
A 



.-1 
1. -.; 

;."-- - . I 

\ 
-.. 

E 
c 
\ 

METABOLIC CHANGES I N  HUMANS 
FOLLOWING TOTAL-BODY IRRADIATION 

REPORT PERIOD 

May 1, 1966 through April 30, 1967 

HEADQUARTERS 

DEFENSE ATOMIC SUPPORT AGENCY 
WASHINGTON, D.C. 20305 

I RECORD COPY I 

HRE- 20 7 



- .  

This document has been approved for public release a d  sale; 
its distribution is unlimited. 

:'i , 

c 



- .  . ... . , 
I I  

* L 2:. --. 

. .  

c 

. *  

.* . . 

FOLLOVI?MGI, TOTAL-BODY IWdDIAT I OK 
. .  

m O R T  PERIOD 

May 1, 1966 through A p r i l  30, 1967 

Eugene L. S s e n g e r ,  
Ben I. r” r i e%an ,  M 
Harry Horwi t z , M. D 
Jemes G, KereiLkes 
HErold Perry,  M.D. 

M.D. 
D. 

Ph.D. 

Defense  Atomic Suppor t  Xgencjr 
. Washington ,  D . C .  20301 

Preperirig Agency 

University of C i n c i n n a t i  C o i l e e e  of HeSicir ,e 

C i n c i n n a t i  General I13spital 

C i n c i n n a t i  , Ohio 45225 

DA-43- lk6-XZ-315 

. 

. .  



I HEADQUARTERS 

4 

. c  

I \. 
! 

. .  

cm 

'pp 
c 
cv: 
0: 
z 

pl 

7/63 

DASA 2179 

METABOLIC CHANGES IN HUMANS 

REPORT PERIOD 

May 1 ,  1966 through April 30, 1967 

FOLLOWiNG TOTAL-BODY IRRADIATION 

D D C  

DEFENSE ATOMIC SUPPORT AGENCY 
WASHINGTON, D.C. 20305 

Reproduced by tho 
C L E A R I N G H O U S E  

lor fedaral Scientitlc 8 Technical 
Information Springfield Va. 22151 5Y 

I 



. 

i 

m 

! 

-4 

r_ 

I -  L 

DAW -2179 

METABOLIC CHANGES IN HUMANS 

FOLIBWING TOTAL-BODY IRRADIATION 

REPORT PERIOD 
May 1, 1966 through April 30, 1967 

Eugene L. Saenger, M.D. 

Harry Horwitz, M.D. 
James G. Kereiakes, Ph. D. 
Harold Perry, M.D. 

Beil I. Friedman, M.D. 

HEADQUARTERS 

DEFENSE ATOMIC SUPPORT AGENCY 

WASHINGTON, D. C. 20305 

PREPARING AGENCY . 

University of Cincinnati College of Medicine 

Cincinnati General Hospital 

Cincinnati, Ohio 45229 

DA49-146-XZ-915 

d8 research ha8 been sponsored by the Defense Atomic Support Agency NWER 
btask MC009. 

I 



. 

I 

.: 

T 

Univor 

1 

AtrAic 

f o r  tl 

inves 

Care 

. .  

. .  

I 

FORE WORD 

.s report  was prepared by the  following members of t he  

tty of Cincinnati  College of Medicine: ' 

W e n e  L. Saenger, M.D. 

Ben I. Friedmu, M.D. 

Harry Horwitz, M.D. 

James G. Kereiakes, Ph.D. 

Harold Perry, M.D. 

e ' research  w a s  supported by t h e  Medical Division, Defense 

Support Agency, Washington, D.C. The Project  Off icer  

contract  is C d r .  George P. Douglas. 

I conducting the  research described i n  t h i s  report  t he  

g a t o r s  adhered t o  t h e  "Principles of Laboratory Animal 

1 Established by t h e  National Society f o r  Medical Research." 
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ABSTRACT 

Cl in ica l  observations i n  th ree  pa t i en t s  t r ea t ed  w i t h  100-~0~ 

.d cartie.1 body rad ia t ion  t o  the  lower body and one pa t ien t  

.ea'ced with 150 rad t o t a l  body rad ia t ion  have para l led  obeer- 

&ions previously reported. 

A simple infusion f i l t r a t i o n  system for re infusion of 

m a  bone marrow has been made. A rapid and sens i t i ve  S S S ~  

ethod fo r  urinary deoxycytidine k"iich allows the detect ion of 

.s l i t t l e  as O,l@of CdR i n  1 ml of urine has been developed. 

tro separate  s t r a i n s  of phage t o  be used for an t ibow t i t r a t i o n  

ue being grown on synthet ic  cu l ture  media. 
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r t I 
+TRODUCTION : 

This resort presents data accumulateb from May 1, 1966 

rough April 30, 1967. Included a r e  clinical studlee on three 

- tients who received 100-200 rad midline absorbed tissue dose 
- - 

I 

(145 to 310 R midline sir exposure) of partial body rsdlatfon (PBR) 
1 .  

! the lower bo* and one patient who wss treat& vith 150 rad 

' I  

( 26 R) total body radiation (TBA). 

r ceived "sham radiation therapy.'' 

One additional patient 

Major laboratory accomplishments occurred dwing thia year. 
f 
1 F ret was the completion of em infiaion filtration system for  

nfusion of autologous stored human bone mesfow. Since thi8 

inbtrumentation will make inhaion of marrow a safer cnd more 

ea Ily controlled procedure we feel that earlier infusion to ptevent 

th hemtologic depression from rudiatLm sh ld be lnveatigated. 
I 
i 

-. 

Second was the perfection by T\r. I-Wen Chen of a new, much inpraved 
t 

me hod for the determination of deoxycytidine ( C d R )  ;n urine 

fr m humans and from rata. 

in understanding the metabolic pathways of nucleic acid metabolism 

f'o owing irradiation. 

This step portends future progress 

The third laboratory "break through" has been the growth 
. 

of wo strains of phage on synthetic culture medium in the 

Imm ology Laboratory of D r .  Evelyn Hess. After these strain8 

hav been checked for pyrogenicity and safety, it vi11 be t 
I 

I '  
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i l l  

n u  berore and after i r rad ia t ion .  I 

An extensive report  of a l l  our s tud ies  through A p r i l  30, 1966 

been published (DASA 1844). This interim repcrt  w i l l  d i scuss  

developments only. 

Aims of the Prolect ,  Desinn of Study, Technique of Study, 

Collection, and Dosimetry remain e s sen t i a l ly  a s  reported. 

--- 

Clin ica l  Observations: Observations have been eimilar to  

: previously reported and a r e  included i n  the Cl in ica l  SrrrPmarles - - 
1 

r 

2? 

3 

2 

B 1066-070. Included with than are two f igures  (Figures 1 and 

rich graph the hematologic course of pa t ien ts  166 and 170 t o  

i t r a t e  representat ive differences between respnmee t o  p a r t i a l  

t a l  body radiat ion.  The pa t te rn  after reinfusion of t h e  bone 

(Figure 2) may suggest repopulation 05 the  marrow space, but 

rrow was infused too late t o  de f in i t e ly  In te rpre t  t he  results 

t way. 

nclosed with t h i s  repor t  is a copy of a paper t o  be presented 

is, Prance, June 26, 1967 (Attachment A - f igures  omitted). 

is dercribed an easy-to-use infusion f i l t r a t i o n  system f o r  s tored 

goue human bone marrow. It can be s t e r i l i z e d  and made pyrogen 

In v i t r o  tests ind ica te  that f i l t e r e d  autologous human bone 

would e f f ec t ive ly  contro1, the heamtologic deprersion f o l l w i n g  

ion injury. 

8 
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:hemictil Studies 

The s tud lee  invest igat ing the  e f f ec t s  of rad ia t ion  on 

.eosides, eepeciclly deoxycytidine, have been l imited by 

iodology. 

L rapid cclorlmetric method fo r  detennining deoxycytidine 

I) i n  t he  urine.  

0 m l  of urine can be assayed. 

oxyribose containing compounds by cat ion and anion exchange 

mas. 

been b e t t e r  than 905. 

The enclosed report  (Attachment B) covers progrees 

As l i t t l e  M 4 x 10-3 m l ~ s  of deoxycytidine 

It is separated from o ther  

Recovery, as evaluated using deoxycytidine-2-llr(:, 

nology 

I n  t h e  paat we have attempted t o  study t h e  c f f ec t e  of t o t a l  

p a r t i a l  body i r r ad ia t ion  on immuaologic function through 

we of C-reactive protein,  thyroglobulin agglut inat ion,  

K f ixa t ion  sad t h e  quant i ta t ive  p rec ip i t i n  react ion described 

izzio.  

1 be titrated before and aiter r d i a t i o n .  

u l o u  s t r a i n s  of phage are canparable, charges i n  t i t e r  

1 eubetant ia te  a rad ia t ion  e f fec t .  

The phage m u s t  be grown on non-antigenic synthet ic  media. 

. t h e  l a e t  year t h e  method f o r  growing phage on synthet ic  

. 

Stra ins  of phage were proposed as antigens which 

Since respower 

we mediun was not functioning. It Is possible  now. After 

;en s tudies  have been completed on r abb i t s ,  Dr. Evelyn HISS 

9 
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rision of Ionnimology is going t o  study t i t e r s  i n  experi- 

b a l e  f o r  reproducibi l i ty .  T i t e r s  w i l l  be conpared 

mental a n a d s  before and after radiat ion.  If 811 Of 

dies a re  safe , they w i l l  be ca r r i ed  out in h w s  receiving 

, i c  i r r ed ia t ion -  

r i c  Evaluation and Testing 

approach used has been ourmarized in D a A  1844. 

of t h e  data studied t o  date, t he re  has been confinnation 

kesults noted previously. 

Plans 

e r e s u l t s  i n  all pa t i en t s  t r e a t e d  during t h i s  project  

dicated a need f o r  furt'Icr invest igat ion of the ptOCeSSes 

st i~creaai tgw bigl'.er kosl.9 QC +,ot-R1 w d  p - t i d  b o w  

rtion. Assessmen+. of t h e  value of s to red  human bone marroy 

wing the  lpmatologicsl aspects of radiat ion icjury is nov 

le. Developents i n  t h e  assay of deoxycflidine m . y  ultimately 

n ' the determination of a b l o l o g i c d  dosimeter. Alterati03S 

,ibody production and/or destruct ion i n  hum- being8 due t o  

; i ~ n  me going t o  be evaluated. These observations of t b e  

LB of r ad ia t ion  exposure will yield a better understanding 

LO 
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PATIENT U. H. 

CH#T NO. CGH - blh133 

1 

1 This pa t i en t  VES a 63 year old Negro m a l e  who WBB admitted 

td Cincinnati  General Hospital  February l b s  1966, w i t h  a bleeding 

r c t a l  mass. Biopsy at  sigmoidoscopy February lb, 1966, revealed 

tu/ inoperable acenocarcinoma of t h e  rectum with per i toneal  hp l r r a t s  
i 

i 

d liver metastases (S.P. 66-&89). 

c lostomy w a s  performed March 5 ,  1966, 

A double barrel sigmoid 

Cystoscopy showed 

nvolvanent of the bladder neck. 

He was re-admitted June 6, 1966 f o r  r e c t a l  bleeding. 
:: 
pproximately 200 m l  of bone m w w  was stored without d i f f i c u l t y  

' n June 7* 1966. He received sham i r r a d i a t i o c  June 9* 1966, 

i t 1 1  no crdvtrse e f i a r t s .  

June 11, 1966, t h e  pa t i en t  received 200 rad midline absorbed 

1 t i s s u e  dose (310 R midline air  exposure) of lower p a r t i a l  body 
I I radiat ion.  1 hemogram remained stable. 

He experienced no symptoms following PBR,and t h e  

He expired January 10, 1967, in a nursing home, 212 day6 I 
I 

1 post  PBR. 
i 

11 
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067 

A. J. 

OX - 451949 

Th i s~pa t i en t ,  a 52 year old Negro female, war admitted t o  . 

Cincinnat 

l e f t  lowe quadrant pain. 

revealed obstructed eilpnoid colon. A tranavrrse colostomy 

and a liv r biopsy were performed September 1 4 ,  1966.. The biopey 

report ( #  P-66-2987) revealed metastatic adenocarcinoma of the 

l i v e r *  ( lagnosis: Carcinoma of t he  Sigmoid Colon with Liver 

Metastas 1. 

On 

Generel Hospital September 5 ,  1966, with nausea and 

On September 8, 1966, a barium etema 

tober 7, 1966, approximately 100 m3 of bone marrov 

‘was asp1 ated an& stored. She w8s shsm~ncd on October l o t h ,  11th. 4 
1966, w i t h  no adveree aide effoctr .  

t reated with 100 rad midline absorbed t issue 

air axpoclure) of psr t ia l  body radiation t o  t h e  

lower b 

f’rarm he 

Th 

‘ o n  
given C 

wae str 

. .  

on October 13, 1966. She experienced no ill effects L. 
treatment. Blood counts remained stable. 

patist: was discharged October 21, 1966. 

Iovember 2, 1966, ah8 had nawea and vmi+.ing and was 

ipazine 10 mgme. qbh prn. 

rgor. 

Her appetite improved,and she 

On March 25, 1967 (163 daye post PBR), she expired. 

. 12 

’ .  



. 
6. . 
L 
'I 

9 

c I' . I 

I 

STUDY 0. 068 

PATIEN 1 W. T .  

0. CGH - 19966 

is pat ient ,  a 76 year old Negro female, was admitted 

Octob r 10, 1966, w i t h  l e f t  lower quadrant pain, weight loss 

of p roximately 17 pound8 and anorexia, 
t 
t n September, 1953, she had 8 cervical carcinoma, stage I, 

treat d w i t h  radium and external x-rsy. ' In  May, 1954, 

seve e post radiation proc t i t i s  necessitated loop colostomy, 

"her were admissions i n  June, 1955, and June, 1956, for  post 

radi t ion stenosis of the rectum, but surgery was not required. 

In  J uary, 1957, poet radiation stenosis of the rectum repulred 

an t e r i o r  resection of the recto-sigmoid colon with end t o  end 

ana i tqnosis. I n  May, 1957, a revision of the c o l o s t w  and 

cec st@my was performed. 

On January 7, 1965, pelvic exemination revealed a midline 

cys i c  m a s s ,  inseparsble from t h e  uterus, 

a 

an lcf% salpingo-ooph6rectomy. The biopsy repcrt (#SP 65-244) 

re ar led.andmetr ia l  papillary carcinoma. 

S e was shammed October 25, and 26, 1966, with no adverse s ide  f e fects.  

The patient was 

i t t e d  January 13, 1965, for  an exploratory laparoton;y, hyoterectomqy, 

I On October 21, 1966, approximately 200 ml of bone m a r r o w  

aspirated iron the l e i t  and right posterior crests  and stored. 

1 
13 
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The patient was treated with 150 rad midline absorbed 

c dose (226 R midline air exposure) of lower p a r t i a l  body 

tion on October 27, 1966. She experienced severe abdominal 

diarrhea, weakness, anorexia, and confusiun, On October 28, 

emperature rose t o  102.6O F., due t o  a urinary t r a c t  inf'ecticn 

was controlled wi th  Cantriain. She was discharged on 

ber 22, 1966. 

On December 1, 1.966, she was admitted because of disorientation 

amit ion.  On December 5, 1966, s ternal  and l e i t  emterior 

ur-were normocellular. 

llness w i t h  the  exception of elevation or her white counts 

D urinsry t r a c t  inf'ectioar . 
The patient remained anorexic, extremely lethargic and 

nued a downhill course u n t i l  December 22, 1966, when she 

ed (59 dws post PBR) 

Her hemogram remained stable throughout 

Chis patient,  a 71 ye-r old Caucasian remale, was r&nitte, 

icinnati General Hospital February 15, 1966, with a history 

: testinal troubler" for a duration of years. Her 

complaint6 at  t h i r  time were anorexia vithout wwriting, 

14 
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t o  par t ia l  body radiat ion was not given. She was 

l i n i c .  

ondition remains unchanged. 

As of April  27, 1967, her last visit t o  c l i n i c ,  her 

I 

I 
I 

i 

i 
~ 

. I  i 
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STUDY NO. 
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CHART NO. 

This 

Cincinnat 

pain on 0 

i n  the l e  
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revealed 

The patic 

tumor dol 

1, 1967. 

On 

Yas aspi 

1967 and 

On 

(226 R 1 

no ill 4 

Hi 

t o  1910 

Th 

venous1 
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"'3 JI 

F. H. 

!OB - i98032 

mtient ,  a 62 year old Negro male, was admitted t o  

Oeneral Hospital vi th  hemoptysis and l e f t  p leur i t ic  

tober 25. 1966. 

t upper lobe. 

tum was positive. A brain SCM on December 9,  1966 

A chest x-ray revealed a coin lesion 

On October 28, 1966, a Papanicolaou smear 

' 

, large(1esion in the r igh t  parieto-occipital area. 

I t  was treated with 250 KVP t o  the head, 3000 R minimal 
\ 

: t o  the midline from December 19, 1966 t o  February 

:brum ~ 7 ,  1967, = ~ ~ r = z h & ? I y  170 ml of bone m a r r o w  

ated and stored. The patient was shannned February 28 

W c h  1, 1967 w i t h  no adverse s ide  effects.  

a c h  2, 1967, the pat ient  w a s  treated w i t h  150 rad 

sine air exposure) t o t a l  body radiation. He experienced 

'fects from his treatment. 

WBC dropped from an average of 5,500 pr ior  t o  therapy 

, 35 d&VS post TBR. 

i a t i e o t  was given 180 ml of bone marrow suspension intra- 

without f i l t r a t i o n  on March 1 4 ,  1967 (12 days post 

16 



e 

rc . 
i- 

3 

t 

e 

TBR 

In1 

ann 

had 

Wed 

He to lera ted  the  prOCedW8 w e l l  with no c-8 in tamperature, 

I , rerplratlon, or blood prersure. 

Treatment with 60 Cobalt, 3000 R t o  the  whole head, was 

ated on March 28, 1967, due t o  revere p u e r l r  of the  l e f t  

nd moderate paresis of the l e f t  leg. 

On May 8 ,  1967, h i8  hslnoqram had returned t o  no&; but ho 

ncreaslng mental dirorlontation m d  progrrrrive le f t -a ided 

On Msy 9 ,  1967, 68 dryr port TBR, the  patient expired. 

17 



. .  

i 
b 

W' 

L 

1 

. .  

. .  

Figure 1 

Figure 2 

18 



t 

* 

ATTACHHENT A 

THE EFFECTS OF FILTRATION ON STORED HUMAN BONE MARROW 

Ben I. Friedman, M.D. and Susan J. Toler, B.A. 

Radioisotope Laboratory 
Departments of Radiology and Medicine 

University of Cincinnati Medical Center 
Cincinnati, Ohio 45229, U.S.A. 

Supported by : 

Defense Atomic Support Agency DA-49-146-XZ-315 
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INTRODUCTION 

During t h e  last five years, we have been studying the effects 

man belngs of a single expos9:re of total body radiation which 

een given for Ltie palliation of metastatic malignancy. To 

forty patients have been so treated with 25 to 200 rad midline 

bed tissue dose (41 to 336 R midline air dose) of total body 

tion. Eighteen of these patients were given 150 to 200 rad. . 

Marked hematologic depression occurred in all eighteen 

nts who received more than 125 rad total body radiation. 

otal elucocyte count fell below 2000 WBC/mm3, 25 to 40 days 

irradiation. The mean minimum leucocyte count of previously 

ated patients who received 150 rad total body radiation alone 

264 t 1140 and was 1140 2 816 when there had been previous 

py. The nadir of the leucocyte counts of patients who received 

ad was 983 2 366 WBC/m . 3 

Since bone marrow depression was the most iife-threatening 

tion effect at the doses ueed. we began storing bone marrow 

Iqtologous infusion after irradiation. To date, we have 

d marrow from twenty five patients and have infused autologous 

d human bone marrow intravenously withaut filtration into six 

nts. One patient had hemoglobinuria €or twelve hours after 

Ion at 100 drops per minute. Autopsies were performed In 

patients five days, eight days, and nine days respectively 

relnfusion. No evidence of pulmonary emboli, pulmonary 

rctlon,or other diseane as a result of marrow fnfunion was 

I o n  microscopic examination. 

20 
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The hone marrow has heen stored by a modification 0 .  the 

hod previously described by Kurnick (1). Approximately 100 m l  

material is ispirated from each posteior iliac crest. The 

'row suspension is diluted with an equal amount of 30% glycerol 

;good media, This mixture, in quantities of 10 ml per culture 

1491s  cooled at 1' Centierade per minute to -10' Centigrade. 

: tubes are then placed in polyethylene bags and stored 3t 

I' Centigrade. 

- 
. -  . 

O n  the d a v  of infusion, the frozen morrow-glycerol-OsRood 

iia is thawed at 1' Centigrade. Two parts of it are diluted 

th one part 33 1/3% dextrose in water and placed in a Fenwal 

itrtic transfer pack. It was this mixture vhicl, was infused 

travenously without 

edle. 

filtratfon through a 17-~aur,e elliconized 

There is disajireernent as to the need for filtration. Kurnick 

es not think it is necessary prior to infusion. 

d Pillow (2.3.1) recommend filtration to mlnimize the incidence 

Thomas, Ferrebee, 

.pulmonary embollration. Though we have not encountered emboli- 

tion, ve have developed a simple method of filtration for use 

man. 

The complete infusion filtration system consists of a 
. .  

nwal transfer pack, plastic tubing, filter assembly, and 

pvamotor pump (Figure 1 ) .  The pump has a varlahle speed 

21 
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I ,  but :c+r the experiments to be reported, has been run 

60 drops par minute. Within the filter essembly 

a 2 ) ,  there .re nuccennive number 850, 1100 and 1 2 0 0  

Lfters corresponding K O  openings of 297, 149, and 74 

I. ?he filter assembly is cunstructed of Rtainless steel 

kflcn vashets no that it can be dirassembled for cleaninu. 

then be reassembled, sterilized,and made pyroxen free. 

rn the pump was used without a filter assembly, the plastic 

would separate from the 1 7  gauge needle because of the 

iieces of fibrin and marrow which would occlude the needle. 

he complete system, including the filter assembly, a 25 

ieedle has been used without encountering any obstruction 

needle hub. 

have invantigated the total cell count of a volume of 

suspension and the viability of stored marrow cells before 

.et filtration through the infusion filtration system 

bed. Cell counts are reportcd zs cells per nil (1). Via- 

studies, a s  determined by dye exclusion, utilized trypan 

I ) .  By a modification of the method of Hoorhcad ( 6 ) .  

'row from several patients has been cultured under phyto- 

utin stimulation for 6 days. 

llanted i n  a culture media of 70% TC 199 and 30% pooled human 

7). O n  the third day, the marrow is replanted, and 

Inel phytohemaeglutin is added. X t  is thought that the 

~ i c h  differentiates and undergoes mitosis under there in vitro 

one is a hematopoietic cell. 

1.0 to 1.2 x lo6 c e l l s  per ml 
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I 
i RESULTS 

1 We have studied bone marrow from fourteen patients. The 

madrow has been stored from five to twenty aix months prior to 

I 

Though the storage temperature has uaually been -80' 

due to transient equipment failure, the 

has risen to as high as -60' Centigrade for a s  lonu 

Cell counts have bean performed o n  nineteen specimens of bone 

ma row from fourteen patients before and after filtration (table I)! The mean of the call counts prior to filtration vaa 3.8 

f . O  cells x 106/m1 and ? 0 f 1.6 a 106/m1 after filtration. 

Wh n these maanr aro compared by an analyais of variance, there 

18 no rignificant difference ln the two groups at the 5% level. 

T h  rensitivity of the cells to injury by filtration vas not 

in luencad by the duration of storage at low tamperaturer,. 

1 
i 1 Trypan bluo awclurion studiea were performed on sevCRtetn 

I I 

1 

sp clmens of bone marrow obtained from twelve patients (Table 11). 

Tht mean of the X viability before filtratfon w a s  55.3 2 8 .9% 

an# 55.5 2 8.1% after filtration. 

d' i  ferance between these two proup8. Percent viability as 

de ermined by this dye exclusion technique was not influenced by 

thle length of storage up to twenty six months nor by filtration 

t rough the ryrtem described. 

i 
There was no significant 

Attempts to culture in vitro raven aliquot8 of bone marrow 

om r i x  patient8 have yielded aatapharer i r r  two rtudies. fn 

e additional ntudy, "1arRe mononuclear c e l l s "  with prominent 
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. n u c l e G r i  

‘t 

a n d  v a c u o l a t e d  c y t o p l a s m  were o b s e r v e d ,  No m e t a p h a s e s  

c 
t 

were 

F i g u r e  

c u l t u r c r  

m e t a p h t r s e  

seen i r r  

s c a n .  No g r o w t h  was p r e s e n t  in t h e  o t h e r  f o u r  c u l t u r e s .  

3 i s  an e x a m p l e  o f  a m e t a p h a s e  s e e n  o n  s l i d e s  f r o m  a 

of  b o n e  marrow w h i c h  had b e e n  s t . o red  f o r  5 . 5  m o n t h s .  t. 

f r o m  t h e  same a l i q u o t  o f  b o n e  mar row a f t e r  f i l t r a t i o n  is 

Figure 4. We h a v e  b e e n  a b l e  t o  c u l t u r e  marrow w h i c h  h a a  

? 

b e e n  sf 

from s: 

a n d  a f  

, 

metapha  

e v i d e n c  

number  

I f  

of m a t t  

t h e  t u l  

c l u m p  1 r 

n o  macz 

a r e  ob. 

is n o t e  

two v i t  

, r e d  f o r  1 3 . 5  mon tha .  H e t a p h a s e s  h a v e  b e e n  pho tograp ,hed  

ides made from s u c h  c u l t u r e s  b e f o r e  f i l t r a t i o n  ( F i g u r e  5 )  

I ?  f i l t r a t i o n  ( F i g u r e s  6 a n d  7 ) .  A l a r g e  number of 

i es  h h s  n o t  b e e n  o b s e r v e d ,  b u t  t h e  p r e s e n c e  of some is 

I o f  a d e g r e e  o f  v i a b i l i t y  o f  t h e  s t o r e d  marrow. The  

, f  m s t a p h a s a a  d i d  n o t  d e c r e a s e  a f t e r  f i l t r a t i o n .  

:be b o n e  mar row h a 8  n o t  b e e n  f i l t e r e d ,  m a c r o s c o p i c  c lump8  

* i a l ,  as  l a r g e  a8 3 mm in l e n g t h ,  a r e  Been p a s s i n g  t h r o u g h  

tng. On m i c r o s c o p i c  p r e p a r a t i o n s  f r o m  u n f i l t e r e d  mar row,  

: ~s v i s u a l i z e d  ( F i g u r e s  8 a n d  9 ) .  F o l l o w i n g  f i l t r a t i o n ,  

~ s c o p i c  p a r t i c l e s  a r e  s e e ~ , a a d  i n d i v i d u a l  s e p a r a t e d  c e l l a  

r v e d  o n  m i c r o s c o p i c  e x a m i n a t i o n  ( F i g u r e  10). No c l u m p i n g  

o n  c h i 8  s l i d e  w h i c h  1 s  f r o m  t h e  same marrow s t u d y  a8 t h e  

s h e e t 8  of c e l l s .  
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a f t e r  f i l t r a t i o n  

were n o t  

vas unchangcid 

g r a d e .  Af t a i r  

f 

i n  n i n e t e e n  e x p e r i m e n t s .  I n  v i v o  v i a b i l i t y  s t u d i e s  

c h a n g e d  by f i l t r a t i o n  i n  s e v e n t e e n  s t u d i e s .  V i a b i l i t y  

by n i x  t o  t w e n t y  n i x  m o n t h s  s t o r a g e  a t  -80' C e n t i -  

t i s r u e  c u l L u r e  f o r  s i x  d a y 8  u n d e r  p h y t o h e m a g g l u t i n  

, . ' .  . . >  

An e a s y ,  

SUMHARY 

:o -use  i n f u s i o n  f ' i l t r a t i o n  r y s t e m  f o r  a u t o l o g o u r  

T h i s  r t i d y  s u p p o r t s  t h e  c o n c e p t  t h a t  f i l t e r e d  a u t o l o g o u r  

a t r o w  would  b e  e f f e c t i v e  in c o n t r o l l i n g  t h e  s e v e r e  

h e w  t o  l o g  i C  

i n j u r y .  

d e p r e s s i o n  a s ~ o c i a t a d  w i t h  c h e m o t h e r a p y  o r  r a d i a t i o n  

. .  
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TAB1 - 
Case - 

06t 

065 

06 7 

065 

066 

064 

064 

063 

056 

050 

0% 

052 

052 

047 

049 

048 

x l  

x2 

047 

5.5 

5.5 

6 

7 

10 

11.5 

12 

13.5 

17 

21 

-1 e 
L 1 . J  

22 

22.5 

23 

24 

25 

26 

26 

26 

5.6 . -  - - -  

1.6 

4.2 

1.4 

5.3 

4.8 

3.6 

9.8 

4.1 

0.8 . 

3.3 . 

0.6 . 

4.4 

4.1 

3.1 

8.2 

6.2 

2.2 

3.2 

3.2 

4.4 

4.3 

1.8 

3.0 

3.0 

1.3 

6.Y 

2.6 

2 ..4 

3.5 

3.5 

3.2 

3.6 

1.4 

2.5 

2.2 

1.2 
I 

3.8 2 2.0 3.0 ? 1.6 

i . .  
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ITABLE A2 - 
I X Viable Cells 
I 

/Case Number Storage Time Before Filtration After Fi 1 tratl on 

(months) i 
1 
1 068 70 5.5 . 69 

, 065 

1 067 

5.5 

6 58 

-- 
46 
-- i -- ! 065 7 

I 
I 066 10 51 56 

53 54 

60 

63 57 

63 56 

38 36 

064 11.5 
I 

12 64 ' 064 
I 063 13.5 

I 056 17 

050 21 

1 

49 46 

52 69 
' 050 21.5 

1 052 22 

1 . 047 23 

47 55 

44 58 
' 052 22.5 

6S 52 

63 64 

52 

52 60 

049 24 

. 048 25 

I xl 26 60 
I 

x2 26 

047 26 45 53 
I 

I 

55.3 f 8.9 55.5 f 8.1 
1 Hean f S.D. 
1 

I , 

I 
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1 40 ionizing radiation has bee3 demonstrated by many investigators 

(1. 2, 3 ) .  In these studies,  the amount of CdR excreted vae based 

t o t  only CdR but a lso  many other aukstances containing deoGribose 

Excretion of deoxycytidine (CdR) i n  the  urine of rats exposed 

n the  cysteine-sulfuric acid reaction. This reaction measures 

[ b ) .  

/lose i n  human beings, the  urinary excretion of CdR by cancer 
I 
ba t ients  t reated with vhole body doses of Cobalt-60 radiation 

I n  n search for  a sui table  biological in t ica tor  of radiation 

ru investigated i n  our laboratory. It vas found tha t  CdR vas k 
/excreted i n  the  post-irradiation urine, whereas no C&R could be 

/detected e i ther  i n  the  urine collected a d o r e  i r radiat ion or 

; i n  the urine of pat ients  v i t h  various s t resses  such as b u n  and 
I 
I itrarrma ( 5 ) .  The urinazy excretion of CdR, therefore,  may be 

useful as a biological indicator fo r  the  c l in i ca l  evaluation 

of radiation injury. 

The assay mt;hod tor the  urinary CdR involved such tedious 

procedures as abrorption of CdR on chacoa l  followed by elution, 

two dmensional paper chromatography, und microbiological ansay 

of the  isolated CdR. 

these procedures was 0.2 p o l e  per 10 m l  or urine. 

. 

The minimum detectable amount of CdR by 

A more sensi t ive 

urd rapid method fo r  isolat ion and determination of u r i n a r y  CCR 

had t o  be developed before the  possibi l i ty  of using CdR excreted 

in urine as a biological indicator of radiat ion injury could 

be conridered. 

mp in acidic  solution is 6 sensi t ive and simple method f o r  quantitative 

Although t he  spectrophotometric analysis at 280 
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dete inat(-r. :? C 2 .  +.his method usually requires complete isolat ion 

OS C iron other ultraviolat-absorbing compounds. Cther colori- 

metrik aethods baaed on the  color reactions OS 2-deoxyribose 
1 

I 

( b R )  Ire not sensi t ive enough for  our puyosb ( 6 ) .  

The present communication deals with a sensi t ive colorimetric * 
i 

a s s 4  of Cdp. in  the  presence of other ultraviolet-absorbing substances ' 

I 

* 

and f rapid procedure fo r  t he  laclat ion of CdR from the  w i n e  

sampks. CdR was isolated from urine by successive chromatography 

on c lumns of cation md  anion exchange resins.  

cont i n h g  CdR was w e d t o  estimate CdR content i n  urine by t he  

The fraction t 
acid colorimetric reaction 

assay]. This asalry was original ly  developed by Waravdekar 

fo r  t he  estimation of deoxy sugar8 (7) and fo r  the  

analysis of purine nucleosides and nucleotides (8). . 
CdR VM hydrolyzed g w t t t a t i v e l y  by heating i n  acidic  solution 

and 1 t he  p u n t i t i e s  of dR released were d e t e r A e d  by tas 'lgA 

' I  

4 - 
4. . -  

I. 

j . Materials. Deor~ycytidine-O-~~C (CdR-2-%) was obtained from 

I Bckarz BioReiearch Inc., Orurgeburg, IN York (10.6 fic/)xaolt). 

and 2-deorg-0-ribose (a) were purchased Srom Calbiochan, Lor 

An eler, California. 

o krtman Organic Chemicals, Rochester, New !Cork. It vas purified 

a coluiun of Woelm acid aluminum oxide md recrystal l ized Srrom 

d i s t i l l e d  water as described by Waravdekar and Saslaw (6). 

2-Thiobarbituric acid (TBA) waa a product 'I 
1' 



ii 

* 

. 
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Other chemicals were a l l  reagent grade obtained from conrmercial 

 sou-;?^. 

200-400 mesh (hydrogen form), were purchased from Bio. Rad Labora- 

t o r i e s ,  Richmond, California. AG 1 - ~ 8  vas converted t o  hydroxyl 

form by washing with l.N NaOH u n t i l  the  washing solution was f r c r  

of chloride ions. AG SOW-xh was washed successively with 0.51 

laOH. d i s t i l l ed  vater,and M HCl u n t i l  absorbance at 260 up of 

each washing solution wus below 0.05. 

elcohol:HCl:H20 (65:16:19, acid system) and isopropyl alcohol: 

concentrated ~mmonia:H20 (80:10:10, alkaline system), vere arployed 

for  the paper chromatographic identification of CdR and cytosine. 

I n  a l l  casea, W h a t m s n  l o .  1 papers pre-washed with 0.U HC1 were 

used. 

AG 1-~8, 100-200 mesh (chloride form) and AG ~OU-X~, 

' b o  solvent systems,.isopropyl 

Hydrolysis of CdR. Hydrolysis of CdR was performed in 2 

m l  of hydrochloric acid solution in a 12 m l  graduated centrifuge 

tcbe. 

water bath. 

cooled t o  room ttmperature,snd the volume of hydrolyzed solution 

The tube, rt i tk,  IZ ~ ~ 5 l e  2:: its tsp, vas plcc:5 k s toiling 

After a cer tain period of hydrolyais, the  tube wan 

vas adjusted back. t o  2 m l  with water. For two hour hydrolysis, 

t h t  VOlWAmC loss was Usually about 0.1 ml. 

were w e e  t o  measure the  amount of dR released by the use of 

TBA assay. In order t o  determine possible degradation of dR 

l iberated from CdA during the  hydrolysis, an equivalent amount 

of dR was also subject t o  the same hydrolysle conditions before 

the  !I% assay. 

bydrolyria of CdR and minimum degradation of dR were determined 

fiiqUOt8 Of 0.7 d, 

The opthum hydrolysis conditions with maxirmum 
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by vary ng the hydrochloric acid  concentration of the mixture 

and by Y arying hydrolysis time. 

:P-2-l4C was used t o  estimate t h e  extent of CdR hydrolysis. 

0.05 p b l e  of cd~-2-14C (280,000 c o w t s  per minute per p ro le )  

was 4 d  olyzed under various conditions a s  mentioned above. 

The sol t i o n  was freeze-dried and paper chromatographed, ascending t 
solvent system f o r  20 horns. This solvent system 

cytosine from CdR.  The ultraviolet-absorbing spots 

chromatogram corresponding t o  cytosine were cut i n t c  

and extracted with 3 ml of 0.l.N H C I  In a tes t  tube 

(1.5 x b5 cm) by vigorous shaking a t  room temperature fo r  2 hour3. 

were counted i n  a l i qu id  sc in t i -  

spec i f i c  a c t i v i t y  of  CdR-2-lbC used. 

l oac t lve  samples were counted i n  a Packard Tri-Carb Liquid 

m l  of dample solut ion was added 0.1 ILL of 0.025M HI04 i n  0 . 1 2 5 ~  

B2S04. I After 20 minutes a t  room temperature, 3.2 ml of 2% NaAsO2 

in 0.54 HCl was added,and t h e  mixture was heated f o r  20 minutes 

I 

i l i n g  uater bath with a marble on t h e  t o p  of  t he  tes t  tube. 

34 
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Che tube was cooled i n  water a t  room tetnpe.-"tme fo r  2 minutea, 

z 
'. . 1 

and t h e  i n t ens i ty  of t h e  pink-colored solution vas meesured a t  

532 up, using a Beoknan Eodel DU Spectrophotometer. The amount 

of dP, vas calculated from t h e  standard curve of  dR show i n  Figure 1. I I 

! . '  

' I  

..- 

Treatment df  urine s m p l e s .  S I X  hour urine specimens from 

two healthy persons and eight pat ients  with various types of 

cancer were u3ed f o r  t he  assay. 

weighing approximately 160g, were a lso  used in t h i s  experiment. 

Urlner ~ T O Q  nix male Ulstar  rats, 

The animals were housed i n  metabolism cages and fed laboratory 

chow and water ad libitum. 

during t h e  24 hour period p r io r  t o  i r radiat ion.  

A control urine specimen was col lected 

The rats were 

placed i n  a l u c i t e  cage and exposed t o  200 R of whole body x-radiation'  

delivered by a Wcstlnghouse Quadrocondex Unit operated at  250 

kVcp, 1 5  ma, v l t h  0.5 mm Cu and 1 !XI Al added f i l t e r ,  1.7 mm Cu 

half v a l o o  lwer. 3 1 e  Lose r a t e  was l:.i Rimin at a target-mld- 
I animal dis tance of 56 cm as  measured with an ionization chamber 
I 

I 

I 
I 
i 

placed at center of a paraff in  r a t  phantom. 

col lected f o r  21, hours following i r r ad ia t ion .  

Urine specintns were 

One twentieth of a six-hour human urine sample o r  a 10 ml 

aliquot of a twenty-four hour rat urine sample (or the  t o t a l  

: 
, 

d a l l y  volume i f  less than 10 n i l )  were used f o r  t h e  assay, 

7,000 cpm of CdR-2-14C (Specific ac t iv i ty :  14.7 x 10 6 cpm per 

pole) eere added t o  t h e  ur ine smples as a marker f o r  determining 

t h e  loss of CdR during the i so l a t ion  process, "he urine samples 

were ac id i f i ed  with concentrated HCl t o  pH 1.0, d i lu t ed  t o  20 ml 

v i t h  water and applied on a column of 1.0 x 10 cm OS AG 5OW- 

About 

I 

l 

I 

A . . s. 'I I 

. .  
i 

. j  
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x l  (200-k0 b mesh, hydrogen form). The column was washed three 

times with/ 20 ml of water.and the absorbed CdR was eluted with 

0.5M NH4OH/. CdR was alvays eluted out together with yellowish 

urinary p ents  in a 5 t o  10 m l  fraction a f t t r  20 t o  20 ml of 

0.5M MI40 had been passed through the  colunn. This yellowish 

fraction 

of AC 1-x 

I 

t 
1 ontaining CdR was again applied on a column of 0.5 x 8 cm 

(100-200 mesh, hydroxyl form), and the column w a s  washed 

f lask  (about 20 ml) and dried in an evacuated 

t o  2.3 2 .1 by careful addition of concentrated HC1. Less than 

0.03 rnl 

fiiquots 1 from tbia s o ~ u t i o n  were h y ~ o ~ z c ~ ?  i n  2 91 of 5 x LO-% 

XC1 (pH 4.3) for 130 minutesland TU. assay vas performed as described 

above. 1.5 m l  aliquots from the  solution Vere'counted t o  determine 

the reco ery of CdR by t h i s  isolat ion procedure. 

f concentrated HC1 were needed for t h i s  QH adjustment. 

I I 
! 

i 
L 

I 
i I 
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The colorimetric method for  the  determination of dR described 

Waravdekar and Saslaw (7) is based on periodate oxidation snd 

timation of the  result ing me.'. naldehyde w! t h  thiobarbi tur ic  

id. This method require:'that the  deoxypentose be In the  f r e e '  

dehyde form. T h i s  method was a l s o  applied for  t he  d i f fe ren t ia l  

llorimetric analysis of purine deoxyribmucleosides and deoxyribo- 

icleotides (8 ) .  The hydrolysis of pur i re  nucleosides at pH 2 for  1 5  

.nutes i n  a boiling water bath resulted is 'a quantitative l ibera t ion  

' &,whereas only 37% of C I R  were hydrolyzed under t h i s  condition. 

ken the  hydrolysis w a s  carried out for  120 minutes, CdR gave 

.sc t o  a maximum yield of 86%. 

.ycosidic bonds i n  CdR are  completely hydrolyzed a t  pU below 

Our resu l t s  indicate tha t  t he  

5 with an hydrolysis period greater than 120 minutes (Figures 2 and 3). 

rperiments summarized in  Figure 2 show +,bat more than 985 ci cytosine 

is l iberated from CdR at  pH below 2.5. A t  pH 3.0,  95% of cytosine 

IS released,whereas only 62% of CdR was hydrolyzed at pH 3.5. 

r t he  hydrolysis of CdR was followed by measuring the  amount of 

1 released by the  TBA assay, maximum hydrolysis of CdR was found i n  

le pH range of 2.1-2.5. 

n t he  hydrolysis mixture decreased,and a t  pH 3.5 it represented 

nly 54s of total CdR used. 

ydrolysis of CdR at t h i s  pH range, as can be seen from the  decreased 

nount of cytosine present i n  the  hydrolysis ltixturc. 

A t  pH above 2.5, t he  amount of dR present 

This decrease is due t o  an incomplete 

A t  pH bel- 

.l, t he  amount of dR decreased rapidly with decreasing pH, while 

he amount of cytosine released a t  t h i s  pH range showed complete 
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hydro y s l s  of CdR. 

range dR reieased from CdR is rapidly degraded t o  products which 

do no give color i n  the  TBA assay. Similar r e s u l t s  are  obtained 

when t e same amounts of dR a r e  heated under the  3me conditions. 

It is lapidly degrsded at pH below 2.3,and degradation is lrss 

than 6 

5 X 10 % H C 1  (pH 2.3) were studied with various heating times. 

The re ults are  summnrized i n  Figure 3. 

comple e a f t e r  120 minutes heating, as can be seen from the complete 

conver ion of CdR t o  cytosine. The amount 'of dr( released from CdR 

resche 

hydro 

heat in  ~ . When dR was heated under these conditions, it was slowl) 

degrad+ i n  the  first hour, and t h e  degradation reached an almost 

const+ Irvel (about L b $ )  z f t c r  V.ic hairs. It is seen from these 

r e s u l t s  t h a t  the  optimum pH and hydrolysis period f o r  maximum hydrolysis 

of Cap 

t o  180 inutes.  

rout ine y carr ied out in 2 ml of 5 x lo'%? HCl (.pH 2.3) i n  a 

boil ing 1 water bath f o r  130 minutes. 

These r e s u l t s  suggest t h a t  a t  t h e  l w c r  pH 1 
i 

rt pH above 2.5. c 
ext,  t h e  degradation of dR and t h e  hydrolysis of CdR i n  

Hydrolysis of CdR WLS 

the  maximum (80% of t o t a l  dR present i n  C d R )  a f t e r  120 minutes 

ais and stayed a t  t h i s  l e v e l  f o r  at l e a s t  another hour of 

i t h  minimum degradation of dR are pH 2 . 1 t o  pH 2.5 and 120 1 
t Subsequently, hydrolysis of CdR f o r  t h e  TBA assay vas 

Figure 1 also  shows a l i n e a r  re la t ionship between CdR concentration 

and opt c a l  CenTity at 532 mp which represent8 t h e  amount of 

dR rele sed from CdR. 

assays 

t o  be b+er than 2 3%. This l i n e a r  re la t ionship could be observed 

i 
9 Each point represents an average of f ive  

t h e  reproducibil i ty of t h i s  assay method was found 

h as much as 0.15 p o l e  of CdR was used f o r  t h e  hydrolysis. 
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As mentioned earlier, although CdR ucs hydrclyzed conpletely, 

the amount of dR asdyed at the end of the hydrolysis could only 

account for 808 of total CdR used, presumably due to the degradation 

of parts of dR molecules under these hybolysis conditions. Degradation 

vas always 205 regardless of the amount of CdR used, up to 0.15 

pole. Therefore, it is understandable that ?he slope of the 

standard curve ox' CdFi is only 805 of that of dR without prior 

heat treatment. It can be concluded, therefore, that hydrolysis 

of CdFt in 5 x 10'3N HC1 at ldO°C for 130 minutes followed by 

the TBA assay may be employed for the quantitative estimation 

of CdR. 

that hydrogenation of the pyrimidine ring could acid-labilize 

the N-deoxyribosyl linkage of pyrimidine nucleosides (9). They 

have reported on colorimetric analysis of catalytically rehced 

pyrimidine deoxyribonucleosides vith the use of the nalonaldehyde- 

Crossman and Greenlees have taken advantage of the frct 

thiobarbituric acid reaction .(lo). 

a Gtrictly controlled kiilrogeahtion reaction. 

to hydrogen gas could result in ths rapid loss of dR due probably 

to the further reduction of dR to 2-deoxyribitol. 

This method seems to require 

Over-exposure 

In order to estimate CdR content in urine uith the use of, 

the TBA assay, it is necessary to remove fror. the urine sampie 

dR and other dR containing compounds. 

by the use of cation and anion exchange columns as described 

This vas schfeved easily 

before. 

deoxyuridine were not retained on the cation exchange column. 

Of al l  the deoxyribonucleosides tested, thpidine and 

dR and other neutral compounds such as urea uere a l s o  vashed out 

from the column with water. CdR was then eluted out, together 
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with ellowish u r i n a r y  p i p e n t e ,  by 0.5  M I?HftOR, The fraction 

cont ning Cdp. could conveniently be ident i f ied tj- i t s  dark yellow r 

Table 1 shows the  results of CdR essay on wines  obtained from 

*, 

i 

2 

. 
. -  

tfa 
healthy persons and eight patients v i th  various types 

cancer. The absorbances at 532 ~ 0 1  of the par t ia l ly  purified 

f ract ions indicate tha t  no appreciable amount o f  CdR was 

d tected i n  any sample ui th in  the  sens i t iv i ty  of t h i s  ass* method. 

$e. minfmum Petectable tunount of CbR by t h i s  assay method was 
t 
alculated to be 4 X 

uc ib i l i t y  Of ? 3% (Figure 1). 

mole per 10 m l  of urine with a repro- 

The minimum absorbance of samples 1 
this accuracy was found t o  be 0.05. T h i s  assay method is 50 

/ t h e a  more sens i t ive  than the  method used previously ( 5 ) .  The 

Iabaorbances at 280 mp of the  fractions show t i c  presence of other 

jultradolet-absorbing substances the  amount of which varies 

[videly I from sample t o  sample. Paper chromatograss of these fractions 
I i in both acid and alkal ine systems revealed diffused ul t raviolet-  

. ,  
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absorbing spots near CdR area. lo attempt was made to identify 

these compounds. The possible interference of TBA assay by the 

Inpurities present in the pertially purified' CdR fraction was 

investigsted by the use of an internal standard. The absorbances 

at 532 4 1  with added CdR indicate that these impurities do not 

interfere with the color reaction. 

p o l e  of CdR in 2 m l  hytrolysis solution is 0.640 (Figure 1). 

The absorbance at 532 n+ of 0.05 

This assay technique was also used on rat urine samples to 

see whether urinary excretion of CdR foliwing -radiation c o d 3  

be demonstrated. The results of these studies are summarized 

in Table 2. In contrast with the human urine, amounts of CdR 

were found in the rst *zincs collected during 24 hour period 

before irradiation. 

2.98 poles. 

irradiatior, with 200 R. 

of about 5 . 2  and 24 p o l t ' s ,  respectively (1). 

Ths average v d u c  for six experiments was 

This value was increased to about 17.3 pnoles afier 

Other investigators Lcported values 

In order to determine uhether the pink chromogens with an 

absorption maximum at about 532 

the partially purified CdR fractions were indeed contributed entirely 

by C d R ,  aliquots from the partially purified CdR fractions were 

formed during the TBA assay of 

paper chromatographed in both acid and a lka l iqe  systems, 

violet-absorbing area corresponding to CdR was quantitatively 

eluted and the TBA assay was performed. 

TBA-positive substance was recovered from the area corresponding 

to CdR. 

5-methyldeoxycytidine was also excreted by normal rats (11). 

purification procedure employed in our experiment did not allow CdFt 

The ultra- 

It WAS found that all the 

Rotherham and Schneider reported that in addition to CdR, 

The 
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to he seperated from 5-methyldeoxycytldine. 

a l s o  J as found to give a positive TBA assay with approximately 

5-nethyldeoxycytidinc 

e molar extinction coefficient as C d R .  However, we failed 

any ultraviolet-absorbing spots corresponding to either 

5-met ldeoxycytidine or 5-methylcytosine on paper chromatograms whe 

ially purified CdR fraction was chromatographed in the acid 

solve t aystem either directly or after being hydrolyzed with acid. 

! 
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SUMMARY 

X rapid and sens-.lva colorimetric determination of deoxycytidine 

in urine has been described which can detect as little as 4 x 

p o l e  of deoxycytidine ic 10 ml of urine. 

i s  separated from other 2-beox~'ribose containing compounds by 

Deoxycytidine in urine 

successive tre%ment with cation and anion exchange COlUmnS. 

Deo~ycytidine-2-~'C is added to each sample to estimate the loss 

. o f  endogenous deoxycytidine during the purification process. 

The partially Recovery of deoxycytidine is better than '90%. 

purified fraction containing deoxycytidine is hydrolyzed in 

5 X lo'% HC1 111 a boiling water bath for 130 minutes, and the 

amount of 2-deoxyribose released is measured with the use of the 

malonaldehyde-thiobarbituric acid reaction. Under these conditions 

deoxycytidine is hydrolyzed completely, but 20% of the 2-aeoxyribose 

released is degraded. ' 

43 



f 

. - *' 

. .  

ACKNOULEDGmT 

This investigation was supported in part by contract 

L-b9-1b6-M-315 of the Defense Atomic Support Agency; the 

iviromental Health Center Research Grant 1-T-ES 00159-01 of the 

ilversity of Cincinnati; and Albertine 0 .  Schoepf Reseerch Rvld 

t the University of Cincinnati College of Medicine. 

ssistsnce of Mrs. Marlette Louisia is gratefully acknowledged. 

The techn!csl 

44 



I 

F 

' L  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9 .  

10. 

11. 

REFERENCES 

Perizek, J . ,  Arlent, M., Dienstbier, Z .  and Skoda, J-, F&wC 
_. 182, 721 (1958). 

Zhulanova, 2. I. an& Rornantsev, E. F., w. & d s *  5,  39 

Kosyakov, K .  S., Libikova, N .  I .  and Merkina, T. rJ. Med- 
Radial. 1, 31 (1962) 
Dische, Z . ,  p a .  &. ExDt.1. Biol. w. zB 217 (1944). 
Berry, H. K . ,  Saenger, E. L., Perry, H . ,  fiiedman, B. I., 
Kereiakes, J .  G. and Scheel, C., S-, x, 396 (1963). 
Dische, Z. i n  "The Nucleic Acids" (E. Chargaff and J. N. 
Davidson, Eds.) Vol. I ,  p. 285. Academic Press, X ~ W  York, 

(1960). 

1955 

Waravdekar, V. S. and Saslaw, L. D.  I L. 
1945 (1959)- 

Saslaw, L. D. and Waravdekar, V. S.B &.Sh. abd.W&- Biaahva. 

Levene, P. A. and La Forge, F. B. , B+r. 3, 608 (1912) 
Grossman, L. and Creenlees , J. s &d,. w- 2, 189 (19'61) 
Rotherham, J. and Schneider, W. C.  * -8 - 0  k b  

234, 

s,. 239 (1960). 

c 41, 344 (1960). 

45 

. -. 

. .  -' . 
I 

1 
I I 



i 

0 '  . ,  
t 

8 1  . 

TAB1 

with.  
aa de 
pa r t l  
d i Q L  
d i q t  
text,  
as an 
radio 
recov 
in  t h  
A280 

- 

1. M 

2. F 

3. F 

4. F 

5 .  M 

6. N 

7. d 

8. P 

9 ;  E 

io. m - 
. The 

(7. 

: BI QUASTITATIi'E ASSAY OF 'CdR M HUMAN URINLS 

. 
dieu CdR-2-lkC* was passed through ion exchange columns 
cribed before i n  t h e  t e x t .  Absorbsnce a t  280 m)r of t h e  
l l y  purif ied COR f r ac t ion  ( 3  m l )  was measured. 
t from t h i s  CdR f r ac t ion  was counted, end another two 1 m l  
t s  were used t o  determine Cd9 content as described i n  t h e  
me of which contained 0.05 m o l e s  of added CdR t o  serve 
internal  standard. Recovery of  C&? was calculated from the  
: t i v i ty  of cdR-2-1LC added t o  the  urine and t h e  radioact ivi ty  
red at the end of the  p r i f i c a t i o n .  
J t a b l e  are:  M - male; F - female; Ca. - carcinoma; 
r 532 - absorbance a t  280 or 532 qp. 

twentieth of 6-hour urine col lect ion (mxirnum of 20 nl) 

A 0.5 m l  

Abbreviations used 

. '  
r t i en t s  A280 A532 A532 with Recovery 

added CdR of CdR 

, healthy 

, healthy 

, Ca. breast  

, Ca. ovaries 

, Ca. lymph node 

Ca. rectum, bladder 

, Ca. small bowel 

, Cs. breast  

, Ca. colon 

D Ca. lung 

1.28 

0.195 

0.532 

1.61 

0.222 

1.06 

0.486 

1.03 

0.232 

2.60 

0 

0 

0.045 

0 

0.015 

0.007 

0.010 

0.005 

0.006 

0 

a. 650 

0.638 

0.642 

0.625 

0.648 

0.644 

0.658 

0.635 

0.615 

0,640 

$ 

99 

95 

90 

96 

91 

91 

93 

97 

92 

87 

mount o? CaR-2-14C added was less than 5 x 10-4 p o l e  
)O cpm) and was negl igible  i n  t h e  TBA a s s a y .  

' 
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TABLE B2 CdR IN RAT URINES BEFORE AND AFTER X-IRRADIATION (200R) 

1 
21.0 

an 3 
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prior 
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3 .o I .02 .03 .04 .05 .06 

,uMoles dR or CdR 

31 

nce at 532 mp. 

Relationship between concentration of dR or CdR and 

The abscissa represents the p o l e s  of dR 

CdR vere heated in a boiling water bath for 130 mixlutes 

L the TBA assay. dR vas assayed without prior heat treatment. 

a s a y  was perfomed as described in the t ex t .  
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0 dR 
dR released from CdR 

A cytosine released from Cd R 

I .O I .5 2.0 2.5 3.0 3.5 

PH 
FigureB2 

p o l e  each o f  CdR or  dR was heated i n  2 m l  of HC1 solutions with 

Effect o f  varying pH on the hydrolysis of CdR. 0.05 

different' pHs i n  a boi l ing water bath fcr 130 minutes. 

OT dR and cytosine precent a t  the end of the hydrolysis were 

measilred as described i n  the t ex t .  

Amounts 
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o dR 
0 dR released from CdR 
A cytosine released from CdR l i .  

.o I 11 
bre measured as described i n  the t a r t .  
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Clinical obaervatiotm in three pabent8 treated with i JO-260 rad partial body radiation to the 
rer body and one patient trcatcd with 150 rad tot11 body radiation have paralled obeervations 
?vlously reported. 

A simple infusion filtration system for reinfusion of human bone marrow has been made. A 
pid and sensitive assay method for  urinary dcoxycytidlne which allows the detection of a s  
tln as 0.1 UY of CdH in 1 ml of urine has been developed. Two separate  strain8 of phage to _- _ _  r O  

used for antibody titration arc being gro'vn m synthetic culture media. 
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