shall serve as Chairman.

d. Therapeutic Agents Board;

Chief, Professional Services - Chairman
Chief, Department of Surgery
Chief, Department of Medicine
Chief, Department of Psychiatry
Chief, Department of Hospital Clinics |

Chief, Pharmacy Service - Recorder & Coordinator |
Chief, Pediatric Service |

*This Hospital Regulation supersedes HR 15-1, 7 December 1966, with C1, 20
December 1966, C2, 21 February 1967, and C3, 17 March 1967 |

|

|
|

l
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HR 15-1
14 March 1968

e. Tumor Board.

Chiefy-Department of Surgery - Chairman
Chief, Department of Medicine
Chief, Radiology Service
Chief, Pathology Service
Chief, Department of Dentistry (Dental cases only)
Attending physician concerned

f. Clinical Research Committee.
# Chief, Professional Services

Chief, Department of Surgery
Chief, Department of Medicine
Chief, Department of Dentistry
Chief, Department of Hospital Clinics
Chief, Department of Psychiatry
Chief, Administrative Services
Chief, Pathology Service
Chief, Radiology Service
Commanding Officer, USAMENL
Director, Clinical Research Service

'

|
g. Dental Education Committee.

|Chief, Department of Dentistry '

Chief, Oral Surgery Service
:Chief, Periodontia Service
|Chief, Operative Service

h. Hospital Education Committee. |

Commanding General Chief, Administrative Services /Coordi-
Director of Medical Education nator, Adm Residents Program
Chief, Department of Surgery Chief, Anesthesia & Operative Service
Chief, Department of Medicine Chief, Ophthalmology Service )
Chief, Department of Psychiatry Chief, General Surgery Service

'

Chief, Department of Hospital Clinics Chief, OB-GYN Service
Chief, Pathology Service Chief, Orthopedic Service
Chief, Radiology Service Chief, N'eurosurgery Service
Chief, Cardiology Service Chief, Thoracic Surgery Service
Chief, Dermatology Service Chief, Urology Service

Chief, Pharmacy Service Chief, Department of Dentistry
Chief, Pediatric Service Chief, Psychiatry Service
Chief, General Medicine Service Chief, Neurology Service
Chief, Pulmonary Disease Service Chief, Physical Medicine Service
Chief, Otolaryngology Service Chief, Nursing Service
Commanding Officer, USAMRNL Civilian Education Consultant (on call)
Chief, Clinical Research Service Director, Dietetic Internship
Chief, Gastroenterology Service Intern Counselor
Asst Chief, Department of Medicine Educational Coordinator, Nursing Service
Chief, Plastic Surgery Service

2

- _ _ ___ ____
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HR 15-1-- ,

14 March 1968

1.- Hugh Mahon Lectureship Award Committee.-

'

Chief, Department of Medicine '

Chief, Department of Surgery -
'

Chief, Pathology Service
Civilian Education Consultant

' Secretary to Chief, Professional' Services - Coordinator

J. Infections Committee.

ChairmanChief, Department of Surgery -

Chief, Department of Hospital Clinics (Preventive Medicine-
Officer)

Chief, Department of Medicine<

Chief, Pathology Service
Chief, Microbiology Sub-Section, Pathology Service;

Chief, Anesthesia & Operative Servicei

i Chief, OB-GYN Service
Chief,-Pediatric Service,-

'

Chief, Nursing Service
RecorderAssistant Preventive Medicine Officer -

4

!
; k. Medical Library Committee.

{ Chief, Professional Services Chairman-

: Chief, Department of Surgery |

Chief, Department of Medicine

][ Chief, Department of Dentistry
Chief, Pathology Servicee

Chief, Radiology Service ;;

j Chief, Nursing Service
'

Chief, Department of Psychiatry
Adjutant (member w/o vote)
Medical Librarian - Secretary & Coordinator-

i i

! 1. Medical Records Committee.

4 ChairmanChief, Professional Services -

: * Chief, Department of Surgery
1 * Chief, Department of Medicine |

| Chief, Department of Psychiatry
'

* Chief, Pathology Service

;. Chief, Department of Hospital Clinics
Chief, Nursing Service,

Chief, Registrar Division Recorder-

1 Medical Records Librarian
j

; *These members will also comprise a Tissue and Blood Trans-
J fusion Practice Committee. The Chairman will be the Chief, Pathology

Service. _This committee will present its report during the regularly<

scheduled meetings of the Medical Records Committee.4

J

[ 3
.

4 et*

_ _ _ -- _- . . . _
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HR 15-1
14 March 1968

I'

m. Hospital Utilization Board.*

Chief, Professional Services - Chairman
Chief, Department of Surgery

|Chief, Department of Medicine
!

Chief, Department of Psychiatry
Chief, Pathology Service
Chief, Department of Hospital Clinics,

,

Chief, Nursing Service !

Chief, Registrar Division -Recorder !

Medical Records Librarian ;

i
:.

n. Radioisotope Committee.
J

* Chief, Department of Medicine * Chairman j

; Chief, Department of Surgery (Whoever is senior)
-

,

* Chief, Rkdi61ogy Service
Chief, Pathology Service |'

Chief, Radioisotope Section.

Radiation Safety Officer
Commanding Officer, USAMENL

;

Chief, Radioisotope Sec, Physiology Div, USAMENL
_

Chief, Purchasing & Contracting Br, - Non-voting member
-

Supply & Service Div

o. Perinatal Mortality Committee.
j

Chief, Obstetrics & Gynecology Service - Chairman
|Chief, Pediatric Service
!Assistant Chief, Pathology Service
|'

.L .

-

p. Inhalation Therapy Committee.*

Chief, Anesthesiology & Operative Service - Chairman |
|Chief, Department of Medicine
I;

Chief, Department of Surgery
, .

q. Cardio-Pulmonary Resuscitation Committee.

Chief, Department of Surgery - Chairman Chief, Nursing Service
Chief, Administrative Service Chief, Pulmonary Disease Service
Chief, Anesthesia & Operative Service Chief, Thoracic Surgery Service-

Chief, Cardiology Service
*

MEDEO-XO

FOR THE COMMANDER:

DISTRIBUTION: C. E. BRADF0
"B" and "C" Major, MSC
Plus 10 ea - B8 Adjutant

5 ea - B11,B28,B43,B48
4
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APPENDIX I

Part I

RADIOISOTOPE CO@fITTEE

The' U. S. Army Medical Research and Nutrition Laboratory operates
. jointly with Fitzsimons General Hospital under the same General Atomic
Energy Commission License. Use of radioisotopes, within the limitations
of the AEC License,'is controlled by a Radioisotope Committee consisting
of Fitzsimons General Hospital personnel as well as U. S. Army Medical
Research and Nutrition Laboratory personnel. The persons making up
the Radioisotope Committee and the functions of the committee are out-
lined in AR 40-37. The committee will be responsible for proper hand-
. ling, storage and disposal of radioactive materials. In addition, the ,

i

committee will:

1. Recommend changes to the SOP concerning periodic monitoring
and enforcement of safety measures in the handling of radioactive
material. i

2. Review and grant permission for, or disapproval of, the use
of radioactive material.

3. Certify individual users for each type of procedure with each
individual radioisotope and insure that a copy of such certification
is placed in the appropriate users' 201 file. Current records of
these approved users, documenting the qualifications and limitations
of each, will be maintained.

4. Prescribe special conditions which may be necessary to include
and give advice concerning proposed studies where it is needed.

5. Review records and receive reports from the Radiological
Protection Officer and recommend corrective action when indicated.

2 . 6. Make recommendations for improvement of present laboratory
facilities and for expr sion of the laboratories in accordance with

,

needs,

i 7. Hold meetings at the call of the Chairman and report in
j writing to the Commanding Officer, the results of its deliberation.
t

4

|

i
;

L

;

e
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{ CURRICuwM VITAE \ j
2 1 \ l'

q Name and Position: Edwin L. Overholt, Colonel, DC \
i

4 Chief, Department of Medicine i,

Fitzsimons General Hospital k
])1

! .

Denver, Colorado 80240 \ ;
,

\ , .

2 Education:- Franklin-Marshall, B.S. Degree, 1945
f Iancaster, Pennsylvania \;

University of Iowa,'M.D. Degree, 19,

: s

j Internship: . Fitzs'imons General Hospital, Denver, Golorado, 1949,

|i . \
'

| J Residency: Internal Medicine Fitzsimons General Hospital '

) and Cardiology Denver, Colorado, 1949-1952*
'

j 4 'g.

2'j Military Career: 1950 Battalion and Regimental Su$ eon
21st Infantry Regiment, 24th Division'

\7 e

Korea Awarded Silver Star \ ,

\ \

1953-1956: Assistant Chief of Medicine and
| Chief of Cardiology
' '2nd General Hospital
| g Landstuhl, Germany.

,

j ,

'j
- Fort Detrick, Frederick, Maryland

1956-1959: Chief, Medical Branch, US Army Medical Unitj

; ,
f>

Ij 1959-1964: Assistant Chief of Medicine and
Chief, General Medicine Servic'e,

: Walter Reed General Hospital
Washington, D. C.-

<.

| I 1964- Chief, Department of Medicine
| | Present: Fitzsimons General Hospital
j. .] Denver, Colorado

''
,

.'; Professional Fellow, American College of Physicians ',
2 Memberships: American Medical Association ;

,. n

A Publications:;

.,

1. Roentgenographic Manifeststions of Pulmonary Tularemia,. Radiology,
74:758, May 1960.'

: .-

| 2 Laboratory-Acquired Pneumonic Plague; Report of a Case and Deview of
Previous Cases, Ann. Int. Med., %:789, May 1962.*

;

..
,

j- *
.

. ..

? < .
.

4

1
-

j
-i .

,

._ , wa.m-s . ._ --.s.-- . . ~ . - - . - - - . - - -o-*~ ~ - - - - * *
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CURRICULUM VITAE / g
Edwin L. Overholt, Colonel, M: j
Publications continued * D:.

f. -I

3 Pneumonia Caused by Hemolytic Streptococcus, Arch. Int. Med.,111f 367, d
March 1963. j

4. Periodic Paralysis Associated with Hyperthyroidism, Arch. Int. Ned., [j100:132, July 1957.
.

'
/ :

5. Chronic Effusive Pericarditis: Report of Two Cases, Medical Apnals of j
the District of Columbia, 33:219, May 1964. 2

ds ,

6. An Analysis of Forty-Two Cases of I4boratory-Acquired Tularenda: Treat- y,

ment with Broad Spectrum Antibiotics, Amer. J. Med., 30:185, May 1961. p
. ..

7. Variants of Kartagener's. syndrome in the Same Family, Ann. Yat. Med., j.
48.:574, March 1958.- c

b
8. Hereditary Hemorrhagic Telangiectasia in Three Families, Arch. Int. Med., E.'

99:301, February 1957.

9 Antibiotic Management of Overwhelming Infection: Basic Principles of $
Therapy and Specific Guides to Initial Treatment, Military Medicine, Q

* November 1962.
a.

10. Lower Nephron Nephrosis Following Deposure to Carbon Tetrachloride
[p.Ihnalation, Medical Bulletin of the U.S. Amy, Europe.
%11. Cholangiolitic Repatitis: Clinical-Pathologic Studies and Response to

Steroid Therapy in Four Cases, Arch, Int. Med., 103:859, June 1959 y;
g.
y,

12. Acute Pulmonary Renal Syndrmes, Diseases of the Chest, 48:68, July 1965. p
4

13. Primary Cutaneous Coccidioid mycosis, Arch. Int. Med., 114:149, July 1964. Q3
+

;j

14. The Treatment of Tuberculous Pericarditis, Circulation, 9:17, January 1954.
r|{<

:,

i 15. Acute Benign Idiopathic. Pericarditis, Arch. Int. Med., 99:708,', May 1957. I
16. Pneumatosis Cystoides Intestinalis: Report of a Case, Ann. Int. Med., .

40:618, March 1954. '.,

| /i .~17. Erythe.a Nodosum with Bilateral Hilar' Adenopathy, Medical Annals of the,-

S1'tvict of Columbia, 33:217, May 1964.,.

18. Gram-Negative Septicemia, Military Medicine,129:1181, December 1964. g
19. Xanthema Diabeticorum, Medical Bulletin of tha U.S. Amy, Europe, y@;j

,.

13:260, November 1956.
'g

6t-
,

W.

M1-2 $. .

<:.
,

^
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' .j
Edwin L.'Overholt, Colonel, M: /

/'

Publications continued: /
'

20.
Chronic Constrictive Pericarditis, Medical Bulletin of the U.S.

Europe, 12:268, November 1955. ,

.

21
The Problem of Chest Pain: Report of Five Cases, Medical Bulle in of 1

the U.S. Army, Europe, 11:90, April 1954.
22.

Primary Rypercholesteremic Xanthematosis, Medical Bulletin of
Ariny, Europe,13:60, March 1956. M U.S.

23. Immunogenicity of Live Tularemia Vaccine for the Monkey,
,i ,,

24.
Aerogenic Immunization of the Monkey and Guinea Pig with Livh Tulareania

Vaccine, Proc; Soc. Exper. Biol. & Med.,
108:732, 1961. !

t

25.
,

Dnbolization and Nonbacterial Thrombotic Endocarditis, Post raduate
-

Medicine, 40:571, November 1966.

26.
Mucoid Impaction of the Bronchi Associated with Aspergillus, Diseasesof the Chest, 52:92, July 1%7.

I
127.

Chronic Budd-Chiari Syndrome as a Result of Visceral Thrcebophlebitis/
I

Migrans Associated with Factor VII Deficiency (publication pending).
I

28.
Stevens-Johnson Syndrane Associated with Mycoplasma pneumoniae Infection,IJAMA, 200:79, April 1967.

'

29.
Sarcoidosis and Fleural Effusion, Military Medicine (pfnding).

ki|; 30. Phosgene Poisoning, JAMA (pending). i|,' ''
t31.

Water Intoxication, Its Diagnosis and Management, Military Medicine 1
(pending). p

,

e,

32.
Cavernous Sinus Thrombosis, Arch. Otolaryng., 82: 2;.
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:.cv 1040 - Mar 1046 Enlicted Scrvice |Jun 1040 - Jun 1950 Intern, Lettornan Concral Ho:pitals

San Francicco, California
Jul 1C50 - Aug 1950 ::cdicc1 Rccident, Lottcracn Concrc-

Ecepital, San Frcncisco, Cclifornic
mo s _,e. - d so ~.w..c e. , + ./ n-ert e.* n - v s v
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ccro cnd ;roctncn: cf pctiente uith'

'
cur;ical and crthopedic ccnditions
and the running of tho X-ray department.

7cb 1951 - Dec 1953 Letteracn Cencral Hcspital, Resident |

on the Medicc1 Service i

| Jan 1054 - Jun 1956 Ucrd Officer, Gcncral Mcdical Scrvice, j

USAH, Pt. Sc1voir Va. j

Jul 1053 - Dec 1956 Student, AMSS, SAMC, Pt. Sam Houston, |

| Texas (Advanced couroc)
Jan 1957 - Jul 196010th Field Hospitcl (USAH, Wurnburg,

Cor.r.any)
Duty: Jan 1957 - I'ay 1957 - Acst. Ch. , ,

'

Medical Service
' May 1957 - Jul 1960, Chief of |

''

Medical Service
Additional Dutics:

' I

|May 1957 - Jul 1960, Doputy
Hospital Connander |i

!Oct 1957 - Jul 1050, Chief cf
Outpaticn and Health Services,
Wurzburg Medical Service Arca<

Oct 1957 - Jul 1960, Chief of
Preventive Medicino, Wurzburg.

Mcdical Service Arca
Sep 1000 - Jun 1961 Eiochenistry Dept., Medicci School of'icnmcrhilt Univorcity, Nashville, Tenn.

for c cour:c entitled, " Nutrition cnd
Ma tabolisn" .
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nutrition curvoy in Urucucy, S.A. rob
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Dec 1002 - Jun 1063 Monitor, Utilinction Group, Surgeon
Concrc1'c Intravencu: Nutrinent Crcupt.

Jun 1063 - Pr::ent Monitor, Surgcon Ccacrcl's Intravencut
.:utriment Program.

S1 Oct 1004 - Aug-1966 Cc :ending Officcr, USAMR1L, TCM,'

Denvor, Colorado
0 Jan 1956 - 13 May GG TDY, A::cciato Cource, Comncnd & Cen.

Staff College, Pt. Locvenworth, Xcn.'

Aug 1966 - Aug 1967 Commcading Officer 121 Evac Hosp, Korea
. .--. Commanding Officer,USAMRNL,FGH, Denver,Colo.- Aug 1967 - prescric Elcacntary cnd High School, ScrkerJcuca;ica:

Centrcl School, Scrker, New York
1040 - 1944' The Military School of South Carclinc

(The Citadcl) Charicoton, So. Octolin:
Two cencoters., AS7?

1G44 Tho John: Hopkin: University, 3citi:Gec,
M rylcnd, AS7?, 3 Sc=c crac

Cct 1043 Jun 1949 Coluubic Univer:ity's Colle,;c cf
Phy:icicn: cnd Sur; conc, Ncb Yor.. N.Y.

Sc3 1060 - Jun 1C31 "cnderbilt Univcrsity's Schcol of
.:edicinc, N hville, Tenn. (Ocpt of ,

"

Sicchem. , - Nutrition cnd Mot:bolica)
Jcn CG - 2.cy 5G Accoc Cour:c Cord & Can. St ff Collc;c

. e .

J.at vitic : 1. A: ocictc Guca Iditor, Sympo:ium on I.V. Fat: - Am. J. of. . . -, . .

Clin. Nutrition - Jan 1055 ,

2. The Survcon Concrcl's licicon reproccatative to: 0 .

c. Nutritica Study Section, NIH (Sep G4 - proacnt) |
b. Food 6 Nutrition Board, XRC-N.*.S (Oct C4, to proscnt) j

c. Mcnbar, Sub-Coccittoo on Vitamin Scof the C : ittuc I
iv

on Dictcry Alloucncc of the Food cad Nutritio.. i
'

30 erd. NAS-NRC (10GS to prosent)

O. Mambcr, C.S.U. Rcdiction Instituto, Muccn U c Radio-
isotcpc Ccamittcc Colo. Stcto University, Fort Colline,
Colorado (1964 to procent) .

. . ; :. . '.
..?.eintments: 1 Jul 1964 Affiliate Profcccor of Chemistry, Colcrcdo ,

State University, Fort Collin , Colcrado

N .:' ;r hip in
Di? eccto of the !.moriccn Bocrd cf Medical Excminers; Accrican |l;cci vi;;;
Accociction for the Adycncement of Science; Accrican Medicci j

Accociction; Am. Instituto of Mutr, Am. Soc. for Clin. Nutritcon |
1
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{ T ns pgs moy be comploted by the physicion's preceptor' (..' ony) in t'.e medical use of radioisotopes. When the information is not
fusreshed by the precepor, the nome and p.esent address of the preceptor (if any) should be shown in item 12 below.t

|

9. (c) 051NG PhY51CAAN'S NAMt (bi NAud AND ADDRESS 07 APPUCANT (if doetear t<om 9(o'.
|
i

. . 0.b/.c4 1Stabolic Divioica
,

ec :a .L CE.: n g,g, f.y3, ::nlical ne:ccr:S and Nutrition Labo:ater
i O-,G.v f Empital.s Dcnver, Colcrnco O']* ,-

10. C.WGL T2A:NM AC .fui!.ZNC2 0; hi4CIAN WMO WLL USE BmODUCT MATERJAL

p) pi (C) (0)
TYPi 07 PAtflCIPAh0N FOR ALL CA$f 5

!
CO:sDifiON(5) D.AGNOSEO OR 72fATf D NUM8EltOf IN Column 6 (c.rcle oppi.coble r+m150"CPt

CA$t$ bers of dems en ano donce . von her wt
i

forth taetoa) '

3_),) ' Dio Jnosis of thyroid function
~ _ . __ -_ A

~0-2 f. 2 3 494 i
.

2
, Traciment of hyporthyroiJisrn 1 2 3 4 _ _.- ,,

, .
' . Treatment of thyroid concer i 1 2 3 4 j;

. Trec?racnt of :::dicc condit.ons
{ 1 2 3 4 ;'

r ,

, Stein t mor localizct.on
| 1 2 3 4

i

. |
. :.lood de uttair.ofions

. _ . . . . . .
,( -

. . , _ .
i | 1 2 3 4 |,

i di'ey f uncreori
| 1 2 3 4 :,

IQ:hcrs. I I 1 2 3 4 <

/ . ;/. , Yreaut.wr ci ;.c:f:y..teraic and isAem;o
)| /(1)2 3 4r

i ..a ;;:in t :r.or tu:...:ation
_. . . _ . . . ,.._9

_ _ . ._.! 1 ,t 3 4 ;1
Tr,:c.rne.d of bom .er:.: . . . _ . . ..._. .____.. _ _.,!.

1
',

. _ . ,I
. ___2_._3 _ 4

,

-

, O.hers. _
. . . . _ . _ . _ . , _ . _ .

.-...__1 1 2 3 4 |1
, . , . . . . . _ _ - . . . _ . -

| 1 2 3 4i

' 7 22 7r.crmant oi pros:stic cancer
.

_ _ .
I 2 4_...__. _3.

CrPO. ..T,w,.n,r,t of.c,e..rvica.l .concer
. ._ . . . _ . _ _ . . r. _ .

, i 1 2 3 4.. . . . .

_...___..f.! Traatment of p!cural effusic,ns and/or a:c;i s.
i 1 2... 3 4y .. .- .. . ..---4..I

i
.

1 2 3- 1i Othors:| . -__.'.3,....+ 4 |

1 2 3 4 |
A.,-193 | Traortnant of prostor.c cancar

| 1 2 3 4
t'Collo.d i Treatment of cervical concer i 1 2 3 4

'

"Treotraant of p|evrcl onus ons ond/or oscitas } I 2 3 4
~ ~ ~ ~ ~ ~'

i
'

r_.Othe. rs.._.. _ . . _ . 4

*
'

_. 1 2 3 4
i '

I 2.. 3 4
C[b1 ' Clood datorm. nations

4 i 0 horst
.. . . . . . . - . _ . - ,i- 1 2 3 4, . - .

i* t------------------ - - - - - - - - - - - - - - - - + - - - - - - - -
1 2 3 4 |

i | 1 2 3 4
Oths r I __

,
_ _ . . . - . _ - _ - - 1 2 3 4

-Co -- - cad-vim n s -- - - - - - - - . -

i
.

--- 2/4 - -

,

I 2 3 4 '
I

Asy to above numbers (column D)I

Adae Pashopot.c,a and Omen.cn in the

1. (somino'.on of patienh to determine av tobelt for rod oisotope diagnads and/or treatment and recommendations on dosogo to be prescribed.
2 Col'aboration en col.beahon one administration of dosages incl.,d.ng related measurements and plothng of dato.'

3. Achve period of traineng and empor.ence of svMc.ent duration to permit followup of patients through treatment and posttreatment period includ.ng
, .

! |revvokohon os ta ePattivenen and cornpl.cohons.
j 4. $rWy and descvss.on of case 6.itorees to estal:,l.sh most efkocious diagnostic and/or theropeut.c techniques for this radioisotope use.
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Descsibe lot.orWory los.l r.es and remote headl nJ eqvrpment, storage contoeners, sbelding, fvme bood6. etc.

| uf 4ec ry in ortuched (Certfe onswer) Yan No Esplanefory sketch
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This page moy be complet.d by the physician's preceptor (if any) 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.

9. (e) u$1NG PHY11CAN'$ NAMS (b) NAME ANO ADoets$ OF APPUCANT (It d.N.a.se te 9(.jj
,

. PAUL E. STR ERT, Ma,jor MC
Fitzsimons General Hospital I)enver 40, Colorado '

10. CuNBCAL TRAINING AND EXPERl(NCE of PHY$1CIAN WHO Wlu U$4 SYPto00CT MATERIAL
'

(A) (s) (C) (D)
TYPt OfPAttOPAfl0N FOR ALL CA$t$.

mtf t W IN CotWMN o (si,si. .eelia.bi. ava-l$oTOff CONort10N($) DIAGNO$tD OR TREATED Casts b .t a. in a.,d.u. .em s.y e

swa bei )

s.333 Diagnosis of thyroid function 161 % (23 % 4
Treatment of hyperthyroidism 9 $ (2 @ fi
Treatment of thyroid concer 9 (i; r2; (s; '4
Treatment of cogficc conditions 1 (1 O ([ (4
Brain tumor localization 1 2 3 4
Blood determinations .22 (if (2 (3 T.
Others: 1 2 3 4

I 2 3 4.

P-32 Treatment of polycythemio and leukemio 9 ff (2 13 #T4

Soluble Broin tumor localisotion 1 2 3 4
Treatment of bone metastases i 2 3 4-

Others Rye Tumor Localization 2 (l' (2' '3' 4

1 2 3 4
P-32 Treatment of pro ofic concer 1 2 3 4o

CrPO4 Treatment of cervical concer 1 2 3 4
Treatment of pleural eRusions and/or oscites 1 2 3 4
Others: 1 2 3 4

1 2 3 4
Au-198 Treatment of prostatic concer 9 (C Y Gi ''4'

1 2 3 4- IColloid Treatmer.t of cervical concer - -

Treatment of pleural eRusions and/or oscites 1 2 3 4
Othersi 1 2 3 4

1 2 3 4
Cr-$ 1 81ood determinations T Q) (2- (3'. /f

Others 1 2 3 4
1 2 3.4

Other h ondum 40 100 $ (2' '3' (4
Isotopes Cobalt 60 ~ Schilling Test 23 01 (2' (3' 't

1 2 3 4
.

a.y .b... .b.rs (c.iv.a o) Ace. e.,1;cip ; .ad oiscuss;.a

2. C.ii b.mei.a in c.t.broi;
.ad .d.inis.. ;. .# d.s.g. incivaiao, .i.e.d

/., ir. ae .ad e.co...adoei.as .a d . to b. pr.scrib.d.1. r...;a.e;.a .# poei.aei i. d.i.,.;a. soi,.bil.,y t., e.d..;s.t.p. d;.ga.s;. .ad
s.r .aes .ad pt.nias .f 4.e..

3. Aci. e p.,iod .t .aias .ad ..e.,;.ac. .# . m;.a. do=6.a i. p. ;e f.ii wp .# p.ei.ne ehr.veh sre.em.at .ad p..ei. t at p.ci.d laciwdias
*

r to.i;.. .s e. .n.cei..a. . .ad c pi.e.ei.as.
.

4. $1udy .nd discwasi.. .f cose 6issories 8. .st blish ,st .,Eoci.ws di.ga Nc ead/.c thyr.peutic 1.chaeques for this e.dioisee.pe vs..

II. TOfAt NUx&t* OF Houd OF PAAflCIPAflON IN CUNICAL TRMNING 0 6,.,,

u. rwe raAiNiNo ANs urine.ca iNoeCAno Asove wAs ceruNeo useta rHe suetsvisioH on cuo of .
, y g g (

H. F. Hurd, M. C. . .

Col. John A. Isherwood, M.C,s, Brooke General Hospital, Fort Sam Houston, Texas
(Home. .f physsea (pea.psyQ (bish wasa) (Seen.ap.),
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Major Paul E. Siebert's' training and experience' has been reviewe.d by the
Radioisotope Committee and be has been approved as a user of radioisotopes.
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CURRICUIUM VITAE -
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Name and Position: Paul E. Siebert, Major IC ..

Chief, Radiology. Service ' -*
.

; Fitzsimons General Hospital .

'Denver h0, Coloradoj
-

,..
.. ,

,

.ducation:' Washington University, St. Louis Mo. AB 19h8 I
< .

'

3
i MD 1952"

:

t * Int.ernship: Valh.eyForgeArnyHospital,PhoenixvillePa., 1952-1953.
'

,

.i*

! Residency: Radiology, Brooke Army Hospital, Ft. Sam Houston, Texas,
!

June 195h- 30 June 1957. .
,

-
1

Experienes Basic Officers Course 801, MFSS, Pt. Sam Houston, Texas,
4 1953-195h. 1
.. ;* -

.
,

| USCOSC Ass. O. Course, Ft. Leavenworth, Kansas, January - 1

j ,May 1961. .

-

;h Assistant Chief, Radiology, Tripler Arny Hospital, APO li38, ]
.

San Francisc.o, August 1957 - January 1961 J: '

t

|-
Chief, Radiology Service, Martin Army Hospital, Fort Benning, i

August 1962.Oeorgia, June 1961 -

! Assistant Chief, Radiology Service, Fitzsimons General
Hospital, Denver, Colorado, August 1962 to present,

; .. ,
,

Professional
: Memberships: Diplomato American Board of Radiology, May 1958 '

Member Radiological Society of North America, Inc.
: Treasurer, San Antonio Military Radiological Society,
;

1956-1957*

Vice President Radiological Society of Hawaii, 1960,

|
Member Society of Nuclear Medicine, Honolulu, Hawaii,1960

. .
. -

i Radioisotope
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Certification
31 Mar 19AChief, haioloey Service ''MEDEO-X '

jaRecorder Itadioicotopo {e.S*
* .

Corxtittco ,

,
. .

.,

Request I be certified for the following procedures and that a copy of the
..

'

.. .*

* certification be placed in ny 201 file. .

.

Diagnosis of thyroid function
1-131

-

h of hyperthyroidian -

..
*

. -
. . h of thyroid Ca~
- .

h of cardiac conditions
7Blood deteminations

P32(Soluble) h of polycythectia and led **
.

Eye tu: lor locali::ation
:

Au198(colloid) h of prostatic Ca t

Blood acteminationCr 51
'

k ' benign skin and eye conditions'

Sr 90

Co 60 Bchillina test
I.

Enclosed is a copy of my experience.

, .

. -

PAUL.E. 8.u.mtw
!

'

l'Inci Major, Mc
.

*

Fom AEc-313a Chief, Itadiology Service-

* |

I
.

!

I
*

.
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.
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.

.
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CURRICULtM VITAE
i
! |

JOHN T. DECEER ;:

HAJOR HC ;;

i CHIEF, PAT 1101DCY SERVICE l

FITZS110NS GENERAL HOSPIIAL
1 DENVER, ColDRADO
!

i
i
.

: UNDERCRADUATE EDUCATION: Eastern MarJ HGEACo IbiVerSity, Portales, NSW
j Haxico. B.S. in Biology, 1954

MEDICAL EDUCATION: Stanford thiversity School of Medisine, Palo Alte
! and San Francisco, Califorrta. H.D., 1958.
a
' INIERNSHIP: William Beaumont General Hospital El Paso Texas. Rotating
; Intornship, July 1958 - June 1959.
i
! RESIDENCY: William Beaumont Canaral Hospital, El Paso Texas. Pathologic
; Anatomy and Clinical Pathology. September 1959 - August 1963.
i

| BOARD CERTIFICATION: American Board of Pathology, Clinical Pathology and
| PatholoSic Anatemqy, October 1964.
i

\

| ' POSITIONS: Assistant to Chief, Anatcode Pathology, Walter Raad General
i Hospital, Washington, D.C. September 1963 - March,1966
:

| Chief, Anatomic Pathology, Walter Reed Canaral Hospital,
; Washington, D.C. March, 1966 to July, 1966.
i

! Chief, Pathology Servica, Pitasimona General Hospital,
; Denver, Colorado. 1 september, 1966 to date.

HEMBERSHIP IN SCIENIIFIC ORGANIZAT]DNS:
|
i American Medical Association
' American Society of Clinical Pathologists

College of American Pathologists'

,

Colorado Society of Clinical Pathologists -

; -

| TEACHING APPOINIHENIS: Clinical Instructor in Pathology, thiVersity of
Colorado Medical School, September 1966.

i

i PUBLICATIONS: Reigh, Ernest E. and Decker, John T. "Haningsal sarcoma
' in a two-week old infant s4-d=**'= hydrocephalus." Journal of Neurosur-

gery, 19:427-30 (1962).'

i

.

; - -
. ,

:-

:
i .

'

|
APPENDII I - File Copy
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;: CURRICULUM VITAE I'

a

/

Charles G. Liddle June 1968
i
;

l Personal

Born: |
I Height and Weight: '

| Marital Status:
'

}
Religion:

. .

Educational Background
,

f Michigan State University, September 1954 - June 1960,
| BS - 1958, DvM - 1960
i University of Rochester, June 1962 - June 1963, MS -

| Radiation Biology

j Professional Positions
i
6 Veterinarian, Small Animal Practice: Detroit, Michigan,

'

| July 1960 - December 1960.
i

Was one of three veterinarians in a small animal hospital:

| in Detroit, Michigan. The hospital was owned by Dr. W. Clay Young.
~

|
! 2. Chief, Radioisotope Division, Four~th U. S. Army Medical

Laboratory, Fort Sam Houston, Texas, January 1961 - May 1962.

Af ter two months of officer basic training at Ft. Sam Hous-
ton, I attended a three month " Veterinary Laboratory Procedures"
course at the Veterinary Division, Walter Reed Army Institute of
Research, Washington, D.C.

Upon returning to Fort Sam Houston, I was assigned as
Chief of the Radioisotope Division of the laboratory. A program
for environmental monitoring for radioactive fallout in air, food
and water was reinetituted during this time. Initiated the radio-
activ( tri-iodothyron ne in vitro tes; for thyroid function to serve
smaller army installations with no radioisotope capabilities.

3. Acting Chief, Department of Food Radionuclides, Division i

of Veterinary Medicine, Walter Reed Army Institute of Research,
Washington, D.C. July 1963 - January 1964.

After completing the year of study at the University of |Rochester, I was assigned to Walter Reed Army Institute of Research.
Was acting chief while the department chief was absent for six
months TDY. During this period, was assistant course director for
a course entitled Veterinary Laboratory Procedures". The course

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

w ~ w- *---w _u_-_-__ - - ----__---.------_a
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is designed to give training in laboratory administration, food
chemistry and radioisotope techniquss to veterinary officers who
have just completed their basic training and are on their way to
army area laboratories. As assistant cource director to Lt Col
Thomas Murnane, arranged schedules, invited and introduced guest
lecturers. gave lectures in nuclear physics and conducted radio-
isotope laboratory classes.

4. . Chief, Small Animal Testing Section, Department of Medicinal
Chemistry, Walter Reed Army Institute of Research, Wa3hington, D.C.
February - July 1964.

Was assigned to the Department of Medicinal Chemistry
under Dr. David Jacobus on a temporary basis to replace Lt Col
Edward Henderson until his permanent replacement completed his
year of education at the University of Tochester. Was in charge
of the small animal testing section which was involved 1 evaluat-
ing radiation protection drugs. Also coordinated with a private
research laboratory under government contract engaged in rodent i

testing and bacteriological screening of potential radiation protec-
'

tion drugs. During this period, also worked on developing an infor- |
mation system for calculating and storing results from both bacter- 1

iological and small animal tests on computer punch cards utilizing
the IEM 1401 computer at WRAIR.

5 Assistant Chief, Department of Food Radionuclides, Division
of Veterinary Medicine, Walter Reed Army Institute of Research, ,

Washington, D.C. August 1964 - July 1965 |
!

Returned to the Veterinary Division to work under Capt
Stanley Wampler. Again gave the nuclear physics lectures and
supervised the radioisotope laboratory experiments for the Veterin-
ary Laboratory Procedures course from September through December.
Then began studies to evaluate the degree of induced gamma radio-
activity produced from neutron activation of ration items to attempt
to determine the possible hazard to f.oods which might be exposed |

to neutron rediation from a nuclear device.

6. Chief, Radioisotcpe Section, Physiology Division, U. S.
Army Medical Research aad Nutrition Laboratory, Fitzsimons General
Hospital, Denver, Colorado, August 1965 to present.

The Radioisotope Section of the laboratory provides complete
radioisotope service to the entire laboratory. This encludes pur-
chose, storage and disposal of all radioisotopes, routine and emer-
Gency- monitoring for radioactivity, all licensing procedures, and
provides a central facility for counting radioactivity. The central
counting facility consists of six liquid scintillation counters,
two automatic gamma counters, one low background anti-coincidence
beta counter, one low background gamma counter and various chromato-
graphic strip and plate scanners, and assorted beta planchet counters.
The section also has a 23,000 Curie Cobalt-60 source. The laboratory
has an RCA - 301 computer, bun a shortage of programmers, so I have
studied computer programming (both machine language and Fortran II)

2

_ ..._. _ .. . _ _ . _ _ . . . _ _ _ - _ _ _ _ _ . ~ . . .
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and have written several programs to calculate the results from
some of the liquid scintillation counters and the automatic gamma
counters and am in the process of writing one general program to
provide a complete information system for the results from all of
the liquid scintillation counters. This involves efficiency
and ctatistical calculations for single and dual label studies using
any of the three methosa for determining liquid scintillation
counting efficiencies (internal standard, external standard or
channels ratio).
Profeccional and Scientific Societies

American Veterinary Medical Association

Health Physics Society

Additional Training

" Radionuclides in Foods" Taft Sanitary Engineering Center, -

Cincinnati, Ohio, July 1961 (two weeks),

" Epidemiology for Veterinarians" CDC, Atlanta, Georgia, !

February 1955 (one week)

"Radionuclide Analysis by Gamma Spectroscopy" Taft Sanitary |
Engineering Center, Cincinnate, Ohio, June 1965 (two l
weeks) <

" Veterinary Statistical Procedures" Army Veterinary) School,Chicago, Illinois, December 1966- (three weeks
" Nuclear Hazards Training Course" Sandia Base, New Mexico,

August 1967 (one week)

Hobbies

1. Antique Automobiles, Presently Membership Director, Rocky
Mountain Packards, a chapter of Packard Automobile Classics.

2. Bowling, Tear captain - Research and Nutrition Lab team,
Officers league, Fitzsimons.

3. Camping,

o

3 03833

.
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' , */ Training and' J erience: Charles G. Lf d a , haj VC-

&

Form AEC-313
Duration of

.

Item 8 Type of Training: Where Trained Training
i

| a. Principles and practices Walter Reed Ariny 2 weeks Formal
of radiation protection Institute of

Research

Tc.ft Sanitary 4 weeks Formal
Engineering

,

Center
;

! University of 1 year Formal
' R:chester

" " "
b. Radioactivity measurement

standardizc. tion and mon-
itoring techniques and
instruments

" " "

c. ..athamatics and calculations
casic to the use and meas-
urement o' " "'or.ctivity

" " "
d. E..oloy.c al effec ts of

radiation <

(
1

Item 9 Experience with radiation
Type c;

Isotope Maximum amount Where exp,erience gained Duration Use |

H) 1 Mc Fourth U S Army Med Lab 1 yr research

Walter Reed Army Institute 2 yrs research
of Research

USAMRNL 3 yrs research

lO " " " "
C

p)32
o n n n

" " " "

Ca{5
S

n n n n

Cr3 " " " "

n n n n |S9e

Coh
" " " "

" " " "

2ngg
s n n n n

37
$,,90

'
-- i: . n i, n

'

125 n n n n

i131 n n n n

1N " " " "
Cs
Bad,140 n n n n

3g >Ti n n n n

Hg203 , , - n n n

- . - - --
- _. .,

'v . . . - - . . . - . - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ , , __.
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< July 1, 1967.
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'

NORMANHELMAN,CapIain,MC ,- '.
*

, , .,,

'

1. Birthdate:
"

2 .' Birt'hplace:
|

,
.

3. Edudationsg s.
jayneStateUniversity-B.S.,1956 '

I' University of Michigan College of Medicine - 1955'

Wayne Univercity, College of Medicine - M.D.,1958 -

Internship - Sinai Hospital, Detroit, 1958-1959 .

1959-1962
_#

Residency Internal Medicine - Sinai Hospital, Detroit, .

Residency Hematology - Sinai Hospital, Detroit, 1962-1963
.

4. Hospital Appointments:

Wayne University, Dept. of Medicine - Research Associate in Hamatology.
St. Joseph Mercy, Attending Staf f - Chief, Department of Medicine. '

Brent, Active Staff - Hematology Consultant.
Crittenton, Courtasy Staff.

., , .Torth Detroit, At:ending Staff.
St. Francis', Associate Staff.
Sinai, Assistant Attending, Section of Hamatology.

-

Detroit Memorial Hospital - Consultant in Hematology. .

I

Saratoga - Consultant in Hematology.
Boulevard Goncrcl - Consultant in Hematology.
Park Community Hospital - Censultant,in Hematology.

'

Alex. Blain Hospital - Consultant in Hematology.
Cottage Hospital - Consultant in Hedatology.
Holy Cross Hospital - Consultant in Hematology.
Visiting Lecturo in Nuclear Medicino - Colo. Univ. College of Medicine.

*

5. Profession Sociatics;
~

American Medical Association ,

Wayne County Medical Society
Michigan State Medical Society .

,

Phi Delta Epsilon .

Alpha Omega Alpha
Maimonides Medical Society - President 1966-67.

6. Certified American Board of Internal Medicine, March 1965 .

*

7. Publications: ,

HEIRAN, N. , BERK, J.E. , and GAGLIARDI, R. A.1959. " Fluid and Electrolyte
Changes Following Preparation for and Performance of Barium Enema." Clinical*

Pasearch. 7:391.

O

' .

.
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NORMAN HEDIAN, Captain,MC *
-

HEDIAN, M. ,1959, " Fluid and Electrolyte Changes Following Barium Enema."
Bulletin - Sinai Hospital, Detroit. 7:61.,

. .

HERIAN, N. ,1962, " Hemophilia and Circulating Anticoagulant's." Bulletin -
Sinai Hospital, Detroit. 10:58. '

.

:
HEU!AN, N. ,1963, "Unders tandins Coagulation." Bulletin - Sinai Hospital,
Detroit. 11:

WSEER, R.E. and H2DU.N, N. 1963. "Tr.c Local Inflammatory Responso In ?atients
vi h 31ood Dyscrasias cs Tes ted by the Skin Window Technic." Bulletin - Sinai
Kospital, Detroit. 11:95.

EE D'AN, N . , 1953, "Tne Sidcrchlas tic Anemias." Eulletin - Sinai Hos;, ital, j

Detroit, 11:67.
.

HE D'AN, N., 1963, " Platelet Adhesion end Aggregation Studies in Normal Con- I
crols." Bulletin Sinai Hospital, Detroit.. 11:107.
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| tio-oi ' | ' APPUCA710M PO3 DYP2CDUCT I? SAT 50!AL LIGNM E7s *tT*e'.'INe; 23-ami !
, Pe

t-
'* 3 SUPPLE!AENT A-HU/.uN USE'

4.
, t

. ..
, ,

!

This page rnoy be comp!3!:d by the physic!cn's pr ceptor (if cny)in the medha! vse of radioisotopos. When the information is not; ,

j furr0shed by the prec0ptor, the nome und prescal addtcss of the preccptor (if ony) should be shown in item 12 below,

i^
I 9. (o) USIND PM'fsiCIAN'S NN4 @) NAM 4 AND ADDRESS OF APPUCAT (if d.tterens frorm 9(o}}
.

.

;
FITZSD:O"S GE"E:'AL HOSPIT.'.L

.

'
vcw''/g; mt'p',;'. DE'lVEn, CCL0nADO 80240" ,

i

'

| ' 10. CL:N: CAL 7AAIN!NG AND ZAPZA:"NCE Of PHYS:CIAN WHO W:LL U$2 f,YPEODUCT MATERIAL

vi 9, tci m:
TYPE OF PARTICIPATIOr4 FOR ALL CAltsi

I - f NUN 4Et OF IN COLUMN 8 {cincte applicobio num-' tSOTOPE COND: TION;$) OtAGN05t0 OR TREATED CA$($ bets of Hem in accordonce with key ser4

o forth bel .)-

I-.131 Dio0nosis of thyroid function 2ty, (1) (2) (3) (4)
~

; y Trcotment of hype.-lhyroidis n 6 Q ) (2) (384 )
_

, ,
Treatment of thyrcid concer 1 2 3-4'

Trcotment of cerdiac cond;tions 1 2 3 4 :#

*

' .1 - 3roin tomor lecolization 1 2 3 4 ,i'

=

t

I hlood dotarminot;or s 1 ___2 3 4 |
,

; NJN~d?"N Upt Seam 3 b) (2b 3) b 1<

j i C6use t_... g c g- 3 (1) (2) Q (4) {
! ?f2 Tr.;,4me! cf pa!ycy:h:tr.io c .:! IMc:ni: 1 1 2 3 4

j Sekt;Ja J &c:n is.nor laco!i::.; tion i 1 2 3 4

I Tactnant of bero matcm. sos | 1 2 3 4,

. . w

| Others: I 1 2 3 4
3

$ ) | | 1 2 3 4
4

P-32 Tra.unent of prorct:c concer 1 2 3 41

CrPO4 Trectment of cervical concor 1 2 3 4'

I Trcatment of plevr I euws. .s a-d/or oscites 1 2 3 4
Charss *-~ wv-r:n~ n 1 2 3 4

L.

I,
.m

1 2 3 4v. m .y y ,.,r p m
Au- ?J ; Traett . ant ci srostctic c:ncer 1 2 3 4

Colio:d Trectment c.f cuv:e=t concer 1 2 3 4
|
- Treatment of plesral o."wsions and/or escitas 1 2 3 4

h others: Iiver se ma IS Q) (2) ("s) @) .

| 1 2 3 4

| Cr-51 glood deterra; notions 1 2 3 4
' mhers: 3rican Scans 6 O) (2) (3) @ )

! 1 2 3 4

' other l'n-197 !!idnov Scans .22 0 ) (2) (3) (d')'

' { isotopes rp" n Erafn leans 38 O) (2) (3) (4)
I | Sr-SS Fone Scans 8 O )(2) (3) @)

Key to obove numbers (colwinn D)
f Active Perhcipation and 0.ssvision in the: .

] 1. f aaminotion of pot;ents to determine svitab;;;ty for rod.cisotope diagnosis and/or treatment and recommendations on deso0e t# be prescribed.
. 2. Coitoborat;on in calibrosion end odadahtration of doinges includ;eg related moosvremerts and plotting of dote.

- 3. Active period of training and esper;ence of swme;ent duror:en to permit followwp of patients through treatment end posttreatment period inctsd ng
rsevolwdan es to effectiveness end complicofions.

.

.

4. $Ndy ed discussion of cose bistories to establish nost eEcoclaws diagnost;c ond/or theropeutic techniques for this rodiohotope use,
.

i i

3 \
'

.

4 > t. c
11. TOTAL Num3tt Of NOV15 CP PARLCJ A - C MCM.71xN:NO -* hoves

; 12. Tht TwNxo AND 1xnt4NCI ICCAT!D AsOvt WA5 0: Tun:D UNDIA THE SUN 2Vis!ON 02 Gu.JANCE OF

l -.u. . 4.. , ,, c. STC. t , . e..a v.. .,- n
.

'..,
FI.T. VE S.,ZS Dio.70 CEFEML liO3PITAL7 , ' 3' ' . I' g-

C C'.O n. P ' ^ f 1 4 0.
.

v. <s;cw. ,s
s ..~

~~ . %4ww--n w.,. L - ~-~ w.,__.-
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# inks la as follows: '

i

Successful completion of tno Nuclear Power Plant Operat,or's Cou se

(52 weeks), conducted by the U.S. A.B.R.0. at Fort, Belvoir, Virginia,

0::tober 1960 - October 1961, f ollowed by 6b years' utilization in the

tiuclear Powe Program. This school containec J2 hours of Nuclese Pnyaics,

f4 hours of Nucle.ar EnginesrInc., and L6 hours of Healto Payaics,

3uccessfu' cor@ lotion of the :uullat, ion SVety Coura.e conduct.ed at tr.e

U. S. Amy Qianical School, Fort McClellan, Alabama (8F nours).
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APPENDIX II

Attached is the training and experience of the individuals approved
for human use of radioisotopes with the exception of Col. Canham
and Capt. IIelman. Their training and experience is included in
Appendix 1.
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CrPO. Ibtant c '

e cervi::1 aa .cor | 1 2 3 4
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J. q. --
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| rseve.w ,t on as to ef'estivacess artd comph<ctions. i

4. Study cad discuis'cn of case EMaries to on:chlish rnost eScocioss dio;;r4stic and/or theropewtic fochniques for this radioisotope use. |

4

i.

13 0 + %, ;u ic:a .ww. c., > :c.u ;e >A.a.:P a: a w c u .:A:.r2A:N.so

.12. TPJ TLx.a.3 AND D.?;c! Act IND:CAnD MOV! W4 037AIN!D Ur4DL:t TH! SUP2tvis:ON 02 CU: DANCE OF j |
.

1
o 1

| G.F. Burch ~'ulane Medical School
'

3.;,

e. .e ,*,,i n i,rrop,o,a innstiu.. - <s.2n. ,e)
.

.

@."% H gs Nwm. '. 6 g N --m.@.e.w-e 4#6 my6M$- **$ hA@-' 'M '" '. '" 4
_



. _ _ __

_ _ _ . . _ _ - - -,

r.,M uc :,u. mso e Tm
; TKMN:NO AND 2,Mi 4CZ C,J is.Cri Ir4D C , h5 D IN iMA 4 upAerd ecers d eacasortl ,

[OF TAA[NaNGe. . . i DURATION 07 ONTM{JC6 FORMAL CCV:!5! j
|84 | wHiu T"5 T A A6 Ns NG (Grcle answa) (Onse cas-er)i

,
i

| .. er.ncyes 1o,,d proctices of ,os..t.on | | g y, (y;?, y,

i rm, rne tr dinal_jicimi !1G50 64 iprotui~ '

e
i t

| .I b. Rod.or.,ctmty meowement sy,ndardito- . . , q g

Qesi
No 8,f an and men;toring techn.qvss und in. ) No

! rim anc- VC e' n ' Rehn,1 1c50_64 i$^aa" -

' c. v.dem o and co:c lo .cn box to ise| | {,-) y, j. g
,

!
me - ~ s -n. a ,o d...cn.a, . , _-a s.,,c c,-i c , , m. 4001 -9+m p_

. ,
, , _ . ,

-

@ "* C "
a t.cowca .,ncis a , cno.t r.,,,,., ,3, a , g c ,% , ,asn_6h
, v. zm A.m w.Ta umcr.. w me e ,o ecy, o. u...a . um.c.a

e 15070/t ! MAXIMUM AMOUNT Wegat ExPgt N;i WAS CAIN!3 DLAATION OF EDEt(NCE TYPi OF U$f

!Mg 23 500 c Tulane Medical School 4 years Experimental (4
f'H30Hj 10 c Tulane Medical School 4 years Experimental

|'Na22; 500 c Tulane Medical School 4 years Experimental :
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APPLI NTION FOR BYPRODUCT MATERI f LICENSE O ''g[d " *** .-

9. Experience with radiation (Continued)
Isotope Maximum Atount Where Experience Gained Duration Tyne of Use

,
a

i 1N
.

C-progesterone WRAIR and, Walter Reed 1 month Metabolism c
adrenal ster.General Hospital -

olds in pat-:
1ents with.

metabolic
disease+

1

|
1NC-glucose 22,200 WRAIR 4 yrs L60 research

i dpm/ flask. USAMRNL 1 yr Lab research-
'

14
C-Cholestero1 Approx. Univ. of Penn. Dept 3 yrs Lab research

610 dpm of Biochemistry'

^4'

C0 WRAIR 4 yrs Lab researcr
2

0-Steroids Ao Univ. of Penn. Dept 3 yrs Lab resec.rch;

('.'erious r:inds) prox.10 dpm of 31cchemistry

'0-Iodo'autyric
acid Approx Univ. of Penn. Dep' 3 yrs Chemical syn

10 dpm of 31cchemistry g"hesis of
C . labeled

steroids

1
:
|

a

w _.
-.

- - -

- . _ - - . - - - ., -, , . ..
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Continuation of Item 6 Appendix III

M. Iodine 125 M. Cholografin M. 1 millicurie

N. Iodine 125 N. Thyroxine N. 1 millicurie

0. Phosphorus 32 0. Soluble Phosphate 0. 25 m1111 curies

P. Phosphorus 32 P. Colloidal Chromic Phosphate P. 25 millicuries

Q. Cold 198 Q. Colloidal Q. 250 mil 11 curies

R. Chromium 51 R. Sodium Chromate and Chromic R. 10 milArcuries

Chloride
S. Cobalt 58 and S. Vitamin B 12 S. 10 millicuries

Cobalt 60
T. Iron 59 T. Ferric Chloride and T. I millicurie

Ferrous Citrate
U. Mercury 197 and U. Chlormerodrin U. 10 millicuries

Mercury 203
V. Hydrogen 3 V. Water V. 25 mil 11 curies

W. Sodium 24 W. Sodium Chloride W. 1 millicurie

X. Xenon 133 X. Gas X. 2 curies

Y. Strontium 85 Y. Nitrate and Chloride Y. 3 mil 11 curies

Z. Strontium 90 Z. Tracerlab Model RA-1 Sealed Z. 25 mil 11 curies
Medical Applicator

AA. Any byproduct AA. Any AA. 500 mil 11 curies
material with

of each except

Atomic Nos. 1-83, Hydrogen 3
5 curies. Totalinclusive
not to exceed
10 curies .

BB. Iodine 131 BB. Macro Aggregated Human BB. 20 mil 11 curies
Serum Albumin

CC. Strontium 90 CC. U. S. Radium Corporation CC. 1 source of 13 i

Model LAB-369-1 millicuries |
DD. Molybdenum 99 DD, E. R. Squibb Model 08871 DD. 600 mil 11 curies |

Generator ,

'

EE. Technetium 99m EE. Pertechnetate EE. 300 m1111 curies

FF. Calcium 45 FF. Chloride FF. 10 mil 11 curies |

GG. Calcium 47 GG. Chloride GG. 10 mil 11 curies
HH. Xenon 133 101. Gas dissolved in saline HH. 50 millicuries

II. Not renewed
iJJ. Not renewed

KK. Carbon 14 KK. Vitamins, Carbohydrates, KK. 10 millicuries

Amino Acids, Lipids, Acetate of each j

LL. Hydrogen 3 LL. Vitamins, Water LL. 50 mil 11 curies I

of each |

MM. Magnesium 28 MM. Oxide, Chloride, Citrate MM. 10 millicuries
of each

NN. Chromium 51 NN. Labeled Human Serum Albumin NN. 4 millicuries

00. Cesium 137 00. Any 00. 1 millicurie

l
1
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Continuation of Item 7 Appendix IV

G. Determination of thyroxine turnover.

H. Diagnosis of thyroid function and thyroid scanning.
I. Determination of plasma volumes.
J. Determination of renal function.
K. Determination of liver function.
L. Determination of fat absorption.

M. Determination of liver and gallbladder function.
N. Determination of thyroxine turnover.

O. Treatment of polycythemia vera, leukemia and bone metastases.
P. Intracavitary treatment of malignant effusions.
Q. Intracavity treatment of malignant effusions. Interstitial treatment

of prostate carcinoma. Liver scanning.
R. Determination of red cell mass, red cell survival time and

gastrointestinal bleeding. Spleen scanning.
S. Diagnosis of pernicious anemia,
T. Determination of iron turnover.
U. Kidney and brain scanning. Brain scanning with Mercury 203.

Brain scanning and kidney scanning with Mercury 197.
V. Determination of total body water.
W. Determination of total exchangeable sodium.
X. Determination of pulmonary function.
Y. Bone scans in patients with diagnosed cancer.
Z. Treatment of superficial eye conditions.

AA. Laboratory research in_ vitro and in lower animals.
Lung scanning for diagnosis of massive pulmonary embolism.BB.
For use in Glowall Corporation Model AD-10 Ionization Detector in aCC.
Glowall Corporation gas chromatograph.

DD. Source of Technetium 99m Pertechnetate.
EE. Brain scanning.

FF. Metabolic and physiological tracer studies in volunteers, in accordance
with application submitted November 18, 1966.
Metabolic and physiological tracer studies in volunteers, in accordanceGG.
with application submitted November 18, 1966.

101. Measurement of myocardial blood flow.
II. Not renewed
JJ. Not renewed
KK. Metabolic and physiological tracer studies in volunteers, in accordance

with application submitted November 18, 1966.
LL. Metabolic and physiological tracer studies in volunteers, in accrodance

with application submitted November 18, 1966.
MM. Metabolic and physiological tracer studies in volunteers, in accordance

with application submitted November 18, 1966.
NN. Determination of gastrointestinal protein loss.
00. Standard for assay of molybdenum content of eluate of molybdenum

generator.

Y

.
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DIAGNOSTIC PROCEDURES, DOSE SCHEDULE AND THERAPEUTIC DOSAGES

All procedures listed in HR-h0-601. Dose schedule and additional procedures
listed below

DIAGNOSTIC PROCEDURE ISCTOPE USED DOSAGE RANGE

1) Lung Scan Macroaggregated Human Serum 300 ue
Albumin I-131

2) Brain Scan Technetium 99m 8 MC
Hg-197 700 uc

3') Liver Sean Colloidal Au-198 150 uc

h) Spleen Scan Cr-51 200 ue

5) Bone Scan Sr-85 100 ue

6) Thyroid Scan I-131 60 - 100 ue

7) Cardiac Scan Iodinated Human Serum 300 ue
Albumin I-131

8) Renal Scan Hg-197 150 ue

9) Renogram I-131 and I-125 labeled renal $ uc/Kg of
function conpounds body weight

10) Blood Volume Iodinated Hu mn Serum Albumin I-131 $ uc
Iodinated Human Serum Albumin I-125 5 ue
Cr-51 $0 uc

11) Placenta localization Iodinated Human Serum Albumin I-131 5 ue

12) Liver Function Study Rose Bengal I-131 150 uc
'

with scan

13) Red Blood Cell Survival Cr-51 150 uc

lb) Platelet Survival Cr-51 150 -c

15) Schilling Test Co-57 0.2 - 0.5 ue

! 16) Thyroid Uptake I-131 10 uc

17) PDI Conversion Ratio I-131 100 uc

18) Thyroid Rate Studies I-131 1CO uc

19) Cardiac Output Determination Iodinated Human Serum
Albumin I-131 5 - 15 ue

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ . _ _ _ _ - _ _ _ _ _ . - _ _ - . _ _ _ _ _ _ _ . - . _ _ . _ _ _ _ _ _ - . _ _ _ _ _ - . - . _ _ . _ _ _
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DOSAGE SCHEDU LE CONTINUED. . . . .

DIAGNOSTIC PROCEDURE ISOTOPE USED DOSAGE RANGE

20) Iron Studies Fe-59 50 ue

21) Fat Absorption Studies I-131 Labeled Fats and
Fatty Acids 25 - 60 ue

22) Determination of Oastro. Cr-51 Labeled Human
intestinal Bleeding Serum Albumin 50 - 75 ue

23) T-3 in-vitro Test I-125 & I-131 less than 0.1 ue

2h) T-h in-vitro Test I-125 less than 0.05 ue

25) Childrens doses calculated by formula

(Age of child) (Adult Dose) = Child's Dose
Age + 12

THERAPEUTIC USES ISOTOPE USED DOSAGE RANGE

1) Hyperthyroid Treatment I-131 5 - 10 MC

2) Thyroid Carcinoma I-1 31 75 - 150 MC

3;) Cardiac Diseases I-131 5 - 30 MC
|

I h) Leukemia P-32 5 - 10 MC

5) Polycythemia Vera P-32 5 - 10 MC

|

|

|

|

|
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APPENDIX V

TYPE OF NUMBER RADIATION SENSITIVITY WINDOW USE
INSTRUMENTS AVAILABLE DETECTED RANGE (mr/h r) THICKNESS

1. Packard Mod. 1 Alpha, Beta N/A N/A measuring -

314EX Liquid Gr.mma
,

Scintillation
Counting System

2. Packard Mod. 1 Alpha, Beta N/A N/A measuring
3375 Liquid Gamma

Scintillation
Counting System ' * ~

3. Packard Mod. 1 Alpha, Beta N/A N/A measuring
3314 Liquid Gamma
Scintillation
Counting System

4. Nuclear-Chicago 1 Alpha, Beta N/A N/A measuring
Mod. 6801 Liquid Gamma
Scintillation e

Counting System

5. Nuclear-Chicago 1 Alpha, Beta N/A N/A measuring
Mod. Mark I Liquid Gamma
Scintillation
Counting System

26. Tracerlab Versa 1 Beta, N/A 150 mg/cm measuring
matic V Scaler with Gamma
GM tube or Sodium
Iodide Crystal

7. Atomic Ass. 1 Beta N/A N/A measuring
Chromatograph
Plate Scanner

28. Nuclear-Chicago 1 Beta, 0-20 1.4 mg/cm surveying
Survey Meter Gamma
Mod. 2612

9. IM-154/PDR-54 1 Alpha N/A UNK surveying

210. Nuclear-Chicago 2 Beta, N/A 100 mg/cm surveying
,

Labitron Mod. Gamma
1619A

ffS-
-

M
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APPENDIX V (Continued)

TYPE OF NUMBER RADIATION SENSITIVITY WINDOW USE

INSTRUMENTS AVAILABLE DETECTED RANGE (mr/hr) THICKNESS

11. Nuclear-Chicago 1 Gamma N/A N/A measuring

Mod. 4351 Tobar
Gamma Counting
System

12. Beckman Low 1 Alpha, N/A 80 ug/cm measuring

Beta II Beta

2
13. Eberline Mod. 1 Beta N/A 0.85 mg/cm surveying

PAC 3G with
Beta Probe

Items 1 through 5 are calibrated as necessary with Nuclear Chicago C-14 and H-3
quench correction standards.

Items 6 through 10 and item 13 are calibrated at 6 month intervals by the Pueblo
| Army Depot Mobile Calibration Team.

Items 11 and 12 are calibrated with the appropriate standards when needed.

|

|

|
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FGH DIAGNOSTIC'SECTIOh
i

Form 313 #10 Radiation Detection Instruments'

'

-NUMBER RADIATION SENS. RANGE'

TYPE OF INSTRUMENT AVAILABLE DETECTED USE
,

,

1) PH0/ GAMMA CAMERA II NUCLEAR CHICAGO' model #6h01 with strip chart
recorder attachment N.C. model #3hh5 1 Gamma Measuri"g

>

i

; 2) Nucle,rt Chicago Uptake Unit includes: Gamma Measuring

j Anal,rzer Input mode 1~ #87h2 1

|
Ultrascaler II model #8276 1

Sample Changer model #813050 1
:

f.utosubtract model #8721 2

| 3) Picker Nuclear Magnascanner II (3 inch
crystal) 1 Gamma Measuring

i h) Picker Nuclear Magnascanner V ($ inch
crystal) 1 Gamma Measuring

!
' 5) Picker Nuclear Twinscaler II (mcdel 1 Gamma Measuring

#600-125) with floor model well
i

'

[- 6) Picker Nuclear Autowell with Twinscaler
! II model #600-125 1 Gamma Measuring
3

7) Picker Nuclear Dual Proce System includes: Gamma Measuring

; Dual Rate Computer model #60082 1

i Dual Channel Analyzer model #6001h5 1

i Strip Chart Recorder model #PWD 600-092 1
Digitape h (tape recorder) #626155 1

:
Monroe Data / log model #MC10-h0 14~

)
i 8) Scintillation Detector Nuclear Chicago4

model #DS$ with probe 1 Gamma Measuring ,
4

I- ' 9) Ames Atomium Volemetron with memory
unit 1 Gamma Meamring |

t

] 10) Mediac Nuclear Chicago Dose Calibrator Measuring &

model #6362 1 Ganem 75 KEV-3MEV Bio-Assay
|

i
11) Nuclear Chicago Labitron model #3'!9 1 Gamma up to 20,000 Measuring,*

f- cpm Surveying,
Monitoring

12) Picker Nuclear Laboratory Monitor up to Surveying &

model #600081 with GM Tube 1 Gamma .30,000 cpm Monitoring ]
1

13) Radiac Survey Meter IM-7kA/PDR-270 1 Beta, up to 500 Monitoring &
Gamma mr/hr Surveying

~.

|

|



FGH DIAGNOSTIC SECTION

Form 313 #11 Method, Frequency, and Standards Used in Calibrating Instruments
listed in #10

#9 the Ames Atomium Volemetron is calibrated with a Bal33 reference standard kit
before each use of the machine, All other instruments calibrated daily or as
needed with Cesium or other sources, All survey and monitoring instruments are
calibrated at 6 month intervals by Pueblo Army Depot mobile calibration team,

#12 Film Badges, Dosimeters, and Bio-Assay Procedures Used

Film badges are worm by all personnel using radioisotopes, changed monthly and
.

obtained from U.S. Army Signal Corps, Radiacmeter pocket dosimeters (IM 95/PD)
which read up to 200 mr/hr are available for monitoring, Bio-assay of Technetium
eluate of Molybdenum-99 Generator is carried out using a dose calibrator or by
the dilution method described in attached E.R. Squibb literaturs,

:

!

;

-m -.
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CAUTIONt NEW DRUG-Limited by Federal law to investigational use

TECHNETOPE*
Squibb Technetium-99m

STERILE GENERATOR

"

i i I .

!
i _

i u
*

- yo

The Technetope (Squibb Technetium-99m) Sterile Gener-
-

ator provides a means of obtaining a sterile, non-pyrogenic
-

f supply of Technetium-99m (Tc"=), a versatile scanning _

|
agent that can be administered intravenously or orally.
Tc"=, the short lived daughter (T% = 6 hours) of Molyb- {

~

Tc"=
denum-99 (Mo"; TM = 67 hours), is obtained from the y _

*
generator by periodic clution. The amount (in millicuries)
of Tc88= obtained in the initial clution will depend on the
original potency of the generator, while the activity ob-
tained from subsequent elutior ~ll depend on the time

interval between elutions (see L 4 ).h

Eluting the generator every 24 hours will provide opti- Time
mal amounts of Tc"=. Most laboratories therefore will
find it convenient to clute the generator eac:: day at a spe- Mo" decay and Tc" growth after daily elutions

cific time. However, the generator may be eluted when-

ever sufficient amounts of Tc"= have accumulated within WARNING
the column.

Maintain proper radiation safety precautions at all
times. The glass column containing MoS9need not be

DESCRIPTION removed from the lead shield at any time. The radia-
tion field starrounding an unshielded column is quite

The Technetope (Squibb Technetium-99m) Sterile Gen- high. Solutions of TcSS= withdrawn from the generator
erator has been sterilized by autoclaving. The Molyb. should always be adequately shielde". The early elu-
denum-99 und in the generator meets or exceeds the purity tions from the generator are highly radioact,ive.
requirements of the Atomic Energy Commission with
respect to allowable levels of Ruthenium-103 Telluri-
um-132, and Iodine 131 contamination. At the time of IMPORTANT
initial elution, the alumina concentration is less than 0.5 Since material obtained from the generator may be in-

tended for intravenous administration, aseptic technique
mg. per 10 millicuries of Tc"= activity. The generator must be strictly observed in all handling. The stoppers of
consists of a specially designed lead shield containing an the eluent bottle and tne collecting vial, and both rubber
alumina packed glass column which releases Tc"= upon ci sures m the generator column should be swabbed with
elution.The lead shield has two access ports to the rubber a suitable germicide before each entry. All entries into the
closures at the top and bottom of the glass column, allow- generator column must be made with sterile needles. Either

ing aseptic clution and storage under conditions of constant
the eluent provided, or Sodium Chloride injection U.S.P.
should be used to eluto the generator. Use a fresh dispos-

shielding. Additional shielding during shipment is provided able syringe, milkingtube, breather needle, bottle of eluent,
by a removable lead sleeve which surrounds the entire and collecting vial for each elution; sufficient equipment is
assembly. provided for this purpose. All equipment used to collect or

Supplied with the generator are 6 bottles of sterile, non- administer the TcS9m must be sterile. Do not administer
pyrogenic eluent, and suitable equipment for eluting, col- material elutd from the generator if there is any evidence

lecting, and assayfog the Technetium-99m. of foreign n "+er.
.
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DIRECTIONS FOR ASSAYING Tc"= A .IVITY COBALTS JECAY FACTORS
Using the Conometry Unit To obtain B in the formula at left, multiply the assay value stated on the

and the Squibb Coboll 57 Standard labelof the Cobalt 57 Standard by the appropriate factor in the following
table:

The Conometry Unit consists of a device which standardizes counting Weeks Factor Weeks Factor Weeks Factor Weeks Factor
geometry when inserted into any standard wc!! counter, and a lead ab-

1 0.980 14 0.776 27 0.614 40 0.486sorber for obtaining a suitable counting rate. The Cobalt-57 Standard pro.
2 0.%2 l' O.762 28 0.603 41 0.477Sides an appropriate amount of Cobaltous Chloride Co 57 Solution for

comparison with an appropriately diluted 0.1 cc. aliquot of Tch. Special 3 0.945 16 0.74M 29 0.592 42 0.469
4 0.928 17 0.735 30 0.582 43 0.461t:sttles for assaying the Tc* are also provided.
5 0.911 18 0.722 31 0.571 44 0.452

1. Place the Conometry Unit in a well type counter. See photo below.
6 RW W W M W 45 m

2. Place the vial of Co" Standard in the cup of the Conometry l' nit and
determine the activity in the 0.04--0.2 Mev range. Record net counts / f09
' " " " " ' 9 0.848 22 0.672 35 0.532 48 0.421

3. Prepare a Tc* assay sample as follows: 10 0.833 23 0.660 36 0.522 49 0.414
Put 5.0 cc. of tap water in one of the assay bottles.

11 0.819 24 0.648 37 0.513 50 0.406
N cluste and add 12 0.804 25 0.636 38 0.504 51 0.399Aseptically withdraw 0.1 cc. from the vial of Tc

this to the water in the assay bottle. (The lead collar may be fitted 13 0.790 26 0.625 39 0.495 52 0.392
over the top of the collecting bottle for additional shielding during
withdrawal).
Swirl the assay bottle gently to assi.re uniform mining of the Tc* DIRECTIONS FOR ASSAYING Mo" ACTIVITY
assay sample.

. 1. Place the collecting vial containing the total TcN cluate in a % inch4. Remove the Co" Standard from the Conometry Unit and replace it lead container and set this on the surface of a well-type scintillationwith the Tem sample. Maintaining constant geometry with the pre- detector or scintillation probe. (The lead container is provided onvrous count. determine the activity in the 0.(M-0.2 Mev range. Record request with the Cesium-137 Standard mentioned below.)
ine the activity in the 0.6-1.0 Mev range. Record net counts /2. e

5. a cula a tivity using the following formula:
BXMXMTc* activity (mc/cc.) = A 3. Remove the vial of Tch from the lead container and replace it with

C a Cesium 137 Standard. Deternune the activity in the 0.6-1.0 Mev

Where: range, maintaining constant geometry with previous count. Record

A = net cpm of TcN sample net c unts/ minute. (The Cesium 137 Standard is provided on request

B = activity (in millicuriM of Co" Standard tn a Technetope collecting vial with a total volume of 25 cc.)
(taken from label and corrected for decay) 4. Calculate Mo" activity using the following formula:

C = net epm of Co" Standard Mo" Activity Or/cc.) = A X (5
10 = dilution factor for Tc* C

0.91 = factor for converting Co" activity to Where:
equivalent TcN activity (corrections for A = net cpm of Tch sample
difference in photon yield and attenuation of B = activity (in microcuries per cc.) of Cs887 Standard
Co" and Tc* photons are included) C = net epm of Cs187 Standard

4.5 = factor for converting Cs187 activity to equivalent Mo# activity
NOTE: It is not possible to completely shield out spurious Mo" counts
which are due to the presence of large amounts of TcN. Hence Tem
cluates that are totally free of Mo", when assayed in this manner, will
appear to contain approximately 0.1 microcurie of Mo" per millicurie
ofTc N.

| Tc"* DECAY FACTORS,
'

The actmty of Tch at the time of administration can be determined by
j multiplymg the calculated activity by the appropriate factor in the foi-
i lowing table:
4

llours Factor flours Factor Hours Factor;
% 0.44 4% 0.595 8% 0.375 i;
1 0.891 5 0.561 9 0.'K4 1j

' i 1% 0.841 5% 0.530 9% 0.334
'

2 0.794 6 0.500 10 0.315
.i 0.749 6w 0.472 10 % 0.297
3 0.707 7 0.445 11 0.281

j 3% 0.667 7% 0.420 11 % 0.265 ,

i |; 4 0.630 8 0.397 12 0 250 |

PHYSICAL PROPERTIES
; Technetium-99m has a half life of 6 hours. The scintillation spectrurn of

TcN shows a photopeak at 0.14 Mev from its gamma emission; it does'

not emit a beta particle.
Molybdenum 99 has a half-life of 67 hours. Its two major photopeaks.

are at 0.74 Mev and 0.78 Me*, from two of its numerous gamma emis-
sions;in addition, the isotope emits several beta particles.

( The half-life of Cobalt 57 is 270 days. Tu scintillation spectrum of*

Co" shows essentially only one photopeak at 0.123 Mev from its prin-
Conometry Unit in well type counter cipalgamma emission. Co" also emits an X ray, but has no beta emission.

E R Squras & SONS, NEWYORK
3
' INC.
!

j n.4rn PW' "ss
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APPENDIX VI

Attached is a map of the Radioisotope Section of the U. S. Army
Medical Research and Nutrition Laboratory. The laboratory which
represents the east wing of the building is operated as a restricted
area with controlled access. Low energy beta emitting radioisotopes
are stored in the refrigerator at the east end of the hall. This
refrigerator is kept locked to provide additional protection. High
energy beta emitters and gamma emitters are stored in tne AEC hood
in the high level room. This hood is surrounded by one inch of lead
shielding and built up at the hood opening with lead bricks.

Liquid waste disposal is carried out in the " hot" sink .tn the high
level room as described in Appendix VII. An outside walk-in freezer
is located alongside building S 602 (not shown) and is use.d to store
solid radioactive waste. It is locked and posted.

Also attached is a map of the Radioisotope Clinic and a description
of the facilities.

,

4
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LEGEND FOR FLOOR PLAN OF DIAGNOSTIC RADI0 ISOTOPE SECTION

Room 1 Scan room for special studies
A - Profile scanner with tape recorder attachment

Room 2 - Laboratory
B - Hood
C - Hot sink
D - Radioisotope storage (lead brick enclosure with lead sheet bottom)
D - Dose calibrator1
E - Cold sink
E - Cold storage radioisotopes. Radioisotopes to be refrigerated are kept3

in original shipping lead containers,

Room 3 - Laboratory office

Room h - Canera room
F - Pho/ Gamma Camera

Room 5 - Latrine

Room 6 - Store room

Room 7 - Renogram room
0 - Dual probe machine
H - Tape recorder attachment
I - Digital printout

Room 8 - Doctors office

Room 9 - Scan room
J - Magnascanner V

j Room 10 - Decay storage
j K - Metal container for storage

| Room 11 - Well counting
! L - Volemetron
'
- M - Autowell
i

N - Refrigerator
0 - Dual channel scaler and floor model well

.,

', Room 12 - Doctors office

Room 13 - Scan room
P - Magnascanner II

;. Room lh . Uptake room
Q - Scaler
R - Burdick Photomotograph and Electrocardiograph machine for ART'

Room 15 - Supervisors office

:
f
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LEGEND OF DIAGNOSTIC SECTION CONTINUED. . . . . . . .

Room 16 - Doctors office

Room 17 - Reception' area and secretaries office

The floor plan and accompying legend detailc space and instrumentation as of
2h June 1968. All radiopharmaceuticals are procured and received accorging to
HR h0-602 and stored in designated area in laboratory. All doses are prepared
and administered in laboratory area. Books are kept on each radioisotope for
procurement, use, and disposal. The decay storage room is kept locked at all
times. All other doors are kept locked when no one is in attendance.,
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QPPENDEX ET PARTE*
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/g-[62FITZSIMONS GENERAL HOSPITAL
Denver, Colorado 80240-

* HOSPITAL REGULATION
NUMBER 40-601 16 December 1966 '

MEDICAL SERVICE - RADIOLOGICAL SERVICES AND PROCEP""M

OPERATION OF RADIOLOGY SERVICE

SECTION I.- GENERAL

1. Purpose. To furnish information and guidance concerning the opera-
tion of the Radiology Service and The Surgeon General's policy for Medical
Roentgenography.

SECTION II: - RESPONSIBILITIES

2. Responsibility of All Medical Personnel. (Reference paragraph Id -
SGO Policy.) An increasing awareness of the hazards encountered in medical
roentgenography requires that all personnel of the Medical Corps participate
actively in the reduction of those hazards and in the employment of all
means to protect from unnecessary exposure all patients requiring X-ray
examination and all personnel working with X-ray equipment. That such hazards
exist and the fact that reduction of hazards is imperative shall in no way l
interfere with good medical practice, but shall only emphasize that the elimi- I

nation of unnecessary hazards is mandatory. The responsibility for the reduc-
( tion of hazards and the employment 1 of protective measures does not rest with

one individual in a medical treatment facility but with all persons concerned
with the care of patients. l

3 Responsibility of the Chief, Radiology Service.

a. Precautionary Measures. (Reference paragraph ld - SGO Policy.)
The Chief, Radiology Service, will make periodic inspections of radiographic
equipment to determine whether or not unusual hazards exist, and he shall
take immediate action to climinate dangerous conditions. He shall employ all-

means at his disposal to reduce hazards by:

(1) Th minimum addition of 2 r.im aluminum filter (to incit e
inherent filtration of the collimator) to all fixed medical radiographic and
fluoroscopic X-ray tubes in use at this installation.

(2) The proper use of cones and collimators designed to limit
the X-ray beam to the part under investigation.

(3) The proper use of protective materiala and apparel by
personnel of ,the X-ray department engaged in making fluoroscopic and radio-
graphic examinations and for the protection of anatomical structures adjacent
to or remote from the part under investigation.

T
This Hospital Begulation supersedes HR 40-601, 23 February 1965, as,arg adei.

~'
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(b) The employment of techniques designed to reduce exposure
to the patient; i.e., immobilization of the part, use of intensifying screens,
and the use of optimum processing procedures.

(5) The conduct of periodic inspections of technical procedures
and conduct of a continuing program of instruction for X-ray technicians.

(6) Consultation with other physicians or dentists concerning
special diagnostic procedures that may be required and to warn of unusual
hazards resulting from repeated examinations.

b. Authorizing Use of Equipment. The use of radiographic or fluoro-
scopic equipment will not be undertaken by any individual, other than members
of the Radiology Service, without prior approval of the Chief, Radiology Ser-

Individuals desiring to use such equipment will submit a Dispositionvice.
Form (in duplicate) to the Chief, Radiology Service, stating their training
and/orexperienceintheuseofsuchequipment.

Pt ' monitor-Monitoring and Recording Radiation Exposure.c.

ing will be performed by the Chief, Radiology Serv.ioc for all in Aviduals occu-Periodically, at appropriate times, |pationally exposed to ionizing radiation.
and at least quarterly the Chief, Radiology Service, will send individual ex-
posure records to the Chief of Personnel Division for entry on individual DD
Form 1141 (Record of Occupational Exposure to Ionizing Radiation). The custo- !

dian of the medical records shall prepare and maintain DD Form 1141 for each )|'

person occupationally exposed to ionizing radiation.

4. Responsibility of the Attending Physician and Dentist _. (Reference
'

paragraph Id - SGO Policy.)

a. Determining X-ray Requirements. Requests for X-ray examinatica
|will be made only after the physician or den ' at has examined the patient and

thereby determined that X-ray examination is :essary for the proper diagnosis ,

'

and treatment of the individual. Each exami : ion will be made at the specific
request of the physician or dentist having knowledge of the responsibility for

d$the welfare of the patient.

(1) Sound medical judgment is necessary to determine whether
Suchor not roentgen pelvimetric examination of pregnant women is necessary.

an examination should not be a routine procedure, but should be made only after
the attending physician has determined its necessity. It may be considered
advisable to prepare a report of pelvic measurements to be given to the patient
for preservation with her personal records. Such a record may obviate the
ndeessity for pelvimetric examinations in f'uture pregnancies.

(2) Flams accompanying a patient transferred from one hospital
to another will be reviewed by the attending physician and by the radiologist
at the receivite hospital in order to determine the diagnostic value of the
films and to determine whether re-examir.ation of the patient is necessary.

2
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b. geparing Examination Request _s. Requests properly prepared
must correctly identify the patient as to name, rank, serial nunber (when
appli' cable), age, and status; indicate the part to be examined; show the
clinical diagnosis or impression; and bear the personal signature of the
physician or dentist requesting the examination.

c. Using X-ray Equipment _. physicians and dentists desiring to use
fluoroscopic or radiographic equipment shall receive' instruction in the use
of equipment and the employment of protective devices by a qualified radi-
ologist before authorization is granted.

SECTION III - GENERAL INFORMATION

5 Hours of Operation.

a. Normal Hours of Operation. Mondays through Fridays from 0745
to 1200 hours, and 1245 to 1630 hours. Only emergency patients will be
hand. led at other times. Except for true emergencies, no film reports or
film files will be given out on Saturdays. If films are required for con-
ferences and ward rounds Saturday mornings, they must be requested prior to
1200 hours Friday. patients should not be sent to the clinic after 1600 hours
to allow for completion of work for those already waiting and permit the
technicians to clean the machines and prepare for the next day's work.

b. Service After Normal Duty Hours. To obtain X-ray service a_t, .
t

(' other than normal duty hours, a call will be made to Extension 21140 before I

the patient is sent to the clinic. If there is no answer, the Operator will

be called to locate the technician on duty. Female patients and children will ,

not be sent to the X-ray Clinic unless accompanied by a female attendant after
normal duty hours L/~on Sundays or_ holidays. ,

$

6. X-ray Reports and Films.

a. I,oan of X-ray Films. X-ray films may be withdrawn from the cen-
tral files for short periods of time by an medical officer provided a proper
receipt is given (FAH Form 222-W, Request for X-ray Film, prepared by or for

therequestingofficer). The individual requesting the films will be held
responsible for the loss or damage of films while outside the de,artment. and
will also be responsible for the prompt return of films. Under no circumstance < !
will films be removed from their jacket and retained by individuals or a new
jacket prepared wuile outside the Radiology Service. The TB Service may, if 1

they desire, receipt for films of their patients to be retained on the wards
as long as the patient is in the hospital, but all films must be returned to
the Radiology Service when new flims are requested. Additional examinations )
will not be done unless borrowed films accompany the request. When a patient j

is transferred from ward to ward, films must be returned to the central files. j
Except under very unusual conditions, and then only when cleared by the Chief, g

Radiology Service, films may not be withdrawn from the central files until i

3
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they have been rep etek. 'Fhlms ' accompanying' patients to this hospital
aretobesent.directly}tothe,RadiologyServiceexc~eptthosetransferred,.. ,,

with a diagnosis of .tuberc~ulosis, in which case they are sent to the TB -Service. If films are, inadvertently'sent directly' to the ward, the medi- 3

cal officer will review {nem and send them'immediately to the RadiologyService. Films which have been coded for tsaching ~ purposes and identified
.

as " Teaching File" on the Jacket may be receipted' for only by a Medical or
. . _ . , .

Dental Corps Officer and will be. inventoried,on leaving and return to the..
* . ..,

central files by number and sizs'of films. Such films will not be loanedforperiodsinexcesspf,1@. hours.,
.

, . ..
. ... . 2,

~

b. X-ray Fi1m's'fr6m Other' Hospitals. Requests for films from
other hospitals will be made to the Chief, Radiology Service
X-ray Film Record Card FAH 1451-X on file in Out! 1m Section)(by signing .

When bor .rowed films have served their purpose, they will t
.

returned promptly to
the Radiology Service for return to the loaning hospital. '

Photographs and Duplication of X-ray Films. All requests forc.

photographs and duplication of X-ray films will be submitted to the Radiol-ogy Service.
Requests must be approved by the chief of the department orservice concerned. Requests for photography will be made on SG Form 416

(in duplicate), one form for each patient, with desired films attached tothe request. i
The Radiology Service will forward the request and films to

e.

the Medical Illustration and Audio Visual Activity, from where the request-ing official will receive completed reproductions.~ Requests for duplication
(solarization) of. films will be made to the Radiology Service, using a Dis-
position Form (one copy only), signed by the requesting officer. This ser-vice will not be performed for individual collections. a

1

SECTION IV - DIAGNOSTIC PROCEDURES

'. 7 General. The interpretation of films is not a detached study of
shadows to be made without consideration of the clinical findings, and it
is therefore necessary for the clinician to furnish all pertinent informa-tion as to diagnosis and, in the case of injuries, to state the specificarea involved. This system will result in much more efficient and' reliable-
film diagnosis and react to the benefit of all patients and physicians.
Radiology Service reserves the right to refuse to report on films when such

The

information is not furnished.

8. Examinations.

Request's for Examination. Diagnostic procedures will be accom-a.

plished on requests prepared and personally signed by medical and dental
officers of the Command.
and must be typewritten or clearly written in ink. Requests will be prepared in duplicate on SF 519A
the duplicate copy be legible. It is imperative that

The patient's full name, rank or status,
serial number (if any), age, race, ward or department; the part to be X-rayed;

4
.

4
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and clinical diagnosis will be entered.
shown in the space provided on the form. The name of the hospital vill be
should be requested by part or area rather than specific views.When possible the exation

patient to the' Radiology Clinic.standani views are desired, the requesting physician should accompany the
If non-

8.0.P.'s for X-ray examinations areavailhble for distribution. from the Radiology Service.
" Observation" will not suffice for clinical diagnosis on requests" Routine" or
than for PA chests.
culosis," " Food Handler," etc., are examples of appropriate entries"Possible fracture 5th left rib," " Suspected tuber-

other

quests for' routine examination of inpatients will be delivered to the de-Re-.

waiting if the examination cannot be accomplished immediately.partment, and patients will be called in order to prevent unnecessary
the ~ Service will bear the notation "For Discharge," "For Discharge andquests for examinations in connection with the immediate discharge from

All re-

Reenlistment," "For Discharge for Disability," etc.

listment, appointment in ORC, appointment to OCS, etc.to that required for discharge will be furnished on all requests for e
Infonnation similar

n-

and unsigned requests will not be honored. Improperly prepared

b. Emergency Examinations.
Emergency examinations will be madeat any hour.

In such cases a " Wet Readinc" should be requested.

unless the proper treatment of the patient is contingent on immediate filmscedure must not be abused, and no ep;.anation will be designated as emergenc
This pro-

y
and immediate interpretatica.
entered on the request. The telephone number to be called will be ,

The handling of pre-operative chest X-rays is cov-
-

cred in paragraph 12.

times when no Radiologist is in the hospital will be sent to the OPDFilms obtained at the request of OPD physicians atthe patient.

Emergency readings will be given to Clinic Patients to be handThese are to be returned to the X-ray Clinic as soon as pos-
withsible.

carried to the requesting physician.
should be indicated on the request. If the fihs are also desired, it

-

be called.to the warda- Emergency readings on ward patients will

retained in the X-ray Clinic until their films have been interpreted andPatients with requests marked " Ortho Wet" will be
j

turned with the repors and films to the referring physician
'

re-
' .

Bedside Examination.c.
marked " Bedside. " Requests for bedside examination will be

,

will be marked " Bedside - Emergency. "If an emergency bedside examination is needed, the request

necessary information, so that proper film identification markers can bsend the request to the Radiology Service or telephone that office gi iIn such cases, the ward will eitherv ng theto the ward.
the request form. Phone number and name of person to be called will be enterede taken ,

on

d. Special Examinations.

cholecystograms, laminograms, gastrointestinal series, barium enemaSpecial examinations such as fluoroscopy,
grams, myelograms, bronchograms, sinus tract injections s, anglo-

or heart fluoroscopy, examinations during surgery, etc. , encephalograms, chestment only.
If in doubt, the requesting individual should inquire of the R di l, will be made by appoint-a o ogy

. 5
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e. Urological' Examinations. Requests.for intravenous pyelograms -|
)

and other urological procedures will be made directly to the Chief of Gastro-
= Urinary Service, andL not to the Radiology Service. Special intravenous pyelo-
grams with nephrotomography or urea washouts in hypertensive patients will be
scheduled with the. Radiology Service.

_ .
f. Muktiple Examinations . Multiple er.aminations 'on the same in-

dividual require . careful planning. Menbers of +,he radiologic staff will.

'

assist in' arranging the. sequence of such examinations. If barium or other .
radiopaque substances are given, it may take several days for them to disa-
ppear sufficiently to eli2ninate confusing shadows in roentgenograms of the '

. abdomen. A.s a rule, contrast studies should be done last. Cholecystography
ishould ordinarily be done before a gastrointestinal examination except when

the small bowel is to be studied. Due to' the irritative effect of gallbladder ,

visualization preparations,.it is best to do cholecystography last when a.
small bowel study:is contemplated. A gastrointestinal series should be done
before a barium enema. When numerous examinations of the same area are likely,
.. total skin dosage must be considered. A member of the radiology staff will ;

!

assist in detemining if a dangerous dosage is probable. 'All anticipated
thyroid studies should be performed before any contrast procedures, other than

5 -

upper GIL or BE, are done.
b

g. Progress Examinations. Progress films or examinations should be Y<
requested only after consideration of likelihood of change since the last

i
examination. Consultation with the radiologist should be obtained to deter-

,

mine the optimal time for follow-up examination.f
~
4

; 9. ' Patient Handling.
.

a. Patients with Contagious Diseases _. All patients with contagious
diseases will have -this warning properly inscribed in BOLD PRINT on theiri

X-ray blanks. It is the responsibility of the ward officer to see that,this
procedure is carried out. ,

j

b. Nonambulatory Patients. Unless the Radiology Service is warned
< to the contrary, it will be assumed that every patient brought into the depart-

,

p
! ment may be bandled ~as ambulatory. If other than this type of care is expected,

' the request blank must properly show that the patient is to be moved carefully;
.oriis not.to-be moved at all. - .

'~ ' c. Removal of Casts and Braces. .If a cast or brace may be removed
for;the ecamination, a statement to that effect must be entered on the request.

,

k . d. LFemale Patients. All female patients who are not ambulatory must
A ! be dressed in an operating room gown, tied in~ the back, before leaving the ward.

'

i
' "
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- Under no ccnditions will fenale patients or children be sent to the
X-ray Clinic unless accompanied by a female attendant after normal duty
hours or on Sundays and holidays.

: 10. Preparation of Patient for Special Examinations.

a. GI Series or Small Bowel Examination. Nothing by mouth after
midnight before the examination. This is to include water, gum chewing
and medications. No smoking until after the examination.

b. Barium Enema. In the 24 hours before the examination the diet
should be entirely non-residue - clear juices, coffee, tea, gelatin, clear
soups. Eat and drink nothing on the morning of the examination. Dairy
products are high residue foods and must be avoided. Two ounces of castor
oil will be taken between 1600 and 1800 hours of the day before the exami-
nation. Children between 6 and 14 should receive one ounce of castor oil.
Young children should receive no castor oil but are to be given saline ene-
mas until clear within two hours of the examination.

c. Or,al Cholecystogram. The patient will report to the X-ray
Department one or more days before the examination for a preliminary film.
On the evening before the examination a fat-free meal containing lean meat
(but no pork products), vegetables, fruit, toast, or bread without butter,
coffee or tea may be eaten. hothing except water should be taken after this

( meal. At approximately 2100 hours the contrast material will be taken accord-
ing to instruct' ions given by the Radiology Service. On the following morning
omit breakfast until after the examination. If the gallbladder is not visua-
lized after a single dose of the contrast material, a reinforcing dose may be
given. If nonvisualization is due to diarrhea, 4-8 cc. of paregoric may be
given 30 minutes before a single dose of contrast material.

d. Special Procedures. Specific instructions for other special
procedures may be obtained by contacting an officer of the Radiology Service.

11. _ Pre-operative Chest X-rays.

a. Surgical Emergencies.

(1) This claasification shall apply only to those patients who
are true surgical emergencies and shall not be used to cover administrative
lapses of responsible medical officers.

(2) Pre-operative chett X-rays on surgical emergency patients,
if required, may be requested at any time. The responsible medical officer
will call the Radiolody Service (Ext 21151 during duty hours, Ext 21140 after
duty hours) to determine when the patient may be sent to the Clinic..

(3) At the time of this original call, the responsible medical
officer will inform the X-ray receptionist, if during duty hours, to what
telephone extention the film reading is to be reported.

\

\ 7i
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(4) If the call is being made after duty hours, the respon-
sible medical officer will notify the emergency X-ray technician where he
may be reached when the film is ready for viewing. -

(5) If, after 2000 hours, there is a question about the film
interpretation which cannot be resolved by the senior surgical officer on
the case, consultation may be obtained with the radiology officer on call.

(6) X-ray requests on these patients will be given top pri-
ority and will have recorded across the top of the form the following
legend: " Surgical Duergency, Immediate Reading." all other sections of
the X-ray request will also be completed, and the signature of the request-
ing medical officer will appear in the appropriate space on the form.

(7) Reports will be submitted through routine channels.

b. Routine Pre-operative Chest X-rays.

(1) The medical officer to whom the patient is' assigned will
be responsible for seeing that pre-operative chest X-rays are ordered when
indicated.

(2) ~ All patients requiring pre-operative chest X-rays in
elective surgical procedures will be referred to the Radiology Service for
these studies no later thar. 3200 hours on the last duty day preceding the 4

date of the scheduled operation.

(3) patients will not be referred for routine pre-operative
chest X-rays after 1200 hours on Saturday or on Sundays and holidays. Any
chest X-ray within 7 days prior to scheduled surgery will be considered
adequate for pre-operative clearance unless there is some clinical indica-
tion for a more recent film.

(4) Patient s to be admitted over the weekend for surgery on
a Monday will be referred for their chest X-ray during the week prior to
edmission.

(5) in the event of an administrative oversight resulting in
failure to obtain the pre-operative chest film in the prescribed manner,
the responsible medical officer will call the emergency technician to deter-
mine if and when auch an examination can be made. No priority will be given
these cases; and if the X-ray technician is busy with other emergency duties,
then it may be necessary to postpone the scheduled surgical procedure.

(6) X-ray requests for pre-operative chest films on elective
curgical cases will have recorded in the space provided for pertinent clini-

" Routine Pre operative Chest " In addi-cal history the following legend: - .

tion, the pertinent clinical information will be recorded, and all sections
of the X-ray request will be properly completed, including the signature of

@

.
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.the requesting medical officer.',
.- .

'

8

7. ; ;. ,

' (7). A11Vroutin'e pts-operative" chest film reports will be
!

"

given by telephone tii th'e icque' sting' ward no't_later than 1600.' hours of
the day of the examiniation. ' Ifla^vard is 'not d.esigna.'ted on the ieiuest,'the report will be given to' tt'he. Office of the Chief of Surgery. -It will

* then become the responsibi14ty of.. th.e medical offlcer concerned to take
whatever steps are necessary to e'ither cancel the sulgical procc b or
to clear the patient with th.e Anesthesia Service.

-
, . u . . .

Service: will, '(ote orily 1f there has-been',a change from the last examina-8) det-fibn reports 'on pat'ients from the Thoracic Surgery
! '

n 7

tion. If a change- has' occurFed, "the report will. be given to the ward con-cerned. l' ' ''' N' ' '

O

~(9)
channels. Typewritten reports win be . submitted through routine

' '

. -.

SECTION;V f RADIATION THERAPY PKOCEDURES,
.

|-
radiation therapy will be submitted to the Radiation Therapy Section on

12. sRequests for Radiation Therapy. Requests for consideration for
j

SF $13 (Consultation Form), in' duplicate. . History 'in some detail must thei
,

ente' red.
Treatment of malignant conditions'will'be. undertaken ~ only afteri- ,

. consideration of, the patient by tlie Tumor Board.(-*
>

i

,

13. ' Care of_ Patients Receiving Roentgen Therapy. The care of patients |;

receiving radiation therapy -will be under the direction of_ the Radiationi
,

Therapy Section. 'Any alterations or interruptions in therapy will be madef

only after consultation with the Chief, Radiation Therapy Section.
.

2

toxic drugs or chemotherapeutic agents will be administered or prescribedNo'. cyto-
|

for patients undergoing' radiation therapy without' prior" consultation with
;
'

Chief, Radiation Therapy because of i,he increased incidence of adverse'i
actions detrimental to the treatment of~ patients. re-

;

n .

A white blood count, differential and hematocrit will bea.
'

secured at least once each week by the Radiation Therapy Section and subce-! quently forwarded to the patient 's hospital charti - '

'b. :

, juices, milk shakes, etc.The diet will be supplemented by interval feedings of fruit
,

,

after each treatment may be indicated.doderate doses of sodium bicarbonate. immediately
If the patient is nauseated, " Drama-

mine" 50-100 milligrams t i.d. , " Bonamine" 50 milligrams t.i.d. , " Compazine"
5 milligrams q.i.d., or 10 milligrama " Spansule" b.i.d. may be given.

.
.

care of4 kin reactions and'no other treatment should be given.A. ' epresentative of the Radiology Service will prescribe the
c. ri

3
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re. Care of Patients Receiving Radium Therapy. -The routine' care.of
patients receiving radium therapy can be carried out by the ward person-
nel without ha,zard of,sipi.ficantsradiation exposure if .done in an 'expedi-
tious manne$'. As ~5 'g'enerafidl'e, . fach ' individual should. limit the time
spent with pad {$1. pa[tQi(t'o.' on,,p[.[h'our per ' day while, the radiu'm is in the

~ ~

patient.|,, .n,z.g.g,,j .,.,, a y'
; 3; ...

;. . - .
? .

, ,, ,

, n . >:. * * '

. . ; ~. . c. . .: ..v ..

. . , , . , .. . , . . .,.( w . s. . .. J. m#. I.'I0f VI..C 'RADI0 ISOTOPE PROCEDU.EES -
.

.

. 3. . ' , F .-". . .. . .

. . - .,
,

, , . . , . . . . - ,: . r
.

--
.

.

15 Rdquests for Radioisotope Study, Consultation, or Therapy. Requests
for radioisotope stu,dy,,consultati.on,.or therapy should be submitted to the

tion 6 T-511W)~.on, SF.5A3 (Consultation Form),' in dupli-
.

Radioisotop'e S'e('estTah(Bldbuld indicate The study,or,-therapy to be considered,
-

cate. This',"rddu
and th'e ' clin'ichl' hisf.ory of th'c paf,ient, arid must be completed by the physi-
clan responsible for the patient's care.

. . . . . . .v.w :: .. x .

16. Routiris ' ProEbdures .
,

ThyroidStudiegfavailable,only,throughtheThyroidClinicora.
by special arrangement.)~ In vivo uptake and scan, conversion radio, urinary
radioactivit:y., triiodo. thyro.nine resin uptake. . . . .. . .

. .
.

.
. . . . . . p : . j . .. -,

.- . . , . , .- . . . . . i ,v ,.
..

b . ,. Hem,. . .atolo'gic' Studies, To.tal blood volume, red cell volume, plas- )

ma volume, red ce["1 sugvival aid s,ei uestration studies, Schilling test, ferro-
kinetics. ' ' ~' ' "

l -)
,

,,

|. .e c .-c. . Placental Localization.
|

-d . "GastrSint'es.tinal' s
. .. , .;s . ::: ~. . . . 6. v .

.

-^ ^ - -
, .. \s..,. ..- .

, - :F. .. . ..

_ . . . tudies. , Triolein and pleic acid absorption,
alt.uviin kin,#dtics,p,olyylnylpyrrolidone' excretion, rose-bengalliverstudies.

f |
. .,. . . ..i. ..(< .

. . . . . .

c. "Rendi Studie's." Repogram, renal uptake of peohydrin, renal scan
'

.
.

.' ' '

.
...c.. .. ..

f. Scintiscah. Thyrold, renal, . liver, spleen, pancreas, brain, ,

* ' ~

0 precordium, bone.
. .

.. . ~ ,
.

3 g. Therapy. ., ,, . ,

I (1) Rad'ioiodine - hyperthyroidism, thyroid carcinoma, advanced
~

cardiac or palmonary , insufficiency. , . ,
,

(2) ' Rad.iophosphor'us - polycyShemia, leukemia, bone metastases.
,

. . ..-
-

_

' ' ' (3)' Colloiddl''Ra'd'ig51d .or . Radiophosphorus - mal,ignant pleural
'

.

effusion, perito' 2al e'ffuhiori,' pericardial effusiori.n

. , . , , ,. . . , - . .,
-

i 17. Special'Proeddure(, Spejia'lproceduresmaybqarrangedbyconsulta-
" "- -' ' ' ~

?, ion with the Radioisotope-Bection. * : ,

10

|

.

.
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18. Loyn of Radioisotope Studies. Certain studies may be with-
drawn from the Radioisotope Section by any medical officer provided.
a proper receipt is given (FGH Form 222-W, X-ray Film Request and

This request should indicate the patient's name and theReceipt).
study desired, and must be prepared and signed by the medical officer

The individual requesting the study will be held'requesting the study.
responsible for loss or damage of the study and will also be responsible
for the prompt return of the study. Studies must be returned to theStudies may beRadioisotope Section within 72 hours of their receipt.
photographed or reproduced with the prior approval of the Chief, Radio- -

isotope Section. Any medical officer, who fails to comply with these
requirements,. will not be permitted to withdraw further studies from the-
Radioisotope Section.

19 Preparation of Patient. The following procedures require
preparation by ward personnel: |

,

*

a. Renogram, Nothin6 by mouth for 6-8 hours preceding the
j

examination.

b. Schilling Test. Nothing by mouth for 6-8 hours preceding the.

Collectexamination and for 2 hours following the dose of radioactivity.
complete 24 hour urine specimen (begin and end at exact time of dose of
radioactivity) and send to Radioisotope Section,

k- c. Ferrokinetics. Nothing by mouth for 6-8 hours preceding the
|

exmaination.

d. Triolein, Oleic Acid Tests. Nothing by mouth for 6-8 hours:
preceding the examination and for 2 hours following the dose of radio-
activity. Collect complete 72 hour stool spechnen and send to Radio-
isotope Section. '

' .

e. Brain Saintiscan. Administer Mercurhydrin 1 cc. intramus-
'

cularly 24 hours prior to the examination.

f. Pose Bengal Liver Studies. Nothing by mouth for 6-8 hours
preceding the examination. No BSP dye the morning cf the exmnination.

g. R .d Cell Survival, Patient must be available for 2-3 weeks.
t

h. Polyvinylpyrrolidone (PVP) Excretion. Collect complete 4-day
stool specimen and send to Radioisotope Section. j

1. Panercas_ Scintiscan. Special instructions will be provided
by radioisotope personnel.

Patient should have private room, preferably withj. Therapy.
Further instructions will be provided by radioisotope per-' private bath.Il sonnel. , Under certain circumstances _, radiciodine, radiophosphorus, and

_

- - - _ . _ _ _ _ - . . . _. .
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chromic radioph6 cpl crus' nisy be" administered t.o an outpatient.
,

.- o,- . ..
* ,..
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FITZSIMONS GENER AL aOSPITAL i.. .

Denver, Coloraco 80240

* HOSPIT L REGULATION .

NUMBER 40 602 14 December 1966
. .

MEDICAL SERVICE - RADIOLOGY SERVICE AND PROCEDURES

PROCUREMENT, RECEIPT AND ISSUE O'F RADIOACTIVE ISOTodES .

.

.

1. Purpose. To establish policies, procedures and responsibilities
for the procurement, receipt and issue of radioactive isotopes.

2. Procurement. All purchase requests will be reviewed and coun-

tersigned by the Radiological Safety Officer prior to purchase. An excep-
tion to this procedure is procurement of specific isotopes against pre-
viously established Blanket Purchase Requests submitted by the Fitzsimons
General Hospital Radioisotope Section or the US Army Medical Research
and Nutrition Laboratory. When the requirement exists, the chiefs of the ;

respective isotope sections will notify the Radiological Safety Officer by |
Itelephonic communication.

L.

3. Duty Hour Responsibilities.

a. Purchasing and Contracting Branch . Will insure that purchase |
order indicates whether consignee is USAMRNL or the Radioisotope Section, |

!Radiology Service, Fitzsimons General Hospital, in order to expedite accu- <

rate and efficient delivery.

'

b. Transportation Branch. Upon notification, personnelof the |

Transportation Branch will pick up radioactive isotopes at the airport and
deliver the unopened shipping container to the Storage Section, Supply Con-
trol Branch, for identification purposes. If the shipping container shows
any evidence of damage, Transportation Service personnel will notify the
Radiological Safety Officer, Extension 22133, immediately. 1

,

c. Storage Section, Supply Cyntrol Branch. Will determine

whether the material is for USAMRNL or Radioisotope Section, Radiology
Service. Upon determination, they will immediately deliver to Radioiso-
tope Section or . notify USAMRNL for immediate pick'up. If USAMRNL can- ,

not pick up ribaterial immediately, the Storage Section will deliver the
,

ite m s. The individual in USAMRNL or the Radioisotope Section who re-
ceives the radioactive isotopes will open the package and sign one copy of
the billing document, returning the document to Storage Section personnel

,

*This Hospital Regulation supersedes HR 40-602, 2 October 1963.

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

k
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*
,

. I

making the d411very. UNDER NO CIRCUMSTANCES WILL THE RADIO.
ACTIVE ISOTOPE SHIPPING CONTAINER BE OPENED IN THE RECEIVING

4
1

. ,

'SECTION BY SUPPLY PERSONNEL. |

d. Radioisotope Section and USAMRNL , Will be responsibi for1-

Personnel will maintain DA Fo/m1

safe storage of radioactive isotopes.

|
8-235 (Pharmacy-Drug and Narcotic Stock Record), in accordance with ~

j,

paragraph 5, AR 40-61. ,

'
t

i 4. After Duty Hour Responsibilities. )
.

The Administrative Officer of the Day, upon receiving a calla.
from the airport, will arrange for pickup of radioactive isotopes and take
the unopened shipping container to the Radioisotope Clinic, Building 511.

i The container should be placed in the center of the counter immediately in-
side the front door where Radioisotope Clinic personnel will check it in' the
following duty day. The Radioisotope Clinic front door should be locked
after delivery . The AOD will notify Storage personnel, Supply Control~~

Branch, Extension 22210, at 0745 hours the following morning tha,t radio-
Active material has been received.i

b. All r$dioisotopes must be placed in safe storage (Radioisotope"
Clinic Counter, Building 511) without delay, and under no circumstances''

will they be' permitted to remain in any other area after arrival from thet
airport.

In the event of damage to the shipping container, action will i-c.
be taken as required in paragraph 3b,. above.

.

1.

5. R efe rence s. .

a. HR 40-604, c. AR 40-61. e. AR 725-50.^

f. ,

b. TB MED. 2'49. d. AR 711-16.
,

MEDEO-X
t

FOR.TkE COMMANDER: .

6 .

; THOMAS M; :D0YLE
' '

'

LTC, MSC
Adjutant

I.

.-DISTRIBUTION,j
'

'IB "
2*
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: FITl.SLES GadL EOSPITAL,

~GSE 0 CAR 3 07 A PX21.IITT 22CSIVIEG A RADIOISOTOPE i

SECTIO:7

DZFIHT2 IOU 07 TG 3

1. Centamination Praccutien : Usins vh tever procautions csy bo nce.
cacary to avoid cirocc or indircet conta=ination with a radioicotopo.
Chio nay to offected by uso of Cloves, by handling con +A=4nated
catorials with tongs, etc. .

2. Radiation E:coccuro Pracautions: Procautions involving time
of exposure, d1 stance frc:n the radio-active material and
usa of chielding.

3 22dlicioctoto: An un::tcbio ole = ant used in medicino as a source of
1.acrnal and/or c:cbernal radiation due to its emission of energy,
7:tincipally in the form of alpha, beta and casma radiations.

c. 1.1da r di: tic,n: E12hly ionizin3 bd non-panotrating.

b. 2at refid.: ion: LO:s ionizin; the.n al .ha radiation, but
a n gcly nore panctratin3

c. Car 2 radiction: Loc: ionizing than bota radiation but highly .

p actretair,s. (Sicilar to ::-ray). I

h. Eadio-activa Z:U-life: Length of tir.3 recuired for a radioactive :

cubacanca to loco firEy per cent of its activity. 1

5 Scal:d Source: A radioactive cource that is firmly bonded within
c natorial or cealed in a cover of sufficient strength to exclude
the possibility of direct contact with that source.

6. Internal R:.diation: Radiation received by the body from a radio-
activo ocurca vithin it.

'/ . External Ecdictien: Radiation received by the body fremt a radio-
activa ocurce or r, scoo traich are orternal to it.

8. Ionizing Radiation: Radiation which causes changes in the molecular
utructuro of the aton resulting in alteration or destruction of
the coll in living ticaue.

9 Pp_dicactive contenination: The undesired presence of a radioactive
cut e.,anco in o:t ca any natorial.

1 |,

-
,

1

e |
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. - HUILs 0 CARE OF A TA M R3 E /IOG ._..iDI0 ISOTOPE, Cont'd . . .! *

.

10. f.doquato P:otection: Protection frca internal or external*

radioactiva sources such that the amount of radiation received by
cny paroon doco not exccad the =4mm permissible levels of
exposure roco=nended by the Ato:nic Energy Cdttee nn Radiation
Protection.

11. Radiological Icolation: Icolation when radiation exposure precautie
and/or contaminatics proca*#,1ons are ossential in the nurcic; c=0 o'
the patiorb.

,
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" * NURSING CARE OF A PATIENT RECny.wu A RADIOISOTOPE

,I,
c SECTIO'l II -

i .

CIASSIFICATION OF PATIENTS

CIASS I: no precautions.
.

1. All patients iho receive a radioisotope for diagnostic purposo
;, villbeplacedinthiscatefory.
1 . *

CIASS II: Conted nation Procaahions only.,

1. IntracavitaryinjectionofChromiumPhosphate(P32).

CIASS III: !&jor Radiation Exposure Precautions only.
.

1. Intracavitary insertion of radium needles or capsules.
2. Interstitial implant of cobalt needles or capsules.
3 Interatitial impiaret of iridium seeds.
4. Intaretitial implant of radium needios.
5 htcrstitial implant of radon aaecs.
J. Surfaca application of radium needles. j

C7).SS I'f: Contamination and Modcrate F.adiation 2::posure Precauticna. ;

i

1.yporthyroidism treated with radioactive iodine...

2. S catment of cardiac patients with radioactive iodine.

CLASS V: Cente.mination and najor Radiation Exposure Precautions.
I

1. 'E.27roid carcinema treateS with radioactive iodine. |
2. Intracavitary injaction of Radioactive Gold (Au 198).

1

-

!

I

3
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NURSING CARE OF A PATIENT RECEl'/IEG A RADI0ISOIOPE

SECTION III
,

UUES EG CARE OF CATECORIES I TriRU V |
|

CI'.?S I: re Precautions.
.

1

1. Eo eranco in nursing care or nursing procedures are necessary. !

CUSS II: Contamination Precautions Only.
4

1. Radioactive thosphorus (P32) presents no external radiation I

hazard to vard percomal. Therefore, there need be no re-
striction as to the patient's placement on the ward nor to the
time spent in caring for the patient.

2.. If there is leakago from the injection site the caterial presents
c. major radiation ha::ard. I

c. I>o not attempt to cican up lea':ase or change linens.
b. Hotify rt.dioisotopa clinic 1:.=cdiate17 |

|

3 If the patient should capira do not remova any indwelling
unbac, do not prepara for ram:ual frca vard. Hotify RadioicRope
Clinic . A clearanca r.uct to obtained from the Radioisotopo
phy:1cian infore c.ny steps may be taken to do anything other i
than clouc door of patients room. 1

CIASS III: l'a.ior Radiation Erpcaure Pr3 cautions only. |

1. Contact Radiology Service for specific instructions on Nursing
;

care of theco patients. '

CL'.SS 17: Contamination and Moderata Radiation Exposure Procautions.

1. "ac radioactive iodine with which the patient is treated is
cdministered orally. The amount given vill not present a
radiation ha::ard unless the patient vamits within the first

1

24-hours after treatment. If this should happen: 1

1c. 1Totify isotope clinic immediately. i

b. Do not attempt to clean up vc::2.tus, do not handle nay
m:.tcrial which has vomitus on it.

c. If patient vcmits on personnel they should: |

4
,

. - - . . . . - . . . . . . , _ . . - . _ . - , . . %% q
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UCRSII7J CARE 07 A PATIEi7f RECEIVING A RADIOISOTOPE, Cont'd . . . |

(1) Remove contaminatea clothing and place in plastic
bag for further handling by radioisotope personnel.-

(2) Wash contaminated exposed skin areas with mild soap
and water. DO UOT SC219 WITH ERUSH.

DO HOT IE2ITAT3 SU U. |

2. Chara vill be no restriction as to placement of patient on
vard.

3 The urine vill be considered as a meiarate radiation hazard. i
-

If any urine is spilled do not attempt to clean it up - notify |

the isotope clinic. If the patient is confined to bed a bedpan
for the uso of that patient only should be kept in the room and
handled with gloves. Discarded gloves should be kept in a bag

'

in the patients crea to be disposed of by the isotops personnel.

4. Shc 1d the pat'.ent who reccived treatment expire the patient is |
not to be prepared for renoval from the Ward wit,hout clearance frcs
tha 7.:.dio;sotopa physic 1 w.,

s

C" 'IS 7: Coatz-i .ation and Major hdiaticn 2r;osure Precautions.

Q .toid Carcinc:a Trce.ted with Er.iicactive Icdine.1. f

a. Sa patient should to in a private roon with a private
toilet.

b. The pillow and cattress shculd be protected by plastic

covert:3a.

c. Gloves and gowns vorn by pars .,nnel and the linens used
by the patient should be placed in a linen hamper, kept
in ;ho patient's roca, for sta tey by radioisotope personnel.

d. Io blood or urine spectens are to be sent to the laboratory
j uithout clearance frca Radioisotope physician.

} o. Cursi.m care vill ta under supervision of radioisotope
clinic.

f. If ~atient vc=its within first tvanty-four hours after
ad-onistration of radioactive iodine:

(1) notify isotope clinic imzediately. *

(2) Eo not attempt to cican up vcmitus, do not handle any
entarial which has vomitus on it.

t?

_ . _ . . _ . _ . - _ _ . . . . _ . _ . . . . . - . _ . - . _ . . _ _ _ _ _ . _ _ _._. -
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NURSIT:0 CARE OF A PATIQTT RECEIVING A RADIOISOTOPE, Cont'd . . .

(3) If pasient vo:aits on personnel they should:
First: Remove contaminated clothing and place it

in a plastic bag for further handling by .
"

radioisotope personnel.
Second: Wach contaninated exposed skin areas with

nild soap and water. DO NOT SCRUB WITH BRUSH
DO NOT IRRITATE SKIN

g. Pocket dosimeters vill be issued by the radioisotope clinic
to personnel do vill be caring for this class of patient.
Dosimeters vill be marked with the individuals name and
vill be vor.n during h1s or her entire duty tour. It will
be left in the medicine cabinet when that person is off
duty. It vill not be worn by anyone except the person to
whom it is issued. Radiation exposure record will be,

placed in 201 file of personnel when applicable.

h. Pregnant personnel vill not be assigned to care for Class V
pc.tientc.

1. No visitora vill be allowed in the patients room until '

cicarance is given by the radioisotope clinic.

J. Dichea are nu; coz.aidered contaninated unlesc patient vcmits
cn them.

h. If patient ic incontinent special instructions vill be issued
as to nursing care by the radioisotope physician.

1. Charmonster and such other equipment used by the patient should
be used only by that patient and when not in use should be i

kept in the Radiological isolation area.

=. Urine vill be considered a major radiation hazard. Gloves
vill be vorn t/nen handling the bedpan. In the event that
urine is spilled notify the isotope clinic incnediately. Do
not attempt to clean up the spill.

Should the patient expire notify the Isotope Clinic immediately.n.

No preparation of patient for removal from vard may be made
without clearance from the radioisotope physician.

O. The patient will receive radiation clearance from the Radiation
Safety Officer of the hospital when the danger no lon6er exists.
Until Radiation Safety Clearance is given, the Isotope Clinic
personnel vill be available at all times to be .of assistance.

6
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!!URSEG CARD OF A PATIENT RECEIVIRG A RADIOISOTOPE, Cont'd . . .
.

(1) During duty hours call: 25259
22133

(2) During off duty hours .the Information Deck at the
Ecopital can give you the hcso telephone number of
the prsna who is "on call" for the radioicotcr clinic.

2. Intracavite.ry Injection of Radicactive Gold:

a. no contar.ination precautions cre necessary unless there io
leakage from tho injection site. In this event

(2)) 17otify radioicotope clinic imediatel,y.(1
Do not attempt to clean up leakage or chango linens.

b. ?otient shculd ba in a private roc:n but does not need a
private toilet.

:3ttro s r.d p111cv chce.15 to protected with a p2nsticc.
cov=.

d. Je_. : Ir.i bicci ;pcatans nr.y to scat to the laboratory
c; ric.:i.

c. 20ch:t C.:;i_. tar; trill be ic ;ned by radioicci; ope clinic fto .;=;cnn2 * ho vill ba cring for this cices of patient, j
Zosindars trill be carked with individua1'c cane and trill I

S0 vorn during his or her entira duty tour. . It vill be
laft in tha medicine cabinet when that person is off duty.
It vill not be vorn by anyone e:ccept the person to whom it
13 issued. Ecdiction e:gosure record will be placed in 201
file of paraonns1 vhos applicable.

f. ?"c:;nant parsonnal trill not ba assi::ned to care for a
Clacs 'C, patierth.

c. :~o visitora trill be pernitted in the patient's roc:a until
clorance it, given by the Isotopa Clinic.

h. Zody vastes rill not be considered as radioactively con-
tarinated.

i. Tacr:creter and bedpan iso 141cn is not necessary.

J. 2;tient vill be monitored daily by Radioisotope Clinic
pctsonna1.

k. F :u'd c. 012:s VI patient expira notify the Radioisotope
C''-d a '~ *diately. La not prepara patient for. removal
f *c 1 vard irithont cicarance frc:2 the Radioicotope Mysician.
E not rercen cny in&:nlling tubes or, catheters.

7
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CID.3E3 C1' C71. PAE72 RECED/IU3 A RADI0ISOTOP3, . Cont'd . . .
1

. |1. Hurcins era of a.01ccs VI patient will be under
i

the supor. ision of the Endioicotope Clinic.

2. She ;rtic t trill receivo radiction clearance from

tha hi. =hion 2:2ct7 v:lic= of tha hospital ten the
da.; ' no longar e-ittc. Until Raciati:m Safoty Clearance- z
i.: give *;he Isoto;a clinic personnal will be available at
all t:'.-.;.; to to of acci ;tance.

.

(1) Dring duty hocra call: 25259
22133

(2) Dri ; off duty hours the Infor:r.ntion Desk at the
Hospital can givo you the hcr.o telephora ntaber of
the :erson who is "on call" for the radioisotope
clinic.

q ..

b%WXh' &
:N' 3 ?. .W. GTCJZ

:.3;.;r,:.0

Chio.",12dioicotc;o Section

|
i
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U. S. ARMY MEDICAL kESE RCH AND NUTRITION LABORATORY
FITZSIMONS GENERAL HOSPITAL

DENVER, COLORADO

PROCEDURES FOR USE OF RADIOACTIVE MATERIAL

SECTION TITLE PAGE

I GENERAL 1

II RADIOISOTOPE COMMITTEE AND REPORTING
REOUIREMENTS 2, 3 .

|

III HAZARD CONTROL 3 |

IV PROCUREMENT, STORAGE AND ADMINISTRATION . 4

V SAFETY RULES i 4, 5,

VI RADIOACTIVE WASTE 6, 7,
,,

VII DECONTAMINATION OF GLASSWARE 8, 9 i

VIII RADIOACTIVE SPILL 9, 10, 11, 1

IX RADIATION SAFETY MONITORING 12,l'l
'

X LOGS AND RECORDS 13, 14, l!

'
XI OTHER ROUTINE LABORATORY PROCEDURES 15

,

Appendix 1 SAFE HANDLING LEVEL FOR RADIOISOTOPES 16 )
'

Appendix 2 FLOOR PLAN FOR AREA MONITORING
;--
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Radioactive Material SOP, USAMRNL

Refe rence s:

Title 10 C. F. R. , Part 20

AR 40-14, 40-37, 40-440, 55-55, 70-25, 385-30, 711-16, 755-15,
700-52, 700-63, 700-64.

National Bureau of Standards Handbooks

No. 48 Control and Removal of Radioactive Contamination in
Laboratorie s

No. 49 Recommendations for Waste Disposal of Phosphorus-32
and Iodine-131 for Medical Users

No. 51 Radiological Monitoring Methods and Instruments
!

No. 53 Recommendations for the Disposal of Carbon-14 Wastes'

No. 59 Permissible Dose from External Sources of Radiation
f No. 65 Safe Handling of Bodies Containing Radioactive Isotopes
i No. 69 Maximum Permissible Body Burdens and Maximum Per-

| missibic Concentrations of Radionuclides in Air and in
' Water for. Occupational Exposure

No. 78 Report of the International Commission Radiological Units
and Measurements, 1959.

No. 8 0 A Manual of Radioactive Procedures

SECTION I

GENERAL

1. The purpose of this memorandum is to insure the safe handling
of all radioactive materials within the United States Army Medical
Research and Nutrition Laboratory.

2. The Radiation Safety Officer of Fitzsimons General Hospitn.1
and U. S. Army Medical Research and Nutrition Laboratory (hereafter
designated only " Radiation Safety Officer") shall have the responsibility
for the enforcement of all phases of radiation safety within USAMRNL.

3. These procedures are published as a guide and must not be
construed to be an amendment or change to any e.xisting federal
regulation, Army regulation, or local regulation governing the use
of radioactive material.

1

.

e
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Radioactive Material SOP, USAMRNL
i
'

1

| SECTION II

R_A_ D_IOISOTOPE COMMITTEE
L
|

1! 4. The U. S. Army Medical Research and Nutrition

| Laboratory operates jointly with Fitzsimons General Hospital
! under the same General Atomic Energy Commission License. i

Use of radioisotopes, within the limitations of the AEC License,
l is controlled by a Radioisotope Committee consisting of Fitz-

simons General Hospital personnel as well as U.S. Army Medical l

Research and Nutrition Laboratory personnel. The persons |

making up the Radioisotope Committee and the functions of the
.

committee are outlined in AR 40-37. The committee will be !

responsible for proper handling, storage and disposal of radio-
active materials. In addition, the committee will:

a. Recommend changes to the SOP concerning periodic
monitoring and enforcement of safety measures in the handling
of radioactive material.

b. Review and grant permission for...or disapproval of,
the use of radioactive material. .

c. Certify individual users for each type of procedure

with each individual radioisotope and insure that a copy of such
certification is placed in the appropriate users' 201 file. Current

records of these approved users, documenting the qualifications
and limitations of each, will be maintained,

d. Prescribe special conditions which may be necessary
to include and give advice concerning proposed studies where it is
needed.

Review records and receive reports from,the Radio-e.
logical Protection Officer and recommend corrective action when
indicated.

f. Make recommendations for improvement of present
laboratory facilities and for expansion of the laboratories in
accordance with needs.

.

2



--_ __ . . _ _

.
. ,,..

. .,.
,

..

Radicaet;ve Material SOP, USAMRNL

g. H-Id meetings at the call of the Chairman and report
ir writing to the C:.mmanding Offi:er, the results of its deliberation.'

SECT:ON E

HA ZARD CONTROL
4

5. The Chief cf the Radicisctope Branch, USAMRNL, shall
instru ct, direct, and super r'.se all individuals at USAMRNL working
wi:h or near radicacy.ve materials in the observance of radiologic:a1
sa fety.

6. Each individual working within or near radicactive material
(cr any empicyee who w;;l possibly be exposed to ionizing radiation)
will be issued a f'.lm hadge. Before a film badge will be issued, each
indi.''dml m u : read be th CFR, Title 10, Part "10. and the laboratory

m
SOP, and cert'.fy in writing that he has read and understands both,

i

7. Perm'.s den te hr.ndle, administer, or assist in the I

admir.ic. rat?.on c: rad;aa ::1ve materials under AEC General License

in USAMRNL me.y be gry.nted c.nly by the Radioisctope Committee.
,

This permis3ic.n may be denied e r withdrawn from any person who, |

in the opin :n e.i the Rsdicisctcpe Comm;ttee or on the advice of the
Radiat;on Safety Officer, is inadequately trained '.n the handling and
use c f radica-O?.ve m..terisis, or is guilty of any breach of discipline~

; as con:crns the hp.ndling and use cf r:.dicactive materials so as to
in:ur resl cr pe reitle hazard to himself or others.

,

4

8. The safety r lev listed hereinafter are to be observed.
However, it is emphaeized that mere following of the rules will not
eliminate all ponible hszards asso:iated with the handling of radio-'

ActU/c msterisle.

9. The pr; te:ti:n r:les are based upon assumed icng-term
whcle-bcd/ expc s re t ; innizing radiation by personnel whose
duties inv:lve regular hsnCing of radioactive material or regular
use of x-ray equipment. These rules apply to all persons occupa-
tionally employed using any source of ionizing radiation in a
controlled area e r these in:identally exposed as a result of such
us e, under any cond'.ti:,n. A controlled area is one in which the
occupat:cnal exposure of personnel to radiation or to radioactive
mater'.a1 is under the supervision of a Radiation Protection Officer.
(This implie.s that a contrclied area is one that requires control of
access, occupancy and working condition for radiation prctection
purpo s e s. )

3
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SECTION IV

PROCUREMENT, STORAGE AND ADMINISTRATION

10 All radbacf.ve materials for use in USAMRNL will be procured
through the Radic!sotspe Branch by the Supply Officer, USAMRNL.

:

11. The. Supply Off'.cer, USAMRNL, will be responsible for the storage
il. and handling of the contents of each shipment of radioactive material unt j

such time as the sh'.pment is delivered to the Chief, Radioiso; ope Branch, who
will be responsible for the maintenance of records pertaining there'^.

12. The Radiation Safety Officer will direct the storage and handling .
i

of the contents of each shipment of radioactive material after it has been
delivered to him or his designated representative in the Radioisotope
Laboratory, and will be responsible for the maintenance of the records
pertaining there:o.

13. The storage area will be neat and segregated by type emission.
Gamma emitting isotopes will be stored so that the radiation level at the

|ecge of the storage area does not exceed 2 mr/hr. )

The Radistion Safety Officer will be responsible for the handling14.
and disposal of radioisotope-contaminated liquid and solid wastes of the ,

!Radicisotope Laboratory in accordance with the recommended procedures
found in Par: 20, Title 10 and Army regulations concerning such matters.

SECTION V

SAFETY RULES ,

|

15. :n order to avoid undue exposure to ionizing radiation,
unauthorized personnel will nct enter the Laboratory of the Radioisotope
Branch except when accompanied by an authorized person.

16 Only persons specifically authorized to do so by the Radioisotope
Committee will handle any shipment of radioactive material or any part
thereof after it has been delivered to the Radioisotope Branch.

17. Only persons specifically authorized to do so by the Radioisotope
Committee and/or under the supervision of the Radiation Safety Officer will
prepare or administer a dose of any radioactive material after it has been

*

delivered to the Radioisotope Laboratory. **

- .

'
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Radioactive Material SOP, USAMRNL

18 In all rooms where radioactive materials are being used, the
following regulations shall be in effect:

a. There will be no eating or drinking, and no application of
Co s metics.

b. Smoking is not permitted while active material is being
handled.

c. There will be absolutely no mouth pipetting of radio-
active material in the laboratory under any circumstances,

d. Under no circumstances will radioactive waste be handled
or disposed of by the janitorial staff.

e. Rubber gloves will be worn at all times when radioactive

material is being handled. (Except sealed, or capped containers of
radioactive materials. )

f. All gloves, protective clothing, instruments, and glassware
will be checked fo: radioactive-contamination with a laboratory monitor
after using, and, if contaminated, will be placed in the appropriate receptacle
to await decontamination,

g. All contaminated glassware, instruments, pipettes, and waste
incurred in any radioisctope experiment or study will be policed and placed
in an appropriate receptacle or sink by the persons performing the experiment
or s tudy.

h. At the end of each work period the hands shall be carefully
washed and tested for contamination with an instrume- t of suitable sensitivity.

1. 7efore placing radioactive material in any container, the con-
tainer will be clearly labeled with radioactive caution tape of yellow and
magenta to show the particular radioactive material, the concentration in
microcaries or milli:uries per unit volume weight as of some particular
date, and the identifying initials of the person preparing the material,

j. Work surfaces will be covered with absorbent paper. The work
in hoods will be similarly performed with absorbent paper. The work bench
will be equipped with wiping papers for the prompt removal of spills.

.

5
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Radioactive Material SOP, USAMRNL

k. When using radioactive material, special equipment suitable
for the type and level of activity being used will be used for each type of
operation. This will include handling tools such as tongs, forceps, trays,
and mechanical holders. When the isotopes concerned are primaray beta
emitters, efficient use can be made of transparent plastic shields. Con-
tainers for liquid samples will be reinforced by an outer unbreakable con-
tainer.

1. No ind;<idual sh,11 knowingly expos e himself, or cause others
to be exposed, to more than 0. 02 rem iwny working day.

All laboratory operations with more than low level activity willm.
be conducted in hoods,

ss

19. The sinks in the laboratory portion of the Radioisotope Laboratory
will not be used for pt.rposes of performing personal toilets, except that the
non-contaminated sinks may be used for the purpose of hand washing after'

the removal of rubber gloves.

20. No water for drinking purposes will be obtained from the laboratory
portion of the Radioisotope Branch.

SECTION VI

RADIOACTIVE WASTE-

21. The Radiation Safety Officer is responsible for the disposal of all"

radioactive waste within USAMRNL. Such disposal shall be accomplished
under all existing regulations listed in Part 20, Title 10, NBS Handbooks,
and Army Regulations. ,

,

',

22. For persons other than Radioisotope' personnel:

Solid radioactive waste shall be placed in waterproof disposablea.
containers and deposited in the container marked with a Radiation Caution
symbol and wording " Danger Radioactive Material. " The radiation level out-
side the receptacle should not exceed 1.0 milliroentgens per hour. When full,
the bag will be labeled as to content, isotope present, approximate amount of
microcuries (or millicuries) and the date. These waste bags will then be
collected by personnel of the Radioisotope Branch. .

,

6
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Radioactive Material SOP, USAMRNL |

b. All liquid wastes shall be placed in appropriate containers i

and marked with radioactive caution tape as to isotope content, approximate i
'

amounts (in microcuries or millicuries), and the date of collection. 'This |
contaminated liquid waste will then be delivered to the Radioisotope Labora- |

tory for disposition. |

1

c. Carcasses of animals containing radioactive material will
be marked with radioactive caution tape and delivered to the Radioisotope

|Laboratory in a container properly marked as to date, isotope content,
and approximate amounts in microcuries or millicuries. i

|
.

d. Fecal material containing radioactive material similarly |
will be marked with radioactive caution tape, marked as to date, isotopic i

content, and approximate activity and delivered to the Radioisotope Labora-
tory.

23. Radioisotope Personnel:
|
i

RADIOACTIVE WASTE WILL BE DISPOSED OF ONLY
* BY PERSONNEL OF THE RADIOISOTOPE LABOR ATORY

Liquid:

I

a. Liquids containing short lived radioisotopes will be held m
storage until the activity is essentially background. (The material will be
stored in such a way that the radiation level outside the storage area will
not exceed 1. 0 milliroentgen per hour. )

b. All contaminated liquid waste may be disposed of in the
" hot" sink provided the quantity which, if diluted by the average daily
quantity of sewage (sanitary sewage flow per 24 hours is 525, 000' gallons)
released into the sewer by the licensee, will not result in an average

;entration in excess of values specified in Appendix B, Table I,co
Column 2 of CFR, Title 10, Part 20; or |

1

c. Ten times the quantity of such material specified in
Appendix C of same; and

d. The quantity of any licensed or other radioactive material
released in any one month, if diluted by the average monthly quantity
of water released by ...e licensee, will not res, ult in an average concentra-
tion exceeding the limits specified in Appendix B, Table I, Column 2 of same;
and

7
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Radioactive Material SOP, USAMRNL

26. Pipettes will be rinsed immediately aftei use and placed in a pipette
|

soaker containing detergent. Washing shall be done by continuous washing in |
a pipette washer for a minimum of two hours. I

27. Syringes shall be disassembled when placed in the sink. As
required, syringes will be washed, dried, and monitored before return to i

central material or put into reuse. When possible the use of disposable
syringes and needles is suggested. )

.

28. All glassware which has been decontaminated from gamma radia-
tion will be monitored by an appropriate detector of suitable sensitivity to
prevent recontamination during another course of study or experiment. I

Always monitor after drying, never wet. Decontaminated glassware for {low energy beta radiation will be periodically spot checked by the Radio-
isotope Branch.

29. All glassware which upon monitoring proves to be still contaminated
will immediately be placed back into the appropriate washing cycle. If the
monitoring again indicates any level of radioactivity, the glassware shall be
delivered to the Radioisotope Laboratory for further decontamination.

SECTION VIII

RADIOACTIVE SPILL

30. All radioactive material, when spilled, constitutes a hazard,
either to personnel or to equipment. If a spill of radioactive material occurs

,

in Group I (Appendix No. 1) turn off all fans in the immediate area and notify I

all other personnel in the controlled area. If the spill is liquid, drop absorbent
paper on the spill and mark off the area with chalk or cord. If the spill is dry,
proceed in the same manner, but convert the dry spill to liquid spill by applying
wet absorbent paper over the area.

31. If a spill of radioactive material occurs in Group II (Appendix No.1),
hazard control is of first importance. In order to accomplish this, the person
responsible for the spill will:

Notify the Radiation Safety Officer or his designated representative.a.

b. Be prepared to evaluate the hazard by knowing at all times which
radioisotope is being handled, its chemical form, and the approximate amount
being used (in millicuries or microcuries). '

See that all personnel in the area are notified and that they leavec.
the immediate area of the spill without delay.

9
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Radioactive Material SOP, USAMRNL

32. In the event of a epill of radioactive material in Group III
(Appendix Nc.1), the procedure listed above in "a", "b", and "c"
should be carried out, plus the following:

a. Determine the extent of personal contamination by inspec-
tion and monitoring of the involved personnel.

b. Remove contaminated clothing.
c. Rinse the contaminated body parts with water, if applicable

(making use of the sinks located in the area or the emergency shower if the
spill.took pisce in the high level room of the Radioisotope Laboratory), and
theiwash with soap and water, monitoring the contaminated body part after
ca'ch washing.

,/
*

'
. 33. Decontamination of the area of the spill will be carried out under,

the supervision of the Radiation Safety Officer, but only after the personnel
contam.'. nation problem has been disposed of. As a general rule, the work
assoch.ted with the decontamination io performed by the person responsible
ips the spill.

! 34. If ingutien or inhalation is suspected from a spill of radioactive
material, AR 40-562 w'.11 be complied with, and the following will be
accomplished by the Rad'.ation Ssfety Officer:

a. Evacuate the area of the original contamination.
>

b. Persor.a1 de;ontamination will be carried out by washing
external parts to prevent additional exposure or ingestion.

De .:enta.minste the film badge (when necessary) and forwardc.
it by Air Muil Special Delivery to the Lexington Signal Depot; Lexington,
Kentucky, wir.h all ds.ta :oncerning the incident (i. e. , isotope and its
chemleal form, amour.t ingested, date, names, etc. ).

d. Carry cut all routine decontamination of clothing, work
'

spaces, etc. , which were involved.

Notify the Surgeon General, Department of the Army,e.
Washington D. C. , ATTN: MEDCE-OH, by telegram, of possible internal
exposure. Complete DA Form 285 (Accident Report).

f. In the event a very dan4

45, p,55, S r90, y91, Zr9gerous radioisotope is involved such210 (refer to3 , Cel44, Pml47, or Bia s H , Ca

.

10
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Radioactive Material SOP, USAMRNL

' AR 40-582), immediately notify the Surgeon General, Department of the Army,
Preventive Medicine Division'by telephone of:

!
1(1) Time and date of incident '

(2) Millicurie strength of isotope and its chemical form.
(3) Name of individual and treatment already undertaken.

Include a statement indicating the treatment rendered
(or that no treatment has been render ed).

(4) Extent of individual contamination as determined by
immediate monitoring.

Telephone notifications will be confirmed by telegraphic notifications.

A 24-hour urine sample will be collected under the direction ofg.
the Radiation Safety Officer from the person concerned. The collection shall
be in a polyethyler.e liter bottle which will have a card attached containing the,

following data:

Frcnn:

(1) Name, grade and serial number
(2) Date of incident
(3) Inclusive dates of collection
(4) Isotope and chemical form

Reverse:

A 24-hour urine sample will be collected as follows:

(1) Wash hands before collecting a portion of sample.
(2) Void urine at 0800 hrs (or any other convenient time)

and discard it. Do not collect it in the bottle.
(3) Colact all urine from that time up to and including

the corresponding hour the following day. ALL
URINE MUST BE COLLECTED.* LOSS OF A SIG-
NIFICANT AMOUNT MAY RENDER THE SAMPLE
USELESS.'

:

11
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|

h. Samples will be held until further instructions are received

from the Surgeon General. If so directed, forward:
,

I
THRU: Commanding General . )

Walter Reed Army Medical Center |
Washington, D. C.

I
TO: Dir ector !

Walter Reed Army Institute of Research
Walter Reed Army Medical Center !

Washington, D. C.

ATTN: Department of Biophysics ' )

i. If an overexposure to ionizing radiation occurs, DD Form 1141
(Report of Exposure to Ionizing Radiation) must be completed in accordance

-with AR 40-431. A brief description of the condition or act which resulted
in the overexposure will be attached to the DD Form 1141

SECTION IX

RADIATION SAFETY MONITORING
i |

35. Area Monitoring:2

!

a. Routine monitoring will be accomplished according to the |
following time schedule:

Weekly
,

i

(1) Radioisotope Laboratory (according to diagram in i;

] Appendix 2).
: 1

{ Monthly
i

! (1) USAMRNL (According to diagrams in Appendix 2).

f b. Other areas will be monitored when deemed necessary by the
: Radiation Safety Officer.

$ c. Readings obtained during the surveys will be recorded and
' retained as a permanent record.

*
<
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Radioactive Material SOP, USIMRNL >

d. Routine monitoring in USAMRNL (including blowers on roof of
Radioisotope Laboratory) will be done,,using a portable PAC 3G gas proportional
counter with a beta detection probe and a GM counter. If contamination is
detected, the area will be immediately decontaminated. If any gamma reading,
with the GM counter, exceeds a value of 2.0 milliroentgens per hour, the'

Radiation Safety Officer will be notified. The area will be marked as to reading
in milliroentgens/ hour and the working time limit.

Swipe tests will be routinely conducted and when contamination 1s-e. ,

suspected. The swipes will be counted in_ the liquid scintillation counter. Any
activity above background will be considered a contaminated area. Readings
obtained will be recorded and retained as a permanent record.

,

f. Any areas of previously undetected contamination will be promptly
removed by those persons responsible for the contamination, under the super-
vision of the Radiation Safety Officer.

.

36. Personnel Monitoring:
~

,

a. Film badges are provided for persons workin ith radioactive
material in USAMRNL. These film badges will be worn dur ng normal working
hours and are not to be removed from USAMRNL. Care of the film badge will

~oe the responsibility of the individual user.

b. Badges will be collected monthly by the Radioisotope Laboratory
personnel. The collected badges will be sent to Lexington Signal Depot, Lex-
ington, Kentucky for processing and reading. The returned values will be
permanently recorded in Radioisotope Branch files on AEC Form Nos. 4 and

' 5 and DD Form 1141.

c. A thorough medical examination should be made of each individual.

potentially exposed to significant amounts of radiation before employment and
annually ther after.

,-

d. Those persons working with millicurie amounts of Tritium shall'

have periodic urine checks for radioactivity.

SECTION X

LOGS AND RECORDS

37. AEC Form 3 (Notice to Employees - Standards for Protection

13
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Radioactive Material SOP, USAMRNL

Against Radiation) will be posted in a conspicuous location.

38. AEC Forms 4 and 5 (History of Exposure and Record of riosure
to Ionizing Radiation) will be kept. This record will also be entered on
DD Form 1141 in accordance with AR 40-431.

.

39. The USAMRNL SOP will be posted and the AEC licenses will be
readily available.

40. Radioisotope inventory balance will be determined monthly.
(Radioisotope inventory records are kept on Forms DA 8-235 and
DA 8-212).

.

41. Instrument logs will be maintained indicating calibration and
maintenance of the portable survey instruments.

42. Records of surveys (including wipe tests) will be kept.

43. Caution signs, labels, and signals will be utilized according to
CFR, Title 10, Part 20, para. 20. 203.

.

44. A report covering the period of each calender quarter will be
prepared by the Cornmander of Fitzsimons General Hospital in accordance
with AR 40-37. This report will be dispatched to the Surgeon General,
ATTN: MEDPS-PO, by the fifteenth working day following the close of the
report period and will contain the following information as a minimum:

Copy of minutes of each Radioisotope Committee meeting,a.
including a record of all actions taken by the Committee.

b. Copy of the training and experience of each newly approved
user of radioisotopes or any change in qualifications or certifications of
prev 2ct,,Jy approved user (for human use, AEC Form 313a, page 3).

Radioisotope inventory, including data on quantities ofc.
radioisotopes procured, used, or disposed of, or currently in storage.

d. List of procedures with dosage for each radioisotope used
ghumans during the reporting period.

Inforrnation on unsolved problems, new or improved develop-c.
ments, or other comments of' interest to, or having a bearing on, support
rendered by the Surgeon General,

14
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f. Notification of all changes in membership of Radioisotope
Co mmitte e.

SECTION XI

OTHER ROUTINE LABORATORY PROCEDURES

45. Neatness in the laboratory is a prime requisite for elimination
of the spread of contamination. The work area should be free of equipment
and materials not required for the experiment at hand, and equipment used will
be decontaminated and stored in a controlled location after use.

46. Floors in the Radioisotope Laboratory should be cleaned frequently
iby wet mopping. Brooms and mops will not be transferred to other area unless

they are free from radioactive contamination. 1

l

47. Table tops, equipment, or any surface within the Radioisotope
Laboratory will be kept clean. Under no circumstances will there be an-

accumulation of dust and/or possible contamination.

43. Floors will be waxed and buffed on a monthly basis.
|

I49. Air condi* ner filters, glove box filters, and hood filters
will be checked quarterly and properly cleaned or replaced when necessary.

50. Desiccant in the liquid scintillation counter will be checked weekly
and changed when necessary.

I

51. The emergency shower will be checked weekly.
4

52. The survey meters will be calibrated at least every six months
and after every maintenance procedure or battery change. ;

53. Batteries in the survey meters will be checked monthly, and
< .anged when necessary.. ,

.

15 .
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Safe Handling Level For Some Repres'entative Radioisotopes'

Authorized For Use In USAMRNL j
1

1

l
GROUPI GROUP II GROUP III

**No special handling **Not dangerous, but ** Dangerous, should be
require'd in~ normal unnecessary exposure handled with utmost
laboratory procedures is to be avoided caution i

,_

Isotope Maximum Isotope Maximum Isotog Amount

Amount Amount |

Au 0. 025mc Au 1. 000mc Au over 1 000mc

5. 000mc"
3r 0. 300mc Br 5. 000mc Br

Be 0, 005 mc Be 0.100mc Be 0.100 mc"

1. 000 mc"
*C Urea 0. 050mc C Urea 1. 000 mc C Urea

*Cl4all other 0. 025 mc Cl4all other 1. 000 mc Cl4other " 1. 000 mc
45

Ca 0. 005 mc Ca 0.100 mc' Ca 0.100 mc"

1. 00 0 mc )"
Co 0. 025 mc Co 1. 000mc Co

I. 000mc"
51 51 51

Cr 0. 025 mc Cr 1. 000mc Cr
,

'

55 55 55 ;
" *" lFe 0. 005 mc F * *

59 59 59*

Fe 0. 025 mc Fe 1. 000mc Fe 1. 000 mc"

3 3 3
*H Water 0. 025 mc H Water 10. 000mc H Water 10. 000mc"

3 3 3
*H Thymidine 0. 00 l me H Thymidine 0. 050mc H Thymidine " 0. 050 mc

3 3 " 0.100mc*H all other 0,005mc H all other 0.100mc H3 other

1 0. 025 mc I' l . 000mc I131 " 1. 000 mc

1. 000 mc"l . 000mc NaNa 0. 025 mc. Na '

" 1. 000 mcP 0. 0 25mc P 1. 000 mc P

S 0. 025mc S 1. 0 0 0 mc'. * S 1. 000 mc"

" 1. 000 mcSe 0. 025mc Se 1. 000 mc Se

85 85 85 " 1. 000mcSr 0. 025mc Sr 1. 000 mc Sr
8 8 " 1. 000 mc39 0. 025 mc Sr 9 1. 000mc Sr 9Sr

S;90 0. 005mc Sr90 0.100mc Sr90 0.100mc"
;

65 0.100mc i"
Zn 0. 005 mc Zn 0,100mc Zn

* Group classification dependent upon chemical form.
**It must be remembered that these limits are by no means fixed and that any undue

exposure is undesirable. Therefore, when working with the above radioisotopes,
the physical characteristics, ha1f-life, the internal and external haza.rd, and the
radiative properties of the radioactive material must be considered. If in doubt,

, always consult the Chief, Radioisotope Branch.
16
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RADIOACTIVE WASTE TREATMENT
AT THE U.S. ARMY[

* ,

MEDICAL RESEARCH AND' !
'

NUTRITION LADORATORY..

.

Biological and metabolic experimenta using primarily animals,

I. SOURCES: ,

and occasionally humano.
:

*

3

| IL COLLECTION:-

A. Roaponcibility for collecting wante, resta with each investigator.
4

E. Methoda for the collection of radioactive wanto are the following:

l ., Each.acctor dealin5 with radioactive material has radioactive
,

waste receptacles with waxed bag inserta for collection of i

wanto material. Theno are collected periodically and placed
in polyethyleno bago.

2. Solicas are placed in polyethylene baga.
i

3. Lit;uida are scaled in glass bottles.

4 Ar.imal carcacuen and tissues are put in polyethylone bags and
i.s:en immadiately.

3

5. All radioactiva waste in brought to the Radioisotope Section
"

for disponal. Each package is labeled ao follows: .

a. Iaotopo
..

b. Activity in microcuries
*

c. Material, e. g. glau s, paper .. - . ,;

d. Date ,

Inventigator'a namec.

6 Also, cach package has affixed to 'it, radioactive tapo with the
wa...ing " Caution Radioactive M.sterial. " j {

-

C, Local hr.adling 10 carried out in the following rnanner: ,

i :

1 Non-combuotible and combustible waste is segregated into
*

' fifty-five gallon drums and sealed. These are stored in the ,

outside freezer located north of Building 602 (West Wing.i

2 Aninul carcaouen and tissuea are scaled'in fifty-five gallon
* *-

drumo and otored in the outside freezer. ,

-
.

*e .
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| 3 Animal carcasses from studies conducted in the Small Animal
! Room may be stored in polyethylene ba8s in the Small Animal

Room freezer. When gamma-emitters are used, the freezer.

is monitored once a week; otherwise, monitoring is performed
once a month.

4. Fkigewood Arsenal is notified that there is waste to be disposed
of with a linting of the approximate amount of activity and the
type of waste nutorial that has accumulated. -'

,

;

i 5. A disposition date is obtained from Edgewood Arsenal..
.

6 If an cocort from Edgewood Arsenal is not available to pick
up the waste then the Radioisotope Section arranges with the
Transportation Office to provide local carriers to ship the
wa s te.

III. PACKACING

'A. %cteo are aorted on the baaia of:
*

l. Combuutibility vn. non-combustibility of the nuterial involved.

2. The type of isotope and the activity contained within the package.

B. Packaging practicen followed are:
,

1

1 Solida are placed in two polyethylene bags, one enclosed in I

the other.
|

2. Lignids are stored in large glass bottles until dispecition. '

After sowage diapocal glass containers are treated no non-
combustible radioactive waste.

C. Shielding is entried out as follows: j

1 No opocial shielding for beta-emitters up to the millicurie
range la required.

'

2 Storing gamma-emitters in the outside freezer provides
shielding and distance for laboratory personnel.

3. The high-level non-parinhables are stored behind lead bricks
in a room that la separated fror. the main working area.

2

'

,- . .. . c -4-
,
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D. The only local waote treatment performed in the disposal of
; liquid wanto into the sanitary acwage oyotem. l

|
.

1 V/ hero tho amounto of the footope to be diopoced are less'

than the amount allowed in paragraph 20.303 and Appendix
C of Titlo 10 of AEC Regulations, then the radioactive .
waato may bo fluched into the sewage system with copious ,

1

amounto of water.o

2 The diopocal la ocheduled no that the cowage from USAMRN4 j
ao well ao that of the Radioicotope Clinic, PGH. will not I

c::cced the total amount allow'ed. This to accomplished by
ocheduling apocific dayo for each laboratory to diopose of
ito waate.

3 All liquiu diapocal at USAMRNL io acc.omplished in the cinh
located in the High Level Laboratory. *

E. Calid wantea are dispooed of by packaging in fifty-five gallon
dntmc acalod air tight, cnd otored in the outside frooser until
enough wacta is collected to justify a chipment.

F. The proceduros of the U.S. Army Nuclear Dofence Laboratories
aro followed to facilitate interotate transportation by a local
carrior to Edgewced Aroenal.

IV. STORAGE -

A. Storage la provided by an outaide froecor maintained at tempora-<

turco below 0 F and by a leadalined hood in the High Level
Laboratory. Both placco are adequately ocaled and are dooig:stad
no " Radiation Areno. "

;

D. The comb"atibio and non-con bustible bota-emitters and 1( i
activity gamma-omittero are otored in the outside froezer.

.

C. In the ovent that high activity wastco should occur, then the
j periohables, e.6. animal carcanoes, are stored in the outsido

,

frcocer, while the non-perishables are stored in the High Level'

Laboratory.'

D. Local otorage opace is sufficiont to accomrnodate appraimately

.

3

'

.
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fifteen fifty-five gallon drums. Thio amount may be collected |
'

;

;. | during a three-month period prior to shipment. |

[ |'

i' 8 V. SIUPPING j
|1

> -

1 :

A. Ton to f1fteen fifty-fivs callon drums are shipped approximately j
!ovary throo montho.'

;
; 1 .

| B. The waste la shipped via refrigerated trucks obtained from.'

Edgewood Areenal or by local carrier.-

C. Rolesco throuch local cuviro'nmont is accornplished only b'y
diacharging liquid wacto as described under " Packaging."j -

| There la no incinoration or burial of waste materials.* '

i

! VI. MOMITORING' -

!

). A. Druma are monitored to provido readings at the curface of
the druma.+

I
;.

D. Ewipo tects c.ro performed on the surfaco of the drurns to
anouro that no incidental contamination has occurred.;

,

i C. The following categuardo are tahon:
!

1. Anirrulo atored in the freener in the Small Animal Room.

are monitored weeldy if gamma-emitters are prosent;
;

{ monthly, if only beta-emittero are present.
3

2. The outoldo frec=or la monitored wechly.
y

i
j 3. High level material stored in the High Level Laboratory
! in monitored weekly.
; ..

'

VIL AUTMORITY'
.
.,

'

e

A. U.S. Atomic Energy Commionion Byprodud, Mstoriali
'

Lice::so No. 5-46-13.<

s

! D. Atomic IDnergy Comminolon Rules and Regulations Titlo
10. Part 20.'

-
.

C. Army Regulation No. 55-55. .

! .

i
' |g e

k
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D. Title 49, Parts 71-78, Code of Federal Regulations,'

Transportation
.

.i E. Army Regulation No. 755-15
,

F. Procedures for Use of Radioactive Material, USAMRNL,
Fitzsimons General Hospital.

.

J

1
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APPENDIX VIII j

This appendix includes copies of the protocols for the "+" dies
utilizing radioisotopes in humen volunteers. Part A represents i

the revised protocol which was submitted in November 1966, i

entitled " Request for Approval for Human Use of Radioisotopes ;

in Tracer Amounts in Volunteer Experimental Research Subjects." l

Part B includes excerpts from the annual progress reports for !
fiscal year 1967 and 1968, and other reports which represent j
the work completed to date.

-

Section C is the protocol submitted in July of 1967, entitled .

" Endocrine , Effects fo Altitude." The study is a long way l

from being completed, but the portion of the study involving i

administration of radioisotopes to human volunteers has been
completed. For this reason, renewal of this portion of the ,

license has not been requested. A summary of the progress i
Ito date is included as Section D.
1

Section E is the protocol submitted in April of 1967 entitled
" Effects of Selective Coronary Arteriography on Myocardial
Blood Flow in Man." A report of the progress to date is att-
ached as Section F.

i
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3: Carbon-14 has a soft botatomiesion that:1' ends itself toLtracer-*
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However, based on anin:21s, it can also be assumed that few of tas
,
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Icarbon 14 1chaled campcunds proposed to bo usod vould approach this

rotontion in the critict.1 cracn. '2ho nr.jority of the compounds proposed

cro rc;dily nycabclic::d ;.nd rcmoved fre , body rs orpirod CO or3

notabclitos in the ric.s, and would raduca ovan furthor the bcdy bu. don

of irradiction. Flushing procedures could also be employsd in the case

of the 1chelod vitnin: to has hn their renoval from tho body upon

ocmpiction of the studias. In all invostigations, balances vill bo

perforned that will permit caraful knowledge of tho et.iont of rotontion

and turncvor of tne labelod compound administered.
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Hydrogen-3 emits only a very soft bota particle,;but idthipre'sent. ;
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This isotope is availabic as a cyclctron produced element. It
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ABSTRACT
-

lPROJECT NO. 3A025601A822 Military internal Medicine i,,

1
!TASK NO. 01,,

WORK UNIT NO. 072 Studies in Human Nutrition.

The following investigations have been conducted under this work unit:-

STUDY NO.1 Ascorbic acid metabolism and requirement in the human-

|
male

-,

STUDY NO. 2 Ascorbic-4 3H ocid metabolism in man :

STUDY NO. 3 Further studies on the vitamin B requirements of young
]6

~

oduit male humans
'

STUDY NO. 4 Thiamine metobulism and requirements

14 -labeled cotton cellulose by man
~

STUDY NO. 5 Metabolism of C

STUDY NO. 6 Other nutrition activit%s, national and international'

..

1. The preliminary phase of a study on the production of experimental
human vitamin C deficiency is completed. The objective of the study was to
induce scurvy in healthy men under controlled conditions in on attempt to-

evoluote the human requirement for this vitamin and to study its metabolism
, ,

and dietary interrelationships. Numerous observations have been reported as a
- result of this initial study.

2. Vitamin C metabolism in man was also studied with the use of L-oscorbic-' -

43H ocid. It was observed that the radioactive label does not enter the body
_,

water pool but, instead, is excreted as organic-bound tritium. The results of
these studies indicate the presence of more than one kinetically distinguishable"'

pool in the metabolism of oscorbic acid. The unknown metabolites observed.

are possibly derivatives of L-threose or L-threonic acid.
-

3. The results of a recent experiment in a series of studies on the human
requirement for vitamin B demonstrated that there is no apparent effect of-

6
increased coloric utilization upon vitamin B requirement. Under the condi-6._.

tions of this experiment, the minimum daily requirement of the young adult
male human for vitamin B6 s 1.25 milligrams.

"
i

4. Additional studies were conducted on thiamine metabolism and require-~

.

ments. The yeast method for measuring some of the metabolites of thiamine in-

urine oppears to offer o specific assay for thiamine nutriture in the human. The
effect of coloric intake and exercise on the th,iamine requirement of the human

''

.-
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.

has been investigated in a study employing adult males. Preliminary evoluotion
of the dato indicates that increased coloric expenditure, employing carbohy-

'

drate os the source of colories, increases the human requirement for thiamine.

I4 '

5. C-labeled cotton cellulose was modified to form microcrystalline .

14 -cellulose (Avicel-R). This material has been fed to a volunteer human )C
isubject in on ottempt to determine whether or not the human is capable of uti-

lizing cellulose. Although the s'tudy is not entirely completed, evidence would j

indicate that the human connot utilize cellulose to any significant degree.

6. Continuing support was provided national and international nutrition
agencies and their basic or opplied nutrition programs and training activities.

, :
2

m

.

l

.
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WORK UNIT NO. 072 Studies in Human Nutrition.

'

STUDY NO.1 Ascorbic acid metabolism and requirement
in the human male-

~

PROBLEM:

The preliminary phase of a study on human scurvy was completed on 31 May
1967. This study, a Nint projec+ between the USAMRNL Chemistry Division,

and the Metabolic Ward at the University Hospitals, University of Iowa, has
led to exciting new concepts of vitamin C requirements and metabolism in man.

,

Dr. R. E. Hodges of the Department of Internal Medicine, University Hospitals,-

is the chief medical investigator for this study. The objectives of these studies
are as follows:

,

1. To induce in healthy men (prison volunteers) a deficiency of
ascorbic acid.

2. To label their ascorbic acid pools with L-ascorbic-1 14C acid in-

order to study (a) total body pool size; (b) rate of depletion; (c) minimal
requirements for vitamin C; (d) the relationship between symptoms and signs
of scurvy and levels of the vitamin body pool; (e) the amount of ascorbic acid-

necessary to replete the body pool and to alleviate signs and symptoms of defi- i

ciency; and (f) theories concerning the physiologic functions of ascorbic acid |

based on metabolites in blood and urine.'

RESULTS AND DISCUSSION OF THE RESULTS:

The pilot study began with six healthy men (prison volunteers from lowa l
'

State Penitentiary) who were housed on the Metabolic Ward of University,

Hospitals and were fed a diet totally deficient in vitamin C, but adequate in
'

all essential nutrients and containing sufficient calories to maintain body |

weight. This diet, a formula composed of vitamin-free casein, purified.

carbohydrates and fats, was fed in three equal portions daily through a naso-
gastric tube. The formula was continued throughout depletion and for the'

'

. first 15 days of the repletion period. On the 99th day, repletion with
vitamin C was commenced, and on tne 115th day the diet was changed te

'

solid foods. This diet, composed of a soybean food, casein products, fots
and carbohydrates, was found by thin-layer chromatographic assay to furnish
only 2.5 mg of ascorbic acid daily.

,

.
'

.
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Throughout the study, detailed clinical, biochemical and radioisotopic ,

studies were performed. Photographs were taken of the eyes, mucous mem-
~'

branes and skin at regolor intervals.

To date, only a small portion of these results is available for interpretation,
but those which are available are shown below: ,

.

1. Depletion Period. Following the administration of 1.3 mg of L- . ,

14 -ascorbateCoscorbic-1 14C acid containing 39.77 pc to each subject, the
*

metabolites excreted were followed daily. From the total cumulative plot of
14 -Cthe daily radiocarbon excretion, it appeared that more than 97% of the

labeled oscorbate was absorbed and retained in a deep " physiologic pool" by
14 -labeled oscorbate had taken -

'

all subjects. Once the incorporation of the C

place, the rate of urinary 14C-labeled organic metabolites of oscorbate
occurred as a logar:thmic function at a rate of one-half of one per cent of the

'

total pool of oscorbic acid per day. This implies that the catabolism of
oscorbic acid from the " physiologic pool" is a first order exponential process; ,

therefore, the summation of all metabolic products derived from this pool ,

must also be a first order process. ;

Estimates were made of the initial pool size and the rate of ' )
utilization of vitamin C in each man. By the 99th day of depletion, the -

ioverage man had reduced his pool size to approximately 170 mg, with o '
utilization rate of 2.5 mg daily. Had the project been continued for on I

additional 32 days, the vitamin C pool size would have been depleted to -|
less than 100 mg total, with a daily utilization of 1 mg; at that point, frank

'

and possibly dangerous scurvy might have ensued. ,

2. " Physiologic Ascorbate Pool." The exact chemical nature of this
I4 -labeled material -- iCpool is os yet unknown. We do know that the organic

is not L-ascorbic acid or any of its commonly recognized derivatives. The
urinary metabolites of this physiologic ascorbate pool are water soluble and
chemically stable. We have been oble to isolate, on ch omotographic col-
umns, some of thes materials. Thus for, it appears the e are two major
metabolites and three minor ones. Work is in progress to isolate and identify
the chemical nature of these compounds. The two maior metabolites have
been found to be reproducibly homogeneous in three different solvent systems, _

thus indicating that they constitute the major metabolites of this pool. Even
though chemical identification of these compounds in the urine has not yet

"

been accomplished, we believe that characterization of them will ng explain .,

the physiologic functions of vitamin C. Identification of these compounds
"

will, however, direct attention to other systems which must be studied in
order to understond the physiological functions of vitamin C. .

~
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3. Repletion Period. After a depletion period of 99 days, during which,,

the diet contained no ascorbate, each of the men was repleted with labeled

7 ' ascorbic acid in amounts of 4, 8,16.,,.or 32 mg daily. The administered ascor-.

./ bic acid had a specific activity of 0.05 pc/mg, and permitted tabulation of a
! cumulative material balance for each :vbject throughout the repletion period.

The subject who received the 8 mg dolly supplement did so for a period of 57' "

days, and then was placed on on intake of 64 mg daily for a period of 20 days.;

The rate of repletion in all subjects was a zero order linear function of the in-
take of oscorbote, The data indicated that the rate of incorporation into the~

__ " deep pool" occurred at the rote of 80-90% of the administered dose within the ,

; range of 4-64 mg intake daily. Repletion continues until the " deep pool" be-
comes fully saturated. During the repletion phase, there was no free ascorbic

~

acid excreted in the urine until the " deep pool" had been repleted fully.;

Once this occurred, urinary spilling of oscorbic acid did take place and the
_

rate of incorporation of ascorbic acid into the deep pool fell accordingly. ,

| Once urinary spillage of ascorbic acid occurred in any of the subjects, labeled I

. _

ascorbate supplementation was discontinued and the subject then received the
some level of oscorbote supplementation as " cold" oscorbate.

, ,

4. Minimal and Optimal Ascorbic Acid Requirements. Preliminary,

dato indicate, os of the 97th day of repletion, that the minimal daily require---

ment of oscorbic acid necessary to prevent scurvy is approximately 3.8 mg
(as compared with the British estimate of 3 to 4 mg daily). The data further

,

imply that the optimal daily intake would be 10 mg if we assume that the--

physiologic pool is already soturated. This is in accord with the observation
,

that the rate of depletion is on exponential process occurring at the rate of'

0.5% daily and that the overoge subject has a soturated pool size of 2,000
~

mg. Thus, the normal rote of catabolism would be 10 mg daily,!

it was of interest to note that simple counting of radiocarbon-
labeled products in the urine each day provides the best indication of a physi-
ologic, metabolic, or emotional stress as these influence vitamin C cotobolism.
As on example, one of the subjects underwent a 21-day period of severe emo--

tional stress. His emotional stress was clearly reflected in on increased rate
of excretion of oscorbate metabolites, on observation that strongly suggested

_. on increased requirement for ascorbate under these conditions.

5. Other Vitamin Interrelationships. Additional interesting observa-
_

tions have been noted that relate to other essential nutrients, it was observed
~ that the level of vitemin A in serum of these men (who were receiving supple-

ments of 5,000 IU of vitamin A daily) fell approximately 20 to 30% during the
deficiency period and begon to rise again during repletion with vitamin C. In

~
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oddition, there were changes in the nonpolar lipids of the erythrocytes which
suggest the possibility of on effect on vitamin E metabolism resulting from an
ascorbic acid deficiency (despite on intake of 80 mg of alpha-tocopherol daily).
Also, there may be a relationship of vitaniin C to pyridoxine metabolism, since
the subjects were found to have o thre,e-fold increase in the rate of urinary
excretion of " free" pyridoxine during an ascorbic acid deficiency. These sub-

. jects were on a constant daily intake of 1.7 mg of pyridoxine during the entire
Iexperiment.

6. Clinical Observations. During the deficiency period, three of the
four men complained of fatigue and mild malaise. All four developed some de-
gree of follicular hyperkeratosis. Hemorrhogic manifestations included the ,

. oppearance of a positive Rumple-Leeds test (petechiae of the skin following (
venous occlusion) in three men and bleeding of the gums and minor bruising i
tendencies in all four. A puzzling and possibly new observation was the op- |

pearance of tiny triangular hemorrhoges in the bulber conjunctivo of the eye. ,|
These appeared near the end of the deficiency period or early in the repletion |

period, and the severity of their occurence was inversely proportionate to the
ldose of vitamin C given. Thus, they were most severe in the subject given

'

only 4 mg of oscorbic acid; less severe in the man receiving 8 mg; mild in the
subject who received 16 mg; and obsent in the person who received 32 mg of
ascorbic acid daily. Despite these evidences of hemorrhogic tendencies, blood
studies performed failed to show any evidence of impairment of any of the
blood clotting mechanisms, which are measurable by modern techniques.

Physiologic tests, including basal metabolic rates and electro-
encephalograms, failed to demonstrate any significant departure from normal.
Electrocardiograms showed minor changes, which are yet to be interpreted..

,

Throughout the study, each of the men was required to walk for
an estimated 10 miles daily. Three miles of this was provided by on escorted
walk. The men wore pedometers and were instructed to walk on additional
7 miles, for a total of 10 miles. Although this was an imprecise measure of
exercise, they did maintain a rather high degree of energy expenditure, as
evidenced by the fact that their weight remained constant on a coloric intoke
designed to meet this level of energy expenditure.

7. Infections. One mon had three episodes of infection of the exter-
not ear canals with accompanying fever and regional lymphodenopathy, yet

- there was no apparent change in his rate of utilization of vitamin C.
i

0
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8. Wound Healing. At the beginning of the repletion period, each of

~

the men was subjected to a surgical laceration on the lateral aspect of the
thigh, extending through the dermis and the fascia. One week later, a punch
biopsy was taken from the healing wound margin and processed for electron

_

microscopic examination, standard hematoxylin and eosin histologic examino-
tion and 14Corbon vitamin C content. A second punch biopsy was similarly
processed at the'end of 2 weeks. The rate of healing of these wounds appeared
to be directly proportional to the dose of vitamin C odministered, yet all of the

,,

wounds eventually healed satisfactorily.
.

"

CONCLUSIONS:

1. It would appear that the physiologically functional pool of oscorbic
acid is not vitamin C as we chemically identify it, but rather o stable deriva-
tive of L-ascorbic acid,

2. When subjects are placed on a zero vitamin C intake, the extent oscor- |
bate pool is carabolized exponentially at a very low rate (27 day half-time),

,

'
~ and this rate of catabolism is a function of the pool size.

3. The rate of repletion of oscorbic acid in deficient subjects is a zero~

order linear function of the intake of ascorbate. The rate of incorporation
into the physiologic pool occurs at the rate of 80-90% of the administered
dose within the range of 4-64 mg intake daily. Repletion continues until the !~

ascorbate pool becomes fully soturated. During the repletion phase, there is !
'

no free ascorbic acid excreted in the urine. Once the pool hos been fully
repleted, urinary spilling does occur, and the rate of incorporation of oscor-

.- bate into the physiologic pool falls accordingly.

4. The clinical responses pertaining to hemorrhagic manifestations, physi-
ologic tests, stress, infactions and wound healing have been discussed.

.

l
'

.-

PUBLICATIONS:
.-

1. Baker, E. M. , J. C. Saari and B. M. Tolbert. Ascorbic acid metabo-
~

lism in man. Am. J. Clin. Nutr. ,3: 371-378, 1966.
~

2. Saari, J. C. , E. M. Baker and H. E. Sauberlich. Thin-layer chro-
motographic separation of the oxidative degradation products of oscorbic acid.-

Anal. Biochem. , 18: 173, 1967.

3. Baker, E. M. Vitamin C metobolism in stress. Am. J. Clin. Nutr.
(in press).
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STUDY NO. 2 Ascorbic-4 OH ocid metabolism in man

PROBL EM:
'

Recently,4 3 -labeled ascorbic acid has been prepared, having a specificH
activity of 9.5 pc/mg. This material was prepared for metabolic studies in
both animal and man. - (

RESULTS AND DISCUSSION OF THE RESULTS:

The kinetic and metabolic fate of ascorbic-4 3H acid have been studied in
a human subject. The radioactive label does not enter the body water pool but,
instead, is excreted as organic bound tritium. The excretion products were
four.d to be ascorbic acid and immediate oxidation products, and unknown or- .

ganic compound (s). Kinetic analysis of the data shows half-times of 2 days
and 46 days for turnover of the labeled ascorbic acid and the unknown com-
pound, respectively. These results, combined with previous ascorbate-1 14C .

studies, indicate that the unknown metabolite (s) are probably derivative (s) of
-

L-threose or L-threonic acid.
!

-

CONCLUSIONS: - |

The metabolism of L-ascorbic-4_3H acid has been studied in man, with
'

the following results:
'

.

1. The radioactive label does not enter the body water pool but, -l
instead, is excreted as organic bound tritium.

.~1

2. These data indicate the presence of more than one kinetically dis- |

tinguishable pool in the metabolism of ascorbic acid. ~(
3. The unknown metabolite (s) are probably derivative (s) of L-threose

or L-threonic acid.

PUBLICATIONS: -

1. Tolbert, B. M. A. W. Chen, E. M. Bell and E. M. Baker. Metabo- -|

lism of L-ascorbic-4 3,H acid in man. Am. J. Clin. Nutr. , 20: 250, 1967.

2. Tolbert, B. M. , S. C. March, D. B. Karr, W. Scharf and E. M. i

Baker. Ascorbate function: donor of a four carbon moiety? Fed. Proc. ,
p: 852 1967 (abstract). m
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STUDY NO. 3 Further studies on the vitamin B require-6, . ,

ments of young adult male humans
,,

PROBL EM:..

in the course of a previous study, the question was raised as to whether or-

not the level of exercise offected the human requirement for vitamin B . Fur-6,

ther, at recent NAS-NRC Food and Dietary Allowances Committee meetings,
.. the question was raised as to whether there is a caloric effect upon the vitamin

B6 requirement of the human, in order to answer these questions, the following-
study was proposed in on effort to determine if there is any relationship between
vitamin B requirement and caloric utilization.6.

RES'JLTS AND D.'SCUSS:ON OF THE RESULTS:

. A study was performed to determine if there was any relationship between
vitamin B requirement and caloric utilization. Eight subjects were placed on6
a vitamin B -free formula diet providing daily 100 g protein and 2800 calories~~

6
. . for a period of 2 weeks. That a vitamin B6 deficiency was produced was demon-

~

strated by increased crinary xanthurenic acid excretion following a 5 g L-
tryptophan load and by reduced urinary excretion of vitamin B *6

Following depletion, the subjects were divided into two groups. Group A
- was given a processed natural diet that provided 100 g protein, 0.90 mg

nd 2800 calories per day. Group B received the same basic diet,vitamin B6
but at the level of 3600 calories per day. All subjects received a pyridoxine

,

supplement to provide a total controlled daily intake of 1.25 mg of vitamin B -6-

All subjects were exercised to constant weight. The subjects were maintained
on the respective diets for 6 weeks. During this period, urinary excretion of

nd of xanthurenic acid following L-tryptophon loads was studied.
.

-

vitamin B6,

_

The results demonstrated that (a) there is no apparent effect of increased'

caloric utilization upon vitamin B requirement; and (b) the daily minimum6
6 s 1.25 mg under the conditions employ'ed.requirement of vitamin B i-

__

$

CONCLUSIONS:
- The results of a recent experiment in a series of human vitamin B6 require-

ment studies demonstrated that (a) there is no apparent effect of increased
caloric utilization upon vitamin B requirement; and (b) the daily minimum6

6 s 1.25 mg underrequirement, in young adult male humans, of vitamin B i-

*

. the conditions employed in the experiment.
.

189._

.

***~ e - ma 4or m -



-

-
-

-

_.

WORK UNIT NO. 072 - BODY OF REPORT
- -

PUBLICATIONS: .a

1. Baker, E. M. , Y. F. Herman and H. E. Sauberlich. Vitamin 8 require-6
-,

ment of young adult male humans. Fed. Proc. , 26: 413,1967 (abstract and
presentation).

~

2. Conham, J. E. , E. M. Baker, N. Raico and H. E. Souberlich. Vitomin '

B requirement of adult men. Proc. Vllth int. Cong. Nutr. , Hamburg, Germany6
(in press). ,

3. Tillotson, J. A. , H. E. Sauberlich, E. M. Baker and J. E. Conham.
Use of carbon-14 vitamins in human nutrition studies: Pyridoxine. Proc. Vllth

'

int. Cong. Nutr. , Hamberg, Germany (in press).
--

STUDY NO. 4 Thiomine metabolism and requirements

PROBL EM: - |
Various techniques are under study to investigate the human metabolism

14 -labeled thiamine .Cand requirement for thiamine. Urinary metabolites and
are employed in addition to human volunteer studies. For example, a method
has been published describing a procedure whereby metabolites of thiamine

-

may be measured in human urine. The procedure depends upon the ability of ._

yeast to synthesize thiamine from thiamine-related compounds. Following
the synthesis, the urine is analyzed for thiamine by the conventional thio-
chrome procedure. The increase in thiamine following incubation with yeast _

is token cs the amount of thiamine metabolites in the urine.

In a recent study with human subjects on a restricted intoke of thiamine,
it was shown that the excretion of thiamine reached such low levels in 12

-

days as to be undetectable by the thiochrome assay. Yet, at the some time,
the metabolite excretion increased to a constant level during the deficiency.
This increase has led to speculation that the yeast was synthesizing substances
which acted like thiamine in the yeast assay but were not directly related to
thiamine. Thus, the validity of the method was in doubt.

In order to identify the thiamine-related compounds obtained from the
incubation of urine with yeast, the following standards were synthesized:

-'

pyrimidine sulfonic acid, pyrimidine carboxylic acid, thiochrome, N- .~

methylnicotinamide, thiozole and hydroxyethylthiamine. With the develop-
'

ment of a thin-layer chromatographic procedure which could separate the
,

190
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above compounds from each other and from thiamine, it is now possible to,

identify the compounds being measured as fluorescent substances in the thro-
chrome assay following the incubation of human urine wiih yeast.

~

.

R'ESULTS AND DISCUSSION OF THE RESULTS:
"

Preliminary results indicate that the fluorescent substances found in the
~

'

thiochrome assay are in fact, thiochrone, if future work should confirm this--

finding, it would c ablish the specificity of the yeast method in measuring
"

thiamine derivatives in the urine. This would assure those interested in assess-
ing thiamine nutriture in various populations that the use of this method is-~

- valid for measuring thiamine metabolites in the urine.

No additional metabolic studies have been performed during the post year i

However,14 -pyrimidine labeled thiamine hasI4 -lobeled thiamine.
_

C ;Cusing
been obtained, and it is projected that a human study utilizing this material |

will take place this fall.
The effect of caloric intake and exercise on thiamine requirement has just

been completed in a study employing young adult healthy male human subjects.
_,

The dato are being processed. Preliminary evaluation of the findings indicates-

that increased caloric expenditure, employing carbohydrate as the source of
,

colories, increases the human requirement for thiamine.
.-

~

CONCLUSIONS:

1. The yeast method for measuring some of the metabolites of thiamine in
urine appears to offer a specific assay for thiamine nutriture in humans.

2. Results indicate that increased coloric expenditure, employing carbo-~

_. hydrate as the source of calories, increases the human requirement for thiamine.

.

PUBLICATIONS:._ !

- 1. Sauberlich, H. E. Biochemical alterations in thiamine deficiency --
their interpretation. Am. J. Clin. Nutr. (in press).

2. Waring, P. P. , W. C. Good and Z. Z. Ziporin. The use of thin-
^

layer chromatography to separate thiamine and related compounds as well as
N-methylnicotinomide and related compounds (manuscript in preparation).

.

~
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STUDY NO. 5 Metabolism of C-lobeled cotton cellulose ._,

by man *

-
,.

1
PROBL EM:

The objective of these studies was to determine whether or not the human .

J-subject is capable of digestion of cellulose and, if so, to what extent and
,
,

"

what factors may influence such an ability.
_

e

RESULTS AND D!SCUSS!ON OF THE RESULTS:

Cotton labeled with carbon-14, grown at USAMRNL, and nonlabeled cot-
ton were converted into microcrystalline cellulose, " Avicel-R," by the
American Viscose Corporation. Avicel-R is similar to the Avicel prepcration
which was previously used at USAMRNL, with the exception that it is of a

-

smaller and more uniform particle size. The emulsification and other prop-
|erties of Avicel-R gels are also more superior to the earlier product. - \

,,

A human volunteer subject was placed on a 15-day preconditioning con- . !i
trol period durirg which time he was fed a total of 150 g (dry weight) of |'

nonlabeled microcrystalline cellulose per day in two equal portions. The
-

cellulose was consumed in the form of milk shakes or sherbets. After the con- ~

14 -lobeled cellulose (approximately 30pc)Ctrol period, he was then fed the
without any nonlabeled cellulose as carrier added. Following the ingestion - |

'

14 -labeled cellulose, 24-hour fecal and urine collections were ob-Cof the _ _ ,

14 -material balance was obtained.Ctoined until such time as a complete
14CO was monitored daily.

~~'

During the same experimer.tal period, expired 2

14 -labeled cellulose on 19 May 1967. Thus - i
CThe subject received the

14CO exP red via the lung. Further, -ifar, there has been no detectable 2
there has been no measurable 14C activity in the urine over the past 11 days.

14C activity excreted in the feces has not beenAt this time, the amount of
ascertained. This i.. formation will be forthcoming. There is no reason not to

I4 -labeled cellulose will be excretedCbelieve that in excess of 98% of the
via the feces, os was the case in the animal studies.

-. '

_

CONCLUSIONS:

Although the study is not entirely completed, available evidence indicates
''

that the human cannot utilize cellulose to any significant degree.
'

._
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I ' PUBLICATIONS:.

.

i None .
.

I :
: :

| STUDY NO. 6 Other nutrition activities, national and

i intornational -
.

,

I~ PROBLEM:
.

' Assistance and cooperation are provided in support of the mission of-

j USAMRNL to extend nutritional and medical research, recommendations and

j training to U.S. military and civilion groups and to civil and military populo-
tions of other countries os [udged important and appropriate.

, -
3

1
3

.

t RESULTS AND DISCUSSION OF THE RESULTS:

; Members of the Chemistry Division have assisted in the training program of. 1

[ the Reserve Officers' groups and of individual foreign officers assigned to
; USAMRNL for special programs or training. Similarly, ossistance has been
: provided in research, training and consulting to regional, national and inter-

national educational or government institutes, including FAO of the United |

Nations. Locally, cooperative support has been provided the University of )
Colorado, University of Colorado Medical School and Colorado State Univer- |1

sity. Assistance has been provided the Office of International Research,
Nutrition Section, of the National Institutes of Health, as requested, in sup-
port of nutrition programs in Centrol Americo and South East Asia. Recently,
a biochemist from USAMRNL spent 3 months at the Institute of Nutrition of: 1

- Centrol Americo and Panama (INCAP), located in Guatemala, in support
of the nutrition survey of Honduras. Blood samples from the recent nutrition
survey of Panama were sent to USAMRNL for transleetolase assay to assist in
thiamine nutriture evaluation. Consulting and analytical services have been
provided nutrition programs in Thailand, Malaysio and Indonesia. Currently,
the Advanced Research Program Agency (ARPA) is being assisted in an evoluo-
tion of That military rations. Assistance was provided in conducting the
nutrition survey of Ft. Campbell, Kentucky. Professional assistance has been.

provided by staff members by serving as members of editorial boards of nutri-
tion journals and as members of various scientific committees,-including NAS-
NRC Committee on Dietary Allowances. Currently, odditional studies have
been proposed for Iron, Ponoma and Thailand and are pending opproval.
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CONCLUSIONS:
-

Continuing support was provided national and international nutrition agen- -

cies and their basic or applied nutrition programs and training activities. _,

PUBLICATION S: -

1. Sauberlich, H. E. World nutrition problems. Proc. Western Section _

of the Am. Soc. of Animal Sci. ,1966.
._

2. " Requirements of Vitamin A, Thiamine, Riboflavine and Niacin,"
Report of a Joint FAO/WHO Expert Group. Rome, Italy,1967.
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ABSTRACT

PROJECT NO. 3A025601A822 Military Internal Medicine

TASK-NO, -0-1--

WORK UNIT NO. 072 Studies in Human Nutrition
1

The following investigations have been conducted under this work unit: )

STUDY NO.1 Thiamine metabolism in man. |

STUDY NO. 2 Riboflavin metabolism'ond requirements.

STUDY NO. 3 Vitamin C metabolism and requirement in man. |
1
'

STUDY NO. 4 Measurement of carbon-14 in fecal samples.

STUDY NO. 5 The effects of short-term ingestion of contraceptive ,

1

steroids on tryptophan metabolism in female subjects.

STUDY NO. 6 Developrant of a rapid, thin-layer, chromatographic

procedure :vr measurement of various urinary metabolites

of tryptophan.

1. Thiamine metabolism was investigated in human volunteer adult male ;

subjects using 2- C-thiazole labeled thiamine and 2 #C-pyrimidine labeled

thiamine . The orally administered labeled thiamine was almost completely absorbed
14

with no measurable amount of CO detected in the respiratory air. The half
2

excretion time of the ingested label occurred within 91/2 to 181/2 days and was

related to the weight of the subject and the daily dietary intake of thiamine. The*

urinary metabolites of thiamine were found to be numerous. Several of the

metabolites were isolated and identified. Additional studies were conducted on the

metabolites employing a yeast assay method.

2. Uniformly Lbeled C-riboflavin was synthesized by the organism, , shbya

gossypti, which was grown in a defined medium composed of labeled compounds

that were incorporated into both the isoalloxazine ring and ribitol side chain of

riboflavin. Riboflavin with a specific activity of 21 pc/mg. was extracted and

purified. The uniformly labeled C-riboflavin will be utilized in animal and

human metabolic studies,
t

3. Studies were continued on evaluating the human requirement for oscorbic

acid (vitamin C). Five human volunteer subjects were given a diet sufficient in

.

%
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all nutrients except ascorbic acid, which was absent. The subjects remained on

this diet until obvious signs of clinical scurvy appeared. At this time escorbic acid

was added to their diet in varying amounts and the effects of the graded levels on

various clinical and bloci.amical parameters were studied. Labeling doses of radio-

ascorbic acid were given during both the deficiency phase and during the ascorbic

acid repletion phase. Since this study is still in progress, no conclusions con be

presented at this time.
T4

4. A simple, rapid method was developed for the measurement of C-radio-

activity in fecal samples. Dried aliquots of the fecal material is pressed into a

disk and placed in a planchet and counted in a low-background, thin-window,

gas-flow prmrtional counter.

5. Recent work has suggested that continual ingestion of contraceptive steroids

leads to an increase in urinary tryptophan metabolites. This study, conducted |

jointly with the OB-GYN Clinic of Fitzsimons General Hospital, is an attempt to |
study the effects of contraceptive steroids on urinary levels of Xanthurenic Acid,

kynurenic acid, 5-OH-tryptophan and 5-OH-Indole-3-Acetic Acid. The effects

of oral ingestion of graded levels of pyridoxine on the urinary excretion of these

metabolites is also under investigation, in limited studies, with female subjects,

it has been observed that the use of contraceptive steroids increased the urinary

excretion of several tryptophan metabolites. Oral ingestion of 10 mg. of pyridoxine

per day prevented these increases.

6. A rapid method has been developed for semi quantitation of the urinary

metabolites of tryptophan. The metabolites measured include xanthurenic acid,

kynurenic acid, 5-OH-tryptophan and 5-OH-indole-3-acetic acid. The method

is based upon the use of thin layer chromatography separation of the urinary
,

metabolites, followed by automatic scanning of the plates and recording of results
.

with a microfluorometer. Further improvement in the system is anticipated to yield

a rapid, reliable quantitative procedure.

2
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STUDY NO.1 Thiamine metabolism in man-

(c) Identification of thiamine and thiamine-like' compounds extracted from

j yeast followine incubation with urine.

PROBLEM:

In 1962 a publication from this Laboratory described a method for determining

the metabolites of thiamine in urine. it was established that baker's yeast could
,

j
quantitatively convert the pyrimidine and thiazole moieties of thiamine to the'

|
I intact vitamin B) . This method was applied to the urines of subjects placed on a

diet with a restricted intake of the vitamin at levels below those deemed sufficient.*

; After 18 days on the diet the level of thiamine excreted in the urine dropped to
I

j below limits detectable by thiochrome assay. At the some time the metabolite
3

excretion increased from 588 pg/ day to 913 pg/ day.I
,

Because of the rise in thiamino metabolites at a time when the subject was
3

j deficient or nearly deficient in thiamine, the que'stion of specificity of the yeast

) resynthesis method and therefore its validity was raised. it is apparent that the
4

j- usefulness of the yeast resynthesis method for studying thiamine metabolism via

urinary metabolite excretion patterns would be seriously impaired if the products

: beingr red boa little or no relation to thiamine ingested or metabolites
,

excreted. On the other hand, establishing the validity of the yeast resynthesis

method would assure inve tigators that the use of this method would provide o
i

quantitative and specific tool for studying the metabolism of thiamine in the

human.

RESULTS AND DISCUSSION OF THE RESULTS:;

; Our studies thus for have shown that there is no measurable quantity of

pyrimidine and thiazole synthesized by baker's yeast from amino acids during the.-

incubation period of the yeast assay..

1 3

:
;.
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In order to isolate and identify the thiamine products formed by the yeast

during incubation, it has been necessary to develop a method whereby this

isolation is accomplished. Toward this end we have devised a thin laye.r
4

chromatographic procedure wh ich is rapid and provides adequate resolution of

products which may be found in yeast and are related to thiamine or interfere with

the thiochrome assay of thiamine. We have been able to separate thiamine,,

a-hydroxyethylthiamine, pyrimidine carboxylic acid, pyrimidine sulfonic acid,

the pyrimidine moiety of thiamine, the thiazole moiety of thiamine, thiochrome,

N'-methy!nicotinamide and the alkaline ferricyanide fluorescent product of

N'-methylnicotinomide oxidation. Attempts to achieve chemical isolation of l
1

the products extracted from baker's yeast following incubation with urine have j<

I
not yet been successful because these compounds are at the microgram level in a

very concentrated salt solution. Efforts are still continuing. Attempts will be j

made to desait by Sephadex columns although the molecular weight differences

between thiamine and the salt are not very large.

CONCLUSIONS: i

None at present.

Thiamine metabolites present in urine are under study using a yeast assay'

procedure . Conclusion cannot be made from the results thus far obtained.
4

PUBLICATIONS:

Waring, P.P., W.C. Good and Z.Z. Ziporin. The use of thin-layer
'

chromatography to separate thiamine and related compounds as well as N-methyl-

nicotinamide and related compounds. To be published in~ Analytical Blochemistry

(accepted for publication).

I4
(b) The metabolism of C-labeled thiamine in man.

PROBLEM:

Although considerable efforts have been directed toward the elucidation of

thiamine metabolism in the rat, relatively little is known of its catabolic fate in
4

.
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Investigations were designed to study the nature of the urinary of thiamineman.

catabolism in man using two types of radioactive thiamine. Information obtained

from such studies would assist in evaluating human requirements for thiamine.

RESULTS AND DISCUSSION OF THE RESULTS:
1

Absorption, Excretion and Oxidation of the Labeled Thiamine in Man. Four i

healthy young male volunteers were placed on a cyclic diet which provided a

constant thiamine intake. Airer the consumption of this diet for three days, the

labeled thiamine was ingested in a fasting state. Three of the subjects received

a single dose of 50 mci 214C-thiazole labeled thiamine (0.67 mg). The fourth ;

subject received 214C-pyrimidine labeled thiamine. Because of the lower specific

activity of the pyrimidine labeled thiamine, administration of this material was

modified in order to adequately label the body thiamine pool and thereby provide

sufficient radioactivity in the urine. This subject, therefore, was given each )
morning in a fasting state for five consecutive days 5.6 mci of 214

1

C-thiazole |

!abeled thiamine (1.04 mg) for a total of 28 mci. In this manner, the total daily |

thiamine intake for each subject was maintained within normal dietary and physio-

logical levels.

The measurement of radioactivity present in the fecal samples obtained from |
'

two subjects which received 2 14C-thiazole labeled thiamine, demonstrated the

presence of less than 1% of the administered radioactive dose in the first and

second day fecal samples indicating almost complete absorption. On the third day,

however, a significant increa was observed in focal radioactivity, which may be

due to re-excretion of thiamine or its metabolites into the intestinal lumen. Less
|

than 5% of the administered dose of radioactivity was accounted for in the 5-day
,

focal collection.

The expired CO w s f 11 wed on a Vibrating Reed Respiration Pattern
2

Analyzer, three times a day, one hour each time, for five days, after the ingestion

of labeled thiamine in each of the subjects. No measurable amount of CO
2

5

1
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could be detected in the respiratory air of any of the subjects who had received

either 2 I4C-thiazole labeled or C-pyrimidine labeled thiamine, indicating
14

less than 1% conversion of the administered dose to CO '
2

Half Excretion Time of 214C-Thiazole Labeled Thiamine. A 0.5 mi aliquot

of the daily urine was counted in a liquid scintillation spectrometer for the measure-

ment of the total radioactivity present in 24 hour urine. Subject A had a half

excretion time of 181/2 days. He weighed 90 kg and was consuming daily 1.35 mg

thiamine in his diet. Subject B weighed 95 kg and had a constant daily dietary in-

take of 1.8 mg of thiamine. The half excretion time of the ingested label for this !

subject was 13 days. The excretion curve of Subject C, however, indicated a ;

half excretion time of 91/2 days. This subject weighed only 69 kg and the amount

of unlabeled thiamine in his diet accounted for a daily intake of 2.1 mg. Thus,

the higher intake level of thiamine and a smaller body size caused a faster turnover

rate in this subject. it is perhaps noteworthy to mention that changes in the slope

of the excretion curve appeared to occur on days 1, 2 or 3, and probably 7 which

suggests :the presence of more than one miscible pool of thiamine in the human.

Studies On the Urinary Metabolites of 2 I4C-Thiazole and 2- C-Pyrimidine

Labeled Thiamine in Man. The urinary radiocctive metabolites of 2- C-thiazole

labeled thiamine and 2 I4C-pyrimidine labeled thiamine were first concentrated

and then fractionated by Amberlite CG-50 column chromatography. Two large

and two small peaks were obtained from 2 I4C-thiazole labeled thiamine and two

large and one small peak from 2 I4C-pyrimidine labeled thiamine. These peaks

accounted for 98-100% of the radioactivity applied to the column. The content

of the tubes collected from the columns were combined into the indicated respective

peak fractions, mixed, and a small aliquot was taken for liquid scintillation count-

ing. The radioactivity of each peak, as the per cent of the total radioactivity

applied to the Amberlite column was then calculated.

More than 90% of the radioactivity in peak IV was accounted for as free

thiamine. Peak 11 was observed to contain more than 10 metabolites of thiamine.

6
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in one subject, approximately 46% of the total radioactivity present in the first

24-hour urine collection when applied en the Amberlite CG-50 column appeared

) in peak IV, while in a second subject similarly studied, this peak contained 41%
,

of the total radioactivity. The per cents of radioactivity present in peak til for'

- these subjects were 41% and 52%, respectively. In the second 24-hour urine

collection, however, the percentage of radioactivity in peak IV, in both subjects,

decreased to 26% of the total radioactivity, while the percentage of radioactivity

in peak ill increased to approximately 61% and this proportion remained constant

thereafter. Apparently, after the excess thiamine had been excreted into the urine

during the first 24-hour period along with attainment of thiamine equilibrium with

the deep pool, each day thereafter, a portion of the radioactive thiamine present
,

in the body was converted into its metabolites and excreted subsequently into the

urine . Also, it should be mentioned that the percentage of radioactivity that

appeared in peak 111 in the first 24-hour urine excretion of the heavier subject was

more than that noted for the lighter subject (52% in comparison to 41%). This

difference may be due to the differences in body sizes and the levels of thiamine2

intake .

Microbiological Assay of the Radioactive Peaks. The radioactive peaks obtained

i from Amberlite CG-50 column chromatography were reduced in volume, under vacuum,

and on aliquot was taken from each peak for L. viridescens assay, it was mentioned

i previously that peak IV contains mainly free' thiamine. However, the sum of the

biological a ivity ?or L. viride:cens obtair.ed from peaks 11 and Ill, separately, was

equal to that of peak IV. Thus, when urine is assayed microbiologically for its

thiamine content, it should be recognized that only 50% of the activity present may

be actually free thiamine. This is, indeed, in agreement with the observations of

Bologhi and Pearson who found that some of the urinary thiamine metabolites in rot

are not thiochrome positive but have some activity for this organism.
"

7
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1

Autoradiography. Similar concentrated radioactive peaks obtained from the l

I4 I
subjects who had received either C-thiazole or C pyrimidine labeled thiamine |

|
were spotted side by side, in a linear fcshion, on cellulose thin layer plates for

development in a solvent system consisting of n-propanol / acetate buffer / water.

The chromatograms were then marked with radioactive ink on the corners and left

in contact with x-ray films for prepamtion of autoradiograms.

When C-pyrir..; dine labe'2d thloraine was used, peak || contained one

radioactive metabolite which has an R, value identical to that of authentic pyrimidine
r

carboxylic acid when chromatographed in the n propanol / acetate buffer / water

solvent system. This metabolite accounted for 1.64% of the total administered

radioactive dose in the first 24 hours' excretion following the ingestion of labeled

thiamine ,

isArion and Identification of 4-Methyl-Thiazole-5-Acetic Acid as a Urinary

M.uabolite of Thiamine in M.an. One of the maior metabolites in peak 11, resulting
-

from the ingestion of 2 14C-thiazole labeled thiamine, accounted for more than 70%

of the radioactivity present in this peak. This metabolite appeared near the solvent

front when the n-propanol / acetate buffer / water solvent system was used in the thin

layer chromatography separation. This compound was isolated in sufficient quantity

from the urine by thin |cyer chromatography and cochromatographed in four different

solvent systems with an authentic sample of 4-methyl-thiazole-5-acetic acid. After

development, the plates were reviewed under ultraviolet light in order to lactate
1

the authentic sample. The thin layer chromatography plates were then exposed to

x-ray film to locate the position of the unknown metabolite. This unknown compound

had an R value identical to that of the authentic sample in all solvent systems used.
g

On the basis of co-chromatographic and recrystallization evidences, the identity of

this metabolite as that of 4-methyl-thiazole-5-acetic acid was proved beyond any

rcaonable doubt. From a quantitative viewpoint, this compound accounted for,

during the first and second day following ingestion of the label, only 0.2% and 0.12%,

respectively, of the radicactivity administered.

8
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Studies on the Metabolites Present in ?cak lil.

(1) 4-Methyl-5-B-Hydroxyethyl-Thiazole: A Urinary Metabolite of

Thiamine in M,an? As was mentionec previously, a major portion of the ingested

radioactivity appears in the urine in the fraction termed " peak 111." This peak

contained numerous metabolites following the ingestion of either of the forms of

labeled thiamine.
I4

One of the metabolites of C-thiazole labeled thiamine in peak 111

migrates with the solvent front in the n propanol / acetate buffer / water solvent

system. This metabolite, which was not present in peak til when C-pyrimidine

labeled thiamine was administered, was scraped and eluted from the cellulose

thin layer chromatography plates and re-chromatographed in four different solvent

systems in comparison with an authentic sample of 4-methyl-5-B hydroxyethyl

thiazole, i.e., the thiazole moiety of thiam:ne. The autoradiographs obtained

from these co-chromatograms showed identical R values for both the unknown
g

metabolite and the authentic sample, which was localized on the plates by its

ultravioler c;uenching characteristics. Thus, on the basis of co-chromatographic

evidence, this metabolite was tentatively identified as the thiazole moiety of

thiamine. This metabolite, however, accounted in the first 24-hour urine excretion

for only 0.05% of the radioactivity of the C-thiazole labeled thiamine ingested.

Thus, it would appear that the major portion of the thiazole moiety of thiamine

produced by the cleavage c thiamine in the body undergoes oxidation to thiazolei

acetic acid. A similar finding has been noted for the rat.

(2) is Thiamine Pyrophosphate a Urinary Metabolite of Thiamine in Man?
I4

One of the metabolites in peak IV, which was observed when either C-pyrimidine

C-thiazole labeled thiamine was ingested, appeared near the origin in thinor

layer chromatograms developed in the n propanol / acetate buffer / water solvent

system . This metabolite, tentatively named Metabolite 111-1, was isolated both

9
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from the urine of a subject labeled with C-pyrimidine thiamine and the urine of
I4

a subject labeled with C-thiazole thiamine. The metabolites isolated from

these two sources wer. ec chromatographed by thin layer chromatography,in

different solvent systems and showed identical R value in all solvent systems
g

used. Thus, it was established that the metabolite contained both moieties of

thiamine in the molecule. In addition, L. viridescens assay of this metabolite
1

revealed a biological activity similar to that of free thiamine (on the basis of i

specific activity). This metabolite was then re-chromatographed by thin layer
ichromatography in various solvent systems in comparison to that of authentic samples

of thiamine monophosphate and thiamine diphospha te. For further confirmation, a

mixture of Metabolite 11!-1 and 10 mg of unlcbcled thiamine diphosphate was re-

crystcilized four times from a solution of acetone and absolute ethanol. Although

the specific activities in the ! cst two recrysicl!!zations remained almost constant,

a slight gradual decrease was noticed. This slight decrease in specific activity,

however, might have been due to a slow decomposition of the labile thiamine

diphosphere under the rather rigorous conditions'of recrystallization. Thus,

Metabolite 111-1 has been tentatively designated as a phosphorylated derivative

of thiamine.

(3) Studies on Metabolite ill-5. As the urinary radioactivity decreased

during the days after the ingestion of the icbeled thiamine, most of the urinary

radioactive metabolites tended to disappear. However, one of the catabolic

products of thiamine in peak 111, which was tentatively named Metabolite |||-5

continued to contain a high level of radioactivity throughout the experiment. The

amount of this metabolite in the first 24-hour urine collection represented 2% of

the total administered radioactive dose. Thus, efforts were made to identify this

particular major metabolite. This metabolite was present in peaks 111 obtained

from urine of subjects administered either form of the labeled thiamine and thus

the metabolite apparently contained both moieties of the thiamine molecule. To

10
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further verify the presence of both moieties of the thiamine molecule in the metabolite,

the metabolite was re-chromatographed in various solvent systems. In addition, co-

chromatography of the metabolite isolated from urines obtained from the two specific

types of thiamine labeling were performed. Identical R values were obtained withg

all solvent systems used and, thus, it was concluded that Metabolite 111-5 contained

both moieties of the thiamine molecule. Metabolite 111-5 did not possess a biological

activity for 1.. viridescens. Ultraviolet absorption spectra and infrared spectroscopy

studies indicated that Metabolite 111-5 had a complex structure. During the course

of purification of this metabolite by Sephodox G-10 gel filtration (column 1 x 40 cm),

it was found that the elution volume for this metabolite was almost equal to that of i
I

the void volume of the column. In other words, the ratio of the elution volume |

(Ve) to the void ' volume (Vo) was 1 ( = 1). The same ratio for thiamine hydro- |

chloric (mol. wt. = 237.27) was found to be 4.5 ( = 4.5). This suggested that |

Metabolite !!!-5 should have a molecular size much larger than that of a simple

thiamino derivative. The molecular weight of Metabolite !!I-5 was estimated to

be in the vicinity of 25,000. Thus, it appeared that this metabolite was a combina-

tion of thiamine (or a derivative of thiamine) and a high molecular weight compound,

perhaps a peptide or protein. To investigate this possibility, a new batch of this

metabolite was isolated from peak 111 and purified twice by cellulose thin layer

chromatography and four times, by recycling on Sephodex G-10 and G-100 columns.

Each time the radioactive peak was collected, its volume reduced under vacuum and

reapplied to another column. The final preparation was hydrolyzed in 6 N

hydrochloric acid at 6.8 kg pressure and 121* C for 8 hours. The hydrolyzed

material gave a positive ninhydrin reaction. A quantity of the hydrolysote was

then analyzed for its amino acid constituents. Except for cystine and methionine,

all commonly occurring amino acid were present. It was of interest to note that a

considerable amount of histidine and lysine were present, providing probably a

rather basic compound.

11
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CONCLUSIONS:

The metabolism of 2- C-thiazole labeled thiamine and 2- C-pyrimidine

labeled thiamine was studied in four healthy young adult men. The orally

administered labeled thiamine was almost completely absorbed with no measurable

amount of CO detected in the respiratory air. The half excretion time of the
2

ingested label occurred within 91/2 days to 181/2 days and was related to the

weight of the subject and the daily dietary intake of thiamine.

The urinary radioactive metabolites of thiamine were fractionated by Amberlite

CG-50 column chromatography. Four radioactive peaks were obtained from the
l

urine of three subjects who had ingested 214C-thiazole labeled thiamine and i

three peaks from the urine of a subject who had received 2 I4C pyrimidine

labeled thiamine. Each peak was tested separate.y for its biological activity

for L. viridescens. Approximately 50% of the thiamine activity present in the

urine was thus found due to metabolites other than that of free thiamine.

The urinary radioactive metabolites resulting from both types of labeled

thiamine administration were further separate'd by thin lapr chromatography and

autoradiography of the radioactive peaks obtained from the column chromatography.

The use of 2 I4C pyrimidine labeled thiamine resulted in )3 metabolites, of which

four were major, while 2- C-thiazole labeled thiamine produced 31 metabolites,

of which six were major. One of the major urinary metabolites of 2- C-thiazole

labeled thiamine was positively identified as 4-methyl-thiazole-5-acetic acid.

Also the thiazole moiety of thiamine and thiamine diphosphate were tentatively

identified as two minor catabolic products of thiamine. One of the major

urinary metabolites of thiamine, which continued both the pyrimidine and the

thiazole moietics, appeared to be a conjugation of thiamine or a derivative with

a peptide moiety,

i

12
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STUDY NO. 2 Riboflavin metabolism and requirements

PROELEM:

In a previous study (Amos, W.H. Jr., M. Bologhi, O. Ramirez, Jr. and
14

H.E. Sauberlich. Metabolism of C-riboflavin in the rat. Fed. Proc. 25:245, 1966) ;

I
-

riboflavin with the activity on the seccnd carbon (214C-riboflavin) of the isoalloxa-
14

zine ring fciled to be metabolized to CO in the rot. Therefore, in order to i
2

study the metabolic fate of C-riboflavin it was necessary to synthesize uniformly

Icboled riboflavin. If the uniformly labeled riboflavin provides the same labeled :

metabolites as the 2 I4C-riboflavin, then the less expensive 2 I4C-riboflavin con

be utilized in future metabo;ic studies related to this nutrient.

RESULTS AND DISCUSSION OF THE RESULTS:

#10895, was cultured and maintained on a medium~ Ashbya gossypii, ATTC

containing 2.0% glucose,1.0% peptone, 0.5% yeast extract and 1.8% agar.

Slants of the medium were made after autoclaving at 15 lbs pressure for 30 minutes.

Cultures were incubated at 28' C, 1*, for 4 days and then refrigerated.

13
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!

To prepcre seed, cultures for use as inocula for the defined !iquid medium,.

i- highly pigmented areas of the cultures were serially transferred, using a sterile
'

spatula, so that c 1.es after 24-48 hours incubation at 28' C, *1*, consistently

j produced pigmentatich. After 4 days growth these cultures were used to inceulate ;

i
j the various liquid media which are listed in tables 1, 2, 3 and 4. Table 1 shows

! the defined minimal liquid medium, initially used, for growth and flavogenesis of

|
A. gossypil.

| TABLE 1

Defined Minimal Liquid Medium for Growth and );

; Flavogenesis of Ashoya gossypii |
-

i

[ A. Basal Salts |

: KH PO, 0.1 %
2 *

K HPO 0.1 %
2 4

Nacl 0.05 %

MgSO 7 H O 0.05 %4 2
.

B. Glucose 2.0%
,

,

j C. Vitamin Mixture (Add per 100 mi medium)

Inositol 3.0 mg

Thiamine-hcl 0.1 mg

D-biotin 2.0 pg

D. Amino Acids (per 100 mi medium)

L-Aspartic acid 210 mg

L-Arginine-hcl 10 mg

Glycine 30 mg

L-Histidine 33 mg

L-Leucine 25 mg

|

14 -
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Improvements of this medium are shown in tables 2, 3 and 4 which show results

of the effects of amino acid combinations, folic acid, sodium formate, glucose

concentration and traces of peptone and yeast extract.

Table 2'

Effect of Amino Acid Combinations on Growth and
4

Flavogenesis of Ashbya gossypti

Medium Growth Flavogenesis
I

DMLM- Complete ++ (overage) + (slight)

less histidine ++ (average) + (slight)"
4

'

less leucine, aspartic acid + (minimal) 0 (none)
"

plus 210 mg glutcmic acid

less histidine, leucine :.: (coed) +++ (good)
"

! css histidine, asportic ++ (overage) + (slight)
"

acide

less histidine, leucine, ++ (average) ++ (average)"

Complex (Control) : : : : (very good) ++++ (very good)
.

1. DMLM is the defined minimal liquid medium of Table 1 composed of A. Basal

Salts; B. Glucose; C. Vitamin mixture; D. Amino acids.

2. Comp!ex control medium composed of A. as above; B. as above; C. 0.5% yeast'

extract; D. 0.5% peptone,

i

15
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TABLE 3

Effect of Folic Acid and Sodium Formete on Growth and

Flavogenesis of Ashbya gossypii

Medium Growth Flavogenesis,

DMLM-Complete plus folic : : : (good) ** (good)
acid plus sodium formate

less folic acid *+ (good) * (average)"

less folic acid and : . . (good) * (overage)"

sodium formate

Complex (Control) . : : (very good) : : . : (very good)
'

1. DMLM is the defined minimal !!c;uld medium of Table 1 with changes in the

ce;nposition as follows: A. Easal Salts; B.1.0% glucose; C. Vitamin mixture

plus 0.1 mg folic acid; D. Amino Acids, total of 5 changed by deleting histidine

and leucine. Aspartic acid decreased to 150 mg; E. 37.8 mg sodium formate /100 mi

medium.

2. Complex control medium composed of A. as above; B. as above; C. 0.5% yeast

extract; D. 0.5% peptone. )
|

TASLE 4

Effects of Glucose Concentration and Traces of Peptone and Yeast

Extract on Growth and Flavogenesis of Ashbya gossypii

Medium Glucose Conc. Growth Flavogenesis

DMLM-Complete 1.0% +++ (good) +++ (good)
plus peptone
plus yeast extract

less peptone 1.0% +* (good) H+ (good)
"

less peptone 1.0% ++ (average) ++ (average)
"

less yeast extract

DMLM-Complete 0.5% +* (good) * (overage)
plus peptone
plus yeast extract

less peptone 0.5% * (average) * (average)
"

1. DMLM is the defined minimal liquid medium of Table 3. In addition 0.1% peptone;
0.1% yeast extract. 2. DMLM is the defined mi..: . : .id medium, as above,,

except glucose concentration is 0.5%.
16
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! Table 5 lists the components of the improved lic,vid medium which was used f%olly -

for production of the uniformly labeled C-riboflavin.

.TASLE 5
. ;

Composition of the Dafined Liquid Medium Used for the Production of

Uniformly Lcbeled 'C-Riboflavin by Ashbya gossypti

Wt/100 ml Specific
j4

Component Medium Total C(yc) Activity pc/mg C

D-glucose-U- C 1000 mg 10,000 25.0

Glycine-1,2- C 30 mg 240 25.0
IL-aspcrtic acid-U- C 150 mg 1,350 25.0

L-arginine-U- C (mono hcl) 11.9 mg 1,000 25.0

Sodium formate- C 38 mg 168 25.0 b
i
'

Yeast Extract, Difco 100 mg - -

Inositol 3 mg - -

D-Biotin 0.002 mg - -

Thiamine hcl 0.10 mg - -
:

Folic acid 0.10 mg

KH ?O 100 mg - -

2 4
K HPO 100 mg - -

2 4
Nacl 50 mg - -

MgSO 7 H O 50 mg - -

4 2

Fifty ml of the medium (Table 5) was added into each of two 250 ml Ehrlenmeyer

flasks which were set up with a compressed air circulation system containing a 10%

NaOH inlet trop to remove CO fr m the compressed air, sterile cotton air filters,
2

end two 1 liter outlet traps containing methyl cellosolve: monoethanolamine (2:1 v/v)
I4

to trop expired CO . The inoculum was prepared by aseptically transferring the
2

17
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'

- pigmented mycelial mot of fresh 4 day old cultures into sterile water and macerating

this with a pipette. The slightly. turbid, very yellow supernatant was inoculated into

the flasks which wer rhen incubated in a 28' C shaking water both for 7 days in a

darkened room with continuous ceration. At the end of the incubation period 12.5 ml

of 0.123 M sodlum acetate buffer, pH 4.6, was added to each flask, after whleh the

flasks were autoclaved and the cells removed by filtration. The filtrate was con-

centrated to approximately 15 ml on the flash evaporator under subdued light. All

procedures henceforth were carried out in a darkened room.

One hundred fifty ml of boiling acetone was added to the concentrate and proteins

were precipitated overnight in the freezer compartment of the refrigerator. The super-

notant was concentrcted and again frected with acetone for removal of residual protein.

The supernatant wcs then extracted with ethy! ether to remove lipids and the aqueous

phase chromatographed on a 2 X 20 cm florosil column, which was eluted with water,

2% acetic ccid, cdditional water and pyridine-water mixtures from 1 to 10% pyridine.

Riboflevin was cluted with 5-10% pyridine in water. This eluate was concentrated to

about 100 ml. Chloroform was used to remove the pyridine in the eluate, leaving the
,

aqueous phase containing the riboflavin. This aqueous phase was filtered on a j

moistened filter paper to remove suspended chloroform and again concentrated to j

opproximctely 30 ml. The preparation, divided into two 50 ml centrifuge tubes, was

placed in the freezing compartment of the refrigerator. A gel-like material separated

out and this was centrifuged off.

The clear riboflavin containing supernatant was applied to a 1 mm thick layer

of silica gel G and chromatographed in glacial acetic acid: Acetone: methanol: benzene

(5:5:20:70 v/v). Riboflavin with a R, of about 0.3 was scraped off the plate and eluted
r

with water. Two minor bands of a higher R were later identified as lumiflavin and
g

lumichrome by paper chromatography in butanol: acetic acid: water (4:1:5 v/v). The

cluted riboflavin was concentrated and the CaSO binder from the silica gel G
4

.
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removed by centrifugation. The concentrated riboflavin was chromatographed on

Whatman number 3 mm paper in butanol: acetic acid: water (4:1:5) and eluted with

water. The purified riboflavin band war concentrated to a small volume and

crystallized from water-acetone mixture. The crystals were redissolved in water
1

and concontrated to exactly 100 mi from which a 1 ml aliquot was removed for |
,

microbiological assay of riboflavin and for radioactivity determination. The remain-

ing 99 ml riboflavin solution was divided into 5 ampoules, 4 containing 20 mi each,

and 1,19 ml. These ampoules were lyophilized and scaled in vacuo. Lactobacillus

casei, ATTC #7469, was employed as the test organism in determining the total yield ;

1
of 1.46 mg riboflavin. The specific activity of the riboflavin was 21.0 pc/mg.

J
|Examination of the lumif.':. vin and lumichrome bands, artifacts of the isolation

procedure, confirmed that both the rib: col side chain and the isoalloxazine ring
14

contained C.
,

|

|

CONCLUSIONS:
|

Riboflavin C, uniformly labated, with a specific activity of 21 pc/m; was

prepared and is availab!c for future use in animal' riboflavin nutrition studies.

PUBLICATIONS:
|None at present; manuscript in preparation.

STUDY NO. 3 Vitamin C metabolism and requirements

in man

PROBLEM:

Studies were designed cooperatively octween the Metabolic Ward at the

University Hospitals, University of Iowa and the Chemistry Division, USAMRNL, to

study vitamin C (ascorbic acid) requirements and metabolism in man.

The objective of these studies are:

To induce in healthy men (prison volunteers) a deficiency of ascorbica.

acid.

19
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b. To lab::' At ascorbic acid pocls with L-cscorbic-1- C acid in order to

study (a) total body pool size; (a) rate of deptetion; (c) minimal requirements for

vitamin C; (d) the re!ctionship between symptems end signs of scurvy and levels of

the vitamin body ,ccol; (c) the cmount of ascorbic ccid necessary to replete the body

peo! and to alleviate signs and symptoms of deficiency; and (f) theories concerning

the physiologic functions of ascorbic acid based on metabolites in blood and urine.

RISULTS AND DISCUSSION OF THE RESULTS:

The initial vitamin C deficiency study conducted on prison volunteers has been

compfoted and the findings have been submitted for publication (see " Publications").

The resu|ts and conclusion of this study were presented in the 1967 Annual Progress

Report .

i
A second cnd more extensive study on asccrbic acid metabolism and deficiency

!

wcs initiated this past year. This study began on 17 October 1968 with six human

volunteers from the lowa Stcte ?rison. The subjects are housed at the Metabolic Ward,

Department of !nternal Medicine, University Hospital, University of Iowa, Iowa City,

Iowa. The subjects were conditioned on a normal diet for one week. At the end of

this period each man received 40.1 pCi of L-Ascorbic Acid-1 T4C. Twenty-three

days later, of the time when urinary free ascorbic acid fell to low levels, all sub-

jects received 121 pCi of radioascorbic acid. It was hoped that the delay in relabel-

ing would allow a more complete retention of the !cbeled ascorbic acid. Shortly
|

cfter the second !cbeling the subjects went on a 30 day mineral depletion. The |
effect of this depletion on rcte of urinary C excretion was studied. After approxi-

mately 100 days of deficiency, at the point when marked clinical signs of scurvy

cppeared, labeled ascorbic acid, lpc/ day, in amounts of ,, 64 and 128 mg per day

were cdded to the ascorbic acid free diet. Two men on 4 mg/ day, two on 64 mg/ day
jcad one on 128 me day,

20
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Studies in Human Nutrition

This graded supplement period w!!! continue to 1 June 1968 at whie'- time

very high levels, 250 and 500 mg/ day wi:1 he fed. In addition to the labeled

supplemantery oscorbic acid, during :ha last part of the graded supplement phase,
"

the diet was changed. The naw diet provides approximately 2.5 mg/ day of ascorbic

acid.

Routine clinical studies are being carried out by the metabolic word staff at

the University of Iowa. This laboratory is responsible for radio assay of urine and

fcces, vitamin levels in urine and blood, proximate analysis of feces and urine

creatine, nitrogen and oxalic acid and several other assays. All assays are proceeding

at this time.

Only the prelimincey resu! s can be given at this time. '

a. Urine C excreting pattern in this sicdy follows closely that of the previous

vitamin C da!iciency study.

b. . The presence of redier.ctive materic: in the feces derived fror, the ingested

!cbaled ascorbic acid hcs been ccafirmed,

No mcrked change in p!asma vitamin A levels have been noted during thec.

deficiency or repletion of ascorbic acid.

d. There have been no marked changes in the urinary nitrogen or creatinine

excretior, during the study.

The formula diet used in this study will induce scurvy in 100 to 110 days,e.

e,uite independent of body si::e, age, or other physical parameters.

f. Preliminary results ir icate that a dietary intake of ascorbic acid of

between 4 and 6.4 mg/ day will not alleviate all of the serious symptoms of scurvy
1

in 60 days.

CONCLUSIONS:

Since this second vitamin C study has not been completed, final conclusion can-

not be presented at this time. However, the initial study conducted on experimental

human scurvy resulted in the following conclusions:

21
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Labeling the body oscorbic acid pool during the depletion phase resulteda.

in no detectable urinary excretion of C-labeled reduced or dehydroascorbic acid.
I4

b. Urir. cry Excran of C by r:1 sub; cts occurred as a first order process

durin0 the depletien phed. The urinary- C excretion curves of the four subjects

studied did not differ from the average man by more than *3%, despite marked

' differences in body weight and age,

First symptoms of mild scurvy appeared in the subjects when their body ascorbicc.

acid poo! had been reduced to approximctely 300 mg.

d. Once the body pool of cscerbic acid wcs repleted to a level of 1.5 g,

urinary loss of reduced escorbic acid cecurred,

c. The rete of rep:ction of escorbic acid wcs found to be c nero order process

and proportionc! to the icve! of dc!!y escorbic acid intake.

f. When the sA ects were fad a h!ch inicke of escorbic acid, only a limited
I4

quantity of the ingested vitamin was equilibrated with the C-labeled ascorbate

peo! .

9 All of the rc:.!ccctivity excreted during the depletion phase was in the form
.

of srcble orcenic mater *cl thct did not cahave as ascorbic acid. This organic

mcteric! was sepercted into four unknown compounds.

h. This study would indiccte inat a deity intcke of less than 6.5 mg per day

of csecrb:e acid is sufficient to o!!eviate and prevent scurvy in man.

1. The four subiccis who completed the study developed clinical signs compatible

with a diagnosis of scurvy: swollen bleeding gums, conjunctival hemorrhages, and

follicular hyperkeratosis of the thighs, buttocks, calves and the posterior aspects of

the cims.

j. B! cod counts, numerous biochemical measurements, the rate of wound healing

and physiologic tests including electrocardiograms, electroencephalograms, basal-

metabolic rates and blood coagu:ation studies showed no specific abnormalities as a

result of induced scurvy.

22
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Studies in Humen Nutrition

k. Ascorbic acid requirement wcs increased by emotional stress, but was not

influenced by other forms of stress investigated.

?U:LICA7'ONS:

1. Hodges, R.E., N. Ecker, J. Hood, H.E. Sauberlich and S.C. March.

Experimental scurvy in man. (Submitted for publication).

2. Hodges, R.E., et al. Metabolism of Ascorbic I C acid in experimental

human scurvy (Submitted for publication).

3. Hood, J. and R.E. Hodges. Ocular lesions in scurvy (Submitted for publica-

tion) . !

4. Vcn Reen, R.,'N. Raica, Jr. cnd R.A. No! son. Chapter 6. " Nutrition |

Studies" :n Studies of the Ncvel Facilities Engineering Command Protective Shelter. :

.i Summer Tricls. N.3L Report 6656, Mcrch 29,1968.'

5TUDY NO. 4 Mecsurement of carbon-14 in fecal

sempl-s

P.1C3LEM:

The various C isotopic labeling studies conducted at this laboratory required
14

the deve:opment of a rcpid, re!!cb!c method to determine the C-activity present

in focal semples. The ws combustion method commonly employed was too cumbersome

cnd time-consuming for application to the lcrge number of samples requiring analysis.

RESULTS AND D!SCUSS:ON OF THE RESULTS:

As a part of cnother study carried out in this |aboratory a method of assaying.

14
for C-lchelea compounds in feces wcs developed. The method is an adaptation

1

of a technique previously employed for the essay of high energy beta emmitters. |

The techn: .c requires c very dry aliquot of the fecal material to be analyzed.

Routinely the fecc! meterial is homogenized and a weighed aliquot is removed and
Iiyophilized to dryness. The dry cake is broken up and pressed into a 17/8" diameter

disk in a steel die et pressure of 15,000 p.s.i. for one minute. Disks have been made

23
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,

from weighed aliquors in the range of 0.9 to 2.0 sms. The pressed disk is not too . !

fraalle and can be weighed end handled if ecre is used. The weighed disk is then
,

placed in a plonchet cnd counted :n c .ow-back ecund, thin-window, gas-flow !t

|
pre jartionc! counter. A.! disks prepcred :n the rango 0.9 - 2.0 gms are more then j

infinitely thick to beta radiation emitted within the sample. Efficiency of counting i

the infinitely thick layer varies only slightly with varying weight disks. After |
counting, the total radiocctivity contained in the disks is determined by reference

to a standcrd curve prepared from feces of high, constant radioactivity prepared in

the above manner. After radiocssay the disk can, of course, be used in other types

of fecc| cssays.

CONC' US!CNS:_

The method described here dess provide c rapid convenient method for assaying
2

fer C *n fecc! meteric!. Baccuse cf the .'arge figure of merit (E /B) of low-background

hc?: ccLnters cnd the relctively large amount of sample counted the sensitivity of |
1

this method compares very favorably with !!cuid scintillation counting of combusted j

scraples .

PUBL! CATIONS:

None .

i
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A!!hou;h considerable efforts (1-5) have been directed toward the;

! c!vcidation of thiamine metabolism in the ret, relatively little is known of its

I catabolic fcte in man. !'orsook et al. (6) studied the metabolism of thiamine

in man by iniacrin 35;-labeled thiamine into a young healthy man for 15 days

and found that a censiderab!c amount of radioactivity appeared in his urine as

|
inorganic sulfur. Daspite extensive efforts, only two metabolites of thiamine

,

have been positively identified in the urine of man and rat (2,3). These
:

compounds are pyrimidine carboxylic acid and free thiamine. Recently,

however, 4-methyl thiazole-5-acetic acid has been reported to be a urinary

metabolite of thiamine and oxythiamine in the rat (7).

The present investi;ction was designed to study the nature of the

crinary products o! thiamine catabolism in man using two types of radioactive

th:cmine,
i

MATER:/CS ANO METHODS

Lebalad ?,iamina

2- C-thiccole labated thiamine, hcving a specific activity of
and 2 I C-pyrimidine

25 mci /mM we- .ad from Nuclear Cnicaco inc.

labe:cd thiam.r.s sw .gd.esiced oy Nuclear Research Chemical Inc.6and,

hcd a specific acHvity cf 2.06 mci /mM. The structure of thiamine and

pcs'tica of the !aba:ed carbon cicms am shown in Figure 1

M :..uremont of Radicactivity

c. |ackard Tricarb Li;uid Scinti!!ation Spactrometer, Model 3375, was i

,

uscd throughout the experimont. Bray's solution (8) was used as scintillator

and the counts wora corrected fcr blank and quenching by external standard

techniques. For detection of radioactive peaks eluted from either Amberlite i

.

CG-50 or Sophedex columns, a smcIl aliquot was taken from each fraction and

counted in a Nucicer Chicago Mark 1 Liquid _ Scintillation Spectrometer. The

2
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expired CO f 11 wing ingesii n f the labe' led thiamine was measured by*

2

a Cary 3802 Vibrating Reed Respiration Pattern Analyzer. For the measurement

of radioactivity in feces, the 24-hour fecal samples were homogenized in water

(10 tir es of its vo|ume) and a portien was lyophilized overnight. A thin pellet

(5.03 cm dicmcrar; approximctely C 7 - 2.0 gm in weight) was subsequently

made from the lyophilized material and its radioactivity measured in a Beckman

Low Beta-Il Thin-Window Gas-Flow Proportional Counter. The total radio-'

activity was then calculated for the 24-hour sample. Essentially identical

results were obtained if the focal sampics were ground, lyophilized and the

radioactivity determined by measuring the CO ev Ived upon combustion.
2

Yeast end Microbiolo3 ce! As:cy?

Thiern:ne activity in urine cnd in the radioactive fractions obtained from

urine by Arr.berlita CG-50 column chromatography was assayed with the use of

Lactcbac:.:ss vir:desens (A CC 12706) '9,10). Saccharomyces cerevisiae

(Baker's yec;t obtained from Stcndard Srands) was used in thiamine metabolite ;

i

recoup!!ng procedure (11). -

Collection and Preservatics of Urine and Feces

Complete 24-hour urinary collections were made for 18 days following

the ingestion of the labeled thiamine. The urine was preserved by the addition

of 1 ml of concentrated hydrochloric acid per liter of urine, layering with
1

folueno, freezing, and storing frozen until analyzed. The fecal samples were

collected in plastic 'oags, on the first through fifth days following ingestion
1

of the labeled thiamine. The focal samples were also kept frozen until

analyzed.

Concentration of the Urinary Thiamine Metabolites

The urinary radioactive metabolites of thiamine were concentrated by the

charco:| treatment and sub:equent elution of the charcoal with a mixture of

3

'
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pyridine/ ethanol / water (2). The eluate was then reduced in volume, under

vacuum, in a rotary evaporator to 5 ml and fractionated further by Amberlite

CG-50 column chromerocrophy.

Column Chromotoarcphy '

For fractionation of the urinary radioactive metabolites of thiamine,

Amberlite CG-50 ion exchange resin columns (1 x 40 cm; 200-400 mesh,

H+ form) were used. The columns were developed with water (200 ml) followed

by a mixture of pyridine, acetic ccid and water (7.5:1:91.5, by volume).

Purification and estimation of the molecu!ar weight of the thiamine metabclitas i

were performed wi;h the v;c of Sachadcx G10 and G100 columns (1 x 40 cm)

(12).

Thin Lcyer Chrcmato:::.9w I

Tha radicactivo pach cbtch;d from the Amberlite CG-50 columns

woro redaced in vckma, undar vccuum, in c retcry evaporator to 1-3 mi cnd

subjected to ce!L 2:a thin !ayer chrematocrcphy for further separation of the

radiocetiva mercbolites. The following :olvent systems were used for the

developmart of ce!! ulose thh layer chromatograms.

(c) n-: rop:nol, iM ccarote buffer pH 5.0, water (7/1/2; VM)
1

'b) 2-popanol, 0.2M acctcte buffer pH 6.0, water (85/20/26; VM) i
|

(c) 2-propanoi, 0.1 N Mci (110.20; VM) )

(d) 2-propancl, ammonium hydroxide, water (20/1/2; VM) l

(e) chloroform, methanol, 0.1 N Hcl (41/81/10; VM)'
i

(f) chloroform, methano!, amm:nium hydroxide (43/81/5; VM)

(c) acetonitrile, water, formic acid (100/25/ up to pH 2.57)
.

1

(h) ethanol, cmmonium hydroxide, wcter (20/1/2; VM)

Ascending th!n layer chromatogrcphy was carried out from 3-8 hours depending

upon the solvent system used, nutoradiograms were made by exposing the-

chromatoycms to Ecstman Kodak No-Screen-X-ray films (20 x 25 cm) from

4
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3-15 days. The radioactive hands were marked on the cellulose thin layer

plates and were subsequently scraped and collected by a microsuction vacuum
- device. The radioactive raetaballtes were then eluted with distilled water from

the celluloso with 1 to 2 m; of distil!ad water and saved for further4

characterization.

Ultraviolet and Infrared Spectroscopy

The ultraviolet spec!.a of the merobolites were obtained with the use of
'

either a Beckmen DX-2A Spectrophetemeter or a Beckman DB attached to a

continuous recording device. The infrared spectra were obtained with the use

of a Perkin-Elmer 221 Spectrophotometer and the potassium bromide pellets

were rnade in the conventionc! manner.

Amico Acid An:!w is
1

A Sockman /5pinco cre* u ccid system, modified for accelerated micro

onelyses, was used !ct tha dActmin: tion of cmino acids in the urinary

metabolites . Tha sampics were hydrolyzed in 6 N hydrochloric acid at 6.8 kg

pressure and 12! C for 8 hours. The procedure of Stein and Moore -(13) was

used for amino ccid analy;is of the samples.

; For the purpose of c! rity, some additional experimental procedures will 1

; be ic.troduced in tha following section.

RESULTS AND DISCUSSION.

Absorption, Excretion and Oxidstion of the Labeled Thiamine in Man !
i

Four healthy young male volunteers were placed on a cyclic diet which
'

provided a constant thiamine intake. After the consumption of this diet for |
1

three days, the labeled thiamine was ingested in a fasting state. Three of the

subjects received a single dose of 50 mci 2- C-thiazole labeled thiamine

(0.67 mg). The fourth subject received 2 I4C-pyrimidine labeled thiamine.1

Baccuse of the lower specinc activity of the pyrimidine labeled thiamine,

administrction of this material was modified in' order to adequately label the

5
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body thlomine pool and thereby provide sufficient radioactivity in the urine.

This subject, therefero, wcs given ecch morr.ing in a fastino state for five

consecutivo days 5.6 mci of 2- C-thiazole labeled thiamine (1.04 mg) for'

a total of 23 re.Ci. In this mannn, the tctd delly thiamine intake for each>

subject wcs maintained within c.orm:.1 dietary and physiologicc! levels.

The measurement of radic::ctivity present in the fecal samples obtained (6

from two subjects which received 2 y' C-thiazole labeled thiamine, demonstrated
i

-

the presence of less than 1% of the administered radioactive dose in the first
i

and second d::y facci camples indicating almost comp!cte absorption. On the |

third dcy, however, a significant increase was observed in fecal radioactivity,

which mcy be due to re-axcretion of th* amine or its metabolites into the j

intestinc kmen. .ess th:.n 5% of the admin'.tered dose of radioactivity was

accour. e:. f:e in the 5-day fac:.i cc::ection. ;

r.

The expired "'CO wcs f !! wed on cV!brcting Reed Respiration Pattern
2

Ar.c!ycer, thraa times a day, one hour each time, for five days, after the

ingest!on of !cbe:cd 'hice. % in each of the subjects. No measurable amount
'

of '4CO u!:. he ete: c in the resp r t ry f ny f the subjects whor
2

1'd
had received either 2 "'C-th:: zole labeled or C-pyrimidine labeled thiamine,

Indicating less than 1% conversica cf the administered dose to CO '
2

Half Excretion Time of 2- C ~hiazcle Lebeled Thiamine

A 0.5 ml cliquor of the d::ily urine was counted in a liquid scintillation

spectrometer for the macsurement of the total radioactivity present in 24 hour

urine. The cumulativ. excretion curves of 2- C-thiazole labeled thiamine

for the three subiccis are shown in Figure 2. Subject A had a half excretion

time of 181/2 days. He weighed 90 kg and was consuming daily 1.35 mg

thiamine ir. his diet. Subject B weighed 95 kg and had a constant daily dietary

intake of 1.8 mg of thiamine. The half excretion time of the ingested label for

this subject was 15 d:ys. The excretion curve of Subject C, however, indicated

a h::lf excretion time of 9 '/2 d::ys. Tr.is subject weighed only 69 kg and the
'

6
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amount cf unlaba!cd thicmine in his d:et accounted for a daily intake of

2.1 mg. Thus, the hbher intake level c?ihicmine and a smaller body size
.

caused a fastor turnover rato in this sub|ect, lt is perhaps noteworthy to

mention that char.cos in tha dopa c! the excretion curve appeared to occur

on days I, 2 or 3, cnd prchsh:j 7whi:h suggests the presence of mor- rhan one
,

miscible pool of th! amine in the human.

'

Studies On the Urinary Metah:, lites of '?- C-Thiazole and 2- C-Pyrn.11 dine

I.abeled Thiamine in Man

The urincry rcdicactive metebol:tes of 2- C-thiazole labeled thiamine
' J.

cc,d 2 * 'C-pyrimid: .a !chucd th :.mino were first concentrated and then

fccctionated sy Amb r:ite CG-C cc!umn chromatcgraphy as described

previoudy (se: Methods). Twc .c.rce cn; two smali pec.ks were obtcined from

2 '''C-thic:o:o !ch:!ad thiae' .s cad c.vo large end cne small pack from
,

2 "4'C-pyrim::.!na :cho!cd .: crc: .a (.::;. 3). These paa.cs accounted for

93-200% of the ecc::::::v:ty cp;::a:. to the column. The content of the tubas

co!! acted from :he coiumns were cambined 'nto the indiccred respective peak

frcctions, mixed, and a sma!! clic;uot was taken for liquid scintillation counting.

The ra:.:ca:civity of each peak, cs .h' car cent of the total radioactivity

cpplied to the Amber |:ta column was then ca|culated.

~icure 4 is a bargraph showing the proportion of radioactivity in each of

these pscks observed in urina obioined from twc ; acts for four consecutivo

days f :!owing the cdministration of 2- C-thiazole icbeled thiamine. More

than 90% of the radioactivity in peak IV was accounted for as free thiamine.

Peak 11 was observed to contain re. ore than 10 metabolites of thiamine, in one

subject, approximately 46% of U. total rcdioactivity present in the first

24-hour urine co!!ection when app!ied on the Amberlite CG-50 column appeared

in pack IV, whi : in a second subject similarly studied, this peak contained

41% of the total rad:oactivity. The per cents of radioactivity present in

peak !!: fec these subiacra were 419', c .d 52%, respectively. In the second

7
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24-hout urine col!cct'cn, hcwever, the percentage of radioactivity in peck IV,

in both subiccis, da:recsod te ^'c'- of the t:.tal rcdioactivity, while the

percenic;e of radiocc' "'., ..: Screased to approximately 61% and;

thS proportion remc' .ed c:r..c e .c. r;after. Apparently, after the excess -

tal:mina Ecd been :.ncret;u Ir.t: the crir.e during the first 24-hour period

along with attainment of thicm:ne equilibrium with the deep pool, each day

thercafter, a portion of the rcdicactive thiomine present in the body was

converted into its metab..ites cad excreted subsec;uently into the urine. Also,

it should be mentIcnsd that the parcentage of red:ccctivity that appeared in

pcck !!! In tha, .'.r;r 24-hour rine excretion of the heavier subject was more

rhan th:t noted ?or the !:;hcar su.::act (52% Ie. comperison to 41%). This

difference rr.cy ha dua to the d:f!crencas in body sizes cnd the levels of

thic.m:c.a Irt::<a.

N.:crobic|c. c:.: h=v cf the 7. . .: :. c; . 2 ?a a k;

The r:r.:::ct've p2::c ch::.! .ad Sm Ar.Ger|ite CG-50 colun.n

c,nrc=cto;rc pn.y were recucac vs,ume, under vacuum, and an aliquot was
. ..

.

taken from each pea:< for !.. vir:desce s assay (9,10). It was mentioned

previous!y that p :k .V contains rr.cIn!y free thiamine. However, the sum of )
the bic!o;!cci cetivity ir L. v: .d:scens obtained from peaks 11 and 111,

sapx tely, was ce,u:.: to th ; of peak :V. Inus, when urir.e is assayed

microbiologice:ly fer ::s thicmina conter.t, it should be recognized that only

SE of the ccriv:ty present may be actually free thiamine. This is, indeed,

in careement with the observations of B:laghi and Pearson (4) who found that

sorr.c of the urir.ary th:cmine matcbolites in rat are not thiochrome positive but

hcVe some ac!h..y for this organisra.

Yecst Resyr.chesis Asscy
|

An : .::uct cithe same radi:::tive peaks which were used for,

i

L. vir:d:scens ess:y were tcken for yo::t resynthesis essay (11). The results i

,
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obtained were in agreement with those found with the use of L. viridescens.

For examp'e, L. viridascens essay indiccred the presence of 10.8 pg% of

thiamine activity por ml of p;ak I!! obtained from column chromatography of

the urine of the subject who h:.d 'rgest:c 2 il'C-thiazole labeled thiamine,

wh!!c th value obtair.ad by tha yec.. resynthesis method for the same peak
i

was 12 po per m!. Repected expariments gave similar results. Since'
.

I
L. vir!descens cannot couple thiamine tr.oieties to form thiamine (9,10), the

cbove data indicate that apparently yeast wcs not able to recouple the

metabo!!tes of thiamine in the Individuc! packs. The values obtained by

Ziporin et al '14) using the ycast asscy rr.::ht b2 due to either other compounds

present in the crir.e re: thor than "*.*c=Ine metabolites or to catabolic products

ci . ',l:.mir,e present in the dVicrant pt:.ks which wk.:n combined and assay
1

:oup!cc. by yacsr to form th:cminc compounds. |cca .
1

I

. .;:c-:r'ic~:. 6v |

Sim:!ce car.cartrcto:. ec :ccet!w p :!c obicined fecm the subjects who

had rece:vec either C-t ic::!c cr C-pyrirr.: dine labeled thiamine were

s, carted side by side, :n c iince.r fcshion, on ce!! ulose thin layer plates for develop-

m;nt in a solvent system consistica of n-propanol / acetate buffer / water. The

chromero; rems were then me.rked w*th radioactiva ink on the corners and left

?~ 7.ntact with x-ray films for preparation of autoradiograms.

A schemcric represer.rction of autoradiograms obtained from the

chromatography of peaks || ob?cined from the urine of the subjects ingesting

either C-thiazole or C-pyrimidine labeled thiamine is shown in Figure 5
MWhen C-pyrimidine labeled thiamine was used, peak || contained one

radioactive mercholite which had en R value identical to that of authenticp

pyrimidine carboxylic acid when chrometographed in the n propanol / acetate

buffer / water solvent system. Further work was not attempted on this metabolite

since it had been reported by Neal and Pearson (3) to be present in rat and

human urir.3 as a cciabolic product of thiamine. This metabolite, however,

9
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accounted for 1.64% of the total administered radioactive dose in the first

24 hours' excrction following tha ingestio:. of labeled thiamine.

Isolation and Identification of 4-Methyl-Thiazole-5-Acetic Acid as a

Urinary Metebolite of Thicmine in Wn

One of the malcr mercb sl:tes in pack II, resulting from the ingestion of

2- C-thiazole lababd thiamine, accounted for more than 70% of the.

'

radioactivity prosent in this peak. This metabolite appeared near the solvent

front when the n-propcnol/acetato buffer / water solvent system was used in

the thin layer chrom:tegraphy separction. This cornpound was isolated in
,

n,i!!chn' zt.cr.!!?y from tha urine by tnin .'ayer chromatography and co-
,

'
chrcmoto;taphed ir foce different sc!vont sy;tems with an authentic sample

cf 4- ncthyl-th:ccob-5-:.wtic c:!d, wMeh h:c been prepared by the method

of C.recsdo and Tcf:- (~5). . Der dava: pment, the plates were reviewed

ur.dar :..''rcv:ola ::;h- :n ocar to kc:t; he authentic sample.
~'

'

1
'

Icyer chrom: .':gre.phy pi:. c: wcce then exposed to x-rcy film to .ca .. cnai

;csitbn of he unknown matchelite. This unknown compound had on R valuec g

.dar.ticci to th:.: cf tha c.,:hentic samp!c in a!! solvent systems used. The

resu|ts cro shcwn la T: h: . l .,

To prov dc further cv'd:nca c3 to the identity of this metabolite es

th:. c! 4-m: thy! thiczo.e-5-acatic c:!d (TAA), cpproximately 100 pg of the

unknown metabe!!to (calculcred on the basis of rcdioactivity) were mixed
.

with 10 mg cf un!chaled TAA. The mixture was chromatographed on an

Ar.scrlitc . 3-50 column and the cedioactive peak, which was eluted with

distil'ed water, collected and its volume reduced, under vacuum, to 2 ml.
.

The solution was left in a refrigerator overnight and the crystals obtained
1

were h:rvested by contrifug:tien. A semp!e of the crystals were dissolved

in 1 m! of 0.C: N MCl by wccming and c 0.1 ml aliquot of this solution was

diivred to 2 ml with another portion of 0.01 N hcl. The concentration of

TAA |r the ?nal solutin was datere:n d spectrophotometrically and 1 ml of.

10 |
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this solution was counted in a !!cvid scintillation counter for 100 minutes. The
,

counts were corrected for blank and quenching. The rerrmining crystals were

dissolved in 0.3 ml boiling water cr.d recrystallized first at room temperature

and fina|!y in a reft!cerater. This procciae wcs repeated five times. The results

are sh:nin i.s Table!! . After the " ret cryste.!!' ctica, the spegific activity

decreased, but esmained constcnt with :.Lsequent recrystallizations. Thus, on
,1

the basis of co-chromatographic and recrysta!!ization evidences, the identity

of this metabolite as that of 4-methy!-thiazole-5-acetic acid was proved beyond

any reasonable doubt. From a qu ntitctive viewpoint, this compound accounted

for, during the first and second day f "cw;ng ingestion of the label, only

0.2% cad 0.12%, respectiv !y, cf ^he rad!: activity administered.

Sre:.ics on .e Metc':..' .s ? resent in Pd '.i .

(1) , .v. :hy!-5-2-Hvir n eh,d-Tai:.:s!c: A 'Jrinary Metabolite of 1

Thicmir.; in Men? As we.2 cc.c.He. ad previoms!y, a major portion of the Ingested

rc diccct!vity cppac.rs * , '.s urine in e irc 'a - - "-med " peak !!!." This peak

contc a.cd numerou; ~.crch;Fics fol!ow* ' Mar of the forms of

iobeled thic. mica. A schem:ric repre .. - 4.aphs of the thin

icycr chromatograph !ctes of p2cks lil, that were isolated from urine of subjects?

cdministered cither ''C-rhiazole lobaled thiamine or C-pyrimidine labaled |
|

thicmine, is shown in ?igure 6. j
14

Ona of the metabo!! ras of C-thiancle labeled thiamine in peak 111

migrates with the solvent front in the n-propanol / acetate buffer / water solvent
I4

system. This metabolite, which was not present in peak 111 when C-pyrimidine

labeled thiamine was administered, wcs scraped and eluted from the cellulose.

thin layer chromatography plates and re-chromatographed in four different solvent

systems in comparison with an authentic sample of 4-methyl-5-B hydroxyethyl

thiazo!a, i.e., tha thiazo:a moiety of thiamine. The autoradiographs obtained

from these co-chromatograms showed identical R values for both the unknownf
metabolite and the auther. tic samp!e, which was localized on the plates by us

11 '
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ultraviolet quenching ch:racteristics. These results are shown in Table 111.

!t should be mentioned that on Amberlita CG-50 column chromatography the

thiazole molcty of thiaraine wc observed to be eluted in peak Ill. Thus, on

.h basis of co-chtcmcicaraphic ev'im.ca, this metabolite was tentatively

identified es the th*azolo rnoicty c f thice'ne. This metabolite, however,

accounted in the first 24-hour urine excretion for only 0.05% of the
Iradioactivity of the C-thiazole labeled thiamine ingested. Thus, it would

appear that the major portion of the thiazole moiety of thiamine produced by

the cleaveca of th*cmine in the body undergoes oxidation to thiazole acetic
)

cc'd. A similar finding h:s be.n ncted !cr the rat (7). )

(2) b Th::.mi .a Pyrochosphate c Ur nary Metabolite of Thiamins in Man?i

Cnc cf the carabolites in pec:: :V, wh!:h we.s observed when either |

C-pyrim ' na cr -te'...:c:e .cb31cc thiercine wcs ingested, cppeared nect

.c.c origin in n*n Icy;r chtcmc?o;re.ms d.vcioped in the n-propanol / acetate

.uffer/wcter wivant system. "h:s m..cbei:re, tentatively named Metabolite .

|14
li!-1, wcs !sclared both from the urine of a subject labated with C pyrimidine

thicmine end the adr.c of a subject lcceled w!!h le'C-thiazole thiamine. The
;|

matebo!ites isolated frora these two sources were co-chromatographed by thin i

I:,yer chromatocrcphy in different solvent systems and showed identical R. value
t

In c!! solvent systems used. Thus, it was estab!!shed that the metabolite contcined i

Ecth moictles of thice!n in the mc!ecu!c. In addition, L. viridescens assay of

th*s metebo:ita revea!ad : bio!o;ical cetivity simi!cr to that of free thicmine
1

(on the bcsis cf s. .cific cctivity; . This =tabolite was then re-chromatog. phed ;
!

by thin layer chromatography in various solvent systems in comparison to that of )
curhentic samples of thiamine moncphosphate and thiamine diphosphate. The

ra ults of the chromatogrcms are shown in Tcble IV. For further confirmation,

a mixture of Ltabolire lH-1 and 10 mg of unlabeled thiamine diphosphate wcs

recrysic!!ized ' tes from a soluticn of acetone and absolute ethanol. '|ne

specific cctivit:a c! 6ese racryste!!!zction eroducts, which had been obtained
,

12
'
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in a manner dascribed previously for ident:"Icetion of thiazole acetic acid, cro

shown in Tah!c V. Although the sp:cific e 'civities in the last two recrystallizations

remained almost constant, a slight Ucia! dacrease was noticed. This slight

d:crocsa In specif:c ccHvity,. h;wav;r, ...:;ht hava bcon due to a slew

,' :ta under the rather rigorous'

decomposition of the ':'' , ' . :;rr. !r.;- '

conditions of recrystallize. tion. Thus, Mat;.bolito 111-1 has been tentatively

designated as a phosphorylated derivative of thiamine. Although it has been

rcported (2) that phosphorylated forms of thiamine do not normcIly occi;r i.i urine,

the amount of this metabolito in ths !!rst 24-hour urinary collection represented
.

en!;. 25% of tha cdminid:.r:d tedia:ctivs do:e. it is possible that en overf cw.

of the circu!ctinc phopcry :Ni :orms Of :h!:mine mi;ht occur in ihe kidney.

ThL indcad, :s in c;rcar: e.' wi . S rec.;r c cbscrvation of Rindi et al . (16) who

found .; . .i:.m: .a ecnop.cs;r.:.:: Is pre.:r.t '- the p!c:ma of the norma! ret.

::ud::n cc ' m;c 3 ::s .-:. - 9.e urinary radio:ct:vity decreased~

dor!-, .2 d:y; cfter .r~ 9.;c3c.cn _.: % |cca!ed th::mine, most of the urinary |

radioactive matab:.'ites tended to c:sappear. Mcwever, one of the catabolic

produc?; cf thiam!na in paak :!!, which was tentatively named Metabolite 111-5

(.:1, 6), conc *aued to contain c Hgh ! ave 4 of radicactivity throughout the9

experiment. '.~he cmount cf this met:bo!:;e in the first 24-hour urine collectior.

rapresented 2% cf the torcl admin ;tered red:oactive dose. Thus, efforts were

ccd: to identify this particuler major matcbolite. Figure 6 clearly demonstrates

thct this me:cholits was pra;ent in packs til obtained from urine of subiacts |
\

cdmie.!stered eith;r form of the labeled thiamine and thus the metabojite apparently

contained both moictics of the th:ccr.;no molecule. To further verify the presence

of both moieties of the th:cm:no molecule In the metebolite, the metabolite was
:

re-chromatographed in varicus s.! vent systems. In addition, co-chromatography )
of the metabolite isolated from urina; obtained from the two specific types of

iniamino laba!:ng were performed. Tchle V! shows the R values obtained byf
c-chrom:te raphy of .'/.c;:bc.:ta !'.-5 cbtained from the two sources. Identical

13
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R values were obt ined with all solvent systems used and, thus, it was .
7

concluded that Metabolite !!!-5 centained both moieties of the thiamine mo!eede.

(4) Thicchrome Reactivity ar.d L. v!ridsscens Assay Activity of Metabolite

g-5. An c!!qe t of this met:b |ita war, srensd on a cellulose thin layer

chromatocraphy p!:te and chrometoare:phod in a n-propanol / acetate buffer / water
1

: solvent system. The location of the radioactive spot was then determined by
i

autoradiography and marked. When this metabolite was sprayed with an.

alkaline solution of potassium forricyanide, no thiochrome type of compound

wds fermed, indiccting either the cbsence of an intact thiazole ring or a

sub:tituted C-2 in tha thic:::e ring, in cddition, a free amino group at the
1

C-4 pos* tion in tha cyrH:dina *n; is a:so rer,u: red for the formation of I
|

thicchtctn typa c m,ccuna. T.c metabolir; did not p:ssess any biclogiccl )
|

'

c:t:vity fct L. v riasmns. |
|

(5) 5 dive- ..utal:..:% Car =a Studies . In ordar to study the nature 1

of tha lir.!=;; Es.wc r. tha wc rir.; systems present In thicmine and related
14 14 1

'd2riva?Ives, merc:aiite !!:-5, derived frora both C-thiazoic and C-pyrimidine

!che!cd thiamino, was sub ceted to the bisulfire cleavage procedure (17), in

addition, ec;ucl amounts of 2- C-pyrim d:ne labeled thiamine and 2- C-thiazole

labc!cd thiem: .o (en the b:::s of rcd::actb -!cted from urine, were

subjected ! v|teno:. :y to the s:.mc pro:wre. "C-pyrimidine and C-thiazole

labeled th: amine were both cleaved quantite.tively, while Metabolite 111-5

derived from either fer.a c!::ba:ad thiamine tcmained unchanged; hence,

Metebolita 111-5 wcs 'suscept:ble to ' c nucleophilic attack of sodium

ractabisulfite. The fcilure of the metabolite to react may be due to some changes

in thiaz:le moiety of the cr.olecule prcducing on alteration in the quaternary

characteristics of the n!'reCen in the thic:ols ring. Another possibility is that of

a cenjugct:on et either the C-2 po:ition of the thiazole moiety or the amino

;roup et C-4 positicn of the pyrim!':no ring to a bulky compound causing a steric

h!nderence of the nu:Icoph:::: ettack of: odium metabisulfite on the m' ethylene

bridae cf the me!:cule.
14
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(6) Ultraviolet Absorpt!on Stoc*ra of Metaba!ite 111-5. An ultravio!;.

spec? rum of thi: rr.ct:.izlite wcs obt 'ned according tn the procedure of Scicchi
i

- ! cr.d Pcerson (5). Tha ultrev:clet spa-tro of this metabolite, in comparison to
i

ther cf t'.icaina :nt th::.m:no .::.!!;de, 's :hown in Figures 7 and S. The

cc:crp?!cn p a ct cp; ::;: e.ct::" 275 - 23 m;2 is more pronounced after
,

eclidificction. Thh ....< wcs f!r:t in.arproted as the obsorption peak ci the

i pyrimidina moi ty of Metcho!!to !!!-5. Later stud:es, however, revealed

tha.' this morcbo!!te is cppcrently conju;cted to a protein moiety and, thereforo,'

this pack mcy ba rolcted to the cbsorption pack of prcreins at 280 mp. In fc ct,

this :s very preb:5k sin:e the ac!cr part:en of the Metabolite 111-5 molecu!e
'

c;j;::: t is th:t of a pro.> air or g."u; :-!c '::: :. ' w) ,s

f.3 'r:r : # u e: x :: v h :r . '.::e5: 'te !i1-5 u.eteSc :t :':-5,

.p::::i:n; 5:*.,C :: :.;~ ^:::- &C, uts p.:r' : d by ca!!u:c:a thin !:yer

chr:rr :: ::: n. ar::s, :. a n .a:c.: .:./:.:2:.: bu!!ar/.vcter solvent sy: tem... - .

Tr.: !! u. ;csjar: .; . w;.; :.::::!v :. ' a: c? dis;;i'ad water end pur'.'.:d

ferthoc w:.'. .c c:a c ? :. 3:;h 's< G ~.0 camn . The radicactive p ::< wcs
|

::!!actoc cr.d .:s v :ume raduced, undar vacuum, to 2 mi and recycled on a

S;;h:.d:x G- C3 e:.: t , . The 1:nal pap:::tien was reduced in volume to |

2 m' cnd 000 mg of p:,tes:1.m br:: . w:3 cdded and the mixture was lyoph!!ized

ovve: :;e . . A pHat wc; a:.d; ft:m .c.: lyoph:!! cad mixture and an infcated

sp:ctrum ci the udn: a met:be::ta was chicined with the use of a Perkin-2!mer

22'. it.7:cred Spctes;h: cmaar. Rapactad procedures gave similar results.

The O spaett ra of .his mateboi!te is shown in Figure 9. As might be judged

from the r.:ture of the A spectra, it would cppear that the purification

prc :.edures yielded a sin;!e substcnce with a complex structure.

(3) Preser.ca of Disulfide 3:r.d(s) in Metebolite 111-5. The presence of

disc fide band (s) in the molecu.e wcs investi;cted by the procedure of Kcrush

et cl . m,, c; . i n:s as: 2, .is casam on vlucrescenco cuenching character. h.es or- . . . . a , .

is

d::u:?!da b:cis when sorcyed w"'. en -::<c:'r.c solution of fluorescene mercuric

...o
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acetate (NAA). A raixture of n.ete bo.: e !!!-5 derived from both

21 C-pyrimidino end 2- C-thiacole icbaled thi:mine was prepared and
'

spited ca colluton thin Iroar chrom:te rcohy etctos along with en authentic
/ v e i

tric solvent systems used toee * . . . .. . . . .
s:.:1p.: er ce rr no :.:;t..ne c: c .re. . : 3

c.w!n .' - c :,. :.c.a c:r.:I;.. d v? ' .) Spopanol/0.1 N hcl, and

(L) chioro. . /re.atF:.ns:/0.i N MC! . Tha location of Metohollte ill-S on the

chremcto;rcrns wc datermined by auteredio;>raphy and marked, while thicmine
,

cau.,,. ,e wc: loccrea. ,.y vwwin; rc.e p: aces un:.,er ultrav. let l. ht. The.. . . , ,.

c io ig

chc:meto; cams wera thar sprayed w: h cn clka!!ne solution of FMA and viewed
1

t.nd:r u! roviciat .. ht. The Ic:ctbn of the c.uenched areas were identic: ' to
'

1-
1

?:- : ? '- . .::cc: v: :: .is cr.d the n.::.:r'r.a :".:mde bcnds. Thus, tha''

..,................u..i....e.,~_...
.

.. ... . . - . . .~ .~ .c. . .i ., FtAi . c ,., . .,.

' 4

.

.
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'
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1
. ... . .

Ic ' ' of Merubolite 111-5. D: ' .; |
'-' - : 'cn ? .2 ?W :c ' O

. .; t. / s ,p. 3 X G '. O c3 ! #. !! tTa ".C.r.e ta s..~...tv..-t. .....,_:....... . , . .
... v. .. . .. ,. v.

.

.. .~ o

(::!.... .: e.0 cer), *: wa !:ur.c. .: ''.c e:ut:ca volume for this metcholita wc- ;
a

In ot.~r wvrds, t'~- !b-

c..... .. ,.a. 4, ....a.,.,,.. yv.. ' , .
.v... . . . . ,..--.,..n. ....v. . . . . . . , . . .%. v ...v. .

,

c;c:o ;l % ...;:en vc.v. . Nc) to tha void volume No) was 1 (Ve 'i). The
Vo

5:.ma re;io ?.r th:cmina hydroch:oric (re.o: . wt. = 237.27) was found to be )
V-

e .5 /. ~ = 4.5) . Th!; . -c3 rod;hct .;3tebolite !!!-5.:hould have a molect: r
Vo -

i

is;;0 mu:n ,cr,e,,:r t.lan t, cc. o,. c amc.c :ncminc caravat.ive . For est.imat. ion or
.

-
. . .. . . . . ,

r.

tha rr.c.acu'ar we:;h: c? M-t:'.H!?e ::!-5, tha method ci Andrews (12) was
;. .. .nL;;:. w .;n i.n ca..o w .. . &: . n t .r.od. ..i::c;r.ca: .a co umn s.ize was x cm

. . . .

I
.

cr... #! ?:'..d wat:r wcs ac, ..: tat.d of a bu??;r. D stilled water was used to

cvob 'ha .cd. ::n of cr><> :::te or extr n:cus v.ctocic! to this metabolie and at
?'.; . ~ s m r' . 2 ' r r. .dow;- ^ ^ :1 rr.atebo!!?e at en elevcted pM .

'
--

: ,;

I

I

|
.

I
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i Bovine serum c!' .: min (mo!. wt. = 27,000), cvine serum albumin (mol, wt. =
t

45,000) and chyr:. try,=:necen A (re:!. wt. = 25,000) were used as markers.
l

Usina the chovo pro: du:2, the mc!ccu!cr weight of Metabolite 11!-5 was . 1

e:timan d to ha in '.hs :c:n:',< c? ' ,,,;D. Thus, it cppeared that this.

r.e'ch : wc: c c:. .i:ncy:cn .. .c.c' = 'c e d:rivative of thiamina) cod 0

h!]h mclaculcr wei;.d cc:upc.r..., pod:.ps c peptide or protein. To investigata|
-

i

i this possib lity, a new bctch c! th;.: mccobolite was isolated from peak I!! and
i

f purified twic; by cellulc:e thin !cyar chrore.cfography and four times, by -

recyc!!n3 on Sephedex G-10 and G-lCD cc!umns. Each time the radiocctive

:ck wcs co!!ccred, its v:!urr.: redaced ur.c'er vccuum cnd reapplied to

" ._ ':r.c' 3 :.:c=:!cn we. c,ydro!ycad in 6 N hydrcch:cricenc ?.:;r ::!. m. -

ccic :.r :..? c3 pra::ur c.. : :'.'." C !: I hc s. 7b hydrolyced m:.tcr:: i c:.va

c p .::. n -:rhyi ! r::::::. . ..c..n e'' > ;? . .c hyd: sly:c?e ucs then enclyca:.-

i.:: *:: c: * o : :id c:: :: . ' ..; :::.~:: cra c etented in Tch.'e V::. Ne? hor*
-

,

' c:2 :.u, :.: co::cMd w?h cc:.:.:::y indicaticc eitharj r:.ed.. :r ' :. :.:.: :; ? :: >

th e cl .: .:.a :: :rc: n:: ? . ~.12 :! thus c. ' cids in the merchelite. It'

-
4

a

wu ,:? *:r :=: ::. c.cta % c:ns::. crc. bio c....: nt of h:stidine and Iysine pres:.nt,

pr:v: ding pech.:.y c ::.sar be..: cor.pund. In this respect it should be
-

; m ?. '.c:.. :. c.cr 2,cr:.c;:. s. y, ::o::rsc cn ent.rn:cmine . actor from corp v.acc:c,. , , , .- , , . . . . . . . . . . . r

._

'

' -;u. ::nicinct :. protah and c r .-ptctain mois:y. The non protein molety..

| wcs su s . ven",.y .c, ann. .. , gt:sc y A,. . ...:nc.,, cr.:. omesyi (90) as hemin or a closelye
_

.

,

re!ctad sic:rcnco. The cnt:thic .Inc c:.rivit,/ of the non-protein moiety was
,

fccnd tc ha r:.u h greater than t::t of the protein moiety. These investigators

.costuictcd thct the car.o ant!!hicmine factor cor,iunates with thiamine rather;
3 %F

then c!ccve thk.:aine irto its re:pscrive moicties. However, the detailed

mechen'sm of cc'lon ce this substcnce has not bean established.'

The possi':!c relcticnsh"p of a si r.ilar facter in man, as might be suggested-

by tha prc; rt:cs of MetebolDo !".-5, rec vires further investigatien. It is of

hierest to nota, however, thct when 2- C-thiczcle !cheled oxythiamine,
.,

s/
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! on antirr.cicbolito of thicinine, w:.s adm:nistered to rats, Mctcbolite 111-5 wcs

r.;t observed in the urine.7 This wcu!d suxp:.7 that for the formation of!

1

. M.dabo!!te !!:-5 the presenca of tho emire group on carbon 4 of the pyrimidine

er.chry Of tha thir.mine mal:.cv:. :s .:;uir:d.
J

e.,,., . . . . .
u . ..:.o a; . ;

I
Tha incestion of C-!cb:. lod thiam ne by normal adult human subjects h:s*

1 estcblished thet battar :han 95% c' the thiamine wcs cbsorbed. No measureb!c
~

cmount of '4CO cou|d be datactad in > .a respirctory air Indicating with tha
1

:
9

-14-

j !!mits of the t che.:::uc: ceploy;d ht :as then 1% of the Ingested C-lcbeied
14

thic.m'r. wcs converte.d into CO,. . T'.is cbs:cyat*cn wcs in conrrcst to the
i ;

re=rt of 5'c hi cnd ?ccrson (.4) who n::cd ".ct 7-24% of the injected
1 ,.

'"C-:;hc:'a ';::...:.. r'-: .:. * .s : .:..:.r:d :. "CC, :n :he rospiratory c:r af; .

1-
tc.:s .

Tha r.:.f-; c.a . ::ce% c - ps:::. :c':2.ad th:cmina rar.ge; from 9 i/2

dcy. to Ii I/2 : .:n c.2, c: ra::a', w: ra:cted to the leve! cf dietary ir.tca;

: c! :/.:cerJr.v . ..;a h:.:f-:::a excretion i; cens: stent with observations that*

4

$ sym, stems of :. th: cn:r.e def!:!ancy can ca irduced in human su.2iccts w!:hin 14

to 2: :.y vehen i. nest:r.g Jbt; 6:veid of rhicmine (14,21). The he;f-time of
,

thire' 3 in tc?s reca: vin; cdoc,c:ta levc!s of the vitcmin has been reported to

be E dr.y: (4).
.

!? !s of interest to note t'.:.? .c.a p:. tern of crincry thicmino meicbolites forr
.

the hurr.cn re:crr.b es th:.? ch'.erved for tha rct (2,4). The resuits of studies w!!h

human r iccis suggest ther sv: 30 ur!r.ary thiamine metabolites may exist; six

of which cppaar cs re.cior .arabclites. A!though ccre was taken to prevent ths
; producticn of crtifcets during the seperction of the metabo.ites, such da. . .. :cn
.

may hava occurred, cnd !? so, the catu-i number of metcbolites could be smaller.
.

N varthi.c:s, o sirs.cr number cf thiamine metabolites have been reported for

. ' . ret.,

.

4
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j The obscrvction th:t crowth of L. viridescens is supported by a number

of thicmir.a c.atabolitos preserf in hum:n vt:ne other than free 'hiamine, limits

the v:0 or i,n..: micro ,:o,.g.cn cc :y .cr .::cssing urinary th.iamine levels c:n. . ., . g, . . .

may be cpplici . ..crition :tudia cr.d :crvcys. Guidas currently used to

incorpret urina.y th:cm:n ex:totien in term: of dia. cry intakes (22) appear

ap'plicable when the thicchrome procedure is employed, but would need to be;

j revised for use with the L. viridescens microbiological assay. ,

The present studies demon:trate th. mnp|cxity of the metabolism of

. cmina in the hum:.n. It wccid appear ;;om this and other studies performed

c: ihi: Ich:rctcry (:/,,21) ih:t a extain cmount of th :m!ne is catabolized by

t'.: body ci c eda?!vely ecnsta-t rcia re;;rd!ess Of tho : eve! c? intcke of

thicm:ns . ^:-:: wc..:. : ;;es t': f.is c:.?:.b:,:am !: not a function of the cc?ccl

:.iachamicci rac,u:cc r..e far ...::... ~r.c, b : ::.:r. r representative of a separ ta

dr,.: dst.va ,::.'hwcy n:r ts!c. c.:. :o hys::.!ccice: fancrien. The mechanism:

: .ve. . d .c t'.:s ce?:.hs . m, whether -c.:y . ::, e.cn-cr.zymic, er both rc: ; ires
.

fur?har 't.vcs?: :.r:cr.. .N:. var;:.a :3::, th : cc?cbclism reprasants an ckligatory

rczc:::m:nt 10. ^::.; :nc .h:t r.;u:t ba crev:da'd by dictory means.

SUA M .RY

The rc. :E:.h = cf 2 ''C-th :.zs:a !che ed thiaminc and 2 1'4C-pyrimidine
s/

!cish.:! t' ::.. ina wa stud!:d In four h_ : thy young adult men. The orally

cd :r.:::sted .: abated Nem:ne w:.: cima; :mplete:y absorbad with no measurable

cmount of '"CO; c.ts:: d in .h3 capicercry cir. The half excretion time of tha

inga: tad Icbei occurred with:n 91/2 to iS 1/2 days and ivas related to the weight
,
;

of the subget and the d ::y dictary inrake of thiamir.e.

The urincry rcc! scM . mercho!!tos o? th*:mine were fractionated by

Arr.ber!!!e C3-50 column chromerc;rachy. ? cur radioactive peaks were obtcined.

,

from the urino of three sub|ac?s who had in;;:ted 2- C-thiazolo labeled
*

thicmina cnd thr;a packs f.cm the urino of c suh*cet who had received 212'C-

pjr c LJ .a :..ided th::m: .a. he . p2:::w= to:t; :eparately for its biologicc!
-

19
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cctivity for !.. v'ridxccr.s. c.,apro d, metsiy 50% cf the thiamine activity present

in tha urino was thus found due to metcholites other than that of free thiamine.

The ur:ncry rodicac.'ive me':~ h0 itos resulting from both types of labeled

th:Or. Ir.a e d . '~stec:::n w :: le: er sa.: rcted by t-in layer chromatography cnd

cRcredic;rc;hy c? tr.: n .!:::.' u g:..c cite.ined from the column chrom:fography.
,.

Tho we of 2 '''C pyriraldinc 'C.:! d thiam:ne resulted in 13 metabolites, of which,

21"'C-th!c ole Lbeled thiamine produced 31 metobolites,,' fcur were maior, v, .:

of which six were re.aior. One ci the m |cr udnary metabolites of 2- C-

thiano!e !cbaled th: amine w:;s px:tively ident!.'!ed as 4-methyl-thiazole-5-

t';!::c!e ir.oiety cf t'.!cm no cnd thiamine diphosphatecc tic cc*d. Als: -.2

r : c:. .hs.''c products of thicmine. O:.aw:r; . ::."va:y : dant"hd as . -

:.
J

o ! :.: = :. 3 : v:: . :7. s::.:::*tsa :.; 4 *. ':.;, '.:-?:h conta:ned both the pyr:r:.i:r.e
i

ca.' cha n::. ::e m::.:..;, :.; n:.c i tc n :. :s..,'tt ::cn of th:cm:nc cr a !

i::' ::.::y. w: :. :. ; ;:::.: :. . :y . |

|
1

.
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Figure i: Situcturcl formu!a of ' .:.r 't.e by hydrochloride indicating the
.

pos!Mcas of the cc ben-M tab:ilr.c in the me!ccule.

F: .ra 2: Cum:.!:.tiva =crx:on c.rv; d T. 'C-th*a:cle labelcd thicmina ir,
.

ihree cJu't hure.::n r b:,. Subject A woichad 90 kg and con:vmed.

!

e cycl. d. t prov. ,.:.:n;. . .o:s mc or : amine per day. Sub.ect B
, ,- e . ..

:c :c j.

r
'

wuich::d 95 kg and racalved ciats that provided 1.8 mg thiamine

per de.y. Su'aiact C wel 'ud 69 kg cr. consumed a diet containi: g2

': ' rra thic mine py: 24 hou::;.

?: ::. 3: Carr :r-::; . .! :: r . .. . .nvu ;;..: ch?c;nad by column chromc' .g::.p.y:
, s

. c . . _ . o_ %_:. ,.. t. . . : . . . . t. . .....y...,.,-. . . . . . . , .. . . j. ., . .s w.

. .. . ... v. ..... -

'C-pyr:mid:na !chajad thir mino.'. .':. =. . a . :. .; . . _ -' :: .:-

. .. . . . . .,

- ..::. - u _ , -:~ :-: a .. ., c r., .n r t .,.v 0 m as.n, in t.g :
. , ,- . ..

cc.- ;
. .

f:.: . :.c.v . : .'', . ./r:; .. .ch ?::.ctica rcprosent: 5 mi af c?fluer.7) .
'

::.,re : L ..;;r . cu t ..cr. c r:.:..:.:ct.vte cmen- f,,.a peo e o,otc.
.. .. . .. .. . ,..

ine maer te.. o

CC-ID c .. ~.n chr:::.;;;rc ; .y of cc:nc of hvo subjects co!!ccted

...: ::. ; cc:n 5:: w:- .a ' .;s;: n of 2- C-thiazole labo!cd
:

. .
w.

. . . . . . . .

. . .> s u,.,.._,.,....,.. . c.e .. . . . m..c... ph o f o. n.in iayer: ,c. . .. . . . . . ..,u.~. .2 .. r
.

chts.: :tc;rcp.y ('li.C) ::p:.r:. ::..c cf pack Il obtcined by column

chrc ;g:cp.y cf urin cf h/c :ch;ccrs who had ingested either
.=

2' 'C-pyr:midins er 2 * 'C-thic cle labeled thicmine. TLC

solv.:" syr: m: n-propana!/1 M ccatate buffer (pH 5.0)/ water

(7-:-2; V/V) .'

.o .-mW

a-

- ' UF.% A.6_'4e [ krg, % .agen
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i Figuro 6: Schematic representeien of autorodiograph of thin layer
i

[ chromatography (TLC) s:perations of paak !!! obtained by colurnn.

'| chromotocrephy of urine of scbjects who had ingested either 214
..

C-
-

, ,;.. . . . - . . -
u r.; arc.o so :.3edth.. amino. TLC so, vent.. . , u .pyri e..:.. r.e cr z- : i

.

I systems: n prep:r.ci/1 M ccatcte buffor (pH 5.0)/ water (7-1-2;
l

V/V)..

i

'

Figuro 7: A comp:.-!sen of tha ultraviolet spectra (at pH 6.0) of metabolite
, , -

. .11-0,tc..;;mine c,.::un.:.,: cn,, th.romme hydrochlor.de.
. . . . .

e i

FI ura S: A cerapcri:on of the ultrcvio!et spectra (after acidification) of;

N.c.ch:::ta !!!-5, .' ::--!n2 -::: .!::5 cnd thiamine hydroch!cc.da.

}. =l: ..:a 9: ~.: ::. ::: :: c .' . ;::. . .a .-5 =bte.::.:d with the usa cf a

.' ::<. . . ::..: Y. ; 5,= c ::; . . : ma.%:, ?atassium brcmida 9:1I:!1
e :: .. =rna:. ' ~he bro:d bar.d ctu= r. :. ; '. : :::..*

C, .::: * : ': ; . j 1 .? ::. ' b.) c..:.j b3 Cttribu?Cd to emId3 [rOup(?h,,

<

-.. O . ".: .CCj C .:., 0 !.* 0: /. 5: J,5 in 77.: rt'O! O cu., a .
.

w.~.
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.
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\bj :::pr&:::,h; ~.Dr5 tnan one caroonyl group. The5 /i Cr?.

-l , 4

'

arca:.i , :.:.: a,. =ppec:..:r=ra.y n, era g, may be ir.terpreted as
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th: xa:ter.:2 a C-O a: rate:- in this metabclite.,
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' - Comparison of thin _!cyer chromatography R. values cf authentic 4-methyl-thiczole-5-acctic
.

ccid and ih:.t of -.i cc.inovir. r..;tch :fc obicined from peak !! of the urine of,

,.

i s..'alo:b who hed rccalved 2 "'C-th czole labaled th cr.3ine.
I

f
,

..

' R, values of R values of the R v:. lues of
Sc,vont systems emp,oyed. . r f f

i - .c b
cu::.cr.:.c .+.h un,anown metabolito m.xt.rc.. .. .

'

I

f *
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_ 3
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c. T/.A = un.,.h;.'ad cuch: ..': -i-m;;:.y:- '.:cze:c-5-ccetic ccid.

b. Miraa ind:ce.tes a cor.hin:.::cn of unknown mercho!!!e end authentic sempia.
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TABLE lil.

I
Comparison of the R values of 4-methyl-5-p hydroxyethyl-thiazolep p

and the unknown metabolite obtained from peak 111 of the urine
'

of subjects administered 2- C-thiazole labeled thiamine.
e

,! - __

l
'

R wlues of R valws of ' '' -

Solvent systems employed g g I
b

unknown metabolite" authentic thiazole Mixture *

n-Propanol /acciate buffer / water 0.94 0.94* -

2-Propanol /0.1N hcl 0.91 0,91 .

Chloroform / methanol /0.1N hcl 0.98 0.96 0.97

Acetonitrile / water / formic' acid 0.78 0.78 0,78

This metabolite was located on the chromatography plates by autoradiography.c.

b. The authentic sample was located on the chromatogmphy plates by its ultraviolet

quenching chorocteristics,

c. Mixture indicates a combination of unknown metabolite and authentic sampies.

,

,

I .

l

.

I

a

s.
,

<

s

!

e

e

._ g,
*
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. TABLE IV
. -%

T
|

,

Comparison of the thin layer chromatography R values of thiamine mono and diphosphates with that of'
'

1
i

Metabolite 111-1, which was obtained from the column chromatographic peak ||1 cf urine of

. subjects who had received 2 14C-thiazole or 2 14C-pyrimidine labeled thiamine.
,,

..;
t " -

1
. , ,- .

|,- .

R values of Metabo- R, values of Meta- -
.

f.
.

lite 111-1 obtained from bolite 111-1 obtained from Rj values of R, values of !
'

14 14administration of C- administration of C- thiamine di- thiamine mano-
)olvent systems employed thiazole-thiamine pyrimidine-thiamine * phosphate phosphate' ,

Chloroform /methanolA.1N hcl 0.13 .0.13 0.13 0.26
.s !2-PropanolA.1N HCL 0 0 0 0

n-Propanol /1M acetate buffer (pH 5.0) H O 0.10 0.11 0.06 0.15 !2
2 propanol /D.2M ocelate buffer (pH 6.0) H O 0.08 0.08 -0.08 0.142

. .

b

. !
, . . ,

Obtained by autoradiography; 14C-thiazole thiamine = 214C-thiazole labeled thiamine; 14C-oyrimidine thiamine = 214a. C- -

:

pyrimidine labeled thiamine.
' ~ ,

). Thiamine mono and diphosphates were located on the chromatography plates by their ultraviolet quenching characteristics. I !

l

) 3

i
;

!

.

.;.

! ;

;
- ' ;

- . - . . _ _ . _ . . ..
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TABLE V '
<

,

The specific activities of four recrystallizations of a mixture of radioactive Metabolite 111-1 and
-

an authentic sample of thiamine diphosphate.
.

Crystallization dpm/mi of Optical density Concentration of TDP C activity C activity
Number solution at 245 mp in sample (pg)b,c (dpm/pg of (dpm/pM of

TDP) ' * TDP) ' *
I

.

1 80 0.36 10.5 7.6 3883,
, ;,

2 143 0.80 24.0 5.6 2681 '
.

'

3 118 0.83 25.0 4.7 2250 -

4 46 0.34 10.0 4.6 2202

i

A mixture of 10 mg of thiamine diphosphate and "98,000 dpm" of the unknown Metabolite 111-1 was recrystallizedo.
x' ,

four times from a solution of ocetone and absolute ethanol (V/V) as follows: The crystals were dissolved in 0.1 ml {
distilled water b'y slight warming and the solution of acetone and ethanol was added drop by drop until the crystals

) were formed.
;

I
ob. Each sample was counted in a Mark i Nuclear Chicago Liquid Scintillation Spectrometer for 100 minutes and

i

corrected for blank and quenching..

i

TDP = thiamine diphosphate (measured spectrophotometrically),j c.
t

i !
. .

'
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i TABLE VI
i

Comparison of the thin layer chromatography R values of Metabolite 111-5g

which was obtained from the column chromatographic peak 111 of the

urine of subjects who had received 2 NC-thiazole labeled thiamine'

|
or 2 I4C-pyrimidine labeled thiamine.

,

,

t
.

R values of Metabo- R values of Metabo-'

g g

lite lil-5 obtained from lite 111-5 obtained from Mixture of
^

administration of C- administration of C- both Metab

Solvent systems employed thiazole thiamine pyrimidine thiamine olites

n-Propanol /iM ocetate buffer

(pH 5.0) H 0. 0.50 0.50 0.50
2

Chloroform / methanol /0.1N

hcl 0.55 0.59 0.59
,

2-Propanol /0.1 N hcl 0.23 0.25 0.23

Acetonitrile / water / formic acid 0.61 0.61 0.61

2 I4C-thiazole labeled thiamine and 2- C pyrimidine labeled thiamine. The metabolitesc.

were located on the chromatography plates by autoradiography. -

I
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TABLE Vil

The amino acid composition of Metabolite 111-5 which was isolated
4

from the' urine of human subjects who had received C-labeled thiamine.
.

.

l

% Number of amino acid |
. '

Amino Acid Composition residues in Molecule"' i
.

Alanine 1.5 4'
.

Arginine 1.4 2

Aspartic acid 2.2 4 |
'

Cysteine - -

- Cystine - - -

Glutamic acid 1.4 3
.

. Glycine 14.4 48

Histidine 43.7 70

Isoleucine 4.4 8

Leucine 4.8 9.

Lysine 10.4 18
,

Methionine - -

Phenylalanine 3.2 5

Proline 2.1 4

Serine 4.4 10

Threonine 1.0 2

b -

Tryptophon - -

Valine 2.6 6

a. In the calculation of the number of amino acid residues estimated to be present

in th - protein moiety of Metabolite 111-5, the following assumptions were made:

(a) the molecular weight was assumed to be 25,000 and (b) no allowance was made
'

in the molecular weight for the presence of the thiamine derivative.

b. Not determined.
.

4
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INTRODUCTION
i

Previously, there have been no published reports of the use of isotopic-

techniques in studying the metabolism cf ascorbic acid in men depleted of
,

vitamin C. There have, however, been numercus studies on the metabolism of

this vitamin in man, and there have been many other studies on the metabolism I

of labeled ascorbic acid in animals (1-6). Accordingly, the objective of thise

study was to observe the meabolls.n of L-ascorbic-i 14C acid in a group of

volunteers who had been depicted of vitamin C for a prolonged period of time.

A joint study between the U.S. Ar r Medical Research and Nutrition

Laboratory and the University HospD :: ct lowc City was recently completed.

: . this study, the object:ves wara (:) to induce a deficiency of ascorbic acid in j

hec!!hy men; (b) to Icbol th.!r ascerb:c acid body pool with L-ascorbic-1 I4C '!
'|

acid in ordar to study tot:' pool size, rc!c c! dep!ction and minimal requirements !

fcr the vitamin; cr.d (c) to obscrva the r:..'etion:. hips between body pool size, ||
c.:nical evidena of scurvy cnd physiolc3 cal functions, in addition, it was ;i

hoped to ascar2:n the minimal crr.ount of ascorbic acid necessary to alleviate fj
clinical sicr.s and symptoms of scurvy ar..! to replete the body pool size. Finally, |
cfforts were rr.ade to study the metabolic er.d products of ascorbic acid excreted j

. the urine. This study wl!! be reported in two sections. Details of management, ;

symptomatology, diet and response to repletion will be published separately in

the clinical report (7). Information relating to body pool size, rate of depletion,

minimal requirements for vit~nin C, rate of repletion and metabolic end-products

of L-ascorbic acid are presented in this paper. j

l

EXPERIMENTAL PROCEDURES
i

General Plan
.

1

Initially, six healthy prison volunteers were selected for participation in the I

study. They wers fed a synthetic liquid dict deficient in vitamin C but adequate '

:

2

_ = . _ _ - . - . = = =w .. = ~~|~-

!
i

l
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o
iL in all other nutrients (7). Isotopic labeling was accomplished through the

.

.<. '

|1 odministration of L-ascorbic-1 14C ceid on the 23rd day of the deficiency.

'f Repletion, which commenced on the 100th day, was accomplished through the |

|
,

daily administration of centrolled amcunts of the labeled vitamin. The initial .j
'

,

_ labeling dose of rcdioactivo vitamin was given orally and consisted of 0.86 mg ]

.f- of L-ascorbic-1 I4C acid with a total activity of 23.90 pCl. This label was ]
' not given on the first day of the depletion phase becaisse of an unavoidable

,.

; ;

|~ delay in obtaining permission to administer the isotope. The deficient diet was q

fed to thz men for 99 days, at which time clinical signs and symptoms suggestive ,

I
,

a

i of mild scurvy became cpparent. . .. rhis point, the body pool of ascorbic acid i

'
i

had b:an largely deplated, judgin- f om the cumulative radioassay data. This |

,

: cc!cu!ction was E:.:2d on the cumv!criva css of radioactive material in the urino.
!

Losses in feces and *n expired CO ccccur.ted for less than 3% of the initial2,

1

i radioac'iva desa.t

!. Replarion of the subjects w!!h L-escorbic acid was begun on the 100th day,

. util!zir.; _..-cscodic-1 14C acid administered in controlled doses ranging from )-

4 to 64 mg dc!:y. The specific cctivity of this material was 0.05 pCi/mg.

After .wa wacks of repletion, tha diet was changed from a liquid-type to a ]
solid-typa, which entailed a diatory increase of L-ascorbic acid intake from

0 to that of 2.5 mg/ day. Thus, tha total ascorbic acid intake of the men during

che repletion phase ranged from 6.5 to 66.5 mg. Supplementation with

* C-labeled ascorbic ccid was continued in the two subjects receiving 32 and j

64 mg daily unt!! ascorbic ccid appeared in tha urine. These men were then

civen the some dose of un!abeled ascorbic acid (32 and 64 mg daily) in order to

dctormine whether or not the daily urinary C-excretion curve while on a high

intake of oscorbic acid was ide.ntical to that obtained on a zero intake of the |
vitamin . Tha other hvo subjects received daily for a period of 98 days 4 or 16

mg of radioccrively Icbeled ascorbic acid. At the end of that time, i

|3 .

2._ _- _ . _ . . _ , . _ . . . . - _ _ m, _ .. , a
-
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resupplementation of all subjects was increased to 600 mg daily of unlabeled
.

ascorbic acid for an additional 13 days to ensure saturation of body stores.

Radioisotope Methods

The L-ascorbic-i I4C acid emp:oyed in this experiment was obtained fromi

New England Nuclear Corporation 7 and had a specific activity of 5.1 pCi/pM.

Prior to administration of the labeled ascorbic acid to the subiccts, it was

treated with sodium hydrosulfite in a ratio of 2 moles hydrosulfite to 1 mole of
i

cscorbic acid, in order to accomp Ish reduction of any dehydrooscorbic acid'

; present (3). The isotopically-labeled vitamin wcs chromatographed and

radioautographed prior to administration in order to assere purity. Aliques of

the ascorbic acid cmpicyed, incit.di.,g the initic! doso and the supplemental

vitcmin, ware asse.yed for rcdioactivity. Duplicate c!::;uots of each man's

da!!y 24-hcar ur!ncry excretion ci cctbon-14 were counted in a licuid

scinti::e:on pectrome.'er. Ali scir:i!!cticn counting was performed emp!oying
8Co!'oselva C5' cr.d CS2 solub!!!zers . This reduced problems of chemoluminescence '

and ahcwed the dissolution of i m! of rcw urine in the toluene-based scintillation

system .

Thin-!cycr chro .cic rephy (TLC) (5), using silica get plates, was employed
I4to separate escorb:c ce?d and other or;cnic C-labeled components present in j

the urine. Arecs on the plates cerrcsponding to the labeled organic products

| were scraped off cnd cluted with water or trichloroacetic acid (TCA). Aliquots

j wera counted for 14C cetivity and colorimetrically analyzed for the presence of
i

ascorbic acid (9).
t

i Measurement of urinary oxalate excretion was determined enzymatically by |

| the oxalate decerbcxylase method (10). A slight modification of this method was

| mado in that a nitrogen cas flow system was added to trap evolved CO Int14
2

j monoethanolamine: methyl cellosok (1:2) solution for scintillation counting.

|
-

1

I
1

.
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,
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Fecol samples were counted for radioactivity by first subjecting them to
14 6

wet combustion and then flushing the evolved CO with nitrogen gas into-

2

mono:thanolamine: methyl celloso!ve (!:2) solution, followed by counting in,

a lic;uid scinti!!ation spectrometer.

Evolved "CO from the brecih was estimated by having 'he subjects'exhalog
'

directly through a solution .f monocthanolamine: methyl cellosolve, utilizing a.

Kofrangi apparatus. Co!!cction of expired air was performed for a period of 20
I4

minutes immediately " !!owing th admir.:stration of the C-labeled ascorbic

acid, and aliquots of the trapping solution were counted in a liquid scintillcrion

spe ctrometer.

RESULTS

Urinary excretion of 'C-lcba!ed ra:i*oactive material is shown in Fig. I

wh:ch p! cts the microcuries par day (5-cky cvstaca) excreted by each of the

four sub:qi who corr. plated tha s:vcy. The paried of rima between the 23rd and

99th dcy represor..S the cscorbic e cid depletion phase. The ascorbic ccid rep:cticn

phcsc is represented by the pe:od of days 100 to 198 of the study. Following

day 198, the response of the un:forcr:!y-|cheled ascorbic acid body pool to the

daily intcke of 600 mg of unicbeled ascorbic acid can be seen. Three changes

in the supp!ementerion phase should b2 noted. On day 156, subject N was

increased from his previous intake of 8 mg/ day of oscorbic acid to a dose of

64 mg/:.cy containing 0.05 pCi/mg of radioactivity. On day 176, subject N

iagan rocciving 64 mg/ day of unlabolcd ascorbic acid. On day 155, subject S

was changed from on intake of 32 mg/dcy of labeled ascorbic acid to 32 mg/ day I

of unlabeled ascorbic ccid. The dotted lines seen in Fig.1 indicate the time et

which the level of supplementction wcs changed. The departure of the curve

from linearity shown in Fig.1 during the first 5 days can be attributed to a

" flushing" phenome..on. !n fact, the half-time of this initial flushing action "

was 2 days. !

|
i
)

5
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Fig. 2 should be considered in two parts. Part A (days 1-99), curve I,>

'

is the plot of a semilog equation calculated by a leest squares fit of the urinary

excretion data from all subjects. Curve || (mg/ day) and curve 111 (body pool*

size in g) crederived mcih:.maticclly frem the fitted curve I, and thus are
9modcls only . Part 8, curve iV, is a 5-icy cverage plcr of actual pCi/ day

.

excreted by subject S (who received 32 mg/ day of labeled ascorbic acid) and

may be considered as a representative subject. Curve V (pCi/ day) shows the

response of subject S's Icbeled poc! to a change from 32 mg/ day of labeled
:

ascorbic acid to 32 mg/dcy of unicbcled ascorbic acid. The slope of curve V

is stathrically the same cs that obtained for curve ! (pcrt A). Curve VI (cart 3)

is tha calculated ">C: eeuivalent grcm" of asccrbic acid retained by sub'ect S.

Detectabla csecrc:c cc:d fir;: cppec.xd :n sub? :t S's uri .e when his pCi

ec,uivc!:.nt gec= p:o! was rcp.'ated to e lave! of 1.5 g cf ascorbic acid. This

occurred en tha 155th day of repictica (Fig. 2; pcri B; curva VI).

Declerien Fhese
MBy p!otting the rote: cvercge microcuries of C excreted in the vrir.a during

the depletion phasa (?ig. 2; pcri A; curve !), one can see that depletion of the

body stores of asccrbic cei . ickas p!cce cs a first crder exponential process

occurrin; at a constant rato 07 2.6% par day of the total existing pool. If one

cuumas that extrapo|ction back to day I gives a true representation of the

reductica of tha body c:corbic acid pool, then depletion by day 99 has resulted

in a 92% reduct:on of the presumed original ascorbic acid body pool size. The

radiometric data, aowever, showed that the overage subject's pool had bec.i

reduced to 9% in only 76 days, suggesting that there was a departure from the

linear log curve during the last part of tha depletion phase. Some support for

this hypothesis may ba found by excraining the data shown in Fig.1 for the last

15 days of dep! Hon. Here it may be seen, in a 5-day individual data average, i

that there was a chen ,a in the slops of the pCi/ day excretion curves for each of

6
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the subjects on day 84. Fig. 2 (part A; curve 111) shows that the body pool size

of ascorbic acid had been reduced by day 84 to about 20% of its extrapolated

original' size. At the close of the deficiency phase, there were convincing

signs and symptoms of mild scurvy in all four of the subjects who completed the

study (7) 't should ha r.ond that the de!!y urinary 14C excretion by each

sub]ect during the dapletion phaso did not differ Orcatly from one to another.

The correlation coefficient for the regression line of the overage man was

r = 0.98 (Fig. 2; part A; curve 1). Slopes for the excretion curves obtained

during the depletion phase for each man ranged from -0.0096 to -0.012, with

an average of -0.011.

?.c:!ation Phasa I

? g. I c!:o shows the d:.!!y cinary 14C excretion by each subject during
1

: :e rep!ction paa. /.: '.: ugh all four s4ects were repleted at differing |

cor,troi!ad kv;.s o! c.;;;roic ccid, theit :upplsments all contained a specific

activity c! S.05 uC?/m; during tha ir'M:'. ; art of the repletion phase. Subjects |
|
'

5 and N, . wever, wha wera ' van !cr;;r repleting doses of the ascorbic acid,
i

did not rec.ive the radioisotops during tha latter portion of the repletion phase |
|

but, insicad, wora given non!abeled L-ascorbic acid, j

Tha repletion curves shown in .:!g. 2 (aart B; curves IV and VI) indicate that

a fraction of ths '4' C-!cbeled ascorbic acid dose retained in the body pool tended

to decreasa with time as the total acerbic acid body pool increased with size.
14 '

Fig. 3 shows, en c linear scale, the microcuries of C excreted daily, |.

1

divided by the don administered during the repletion phase, in order to equate

the data fo: varying rcdioisotopo intakes. Again, it must be emphasized that
,

subject N was changed frcm a dose of 8 mg/ day of labeled ascorbic acid to one

of 64 mg/ day on day 155. On dcy 176, the administration of labeled ascorbic

ccid to subject N was di::ontinued, and 64 mg of unlabeled ascorbic acid was

fed. The cdministration of labeled ascorbic acid to subject 5 was discontinued

7
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f- on' day'155, end 32 mg of unlabeled ascorbic acid was fed.- On day 199, the .
'

intche of unlebeled ascorbic acid supplement was increased to 600 mg/ day fori'

all subjects. Data for subject N indicate that there is little difference in the )
~

urinary isotopic excretion pattern for a change of 0 to 8 mg/ day of labeled

; . ascorbic acid, as compared with o'later change of 8 to 64 mg/ day intake of
! i

j labeled ascorbic acid.,

Urino from tha subiccts who were repleted with 32 or 64 mg/ day of labeled |,

i- 1
'

[ ascorbic acid contained no detectable free ascorbic acid, as measured by TLC

l separation, followed by radioassay and colorimetric assay, until the cumulative
:

j pCi equivalent gram bcdy pool hed been repleted with ascorbic acid to an -
J

j estimated level of 1.5 c. At that t!me, reduced ascorbic acid was found in the
1
3 :.rInc of both sch'cch. .b.*!owP.; Ris, tha repletion of these two subjects was;

'

chcnged from labeled to .;r..cba;;d ascorbic ccid. This was done in order to

deterra:ne the de a cf c..: erion of rc. ..cactivity in subjects with a known pool

f size of !cbeled metrici (Fig. 2; part B; curve V). - The slope of this curve
'

(-0.0C84) did ..ct d!!!ar sign:f!cently from the average slope observed during the

[ deplet!cn phase of the study. This was also true for the subject who was given

; 64 mg dal:y .? unlaba.cd cscorbic acid after the time free ascorbic acid appeared
'

in his urina. His da!!y urinary- C excretion curve's slope was -0.011.
:-

Durin- the finc! phass of the study, when all o? the subjects were receiving

j 600 mg of unlebeled escorbic acid daily, the slope of urinary excretion was four
,

i times grector th=n thet observed with intakes of 34.5 or 66.5 mg daily. This is

]
seen in F:g. 4, which is a plot of the 2-day average pCi/ day excreted during

j the last 13 days of ths study. The cumulative urinary radioassay data obtained

! from all subiccts would indicate that the daily per cent of isotopically-labeled

[ escorbate cer:bolized is independent of ascorbic acid intake between the ranges

j of 10.5 and 66.5 mg/ day. It should be noted that this occurred in subjects whose
'

body ascorbic ce!d pools were not fully repleted.
:

-
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- Although the results of the daily urinary I4C excretion of labeled material,

l- . wore the some for the depletion phase of subject L as all other subjects, special

attention should be called to the repletica phase of this subject. Here it should-

be noted that on cn ascorbic acid intake of 6.5 mg daily for a period of 78 days,
.

the per. cent of the total dose retained (Fig. 5; curve L), as well as the daily
1 urinary I4C excretion'(Fig. 3; curve L), seemed to Indicate that a greater por

cent of the ingestcc ..upplement was catabolized. Thus, perhaps the low level
3

of supplementation with L-ascorbic acid was marginal for this subject's needs.

In fact, during the period between days 120 and 126, this subject excreted more

radioactivity than ha ingested, thus indicating a net loss of ascorbic acid

(mg/ day equivalent), an: mgesting an increased requirement for ascorbic acid

in exc:. af his it.:ake oi 6.5 mg/ day. During the same period of time, this

subject was exposed to severe emotionai stresses and when these stresses were

relievad, his cxct rion c! radicactively-! abo 6ad material in the urine decreased

so that the siopo cf hi My urincry I4C excretion curve became positive'

(Fig. 6). By tha 97th day of resupplementation, he had retained 186 mg of

asccrbic acid (or almost 2 m-/ day, % sed on cccumu!ated radioactivity). It

should also ba noted that c!i other clinical parameters measured became no mal

*: hen the intake of ascorbi.c acid was cmy 6.5 mg/ day (7). Of course, the blood

levels and the ur! :ry excretion of ascorbic acid remained essentially nil,

commensur: w9h his low level of irdake.

Urinary M;;;.boMtes c ' t.-Ascorbic-1 4C Acti

I4 -labeled metabolites excreted in theAttempts were made to isolate the C

urine by rr. cans of thin-layer chromatographic, column chromatographic and

;!ectrophoretic procedures. Tha urine appeared to contain two major and two

I4 -lscolei caponents, none of which wero L-ascorbic acid. These
,

r'nor C

ents proved rs a ex.remely chemically stable. Furthermore, these-

io!!res were extremely soluble in 90% ethanol. Althcugh exact chemical

9
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identification of these compounds has not yet been accomplished, further studies

are in progress on this aspect, employinD gas chromatographic procedures and

other techniques,4

q Other 5'udies

] Urinary excretion of C as oxalic cid, derived frvm the inbeled ascorbic
14acid, occurred at a rate of approximately 10%/ day of the tota! C radioactivity -

I4present in the urine. The CO expired in tha breath of the subjects following2

| administration of the 14 -labeled L-ascorbic acid indicated that less than 2% ofC

the ingested radioactivity wcs excreted by this route. Fecal excretion of

I4 -!abeled material indicated the |a.qs than 1% of the total daily loss of CC,'

occurred by this routa. I
1

Iha rctes cf ur~ nary axccction of ni!rgan cr.d creatinine were measurad ), ,

'
routinely. The p!ct ci tr.e d '!y crincry nitrosen, crocrinine and nitrocen/4

crecrinina ratio for t:.3 avarc; man is prasented in Fig. 7. It ccn be seen that

during the dep!ction phc;c the sic:a of tha plot of the nitrogen /creatin!nc rc.!:o |'

wcs +0.015, succesting a net:tive nitrc;en balance while during the repletion
<-

phase, the s! ope was reversed to -0.045, ragcesting a positive nitrogen balance.
,

! The dicts fed during Ech the dep'et:,n and rspletion phases supplied a constant.

f Gtcke of 90 g of prctein daily. The dcta suggest that impaired protein utilindien i

{ occurred Juring the depiction phase, which upon repletion with ascorbic acid,

| appocred to be reversed. Tha significance of these findings requires further

| InvesticaMon. |
!

l

| DISCUSSION i
i 1

| Ona of the remarkab;e aspects of this study was that labeling of the body l
1

| cscorbic acid pool during the depletion phase resulted in no detectable urinary

excretion of l4 .cbcled reduced or dehydreascorbic acid. All of the radioactivityCj

| excreted daily was as stable organic forms that did not migrate in the TLC

i |-
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acetonitrile-butyrenitrile solvent sysicm (9). The radioactive material, however,

we r ,cparated by the use of other TLC solvent systems, column chromatography,

on 7, ugh the use of preparative electrophoretic procedures. ;

It should be n:Jod frora the cumu!ctive carbon-14 cxcretion during the

depiction p'..csc thei n nc cf the Sur :abjecis hcd an excretion curve that

differed from the overaga man C=.or than *3%, despite marked differences in j

body wc!ght and age (7). Furthermore, from the data obtained during the

repletion phase, it was possible to calculate a "pCi equivalent mg" of ascorbic

acid retained. Although the subjects were resupplemented with ascorbic acid
1

at different !cvels of intake, the supploraental material had a constant specific I

activ:r/ of 0.05 yC!/r,c. Cons;:ucrf!y, one could, by using the daily

rcdioisoto;:c m:rce:cr. :nc :.t:r. :0. dctc, calco!:. e the so-called "pCi )
cc,vivc.b r c. : . " .,:: h rr.:c.c:ur:: cf I4S C radicactivity rr.icined or excreted

reprosc.c. :.n cry:sc..nr :L:. "ty of ascc.-bic acid in accordcnce with the specific
.

activity of rac c:;cor: sic c:!d in~ce a. Since the specific cetivity of the escorbic

ccid a ~:ra. :.r. ...r.c th repletion ,chese of this study was 0.05 pCi/ms, then

occh 0.;5 .C: retaincd o. excreted wenid be ec,ual ::. I mg of ascorbic acid.

TL.e :cbicct who rocciv d 52 mc of ascorbic acid per day excreted in the

urir.c carbsn-14 !ab;!d r .d.ced :.cd dahydreasecrbic acid at the point in tima
|

'

when h:: body posi cf csecebic c.cid had bean resupplemented to 1.5 g. The |

subicct who received 64 mg of ascorbic acid daily excreted reduced ascorbic

acid in his urine :.1 the .:oint in time ch:.n his body pool of ascorbic acid had

been resupp emented to 1.46 9. The u.-inary excretion of reduced and

dehydroascorbic acid wcs not investigated on the subject receiving only

6.5 mg/ day of ascerbic acid, since it wcs not enticipated that his body pool of

ascorbic acid would ha repleted during the repletion phase. Examination of

Fig. 4, curvo L, revealed a lag of 3 to 4 days before an increased daily urinary

excretion of I4C cccurred. This wou!d Indicate that the labeled pool hed to be

il
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fully resupplemented before en increased excrstion of the radioisotope would

ensue.' Furthermore, the peak daily urinary I4C excretion was also delayed by
,

3 days when compared to the subjects on the higher intakes of ascorbic acid.

N decline of the slope of the daily urinary 14C excretion curve for subject L,

offer peak radioactivity exc$, tion had. occurred, was the some as that noted for,

the other subjects. it is of int'erest to note that during the repletion phase ofg
,

'''
; the study,~. the subjects.oppoored to adept to the level of ascorbic acid intake t . . '.-+,

'
'

within the range of 10.5'< to' 66.5 mg per day. N subject who received only
, 4. .. .

.i- 6.5 mg/ day of ascorbic acid demonstrated yeater pCi/ day excretion and less
'

pCl/do/ retention during this same period, Indicating that this level of ascorbic.

acid intake was probably close to the minimal requirement of the subject. This

is supported by the observation that this low level of ascorbic acid intake not

only cured scurvy; but maintained all other clinical and biochemical parameters ;

evaluated in a normal state during the repletion phase (7).
'

It is of further interest to note that when the subjects were fed 600 mg of

unlabeled ascorbic acid daily for the last 13 days of the study, only a 4-fold
||

increase in the cumulative daily pCI excretion occurred, even though the level !
i

of ascorbic acid intake had been increased as much as 90-fold. Thus, it would

appear that on a high intake of ascorbic acid, only a limited quantity of the j,

ingested vitamin is equilibrated with the body oscorbate pool. |

The statement of what might be an optimal daily ascorbic acid requirement

for the adult human cannot be made from the data obtained from this study. !
I

Nevertheless, an intake of 6.5 mg per day of ancorbic acid was sufficient to |

cure deficiency symptoms in one subject. This finding is in agreehnt with tho' j
'

,

. .. . ,

conclusions of the Sheffield study, where od intoles of yeater than' 5 but less 1. ",
i. 1,, s. . , .

than 10 mg of oscorbic' ocid per day'wos suffieletifi...cere Mln' mon (I'l)."" !
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[ SUMMARY.

A study of the metabolism of ascorbic-1 NC ocid in experimental human. ,

scwvy was conducted with the following results:
'

1. Labeling the body escorbic acid pool during the depletion phase resulted.
.

I4in no detectable winary excretion of C-labeled reduced or dehydroascorbic acid.

2. Urinary excretion of "C by all subjects occurred as a first order process
'

t during the depletion phase. The winary C excreelon curves of the four subjects '.
,

~ '

did not differ from the average man by more than * 3%, despite marked differences'

'

in body weight and age.
'

3. First symptoms of mild scwvy appeared in the subjects when theIr body
'

ascorbic acid pool had been reduced to approximately 300 mg.

4. Once the body pool of ascorbic acid was repleted to a level of 1.5 g,

urinary loss of reduced ascorbic acid occurred.

j 5. The rate of repletion of ascorbic acid was found to be a zero order

; process and proportional to the level of daily oscorbic acid intake.
'

,

! 6. When the subjects were fed a high intake of ascorbic acid, only a <

limited quantity of the ingested vitamin was equilibrated with the "C-labeled
,,

) oscorbate pool.

j 7. All of the radioactivity excreted dwing the depletion phase was in
I the form of stable organic material that did not behave as ascorbic acid. This

j organic material was separated into few unknown compounds. .
~

! 8. This study would indicate that a dally intake of less than d.5 mg per -

,

In mon. ?

day of ascorble ocid is sufficient to alleslote and prevent scurvy % bi
~

,
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Fig.2: A. Mathematical models of urinary excretion, pool size and catabolism.
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Fig. 3: Daily #C-urinary excretion of all subjects divided by the dose inI '
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microcuries each received.
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Fig. 4: Daily C . urinary excretion during saturation phase.

Fig.5: Per cent of the total daily administered C-ascorbic acid retained by

each subject. This per cent was calculated by subtracting the daily

C-urinary excretion from the total daily C Intake and dividing
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Fig. 6: Daily urinary excretion of "C of subject L during and after a stress;- -
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Fig. 7: Demonstrate the average 24-hour excretion of urinary nitrogen and. .
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Introduction. The object of this research is to increase our knowledge con-

'

cerning the biochemistry and chemistry of ascorbic acid./ Although ascorbic

acid has been studied extensively for many years much of its chemistry and
.

both the details and broad pattern o'f its biological function (s) remain to be
,,

'

worked out. In spite of this deficiency of knowledge about vitamin C, it is
.

one of the most widely used supplementary vitamins.
.

Good progress continues to be made in these ~ studies - for two reasons:-

3 ) ascorbic acid andWe have made extensive use of double'1abeled (I4C andH

secondly, we h' ave made good use of modern physical organic techniques. The

, following areas have been actively worked on during the past year:

1. Chemistry of Ascorbic and Isoascorbic Acids and their Oxidation
Products (E. Bell).

Synthesis of L-Ascorbic-6 I4C Acid (D. Karr, E. Bell).
~

2.

3. Preparation of the Four Ascorbic Acid Isomers and Studies of Their
Specificity in an Enzyme Reaction (M. Kutnik).

4. AscorbateMetabolitesinRats(W.Schar'f).

S. Subcellular Distribution of C Following Injection of Ascorbic .1 I4I4 C

Acid (V. Richmond). *+

6. Ascorbic Acid in Microbial Systems; Development of an Ascorbate Re-
quiring Mutant (L. Ray).

Personnel Associated with Study,
i

Nonnan F. Witt, Professor, Department of Chemistry, University of Colorado,
Acting Director in Dr. Tolbert's absence. g*

. .

-

; ;

!
Bert M. Tolbert, Professor, Department of Chemistry, University of Colorado,
Boulder, Director (on leave August,1967 to August 1968).'

Eugene M. Baker, Ph.D. , Lt. Col. U.S.. Angy, MRNL Fitzsimons General ' Hospital,
: ~

Assistant Director. .
4

'

Howerde E. Sauberlich, Ph. D., Chief, Chem. Div., MRNL, Fitzsimons General
' Hospital, Assistant Director. /" .,

,

. .

Virginia Richmond, Ph.D., Assoc. Research Biochemist. . ~.
'

.3 }};,
'

:(, . . .
*

.. . . ,- , ~ , - ;
.

4,.y .c

'*-4 _|_
'

. . . .

'
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'

Dale B. Karr, M.S.; Research Associate Biochemist. *
-

Ellen M. Bell, M.S., Researc,h Associate, Chemist (Resigned Aug. 31,1967).

Lee Ray, B.S., Research Assistant Ph.D. candidate.

Walter Scharf, Ph. i. , i'isiting Professor, Post Doctoral, Spring and '
Sunne r,1967. >

. . . . .

,

Mark Kutnink, Undergraduate,' part-time Research Assistant.
. .

, .

.

Publications: . ' .

During the past year tha following pap ~ers and abstracts are published.
'

.

and papers presented: ,,

1. NMR Studies of Ascorbic and Dehydroascorbic Acid. by E.M. Bell, B.M.
Tolbert, J.V. Mengenhauser and E.M. Baker, Accepted for publication,-

.1. Phys. Chem.

2. Guinea Pig' Urinary Metabolites from Ascorbic Acid, by D.B. Karr,
E.M. Baker and B.M. Tolbert, Fed. Proc. 27, No. 2, 256 (1968).

~~

(Abstract) .

l

3. Subcellular Distribution of Label from Ascorbate, by W. Scharf,
S.C. March, E.M. Baker and B.M. Tolbert, Fed. Proo. 27, No. 2, 266 |

~~
'

(1968). (Abstract) .

4. Urinary Metabolites from Ascorbate in the Guinea Pig, by Dale B. Karr,.
E.M. Baker and Bert M. Tolbert. ' Manuscript in preparation.
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1. NMR Studies of Ascorbic Acid and .

v'[ Dehydroascorbic Acid-

, ,

,

Ellen M. Bell.

The first phase of this study has been completed, a manuscript prepared
,.

,' and accepted for publication in The .Tournal of Physioat Chewistry. The paper's
'

abstract.is.as follows:
'

.>
.

.

i NMR studies are reported ,for L-xyloascorb'ic acid, D-araboascorbic acid,
'

acid, L-dehydroxyloascorbicL-xyloascorbic-4-D acid, L-araboascorbic ,4-Djj
acid and D-de'hydroaraboascorbic acid. The ascorbic acids show ABC spectra2

.

and there is no indication of restricted rotation of the C-6 group by hydrogen
,

bonding at any pH. The spectral assignments were confirmed by deuterium
,

labeling. Coupling constants were computer calculated and confirm spectral
'

assignments. -

L-dehydroxyloascorbic acid has an ABCD type spectrum which is ascribed

to hemiketal binding of the C-6 oxygen to the C-3 carbon. L-dehydroarabo-

ascorbic acid shows all the correct chemical properties for a monomeric hemi-
\

\ , ketal, but complex NMR spectra are obtained that could not be analyzed.

2. Identification of Urinary Excretion
Products from Labeled Ascorbic Acid~

By Dale B. Karr ,__

k
'

Studies on Guinea Pig Urine.
-

,

The study on the radioactive metabolites of ascorbic acid found in guinea-
. . 1

pig was continued. The materials isolated from the urine either as a lead pre-
.

cipitate at pH 8 (Pb" material) or as non-precipitating material at this pH,'

(S material), have now been chromatographed in several systems.jnd subjected
c, . * . , ,; ,

i ." ll' o @''' '

to acid hydrolysis. 't
. b

'

.~ - | _.[:n; . . ':f,*?}:ff y y _ ,;.
'

'. -
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3 '1. H Metabolites: ', ,

i

The compounds present in the "Pb" material and containing only tritium

are most likely threonate, xylonate and lyxonate. Evidence supporting this
t

was obtained from electrophoresis at pH 5.6 in 0.2M ammonium acetate. The-
.

mobility of threonic acid and glucuronic acid with respect to picric acid
^

i are 1.5 and 1.3 respectively:. The 5-carbon acids similar in structure and
; .-

*

charge would move in between the above acids. ,,, ,
,

'

The tritium labeled metabolites had mobilities (with respect to picric) )
~ I4C, 3H 1abeled

'

of 1.5 and 14. The material at 1.4 also contained double

material . Additional evidence was obtained by descending chromatography in ;

ethylacetate:pyridine: water, (8:2:1) and methyl ethyl. ketone: acetic acid:

In the first the R 's of threonolactonesaturatedboratesolution(9:1:1). f

3
and glucuronolactone are 0.75 and 0.60 respectfully and the urinary H metabo-

lites are .75 and .68.

In the second system the R 's are: threonolactone; 0.65, xylonolactone;f

0.3; and lyxonolactone, 0.48. The threonolactone we used as a standard had an

NRf of only 0.56. Likewise the other standards we compared had lower mobilities.
,

'

3The H metabolites had mobitites of 0.56 (threonolactone), 0.45 and 0.18.
t

-

! 2. C Metabolites: Electrophoresis of Pb material separated a small amount'I4

I4of material containing mostly C. Its mobility with respec.t to picric was

! 1.85 and is presumably oxalate, k
'

,

I4 3I40, 3H Metabolites: The compounds containing both C and H consist of3.

acids, glucuronides, (or larger conjugates of ascorbate), and a 6-carbon lactone.
|

Electrophoresis in 0.2 M ammonium acetate, pH 5.6, gave evidence that there
'

ad at least two acidic compounds Rf of 0.91, and 1.4 with respect to picricj
,

acid, The Rf of the 6-carbon uroni.c acid, glucuronic acid was 1.26. .

,

'

I4C ., 3g cg,,Chromatography in ethylacetate:pyridine: water (8:2:1) separated
0 i- . , ,,

'
-

. ,.s,
, ,,

, , ,

.4 .$ .I 8
,

' '' $,b* **'I" % i 8g g ,$4

.. $ ' ' '' '

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

.

pounds into 3 bands R 0.03, 0.09 and 0.56 corresponding to acids, disaccha-
f .

,

'

rides or glucuronides and 6-carbon lactone of uronic acid, mspectively. The*

6-carbon lactone is presumably in equilibrium with the 6-carbon acid. Chro-
'

,

matography in methylethyl ketone: glacial acetic acid: borate-saturated water:. . _ .

9:1:1 verified tfie existence of at least 4 compounds' containing both.I4C and
'

# *
- -

,

>

3H label. ' ' .
' ''

,

-
.

. - . .. _;

I4 , 3H Metabolites in the' "S" material.0'

I4 3Two metabolites both containing C and H, can be separated by chromo-

tography on DE-81 anion exchange paper in 0.13 M sodium acetate, pH 4.6, and
, ,

' ethanol (1:4) and on Whatman paper in methyl ethyl ketone: glacial acetic

acid; saturated borate solution (9:1:1). The mobilities of these compounds

are' very similar to materials in the "Pb" fraction, thus the possibility ex-

ists that the Pb precipitation was incomplete with respect to these metabo-
'

lites , although their mobilities are not alike on Sephadex G-10. -
'

'

I4C, 3H material in both the "Eb" and "S" materialIn general all the

N are susceptible to decarboxylation when heated to 121' alone or in the

presence of 2 N TFA. '

.

! Their molecular weights could not be detemined on Sephadex G-10 because.
'

of secondary interactions. The effect of the enzymes, pepsin and B-glucu-
.

ronidase, on the laiEled metabolites in both "Pb" and "S" ' material was in-
,

,

vestigated. Results were inconclusive, because no changes were noted in the

mobilities of the metabolites on DE-81 anion exchange paper or on Sephadex
,

I4C, 3H metabolites, is needed to estab-G-10. Further investigation of the-

;

lish their identity and minvestigation'of the effects of enzymes using one

of the other chromatography. systems, electrophoresis, or a diffelent size of

i Sephadex. Following are figums of ~the chromatographic' separations of the "Pb"
; .

.

.
' k

. ] :::s ''.' b +
,..), , .

'

| and "S", materials.
'

.
,

,

,y a' .' ' k . .. QQhV .
:

./ : ;\ ,,L .|,;3;;y .|: g.; y i (y : %Q.:gf:.
-

,

'

.
, ,.

,
- -

._ .

T
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Synthesis of L-Ascorbic-6 I4C Acid
'

'

E - < .

:-

*..

; By Dale 8. Karr and Ellen M. Bell
,

The synthesis of L-ascorbic-6 I4C acid from D-glucose-1 I4C was started-
.

'
. .

by Bevill, continued by Bell and is being further studied. Bell c.arried out
_ . . .

the reduction of the 0-glucose-1 I4C (10 mC/230 mg) to 0-sorbitol-6 I4 , andC

; s'
one conversion of unlabeled sorbose to ascorbate following Bev111's procedure

,

through the synthesis of 2-keto-L-gulonic acid.- Ascorbic acid was fonned byr -

i
'

-

dissolving 2-keto-L-gulonic acid and 0.1 g ascorbate in 1 N HC1-50% ethanol
.

at 45' swept with carbon dioxide. After five hours the sol'ution was lyophi-

, lized and ascorbate _ acid recrystallized from acetonitrile. The success of

this method was unclear because of the addition of carrier ascorbic acid in
.

the final step. Ascorbic acid formation was determined by TLC in AcCN, BuCN,

H 0.
*

2

The project was turned over to Dale Karr when Ellen Bell left. Since

then two attempts to convert unlabeled sorbose to ascorbic acid have been

unsuccessful. Modifications were introduced both in the conversion of
s

.K+(2-ketogulonate)~ to 2-keto gulonic acid and in the fonnation of ascorbate

from',2-ketogulonic acid.

The synthesis of labeled ascorbic acid is a difficult procedure and no

adequate directions exist in the literature for a small scale procedure. Pre-
i

vious investigators who have tried to prepare ascorb, ate-6 I4C have ended up
,

i with' negligible or questionable products. The most difficult step is the
i

i. final one, the . conversion of 2-keto-L-gulonate to ~ ascorbic acid.
Je

.

The' current method for the synthesis: of ascorbate from glucose has been
~

> - m,

! ,' /ecarried out on unlabeled glucose. ', ,

1. D-sorbi tol. .' [,~
'

>-
,

.

'

To 200 mg of sodium borohydride ' dissolved in 30 ml of.1'.N ammonium
. : * . | ; o . .d ..,

.

'
'

.

,.I*g. * ""' ;*h y,fs ef, , a* l' ''y

.jkj.y h ,jh h., .,.f f ( .h[.[ h t ,

> i J/ Q'p., . j
* . .

,

h
,

[ T
- -- . . . . - . _ - . . . . - . _ . _ ,

.
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p

hydroxidecooledto0*,$sadded230mgofD-glucose. The reaction mixture is
:

stirred at O'C for 30 minutes and at 20'C for 41/2 hours. Then two ml of.
.

glacial acetic acid is added to destroy the excess sodium borohydride. The-

,.

solvents are removed on a rotoevaporator. The residue is dissolved in 30 ml
*

'
'

of absolute methanol and the volatile methyl borate rencved on the Rotovac.
.

.

The addition of methanol is repeated seven times.
~

.

j 2. L-Sorbose
.

-

,1
- .

.

The residual syrup and 770 mg of D-sorbitol are dissolved in 10 ml
'

of water and inoculated with 10-20 mg of Acetobacter suboxydans 621 pelleted

at 3000 RPM. The suspension is incubated at 30*C for at least 36 hours. The

conversion to L-sorb'ose is detennined by chromatography in ethylacetate:-

pyridine: water. (8:2':1) for 18 hours.

When the conversion is complete the Acetobacter _ suboxydans are re-

moved by centrifugation at 15,000 RPM. The solution is lyophilized and the

resulting gum is suspended in 3 x 15 m1 reagent acetone. The gum is resus-

pended in 50 m1 spectroquality acetone overnight. The acetone is decanted
.

and the now powdery material flushed with nitrogen.'

3. Diacetone-L-sorbosel
'

(1) Peter G. Dayton, J. Org. Chem. , 2_1,,1535(1956).

\
Under nitrogen atmosphere the L-sorbose is cooled to O'C and to it

is added a cold solution of 50 m1 spectroquality acetone and 2 ml of concen-
.

.

trated sulfuric acid. The suspension is stirred under nitrogen at O'C for
'

two hours. warming every 1/2 hour to[ room temperature or until the L-sorbose

is dissolved. The ' solution is then kept at.4*C for 18 hours. L.

The resulting yellow., acid solution is added in small portions,to
.

8 g of potassium carbonate, in 60 ml of water while swirling and cooling in.

- ..
, ..

'#
,, f*

* g

* ' ; : q ~ 57. .. g f , y" '[ t y_ ' . , .
,

s ' [' ..

'
- ..s. ,

.
.

,

,.-.

..-, , , -- ,,



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

iJ.. ' , *- .
,

|. :s . .

Then 150!ml of acetone, used to rinse the original flask is
'

[ an ice bath.

d1 added to the mixture. The precipitated salts are removed by. suction filtrationi
i l,

.and washed with additional acetone. The acetone is removed in, vacuo from the;- j,

combined washings and filtrate. The 35 ml of remaining aqueous solution is
. .. . .

. ,

extracted 7 x 100 ml of ether. The ether extracts are concentrateo to dryness'. -

ona'Rotdvac. L. ,
'

> .

:;. *
. .

.
' 4. : Potassium diacetone-2-keto-1.- gulonate - :.i

. .:.o '

,

{
. ..

I To the diacetene-L-sorbose dissolved in 14 ml of cold 4 1/2%
,.; ,

potassium hydroxide is added, dropwise,1.4 g of potassium permanganate in
,

60 ml of water over a period of one hour. The mixture is then heated for
-

. .

fif teen minutes at 50*C. Fifty ml of absolute ethanol is added to destroy

excess potassium p'ermanganate. The precipitate is removed by suction fil-
'

tra tion. The colorless filtrate is adjusted to pH 8 with carbon dioxide and

then concentrated to dryness.
.

5. Diacetone-2-keto-L-gulonic acid
,

The potassium diacetone-2-keto-L-gulonate is dissolved in 40 ml of'

water, cooled to 5-10*C and brought to pH 2 with 0.5N sulfuric acid T1Ipprox-2

' mately 11 ml). The solution is extracted inanediately with 6 x 50 ml ofi
'

~

ethe r. The combined ether extracts are washed once with 40'm1 water and con-

centrated to dryness. The residue is flushed with nitrogen.
i

| 6. L-ascorbic acid j
,

The diacetone-2-keto-gulonic acid, and 0.1 g ascorbic acid, under

.' carbon dioxide atmosphere, is dissolved in 20 ml of 1 N trichloroacetic acid
4

in 50% ethanol. The solution under carbon dioxide, is' kept at 45'C f'or 1.8

' hours . I't was then concentrated to yellow oil. Ten ml of ethanol is added, -

~. .
,

followed by 23 ml of petroleum ether. After crystallization begins', the'

' ' g .1 ' 4:

mixture is kept at 4*C until crystallization is completed. gw n,;'.
., '

4

.: .:. . ,. ,;., ;,.

..,

|p., .#.0,7, 'y,i. g ;,rM . . : . ! L . O I ' . . >[ t
'' ''

.

,'Mg '. ,.g...1 . ' _ ,'

y ', '

:P;;- : .. g .7 ..,s; ct . , . ,

,
', .% '|

,
, k, . ! '*

,' '
, .

, ,.._ ,
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I -

, ;h ' J
'

h.J f '. ' One pilot run startkng with D-glucose-2 I4C has been completed.' Re'sults
,

i .

|L C r are gi.ven below:
' ~'

i
-

- <
- ,

z v. .
,

+ , , ' .
.

f.,. Steps in synthesis- Intennediary R TLC Recovery*

f.

'4 ' of L-ascorbic acid Product 'AcCN ,
.

Estimate'

Percent BuCN, H O Grams .'

2,

)
. . .

,

.0.00 1.0 i
*

I 1. D-sorbitol 100 - .

' -

1
*

.it
\*

80 ? u 4 0.00' i " 0.8.

2.. L-sorbose ''
4 c -

,

- ',',

|
.r ..p. - .. , .. ,

,

j ,- 3 .* Diacetone-L-Sorbose . 80 $ ,, . ',q , 0. 80 ; 0.7 ,
,

-

.

. |,
.

,

" '

| 4. X+diacetone(2-keto'
; L-gulonate) ,100. 0.72 0.7-

-
. ,

,

'

5. Di ace tone-2-keto-L-
gulonic A 60 0.72 0.4 1

.

!
'

6. L-ascorbic acid
4

j a. 2-keto-L-gulonic acid 86 0.0 0.29

j b. L-ascorbic 4 .22 0.01

c. Other contaminants -

'

i' DKG & deactone .09,
2-keto-L-gulonic acid 10 .72j

;

! The remaining radioactivity in steps 3 and 5 was found in the water fraction.
'

It was not ether extractable since in both steps, the last ether extraction'

contained less than 1% of the radioactivity. No sorbose was detectable in'

l' the water fraction of step 3.

Before further pilot runs with 0-glucose-2 I4C and D-glucose-1 I4C are

made, the convers5on of 2-keto-L-gulonic acid to L-ascorbic pcid will have*

! to be improved. The following modifications will be tried: (1) the solu-*

tion of 2-keto-L-gu'lonic acid in i N trichioroacetic acid and 50% ethanol*

i
-

will be maintained at 60* for 18 hours instead of 45'C, (2) the percent of1

ethanol in the solution will be increased to 90%, without changing the nor-
'

'

.mality of the trichioroacetic acid, and (3) the 2-keto-L-guloni acid will
' . : .

. .

| be converted to its methylester, as prescribed by Bevill, and then the latter |

|,
'

- , .<. t-

, . . . '. :converted.to L-ascorbic acid. '; '

,,

, ( ..y e -):* ,..t./ Q .'00,;S,, |.m[\(., j,,v- ,'u" , . ' %.:~y , n ,

'..,4
'

- ..
. .

.. , w. :! ..
. , . . ~ . . _-. . - . . . ...w. . . . . ,e.- .

.+ <! _ i . ,
,

.c.
. . .

_; ,,, ,
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Thel-ascorbic-6I4bandL-ascorbic-43H(synthesizedbyE. Bel 1)will
'

'

.

be used in animal experiments to determine if cleavage occurs between C-4 |

and C-6 during the metabolism of L-ascorbic acid. A change in the C/H dpm
;

ratio of the metabolites would indicate such a cleavage. We suspect no

change in this ratio will be observed.*
-

,

f. 1. Peter G. Dayton, 1956. The Synthesis o'f L-Ascorbic-6 I4C, )References:
J. Oganio Chemistry, ,2_l,,, 1535. j (,' .

j , .,

" - 2. Wells,P.A.,Stubbs,f.T.,Lockwood,L.B.andE.T. Roe',|
~

'

1937, Sorbose from Sorbitol, Ind. Ehg. Chem., 29,1385.
,

' 1,
.

-

,

Subcellular Fractionation of Rat Tissues'

Following Injection of Cl4 1 Ascorbic Acid

By Virginia Richmond and G. Philip Anderson.

The existence of a " combined" fom of ascorbic acid as an active complex

has long defied eff ats to isolate sucn a fom. Our second attempt to eluci-

date such a complex has been to measure the uptake of labeled ascorbic-1 I4 C

acid in the gross subcellular frack; ions from several tissues in the rat. Since

ascorbic acid is subject to rapid air oxidation undo many conditions all of

the procedures detailed here, except for the actual decapitation of the animals,

were done in a nitrogen atmosphere using an Isolet sucn as those used in a pre-

mature nursery. -

__,

Three animals were injected with approximately 100 pC of ascorbic-1 I4C2

acid [. Nuclear Chicago) intraperitoneally in one dose of 1 ml. nonnal saline.
.

Apprcximately 24 hours after injection the animals were decapitated, placed
'

innediately into an ice bath and put into the Isolet. The organs were excised,
,

placed on ice, weighed and homogenized with,a Teflon-glass' homogenizer in

enough 0.32 M sucrose, 0.001 M ED.TA to give a 10% homogenate (w/v). The cen .-

t

~

trifuge tubes were capped while in the nitrogen atmosphere and were uncapped'
' ' . q: | Q,

'

* - ' ; v-
.

.
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_ 'f
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only when again in the isolet. The first centrifdation was at 1,000 x g i*

, ,,

' ' '

for 16' minutes, to bring 'down the nuclei and cell debris. The pellet was *.

|
~

j ' washed with 2 mi. of the sucrose solution again resuspended and centri '
'

!
-

j fuged and the supernatant solutions combined. The pellet was the *Pj-

f'raction.
''

j i. .
,

; .; '

] The second centrifugation was designed to collect the mitochondria-like
, ,

;

particles. and was carried' out at 18,000 x g for 30 minutes in a SorvallJ -

j- R-C-2. . The pellet was again washed by resuspenaing in fresh sucrose solution

{
recentrifuged. This pellet constituted the P fraction. '.

2
.

To obtain the microsomal-like fraction, P , the combined supernatants'

3

j were centrifuged at.100,000 x g for 60 minutes in a Spinco Model L centrifuge

and this fraction was washed as described'above. The particulate fractions

P , P , and P were solubilized in cold 2 N sodium hydroxide .and radioactivity
: j. 2 3

and protein concentration were detennined on aliquots of the solutions. Pro-

tein concentrations were estimated using the Lowry technique; these were:

:
correlated to an albumin standard and expressed as mg albumin per total sample.j- .

! The averaged specific activities are given in the .following table. The
t

j greatest uptake of radioactivity was in the cerebellum with the mitochondrial
i

fraction of the midbrain and the cerebrum having only a little less activity.

This is consistent with Scharf's earlier findings where oxygen protection was
'

.

not observed. Lung and spleen are next in the quantity of specific activity.'

The highest specific activity was in the supernatant solutions for all'of the
,

j. tissues examined. It had been hoped that a ' difference in the specific activ-

| ities from the various subfractions might indicate a localization of the

: ascorbate complex and thus indicate an enzyme system (s) whicNmight utilize
'

,
* v .

ascorbic acid. This observation was not forthcoming.' ' .''T,
''

. ..
'.w . .

(''[[. *A ,p ,e

.. a ' ,' 3.Q 6 }* 4 " W *, %,.] h i- i.|,, j ; '
2' [,' MS/A. 7.j.,c h '

' ' '

,

'.- MQ $f^.?? %
'
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./ TABLE I
'

' '
'

:,, ,, , ,

,.
.

'

!' Specific Activity of Subcellular Fractions' -

'-.

|. , e ..
,

and Supernatant Solutions from Rat Tissues.

.. ,.

Following Injection of I4C-1-Ascorbic Acid
.s .

.:. .
..

..,

Tissue and Fraction Specific Activity*
.

1 ,; , ,; . . f .
[p .r' '

'

'

g DPM per gm. . . . .
..

" ''
;, C , , :, . as a umin as' wet weight''

. .o .
. ...,

. 7 ,, '
'

' , , gg ', . .
'J- u. c

!,
...., ..

,
'

Cerebrum P f 3,350 21,102
-

j.
, ,

'

P .10,733 64,006'-

2

P 3,426 4,3M-

3,

Supernatant 26,653 405,353

.

Cerebellum - -

P
- 3,659 64,231j

P 8,020 50,061
2

P 15,051 20,924'

3
,

Supernatant 39,150 461,760
,

s -

- ,

,' a ,-

Midbrain P 4,760 23,089j ,

, ,

P 4,394 '40,914
2 ,

10,989 27,382'P--- -

3 .,

Supernatant y ,' ;31,166 345,222'
.
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'
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* . S"' r<.
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.
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'
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(Table I continued) ,' .. 7
'

pd', -

. ,

+ . ;p . ,.

~. , ;a ,.v. , .
,

.x- , . , , : r . , :. .
1 g

. ..c t; ;;
a .n . ' . c, .., .. . q: .: :

. x.Q:),w;n .(';g > , . , f, .p|
-

3; . .

Q, , '' Tissue and Fraction
-

c
'Specific Activity'

'

s n'.,.
.' ' (,;dj P 4 ),"e'*'I

p . -
' *

'> . . . . ,.. .

NM ,s.,
.

. . i f .
$

... i; e y.' . DPM per mg - 'f '. DPM per gm'
.

,.j W. b;.p)lg.] . as albumin . , as wet weight
, m .'. .

-

_ - .[: . , . . ) . ', 4,314 !. I;. ,'c -11.667
*

.
.

..

". , |
,

.

'

Kidney P)
'

i .

. - .
,..s ...

'

.] 7,513 S ' ', 11,260P T

2 c, .. ;.
-

,

j, p .: .i | # ie r,: 568 ...J d~ 1,466<

3,
. ..

2 ., . .-. .. ; ,. .; ,,-
i

r p ,

.d $ . ..t,. i
. , ... -

,. 62,722
- 224,060

4

,

Supernatant . ', .2J
f

J:'
;

- .s
, ,,,

. .

.
'

j .. : . ,.s' 2,846 ,13,137P .'' ' '

LLiver- -

P 10,680 17,431,

2
, ~

P 769 3,312
3

Supdrnatant 19,742 361,742 |
.

1,563 28,719Lung P)
.

P 24,455 - 30,255..
2

P 4,139 6,697
3

.

\ Supernatant 28,770 446,670"

-

'

Spleen P ,'- 6,449 38,381j ,

'

P .
5,645 61,010

-

2
,

,

.

J 3,035 i 16,191P - -- | [
"~

3
'

,. 41,031 1,259,400Supernatant'
,-

, . , ......
.

n

. , . . .
. .

.

' '

' Adrenal 1 J b.:; 4 -' :e.
'

'
<. .

a ' '1. t. . '
1. .'e.'. '. ' . .(1 animal only)- . , , ,- .'y..

.

j - .0,-|;'i.i | ''%10,107 ) . . ) ,.

'

46,210P .

'-

s ,

. ,. ,' r. . . . .$ we. c. ~~.:.-<
.. .-

bun.; ." 10,247 % 46,600'
' '

P '
2 . ' . , , , -.- .

. ,

' r . e ' '|. 7 3,440' , > .757, ;p . ,:
- .,.

.
,

3 .; , ,. 2.p . ; ., >:. . ~ , y. ;:: . ., . -
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1
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A, The various supernatant. solutions have been studied for a possible
s

,

U ' radioactive complex by their behavior.on chromatographic columns and by thin' '

f~ layer chromatography. The chromatographic mediums employed have been: Sepha-'

1 .

,

dex G-200, Sephadex G-100, Sephadex G-50 and Sephadex G-10 and DEAE cellulose,..

DEAE Sephadex A-50.. All of' these columns have indicated a low molecular'
'

.

1'

weight series of compounds and have separated from two.to eight peaks. from j
.

^

' standard ascorbic acid samples as well'as several_' from the tissue supernatant'

' '

solutions. ,
,

These fractions are being further characterized by thin layer chroma-'

.

'

tography and by gas - liquid chromatography., ,

.

.

Distribution and Ubiquity of Ascorbic
Acid in Biological Systems

.

'By Lee Ray

We are interested in finding an organism capable of endogenous ascorbate.

,

synthesis in order to use it for the preparation of an ascorbate requiring

' mutant. Such a mutant could be used to study the function and fate of labeled.

ascorbate, the enzymes involved in ascorbate metabolism, and, perhaps, as a

microbiological assay for ascorbate.

In a literature search some reports of ascorbate in lower organisms
'

(algae, fungi, yeas't) were found, but these results need to be verified'by.

newer analylical procedures. There was no report of endogenous ascorbate
.

synthesis by any microorganism. Since then we have assayed eleven bacterial
.

species for free ascorbic acid. -
- ~

'

The assay-involves preparation of a ce,11ular extract by, fracturing the' .

..
.

bacteria in a French pressure . cell and centrifuging down the .' cell debris.
> ; 3 K .y. +. ,,4 f,,:,.7 ; e ;t.

,
,

, t u . ; < ; : 3 ' , . ,''|$fQ'..'',, -
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>
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,. C f f The extract is treated with trichloroacetic acid,'to remove protein material,

.and is then applied to' a silica gel TLC plate. The TLC plate is developed in
^

'

,
,

a solvent system of acetonitrile, butyronitrile and water which produces a

' characteristic movement of the ascorbate. In addition, the location of the --

'
>

ascorbate is determined by standards run simultaneously at; the edge of the|
-

-

: .

' plate. This process separates the ascorbate from cellular contaminants. TheL r-

'i.- '

; area which shoul'd contain 'the ascorbate is scrapped off the' plate and subje'cted

dinctly to a , modified Schaefferts-Kingsley assay. This is a timed reaction .

'

which produces a dinitropheny1hydrazine derivative of'the ascorbate. The

'

' amount of colored product is detennined' spectrophotometrically, and the amount

of ascorbate present may be determined quantitatively by assaying a standard

ascorbate solution and comparing their 00's.

The following strains were investigated: Salmonella typhimurium,
,

T

Staphylococcus aureus, Aerobacter aerogenes, Alcaligenes faecalis, Bacillus _

subtilis, Serratia marcescens, Pseudomonas putida, Pseudomonas; fluorescens,;
<

Escherichia coli (strains K12 and D2) and an a-hemolytic streptococcus.
| y

! Of these eleven strains two (B. subtilis and A. faecalis) seem to have
:

.

higher ascorbate levels than the others. Unfortunately,'even in these two'

,

the non-specific, background reactivity is of the same magnitude as the cal-

|
culated ascorbate ~ content, i.e. about 5 mg ascorbate /g of cel;1s. In order to

1
:
; see if these may actually contain ascorbate, we are working to see if they can
;

..

I synthesize ascorbate. 'A radiometric assay is used. This involves. growing the

bacteria on glucose I4C as the sole carbon source, and treatment through' the'

,

TLC separation, as before. The area corresponding to the ascorbate is again-

i
.

scraped off, but, instead of assaying it by the previous methodT11 quid scin-
,

tillation counting is used. gIf the ascorbate | fraction proves |to be labe. led.; a

f ~, , i ?,': ~}: ||.
.
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it will be preliminary evidence for ascorbate synthesis. Of course it will |
-

be necessary to prove that the material is indeed ascorbate'and not somethirig-
<

else which happens to be moving the same on the TLC plate. If we can find a .

microorganism which snythesizes ascorbate we will proceed to the preparation
. . . .

and isolation of an ascorbate euxotroph. I][ ,-' -
'

,

' 0,b.$.y.- (:p,.i[.''.
' r .

< ,
,
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Isomeric Specificity of Ascorbic Acid
.

g.

By Mark Kutnink

.

INTRODUCTION

Two isomers of ascorbic acid, namely L-xyloascorbic acid and D-arabo-

ascorbic acid, are commercially available. Each of these can be subjected

to conditions which cause it to isomerize and yield an equilibrium mixture

which has a composition of approximately 50% of the original isomer and 50%

of its corresponding 4-epimer. Thus, L-xyloascorbic acid, and D-xyloascorbic
'

acid can be obtained from D-araboascorbic acid. The main objectives of this

work are to prepare gram quantities of these commercially non-available
.

isomers of ascorbic acid. This work has. entailed determining the best method

of separating the components of the epimeric mixtures obtained from the

isomerization reactions. Part I deals with this phase of the: work. Part II
\

-
,
.

discusses experiments now in preparation and proposed for utilizing the group

of 4 isomers of ascorbic acid, now available. _

,'

'
- .-

PART I -

.

Investigation of methods proposed for the; separation of.' components of
~

A.
' =.

- %, ' ;' " ':
.
.

, ;, .

epimeric mixtures of ascorbic acid. ' ' k ,- 4

.,

'' '
. , . .

-

: n.v . :.. , ,
'..

R,f)' , . . " .
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The feasibility of this method requires that the titration curve of.

a xyloascorbic acid be sufficiently different from that of an araboascorbic

acid to effect a separation on the column. Two titrations were carried out,
,

in which 100 ml of 1 M solutions of L-xyloascorbic acid and D-araboascorbic
'

acid were each titrated with 10 N potassium hydroxide. Graphs plotting pH.

.

,

of the ascorbate solutions versus ml of base added indicate the L-xylo and -
;

.

-

,

D-arabo isomers of ascorbic * acid to be similar enough in both pKaj c. d pKa21 i,

.

that separation on an ion exchange column is unlikely. This. possibility was
I )

,

not further studied. !

2. Thin Layer Chromatography (TLC).'

Brenner, et_ al,. (1964) report the separation of xylo and arabol

ascorbicacidsonplatesofsilicagel('O.25mm)afterdevelopingina
*

The worksolvent system of. acetonitrile-but.yronitrile-water (66:33:2).
'

described here investigates the ability of plates 1 mm in thickness to
.

separate large quantities of ascorbic acid. The procedure for preparing

s the silica gel slurry (30 g silica gel to 60 m1 water in which is dis-

s'olved 1.8 g metaphosphoric acid) was a modification of that used by
i
'

Brenner in that the metaphosphoric acid was dissolved in 60 ml of a 5%
)

aqueous methanol solution. One millimeter plates were then spread and

activated overnight-in an oven at 110*C. Two plates were then streaked with
-

a water solution containing 0.25 g L-xyloascorbic acid and 0.25 g D-arabo-
4

'

-

.

A third plate was streaked with a water solution containingascorbic acid.
,

.

only 0.05 g of each isomer. In the first two ' cases, when the plates were
'

placed in the developing solvent, the portion of silica gel between the "

bottom edge of the plate and the origin- crac$ed and dislodged fromfthe plate.
'

The third plate did not crack as badly. Solvent rise continued, and after
,

terminating the development, the plates were sprayed with 5% iodine in .,

| -[ ,t i .,
'

.'
- * - - .,

. ,,,

> .. .. c.

. .. .

,
,.

'
^ '* *

. . .|
'
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- chlorofonn. No definitive separation of isomers was observed. No further
'

'

- ' | work was done on this method.

3. Adaptation of Silice Gel TLC to a Silica Gel Column'

.

Silica gel sifted 60 mesh was activated according to the procedure;
'

e

described above for thin iner plates. It was then placed on a 2 x 27.6 cm.? -

' ,

' I" ' column with a solution of acetonitrile-butyronitrile (2:1). The flow rate
.

'

' I was 21/3 ml per minute. . The solvent was allowed to run level with the top-

of the column and a solution of'O.0488 g L-xyloascorbic acid and 0.0491 g

> ~ D-araboascorbic acid in 0.15 m1 water was applied to the column. The addf-
'

tion of 3 ml of the acetonitrile-butyronitrile solution immediately precipi-
,

tated the ascorbic acid from the water solution. After the liquid was' allowed
'

to run' level with the column, a glass wool plug was placed on the top and

elution was begun, first with 100 ml of the acetonitrile-butyronitrile solu-
'

tion, and then the acetonitrile-butyronitriie-water solution (66:33:2).

145 fractions were collected, each containing 7 mi solution. One-tenth ml
.

a

of every fifth fraction was assayed for ascorbate content according to the
N.

'N colorimetric method of Fairbridge, el al. (1951). The concentration of

ascorbate was determined by the amount of tetrazolium chloride reduced to
4

' formazan, which has a maximum absorbance at 485 mu. All fractions had an
s

optical density of ze_ro. The column was then dissected into bands, and thet

assay was repeated directly on the column material. The redults indicated
-

-;
,

! -

a greater concentration of ascorbate in the bottom region of the column, with

ascorbate distributed to some degree throughout the column's length. No'

J

! distinct separation of the isomers into two regions was indicated.
a

' -

,

. ~

4. ' Recrystallization from dcetonitrile
'

.,

This method works and is discussed in the following section.-
~

<
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B. Methods of Isomerization of Ascorbic Acid
; ,

j '1. The first method of isomerization attempted was based on Bell's pro-'

'
, .

,

, cedure for labeling ascorbate with tritium and was done as follows':t-
,

#,

25 g L-xyloascorbic acid were neutralized with 15.93 g potassium''
'

4 ;

] [, hydroxide in 50 m1 water. The solution was transferred to a 250 ml round-

| bottom flask', the neck'was constricted, and nitrogen gas was bubbled through'

;
'

i ' for 30 minutes. The flask was then evacuated under a water aspirator, sealed,
-

i .

] and placed in, an oven at 110*C for' 24 hours. The flask was opened (contents .

found to be under slight pressure) and the resulting dark brown liquid was

I ' neutralized to pH 2 with Dowex 50 (H+) resin. . The solution was 'shell-frozen
4

and lyophilized to dryness. The material was then extracted four times with
4

hot acetonitrile. Upon cooling, the extractions yielded a brown gummy material. |
'

,

TLC indicated that the 'first extraction contained two compounds sensitive to |
'

,

the iodine-chloroform spray reagent. The Rf values identified them as
.

L-xyloascorbic acid and L-araboascorbic acid. The other three' extractions!
,

b \ .showed only traces of the L-xylo isomer after TLC. The sma11' yield of material'

'
,,

and its gummy nature did not lend itself to collection and wei,ghing.
,

i

2. The second method of isomerization, and that' employed for the re-
( :

t
i

! mainder of the work was essentially that of Brenner, e_t, al. (1964):

17.6 g L-W13 ascorbic acid were dissolved in 200 ml :of a 50% aqueousf

: )-
.

! solution of methanol, and neutralized with 11. 2 g, potassium hydroxide. The'

solution was then refluxed at 75'C for 15 hours, after which th'e solution was
, .

a

neutralized with Dowex 50 (H+) resin to pH=2, filtered, and the filtrate con-
; .

i centrated to remove most of the water and methanol. The remainder of the

solution was shell-frozen and lyophilized tt dryness yielding a" yellow solid.
j

i
Four extractions were made.by refluxing the' material in; acetonitrile. The

.'
. . .. . . ' .

-

j
- ,.

, ,,
'~ . .g.

,, o :. , ' . '* . .- . . .
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c '
,J following modifications _of the method were made:

'

1 ,
. . .

, , .

,,

i- (1) A 10% excess of potassium hydroxide was added. ,

- . ,

-(2) Nitrogen gas was bubbled throug'h the solution during' '

,

.. .

isomerization.* -- .

'

| (3) 30 to 36 hours were taken to isomert'ze. ,

! ~. .

The material which precipitated from the four extractions when the-
..

.

'

7 acetonitrile cooled was collected and saved along with the mother liquors.
**

, . .

TLC indi|cated that most of the L-araboascorbic acid was concentrated in the

mother liquors of the first and second extractions, along with'a small amount

of the original material, L-xyloascorbic acid. Similarly, when the reaction'

was carried out with D-araboascorbic acid as the starting material, most of |

the D-xylo isomer was found to be in the precipitations obtained from the

third and fourth extractions (along with some of the starting material).

Recovery of ascorbic acid (including both isomers) varied, but in one case*

was as high as 44.6%. Reactions were then begun on a double scale, and since

recrystallization from acetonitrile is of some benefit in removing contamin--
-s

ants, those extractions shown to have 1.ittle contamination were saved. Alto-*

gether, 8.86 g D-xyloascorbic acid contaminated with D-araboascorbic acid,

and 20.8 g L-araboascorbic acid contaminated with L-xyloascorbic acid were

\ '

obtained. --

'

i

C. Methods employed for purifying the isomers of ascorbic acid'
-

. .

1. Of several methods tested for purifying the 20.8 g of L-araboascorbic
. ,

acid, the best one involved taking a 2.0 g sample of the material and heating'

it in 50 ml acetonitrile for about 15 minutes with stirring. The mixture ~was
i

then filtered and the undissolved ascorbic. acid washed with. cold acetonitrile..
,

TLC indicated that the filtrate contained both L-araboascorbic acid,and the
,

,
, m. .

.
4

., *
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'. contaminating L-xyloascorbic acid.- This process was repea'ted on the sample j,.:
;,_

until most of the L-xylo isomer had' been removed. I
.

,

2. The method employed for giurifying the contaminated D-xyloas'corbic
.

.
.

*

was as follows:,

, ,

2.0 g. samples of the contaminated isomer were-heated in 100 m1 l
,

,

I.
acetonitrile for about 15 minutes. The mixture was then filtered while hot,

)

and the fil'trate allowed to cool while under aspiration. A precipitate |
i

slowly fonned .in the filtrate which, when collected, was shown by TLC to be. l.

D-xyloascorbic acid remarkably purer than the starting material. This pro- )'

'

cedure was repeated until none of the original 2.0 g sample remained (about

eight times). The percentage of recovery of purified D-xyloascorbic acid -

from the filtrates averaged about 44%. Cooling the filtrate in an ice bath
.

did not increase the yield, but rather caused the precipitate to form smaller

crystals. This method was found to yield crystals of greater purity than that

employed for purifying the L-arabo isomer, but unfortunately'was not adaptable
. .

to this isomer.
.

D. Characterization of products -

,

,

1. Melting point:
'

0.6 g sample L-araboascorbic acid 160-166*C
m.- _ . _

7.5 g sample L-art.boascorbic acid ' 165-170*C i
\.

.

.

'

2.8 g sample D-xyloascorbic acid 188-192'C- ,.

|
2.4 g sample D-xyloascorbic acid 190-194*C.

i These ' compare with values of 168-170'C for commercial 0-araboascorbic

acid,'and 190-193.5*C for commercial L-xyloascorbic acid.' -

' (,.

''
a 2. Thin Layer Chromatography

,

Preparations are in progress to ana' lyze, according to..the ' method of'-

t -
. ,'

'

.
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-

Shaefferts and Kingsley (1955), material scraped from' the xylo and arabo.
,

. -
* -

.
.

. i

regions of TL'C plates spotted with the four' samples listed above. : ,,-
,- ... 5

i 3. Polarimetry 3' _
' '

>;' .. . ,
. .

.:. . , ,....

Commercial L-xyloas'corbic acid [a]?)=+24'
'-

s ..

e; y,

j |' Y. y 2.4 g sample D-xyloascorbic acid ''[a]P5=-5.7'
. [..yg{.,,2.8 g sample D-xyloascorbic acid .[a]Pg=-21.12'; ,

m. .

. . . ,.

.- .-
.| ( , , ,D

.

; .
,

.
. .

Commerical D-araboascor'bic acid [a]g5=16.46' *

,

0.6 g sample L-araboascorbic acid [a]g5=+2.82' .

|
7.5 g sample L-araboascorbic acid [a]PS=+8.33'D

i .

i PART II .

It has been shown that the hydroxylation of a polypeptidyl proline pre-3

i

cursor of collagen is greatly enhanced by the. presence of ascorbate. The j,

? \
'

1 exact nature of the involvement of ascorbate is unknown. If, however, it is

functioning as a coenzyme, the stereospecific requirements of proline hydro-

xylase for ascorbate can be determined by hydroxylations in which stereo
,

' isomers of ascorbate are substituted. Such experiments are now in prepara-'

tion employing the assay for collagen proline hydroxylase devised by Hutton.'

et al. (1966): Labeled substrate is prepared by incubating L-proline, uni-

formly labeled with' tritium in a mixture of giinced 8-day chick emt yos, .

i
--

, .

Krebs-Ringer buffer, and a, at dipyridyl. Proline hydroxylase is obtained=

.

from the 105,000 g supernatant fraction of homogenized 8-day chick embryos.
,

Since the conversion of polypeptidyl proline to hydroxyproline involves the

replacement of a C-4 hydrogen atom of proline, and this atom then equilib' rates
,

with water, enzyme activity can be det'ennined by measuring the' amount,of HTO
.

'

distilled from the reaction mixture. After hydrolysis,of the.polypeptide,- '

f, . . 4. :;; 5 [ )..v .'

,1,

:7 bq-* . -. . ,.. ., .

. | | | |*J f | 3 , k ? h .' Q ;|,. '
*

'

, , _ . , ,

_ _ , .' %h||['{5bRQ&N Q h|''Yh _.
' '

. .
,
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_I. proline and hydroxyproline can be separated on, a column of Dowex 50(H+) and-

their specific activities detennined. Hydroxy 1ations are to be carried out'

in which 3 isomers of ascorbic acid (D 'araboascorbic acid, D-xyloascorbic
,

acid, and L-araboascorbic acid) are substituted for L-xyloascorbic acid. -.
,

Or.her experiments proposed for using the isomers of ascorbate are
,

designed to determine the specificity of the ascorbate requirement of micro-

| organisms, and the nature of ascorbate deficiency in guinea pigsk

'

SUMMARY
'

.

The preparation and purification of isomers of ascorbic acid are des-

cribed. These isomers are to be used in detennining the nature'of the
'

ascorbate requirement of proline hydroxylase.-

. .

'

, .

t 1
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AFPENDIX VIII - Fart D |

|

Effects of Selective Coronary Arteriography |
Study Fregrene Reports on Hyocardial Blood Flow in Man .

|

f

To date eleven patients have received intracoronary injections od after
Xenon-133 in saline to measure myocardial bloed flow before anThe data from two patients

ts. ;

,lajestion of radiopaque contrast agen |was not satisfactory for inclusion in the present analysis becausel erin
of inadequate oomtrol measurementa in one and because nitrog ysFive of the remaining

|
)

was administered during the study in the other. i g from

aine patients showed increases in myocardial blood flew rang nThree patients had no significant change in'

j

Variability

10-82% above oestrel. flow and in one patient a 17% fall in flow was observed.i g i 3.2% of
of dupliente control masaurements has been small averag nNo complications attributable
the mean control value for each patient.
directly or indirectly to this study has been observed.

Correlation of the type of response observed and the presencebeing investigated.l

and severity of coronary artery disease is present y
f

;
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' cight days of equilibration of body electrolytes prior to' initiating

This dict will be continued until the end of the study .
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1balance studies.
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on day 21. On day 15 the subjects will be flown to Colorado Springs
.

or Denver and transferred by Army vehicle to the Army mobile |

laboratory on Pikes Peak (14,100 ft). The altitude test phase will be
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- . ;; 2

day 15. ,

b. Travel period - day 15... ,- -y,

:
Altitude test period ,D900 hoursidah l'6 tp)900 hoursc.
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4. Medications , n. . .
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Glucose - 100 grams in distilled water administered
..

' .a.

orally on days 6 and 20 at 09:00 hc,urs J

b. 4- C - cortisol (1 c) and 1,2-H - aldosterone (2 c) -

adminihtered intrwenously in 10 ml sterile solution of 10% ethanol in
|

water at 09:00 hours on days 9 and 17.
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ending dates of the 24-hour collection. Radioactivity labels will be
!

affixed to all 24-hour urino samples collected after the administra-
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! . tion of radioisotopes to the subjects.
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.

) venous blood will be drawn into fluoride-d$aldte vacuum tubes.':% ,^
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.of' venous blood will be collected through sterile plastic tubing direct y;
>:mx '

into a.large centrifuge tube containink heparin. The :centrifug^e' tube ,<
.. .

.,s

s
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,

-

;will' remain immersed in an ice-water bath durin. g the collect, ion, then J.. ,

imm'odiately centrifuged at 12 degrees centig'rade. .. The; plasma' will'b'e'/J
- .

trans ferred to' screw-cap tubes labeled "ACTH" and froien. ' All . i. ,

,

tubes will be labeled with name of subject / time ~ and'date. + . [y t e .,f l
'
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c. Foces

Foces will be collected in plastic bags on days 8,< 9,10,

11, 12, 13, 14, 16, 17, 18, 19 and 20.
.

d. Vomitus

Any vomitus will be collected in plastic bags for

analys is .

C. Meas ur ements o.

1. Electrolytes , ,

Concentrations of sodium and potassium in the dietitvenous
a

blood, stools and urine will be determined by AutoAnalyzer orcflam'e

photometry. Calcium will be measured by atomid absorption | spectro-

Chloride and creatinine will belmeasuIed b[the ,Nuto-photometry.
...s-"".

., * . . . . y ', g -

Analyzer. The Fiske and Subbarow method will b'e used for phosphate>
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AP.P.EJ1 DIX VIII. - Part

|

Secretion Rates of Aldosterone and Hydrocortisol1.

Prppar_at_fon,

4-C-14 labeled hydrocortiNo1 (Q.1 mC) and ll-3 labeled aldonteronoFollowing
(0.5 me) were separately purified by column chromatography.
appropriate dilution with 10% absolute ethanol in 5% dextrose and water
each steroid solution was filtered through 0.2 micron sterile membrane I.

'

filter. !
|

,

tdE.31;t i

l
Ten human volunteoro were studied at sea lovel and at an altitude

In ordar to determino the necretion rates of aldosterone
i

of 14.100 feet. I

and hydrocortisol each subject who had be.m placed on mineral balance.
receivod 2.0 uc of H--3 aldosterone and 1.0 pc C-14 labeled hydrocratisolfor 48 hours.
intravenously. Complete urine collections were carrind out
The urine has been kept in a frozen stato pundinn com91stion of other

j
1

studien.

Excretion Studica of Aldosterone and liydrocortiaalII.

M.R.t_h ,da9

the 24 nour urinary excrotton of aldosterono is being determined
To an appropriateby the double isotopo dilution derivative method.

aliquot of 24 hour urino collection is added 2000 dpm of 11-3 aldosterone!'-
i

Following hydrolysin and purification the extract is acetylated with
200 lambda of acetic anhydrido (C-14 labeled specific activity 1.0 mc/
millimole). For the acetylation step it is necessary to obtain 10+12
millicuries of C-14 labeled acotic anhydride (SA 1.0 ac/mM) and diluto
to various specific activities required witn 20% acetic anhydridu in

The specific activity in then determined by acelyistingbensonu.
desoxycorticosterone and crystal 11 sing to constant specific activity.

To date attempts have been made to determine known quantities
of aldosterone by the above method in order to verify the specificity
and reliability of the technique. It has been determined that the
initial solution of H-3 aldosterone in 10% ethanol and 5% dextrose
and water is no longer to be used because of chemical decomposition.
An additional 0.5 ne of H-3 labeled aldosterone was transferred to
a versine washed amber volumetric flask and taken to volumn with
re-distilled benzene in 10% methanol (40,000 dpm/cc) and is kept
refrigerated to prolona chemical purity.

Free urinary hydrocortisol is to he studied by the competitive
binding technique of Hurphy using C-14 labeled hydrocrotisol ,1,n
vitr_o.

i,
t

x ,


