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FOREWORD -

This rgport was p;eparéd by the fo;lowing memberéAof the
“Uﬁivey%ity of Cincinnati College of Medicine: -

Eugene L. Saenger, M.D.

Ben I. Friedman, M.D:

Herry Hofvitz, M.D.

bJames G. Ké;eiakes, Ph.D.

Harold Perry; M.D.

i
e ‘research was supported by the Mediéal Divisién, Défense
Atomié Support Agency, Washington, D.C. The Project Officer

for th} contract is Cdr. George P. Douglas.

. In conducting the research described in this report the
invesﬂigatbrs adheredntb thel"Priuciples of Laboratory Animal -

Care ia*Eptéblished by the National Society for Medical Research."
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ABSTRACT

T\Q\Clinical observations in three patients treated with 100-:00

rkd partiel body radiation to the lower body and one patignt

4reated with 150 rad total body radiation have paralled obser-

*atioﬂs previously reported.

! A simple infusion filtration system.for reinfusion of
:uman bone marrow hes been made. A‘rapid and sensitive nssayA
ethod for urinary deoxycytidine which allows the detection of
g little as 0.l/ag/of CAR in 1 ml of urine has been developéd;

separate strains of phage to be used for antibody titretion

are being grown on synthetic culture media. Z
N -
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" INTRODUCTION:

- This report presents data accumulated from May 1, 1966

through’April 30, 196f " Included are olinical studles on three
| thients vho received 100-200 rad midline abaorbed tissue dose-
hhs to 310 R midline air exposure) of partial body radiation (PBR)
t% the lower body and one patient who vas treateo vith 150 rad
{ 26 R) total body radiation (TBR). One additional patient

r ceived 'sham radiation therapy.'

.

First was the completion of an infusion filtration system for

Major laboratory accomplishments occurred during this year.

by nfusion of autologous stored human bone marrovr Since this
- inptrumentation will meke infusion of marrow a safer and more
ea iiy controlled procedure ve feel that earlier infusion to prevent
thf hemetologic depression from rudiatlon sh 14 be inveatiéated._
| Second was the perfection Ey Tr. J-Wen Cheﬂ of A new, much 1m§roved
meihod for thne determination of deoxycytidine (CdR) inm urine
frqm humans and from rats. This step portends future progress
in understanding the metabolic pathways of nucleic acid metabolism
following irradiation. ’
‘ The third laboratory "break through" has been the growth

of two strains or phage on synthetic culture medium 1n the .

Immunology Laboratory of Dr. Evelyn Hess. Aifter thege strains

have been checked for pyrogenicity and safety, it will be

i
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le to titrate antibody production in experimental anizals

and| man before and after irradiation.

hag| been published (DASA 1844).

An extensive report of all our studies through April 30, 1966

This interim repcrt will discuss

new| developments only.

Aims of the Project, Design of Study, Technique of Stud ,'

Data Collection, and Dosimetry remain essentially as reported.

Clinica
thosge
2) whi
1llust
end o

linical Observations: Observations have been similar to

e previously reported and are included in the Clinical Sunneties - -
0066-070. Included with them are two figures (Figuzea 1 and
ch graph the hematologic course of patients #66 and #70 to

tate representative differences between responses 'o rartisl

tal body radiation. The pattern after reinfusion of the bone

marrpw (Figure 2) may suggest repopulation of the marrow space. but

the
in t

E

r
autolo

fmjr

tndi t

rrow was infused too late to definitely interpret the results

t way.

nclosed with this report 1s a copy of a paper to be presented

i1s, France, June 26, 1967 (Attachment A - figures omitted).

is described an easy-to-use infusion filtration system for stored

gous human bone marrow. It can be sterilized and made pyrogen
In vitro tests indicar’e that filtered autologous human bone

would effectively control the hematologic depressioe following

ion injury.
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Bilgchemical Studies -

The studies investigating the effects of radi;tion on
nudleosides, especielly decxycytidine, have been limited by
methodology. The enclosed report (Attachment B) covers progreas
on j|a rapid cclorimetric method for determining deoxycytidine-'
(cah) in the urine., As little as 4 x 10-3 amoles of deoxycytidine
in 19 ml of urine cﬁn be assayed. - It is separated from oth?r'
2-deoxyribose containing compounds by c&tiou and anioﬁ exchange
colans. Recovery, as evaluated using deoxycytidine-a'lhc.

has| been better than $0%.

Immunology

In the past wve have sttemyte@ to study the effects of total
and!partial body irradiation on immunologic fuhction through
the|use of C-reactive protein, thyroglobulin agglutination;
latex fixation =nd the quantitative precipitin reaction described
by Luzzio. Strains of phege were proposed as antigens which
cou#d be titrated before and ar§e¥ radi;tidn. Since responses
of various strains of phage are comparsble, changes in titer
vould aﬁbstantiate a radiation effect.

The phage must be grown on non-antigenic synthetic media.
Until the last year the method for growing phage on synthetic
culture medium was not functioning. It is posuibie now. After

yyrﬁgen studies have been completed on rabbits, Dr. Evelyn Hess
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Future (Plans
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in the Division of Immhno}ogy is going to study titers in experi-
pentel adimals for repibduc;bility. Titers will ba compared
in experjmental anizmals before and after radiation. If all of

these st dies are safe,they will be carried out in humans receiving

_tyerapeﬁtic irradiation.

|
x
b

Psychia{ric Evaluation and Testing

ThL spproach used has been surmarized in DASA 18LL, Acter

a reviej of the data studied to date, there has been confirmation

of the fresults noted previously.

7T é results in all patients treated dﬁring thisipraject

ﬁnve ipdicated a need for Mher inQestigatién of the processes. '

atudi at increaéiasly higher doges of total gnd‘partinl body

irrad ation. Assessmen’. of the value of stored humaﬂ bone marrow

;n m aging the hematclogical aspects of radiation injury is now

ressi le. Developments in the assay of deoxycytidine nay ultimctely

help n the determination or a biological dosimeter. "Alterations
ibody production,and/pr destruction in human bteings due to

radigtion are going to beAevaluuted. These observations of the'

effe tl of ri&iationfexposﬁre vili yield a hetter understanding.

- for militery planning and triage.

10
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s'rx!#! NO. ' 066

ATIENT W. H.

cru}m NO. CGH - L1L133 -
|
[ This patient was & 63 year old Negro male who was edmitted

)

[ , ‘
td Cincinnati General Hospital February 14, 1966, vith a bleeding
j 4
Biopsy at sigmoidoscopy February 1k, 1966, revealed

i

rjctal mass.
1no§erable-adenocarcinoma of the rectum with peritoneal inplsnts

d liver metastases (S.P. 66-489), A double barrel sigmoid
colostomy was performed March S5, 1966. Cystoscopy showed

nvolvement of the bladder neck.
He was re-admitted June 6, 1966 for rectal bleading.

i

lpprokimately 200 ml of bone marrov was stored without difficulty

:q June T, 1966. He received sham irradiation June 9, 1966,

ith a0 adverse effscis.,
June 11, 1966, the patient received 200 rad midline absorbed

tissue dose (310 R midline air exposure) of lower partial body

;radiation. He experienced no symptoms following PER,and the

f hemogram remained stable. )
! .
He expired January 10, 1967, in a nursing hcme, 212 days

; post PBR.

.
i
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STUDY NO.

. PATIENT

CHART NO.

This

06T

A. J.

COH - 451949

patient, a 52 year old Negro female, was admitted to

Cincinnati General Hospital September 5, 1966, with nausea and -

left lower quadrant puid. On September 8, 1966._a barium erema

revealed

hn obstructed sigmoid colon. A transverse colostomy

‘and a li##r-biopsy were performed September 1k, 1965; The diopsy

report (# P-66-2987) revesled metastatic adenocarcincma of the

liver. (pisgnosis: Carcinoma of the Sigmoid Colon with Liver

Metastas

).

~ On Getober 7, 1966, approximately 100 m] of bone marrow

and 12th,

‘vas aépiﬁated and stored. ‘She wes shammed on October 10th, 1lth,

1966, with no adverse side. effects.

 The [patient vas treated with 100 rad midline absorbed tissue

dose (1L5

‘R midline air exposure) of partial body radiation to the

lower body on October 13, 1966, She experienced no i1l effects

treatment. Blood counts remained stable.

The patiani was discharged October 21, 1966,

On

ovember 2, 1966, she .had nausea and vomi*ting and was .'.

given Compszine 10 mgms. qbh prn. Her appetite improved,and she

was strohger. On March 25, 1967 (163 days post PBR), she expired.

!
i
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PATIEN

STUDY NO. 068
W. T,

CHART ro. CGH - 18966 , : i

is patient, a 76 year old Negro remale. vas admitted
October 10, 1966, with left lower qQuadrant pain, weight loas
of D roximately‘lT pounds and anorexid.
tn September, 1953, shé had & cervical carcinoma, stage I,
treatld with radium end external x-ray. In May, 1954, |
seve e post radiation proctitis necessitated loop colostomy.
Therg were admissions in June, 1955, and June, 1956, for post
radi tion stenosis of the rectum, but surgery was not required.
InJ uary, 1957, poqt radiation stenosis of the rectum required
aﬁ terior resection of thevrecto4sigmoid colon with end to end
anagtomosis. In May, 1957, a revision of the coloétcmy and
cecgstomy was performed,
On January 7, i965, pelvic examination revemsled s midline
cystic meass, inseparable from the uterﬁs.- fhe patient #ad
admitted January 13, 1965, for ah exploratory laparotomy, hysterectomy,
and left salpingo-oobhorectomy. The biopsy repcrt (#SP 65-2uL)
reyealed endometrial papillary carcinoma. |
| ’On October 21, 1966, approximately 200 ml of bone marrow
wvas aspirated from the left and riéht posterior crests and stored;
She was shammed October 25, and 26, 1966,'w;th no adverse side
effects.
{ . 13 :
|

|
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The patient was treated with 150 rad midline absorbed

tissfie dose (226 R midline air exposurs) of lower ﬁartial body

radirtion on October 27, 1966. She experienced severe abdominal_
painL diarrhea, weakness, anorexia.‘and confusiun., On October 28,
her Lemperature rose to 102.6° F., due to a urinary tract infecticn

vhic vas controlled with Gantriasin. She was discharged on

" November 22, 1966.

On December 1, 1966, she ﬁas admitted because of disorientation
and inanition. On December 5, 1966, sternal and left anterior
marr¢vs -were normocellular. Her hempgram remained stable throughout
her lliness vith the exception of elevation of her white counts

due #o urinary trect infections. ’

The patient remained anorexic, extremely lethargic and

continued a downhill course until December 22, 1966, when she

.expired (59 days post PER).

STUDY NO. 069
PATIENT E, C.

CHART MO. CGH - LLE-L4SS

This patient, a Tl year old Caucasian female, was admitted
to c#ncinnaxi Gensral Hospital February 15, 1966, with a history

of "jrtestinal troubles" for s duration of many years. Her

chief complaints et this time were anorexia without vomiting, .

14
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sévere flatulence, diarrhea 1-2 x per.day for the past ;wo‘veeks
4 @1l throbbing pein in the right lover quadrant.

" Abdominel x-rays on 1 February 15, 1966 revealed a huge

. abdomiral mass. A aubtotal hysterectcmy and bilateral salpingo

-pophorectomy was performed March b, 1966. Biopsy report (#SP 66-702)

revealed papillary cyst adenocarcinoma, right ovary. She was
dlscharged on March 17, 1966.

The patient was treated on an out-pntient basis with Cobalt 60

Und

letherapy 4000 R minimal tumor dose to the 1ower abdomen from
M[r;h 15, 1966, to April 11, 1966. The upperAademen received
OO R minimal tumor dose from April 12, 1966, to May 20, 1566.
On December T, 1966 the patient.vaa readmittad with 2+
itting edema of both 1egs and abdominal uscites.

Approximately 200 ml or bone marrow was aspirated and stored

‘dn December 21, 1966. The patient was sharmed December 02, 1966,

anuary 12,'1967, January 17, and 18, 1967, with no adverse side
ffects. Her hemogram iemuinea stable. At this time there

+él 1ittle or no evidence of ascites or recurrence of tumor,

bo partial body radiation was not given. She was

hischarged January 23, 1967. and is being followed in Tumor

flinic. .As of April 27, 1967, her last visit to clinic, her

condition remains unchanged.

15
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STUDY NO. | a7

PATIERT | F. H.
CHART NO. CGH - 198032

This ﬁatieﬁt. a 62 year old Negro male, was admitted to
Cincinnat] General Hospital with hemoptysis and left pleuritic-v
pain on O¢tober 25, 1966. A chest x-ray revealed a coin lesion
in the left upper lobe. On October 28, 1966, a Papanicolaou smear

of the sj|'tum vas positive. A brein scan on December 9, 1966

revealed P large .lesion in the right parieté-occipital area.

The patiept was treated with 250 KVP to the head, 3000 R minimal

tumor dosle to the midline from December 19, 1966 to February

1, 1967. |
.0n ﬁebruury 17, 1667, approvimately 170 ml of bone marrow

vas aspirated and stored. The patient was shammed February 28,

1967 and |March 1, 1967 with no adverse side effects.

On March 2, 1967, the patient was treated with 150 fad
(226 R midline air exposure) total body rediation. He experienced

no ill effects from his treatment.

Hid WBC dropped from an average of 5,500 prior to therapy

to 1,109, 35 davs post TER.

Thé patiert was given 48O ml of bone marrow suspension intra-

venously without filtration on March 1b, 1967 (12 days post
! .
f
|

|
[ 16
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TBR).  He tolerated the procedure well with no change in temperature,

pulﬁe, raapiration,drvblood proisuro.

| Treatment with 60 Cobalt, 3000 R to the whole head, was
initLa&ed on March 28, 1967, due to severe paresis of the left
arm Lnd moderate paresis of the left leg, '
On May 8, 1967, his hemogrem hed returned to normal; bdbut he
had fncreasing mental disorientation and progressive left-sided
'we ess. | 4

" |On May 9, 1967, 68 days post TBR, the patient expired.
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ATTACHMENT A

THE EFFECTS OF FILTRATION ON STORED HUMAN BONE MARROW

Ben 1., Friedman, M.D. and Susan J. Toler, B.A..

Radioisotope Laboratory
Departments of Radiology and Medicine
University of Cincinnati Medical Center
Cincinnaci, Ohio 45229, U.S.A.

Supported by:

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

During the last five years, we have been studying the effects

o Human beings of a single exposure of total .body radiation which

has

been given for itne palliation of metastatic malignancy. To

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

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

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

Marked hematologic depression occurred in all eighteen

patients who received more than 125 rad total body radiation.

The

total elucocyte count fell below 2000 HBC/mm3. 25 to 40 days

after irradiation. The mean minimum leucocyte count of previously

unt

was

the

.200

rad
for
sto
sto
pat
inf
thr

aft
inf

feated patiénts who received 150 rad total body radiation alone
1264 * 1140 andAuﬁs 1140 * 816 when there had been preﬁious

Fapy. The nadir of the 1eucocytg counts of patients who received
rad was 983 : 1366 HBC/mma.

Since bone marrow depression was the most iife-threatening
Jation effect at the doses used, we began storing bone marrow
autologous infusion after irradiation. T; date, we\have
red marrow from twenty five patieﬁts and ﬁave infused autologoué.
red human bone marrow intravenously withput filtration into six
lents. One patient had hemoglobinuria for twelve.hours after
bsfon at 100 drops per minute, Autopsies we?e performed in

pe patients five days, eight days, and nine days respectively

Fr reinfusion, No evidence of pulmonary emboli, pulmonary

arction, or other disease as a result of marrow infusion was

foﬂnd on microscopic examination,

20




) METHODS
L. . :
j The hone marrow has heen stored by a modification of the

~method previously described by Kurn(ck (1). . Approximately 100 61'
of material is'ﬁspirhted from‘éach posfeiqt iliac crest. The
narrow suspension is diluted with an.equai amount of 30X glycerol
-Oségod media, This mixture, in quantities of 10 mllber‘culture
tube, 1s cooled at 1° Centigrade per m;n#te to -40° anttgrade.
The.tubes are then placed in polyethylene bags and stored at

-40° Centigrade.

On the dav of infusion, the frozén marrow-ﬁlycetolhOskood
nedinAis thaved .at 4° Centigrade, Two parts of it are diluted
with one part 33 1/3% dextrose in water lnd-ﬁlaéed in a Fenwal.
plastic transfer ﬁack. It was this m;xtuzeAuhich wvas infuseﬁ

iﬁtrévenously without filtration through a l7-gaure silicon{zed

needle,

There.is disafreement as to the need for filtration. Kurnick
does not think 1t {s necesn;ry‘pr!or to infusion. Thomas, Ferrebee,
anhd Piliow (2,3,4) r;énmmqnd filtration'to_minimize the 1n?1dence
ak.p;lmonary embolization. Though we have not encdun:er?d emboli~
thion. we have developed a simple method of fiitt;tion for use

.iF man,

| The complete infusion f;lcration system consists of a

’r nwal transfer back, plastic tubing, filter assémbly..and-

Sipmamotor pump (Figure 1). The'pump has a variable speed

21
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contrgl, but Iosr the experiments to be reportqd; has been run
at 55460 drops pear minﬁ:e. "Within the filter assembly
. (Figuge 2), there are successive number #50, #100 and #200

. mesh qilters corresponding to openings of 297, 1&9.vand 74
e microgs. The filter assembly {s constructed of s:a}nless steel
wtth'ﬁef;cn washers so that it can be disassembled fqr'qléanlng.
1t caq thep be reassembled, sterilized, and made pyrogen free.

WhHen the pump was used without a filter assembly, the plaqtiq

tubing would separate frow the 17 gauge needl? because of the.
large |[pleces of fibrin and marrow which would occlude the needle.
Hith the complete system, including the filter assembly, a 25

rauge naedle has been used without encountering any obstruction

’ at the necdle hub.
H]Vhave investigated the total cell count of a volume of

marrow suspension ana the viability of stored marrow cells before

and aflter filtra:ion'through the {nfusion filtration system

described, Cell counts are reportczd as cells pér ml (1), Via-

bilitf studies, as‘determined by dye exclusion, utilized trypan

blue (5). By a modification of the method of Moorhead (6),

th2 marrow from several patients has been cultured under phyto=-

hemaggllutin stimulation for 6 days. 1.0 to 1.2 x 108 cells p;r ml

are implanted in a culture media of 70X TC 199 and 30% pooled human

serum (7). On the third day, the marrow 1is replaqted, and .

additional phytohemagglutin is added. It is thought that the

cell thch differentiates and undergoes mitosis under these in vitro

conditions is a hematopoietic cell,

22
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RESULTS
We have studied bone marrow f;om fourteen patients, The
frow has been stored from five to twenty six months pr}or to
ydy. Though the storage temperature has usually been -§O°
ftigrade, at times, due to transient equipment flilufe) the
#patlture hnﬁ risen to as high as =-40° Cencigrade fot'ao long
tJenty-iour hours.
Cell counts have been performed on nineceen specimens of bone
growv from fourteen pnticnss before and after filtration (Table
{ The mean of the cell counts prior to filtration vas 3.8
2.0 cells x 10%/ml and 2 0 ¢ 1.6 » 10%/m1 afrer filtration.
¢n these m;lnl are compared by an analysis of variance, there
no aignlfielnt‘diffcrence in the tvo groups at the 51 level.
¢ sensitivity of the cells to injury by filtrntion vas not
fluenced by the duration of storage at low temperatures, °
Trypan blue exclusion studies were parformed on sevgnteen
pcimens of bone marrow obtained from twelve patients (Table 1I).
p mean of the I viability before filtration was 55.3 2 8.9%

4 55.5 ¢ 8,1% after filtration. There vas no pignifiégnt

difference betwassn these two fRroups. Percent'yiability as

deterntned‘by this dye exclusion technique was not influenced by

the length of storage up to twventy six months nor by filtration

through the system described.

Attempts to culture in vitro seven aliquots of bone marrow

friom six patients have yielded metaphases in two studies, In

013 additional study, "large mononuclear cells" with prominent
|
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i and vacuolated cytuplasm vere observed, No metaphases
en. No growth was present in the other four cultures.
3 is an example of a metaphase geen on slides from a

of bone marrow which had been sLored for ‘5.5 months, A

metaphase from the same aliquot of bone marrow after filtration 1is

figﬁre 4, We have been able to culture marrow.whfch has
ored for 13.5 months. Hetﬁphasea-have been photographed
1de§ made from such cultures before filtration (Figure 5)
er fileration (Figures 6 and 7)., A large number of

ses has not been observed, but Fhe presence of some is

e of a degree of viabi}i:y of the stored marrow. The

of metaphases did not decrease after filtration,

the bone marrow has not been filtered, macroscopic'clumps
fial. as large as 3 mm in length, are seen passing through
ing., On microscopic preparations from unfiltered marrow,
| Y ] viaualizea (Figures 8 and 9). Following filtration,

Escopic particles are scer, and individual separated cells

rved on microscopic examination (Figure 10), No clumping

h sheets of cells,
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k DISCUSSION

Ane of the first tenets in the handling and preparation of
human| tissue s to minimize external manipulation vhenever.possible.
This thought led us to the use of unfiltered marrow in the .past.
Howevpr, there was little queétion that filtered uarrdvl;ould have
ddvantages over‘unfiltered marrow if the ability to repopulate
the.m r}ov space was not alter;d by filtration. We have demon-
stratdd that the infusion filtration system used in these
experiments is easier to use than the system without the filter
assen%ly. With the filters, a needle as small as a 25 gauge can
be used for the intravenous infusion.

Since ther; has been no sigﬁificant alteration in the cell
count Lor in the viability of the cells when studied in vitro,

there does not appear to be a deleterious effect from filgratic.

Only twc in vitro tests of viability were used, namely the excluaion

of trygan blue dye and the capacity to grow cells in tissue culture
with subsaquent demonstration of mitoses. Putthgt investigation
of thcicellular viabilicy with triiium labelling of cells and
ucrtdinL ofangg gstudies is advisable,

The‘ultimate answer as to whether filtration alters the
ability| of sc&red autologous humas marrow to repopulate the marrow

can comé only from an adequately controlled investigation in man.

be effeé¢tive in the management of myelosuppression due to radiation

thorapy chemotherapy, or accidental radiation exposure in industry,

in warfare, or in space.

This lttdy supports the view that filtered autologous marrow should

l
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SUMMARY

An caa&dto-dse infusion filtration system for autologous

l‘ored hum;‘ bone ﬁartow har been developed. There ﬁaa been no
dif!?ren;. n the means of the cell counts of marrow before or
after filé; tion in nineteen experiments. In vivo.viability studies
vere not chdnged by filtration in seventeen studies. Viability .
was unchangdd by six to twenty six monthé storage at -80° Centi-
grade. Aftqr tisaue culﬂure forvlix days undér.phytohemAgglutiﬁ
-timulationj metaphases vere observed in speéimenl obtained before
and after filtration.

This atldy'supporta EheAconcept that filtered autologous
huﬁnn bone.+¢trow would be effective in coﬁtrolliﬂsithe severe

hematologic%dgpreasion a.sociatcd with chemotherapy or radiation

injury.
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TABLE ‘Al |
el Count (x 106/m1)
Case Number Storage Time Before Filtration After Filtration
| (months)

068 | 5.5 5.6 4.

065 5.5 1.6 0.8
067 6 4.2 3.3

065 7 1.4 0.6

066 10 5.3 4.4

064 s 4.8 4.1

064 | 12 3.6 3.1

063 | 13.5 9.8 8.2

056 { 17 3.5 2.9

050 | 2 6.2 2.6

056 215 2.2 2.4

052 22 3.2 3.5

052 22.5 3.2 3.5

047 % 23 4.4 3.2

049 1 24 4.3 3.6

048 % 2 1.8 14

a 2 3.0 2.5

x2 2% 3.0 2.2
047 26 1.3 1.2

i
mJtso 3.8t20 3.0% 1.6
! -
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| TABLE A2

X Viable Cells
After Filtration

Case'Number Storage Time Before Filtration
‘(ménths) )
068 5.5 69 0
065 5.5 - -
067 6 58 4
065 7 - -

" 066 10 51 U
064 1.5 53 54
064 12 64 - 60
063 13.5 63 57
056 17 63 56
050 21 38 3%

050 21.5 49 46
052 2 52 69
052 22.5 a7 55
047 23 44 58
049 2% 65 52
048 25 63 64
x1 2% 60 52
X2 26 52 60
047 2 45 53
55.3 8.9 85,5 ¢ 8.1

Mean  S.D.

- 29
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" ATTACHMENT B

OLORIMETRIC ANALYSIS OF DEOXYCYTIDINE IN URINE

I-Wen Chen, James G. Kereiakes,
Ben 1. Friedman, and Eugene L. Saenger

Radjoisotope Laboratory and Department of Radiology
University of Cincinnati College of Medicine
-Cincinnati, Ohio 45229
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f . Exeretion of deoxycytidine (CAR) in the urine of rats exposed
40 fonizing rediation has been demonstrated by many investigators
{1. 2, 3). In these studles, the amount of CdR excreted was based

In the cysteins-sulfuric acid reaction. This reaction measures

ot only CdR but also many other gutstances containing deoxyribose

}

Fh). In o search for a suiteble biological indicator of radiaéibn
kose in humen beings, the urinary excretion of CAR by cancer o
Latients treated with vhole body doses of Cobalt-60 radiation’

f#s investigated in our laboratory. It was found that CaR vas
jexcreted in the post-irradietion urine, whereas no CAR could be
idetected either in the urine collected sefore irradiation or

iin the urine of patients with various stresses such as burn agd
gtrauma (5). The urinary excretion of CdR, therefore, may be ‘
!useful as'a biological indicator for the clinical evaluation
|

I

of radiation 1n3ﬁry.

The assay mechod for the urinary C4R 1nvol§ed such tedipus
;procedures as abcorption of CdR on chaervoal followed by glution. .
; tvo dimensional paper chromatographby, and microbiological assay
E of the isolated CdR. The mpinimum detectable amount of C4dR by .

| these procedures was 0.2 ymole per 10 ml of urine. A more semsitive

|
@ and rapid method for isolation and determination of urinary Q&R
!

bad to be developed before the possibility of uaing_CdR excreted
' 1n urine.as 8 biological indicator of radiation injury could

Although the spectrophotometric analysis st 280

| be considered.
n in acidic solution is & sensitive and simple method for qpantitafive
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determinati~n 2 :.." this method usually requires complete 1soi'etipe
ttom other'ultraviolet-absorbing compounds. Cther colori-

(dR) re not sensitive enough for our purpose (6).

metrip methods based on the color reactions of 2~deoxyr1bose

The present communication deels vith & sensitive colorimetric
esse# of Cdr in the presence of- other ultreviolet-ebeorbing substances -
and + rapid procedure for the isclation of CdR from the urine
eemp*ee. CdR was isolated from urine by successive chrometograpey'
on cplumns of cation and anion.exchange resf{ns. The rraetion

contpining CdR was usged to estimate CdR content in urine by the

use L:t the me.loneldehyde-thioberbituric acid colorimetric ‘reaction

( assay). This assay was originally developed by Waravdekar

and [Saslaw for the estimation of deoxy sugars (7) and for the
differential analysis of purine nucleosides and nuclectides (8).

CdR|vas hydrolyzed quantitatively by heating in acidic solution

d|the quantities of dR released were deter.ined by the TBA

[ 1.1:) \'8

|
|
{ MATERIALS AND METHODS
It

| - Materials, Dee:wcﬁidine-z-lbc (CaR-2-1Y¢) was 'obteiped'trom
Se+vu~z BioResearch Inc., Orangeburg, New York (10.6 pc/mele).

CdR and 2-deoxy-D-ribose {4R) were purchased from Calbiochem, Los
Angeles, Celitornia. _ 2-Thicbarbituric acid (TBA) vas a product

o Eutmen Orga.nic Chemicals, Rochester New York. It vas puritied
a eolumn of Woelm acid elumimm oxide and recrystallized from
v+m distilled we.ter as described by Waravdekar end Saslaw (6).

|
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Other chemicals were all reagent grade obtained from commercial
sources, AG 1-x8, 100-200 mesh (chloride form) and AG 50W-xh,

200-%00 mesh (hydrogen form), vere purchased from Bio.Rad Labora-

tories, Richmond, California. AG 1-x8 wa3 converted to hydroxyl

form by washing with 1IN NaOH until the washing solution vas fres

of chloride fons. AG 50W-xi was vashed successively vith O0.5N

~ NaOH, distilled water,end 1IN HCl until sbsorbance at 260 mu of

each vashing solution was below 0.05. Two solvent systems,.isopropyl

a’.lcohoi:BCl:Hao (65:16:19, acid system) and {sopropyl alcohol:
concentrated ammonia:Ho0 (80:10:10, alkaline system), were employed
for the paper chromatographic identification of CdR and cytosine.
In all ceses, Whatman No. 1 papers pre-washed with 0.1N HCl were

used.
Hydrolysis of CdR. Hydrolysis of C4R was performed in 2

ml of hydrochloric acid solution in a 12 mi graduated centrifuge

tube, The tube, with = pardble on L4 ¢op, was ploced in 2 Ttolling

weter bath. After a certain period of hydrolysis, the tube was

cooled to room temperature,and the volume of hydrolﬁed sclution
vas adjusted back to 2 ml with water., For e tvo'hour hydrolyain,

the voluuze loss was usually sbout 0.1 ml. Aliquets of 0.7 ml

vere used to measure the emount of dR released by the. use of -

TBA assey. In order to determine possible degradation of 4R

libergted from CdR during the hydrolysis, an equivalent amount
of dR was slso subject to the same hydrolysis cdnditiona before

The optimum hydrolysis conditions with maximum

"the TBA essay.
hydrolysis of CdR and minimum degradation of 4R were determined




oY

8

we

by varying the hydrochloric acid concentration of the mixture
and %y varying hydrolysis time.

CdR-2-le was used to estimate the extent of CdR hydrolysis.

0.05 pnfle of Cdr-2-1lg (280,000 counts per minute per jmole)
vas hydLolyzed under various conditions as mentioned sbove.

The solution was freeze-dried and paper chromatographed, ascendihg

in the jacid solvent system for 20 hours. This solvent system
caniaep[rute cytosine from CdR. The ultraviol?t-absorbing spots

on the paper chromatogrem corresponding to cytosine were cut intc
small pieces and extracted with 3 ml of 0.1N HCl in a test tube
(1.5 x Fs em) by vigorous shaking at room temperature for 2 hours.
In s p.)liminary'experiment, it was shown that‘recovery of c&tosine
from the paper chromatogram by this extraction method was better
than 95;. Aliquot§ of the extract were counted in a liquid scinti-

llation counter, and the awosual Of cytosine released was calcuiated

- from tj:d:peciric activity of car-2-14c used.

joactive samples were counted in a Packard Tri-Carb Liquid
Scintillation Counter. A 0.5 ml sample was mixed with 20 ml of
the scintillation fluid (7g PPO, 100 mg POPOP and 100g naphthalene
in 1,000 ml dioxane) in a polyethylene vial for counting.
TBA assay. The TBA sssay procedures are essentially the
same 31 those described by Waravdekar and Saslew (6). To 0.7

ol of Jample solution was added 0.1 ml of 0.025M HIO| in 0.125N
HSOy. | After 20 minutes at room temperature, 0.2 ml of 2% NaAsO,

in O.Sﬂ HC) was added, and the mixture was heated for 20 minutes

in a bgiling water bath with & marble on the top of the test tube.

34
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“he tube was cooled in water at room tempereture for 2 minutes,

- and the intensity of the pink-colored solution vas meesured at

532 tp, using & Beckman model DU Spectrophotometer. The amount
of dR was calculated from the standard curve of dR shown in Figure 1.

Treatment of urine samples. Six hour urine speciﬁehs from

"two nealthy persons and eight patients with various types of

cancer wvere uszed for the assay. Urines from six male Nistarbrats,

-weighibg approximately 160g, were also used in this experiment.

The animals were hoﬁéed in metebolism cages and téd laborgtory
chov and water ed libitun. A control urine specimen was collected
during the 2U hour period prior to irradiation. The rats wvere
pléced in a lucite cage and exposed to 200 R of‘vhole.body x-radiat;on'
delivered by e Westinghouse Quadrocondex Unit,oﬁerated at 250
kVep, 15 ma, with 0.5 mm Cu and 1 mm Al added filter, lfT mm Cu'
hel? valué layer. The dose rate was 1% R/min at a target-mid-
animal distance of 50 cm as measured with an ionization chamber
placed at center of a paraffig rat phantom, Urine specimens were
collected for 2 hourﬁ'foligwing trradiation.

One twentieth of a six-hour human urine semple or a 10 ml
aliquot of a twenty-fdur hour rat urine sample {(or th; total
daily volume if less than 10 ml) were used for the sssay. About

7.°°°.Fﬁm of C§R~2-1LC (Specific activity: 14,7 x 106 cpm per

) pmole) vere adﬁed to_the urine‘sanp1es as a marker for deﬁermining
the loss of CaR during‘the»1solation'process. The urine samplés
were acidified with concentrated HCl to pH 1.0, diluted to 20 md

- with water and applied on a column of 1.0 x 10 cm of AG SOW-
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x4 (200-LOPp mesh, hydrogen form). The column was washed three

times with| 20 ml of water,and the absorbed C4R was eluted with

0.5M NHLO0H. CdR was always eluted out together with yellowish

urinary pqgments in a 5 to 10 ml fraction after 20 to 20 ml of

0.5M NHLOH had been passed through the column, This-yellowish
fraction dontaining CdR vas again applied on a column of 0.5 x 8 em -
of AG 1-x§ (100-200 mesh, hydroxyl form), and the column was washed
three times with 5 ml of O0.5M NHLOH. The first 5 ml fraction

from the ¢olumn was discarded. All other fractions were collected

in s So_ml Erlenmeyer flask {about 20 ml) and dried in an evacusted
desiccator over phosphorus pentoxide and sodium hydroxide; _The

residue wps dissolved in 3 ml of 0.01N HCl, and insoluble substances,

if any, were remove& by centrifugation. pH of the supernatant
fluid was usually 3 te 5 depending on urine ramples and was adjusted
to 2.3 ¥ 0.1 by careful addition of concentrated HCl. Less than

0,03 ml qf concentrated HC1l were needed for this pH adjustment.
Aliquots [from this solution were hydrolyzed in 2 ml of 5 x 10-3N

BC1 (pH 2.3) for 130 minutes, and TBA essay vas performed as described

above. 0.5 ml aliquots from the solution were'counted to determine

the recoyery of CAR by this isolation prdcedure.
!
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RESULTS ALD DISCUSSION

The cclorimetric method for the determination of dR deseribed

i

b‘ Harevdekar and Séslav‘(?) is based on periodate oxidation and

timation of the resulting me” naldehyde v‘th thiobarbituric

ekid. This method requirea that the deoxypen.ose be in the free '

'dehyde form. This method was also applied for the difrereptial
lorimetric analysis of purine deoxytibapucleosides and dequfibo-
‘eleo*ides (8).. The hydrolysts of purire nucleosides at pH 2 for 15

nutes in a boiling water bath resulted iu a quantitative liberation
4f dR, whereas only 37% of CiR were hydrolyzed under this condition.
en the hydrolysis was carried out for 120 minutes,_CdR gave
ise to a maximum yield of B86%. Our résults indiéate that the

lycosidic bonds in CAR are completely hydrolyzed at pE below

q 5 with en hydrolysiS’period greater than 120 minutes (Figures 2 and 3).

{xperiments summarized in Figure 2 show that more than 98% cf citosine
as liberated from CdR at pH below 2.5. At pH 3.0, 95% of cytosine

*&s released, whereas only 62% of CdR was hydrolyzed at pH 3.5.

#f the hydrolysis of CdR vas followed by measuring the amount of

4R released by the TBA essay, maximum hydrolysis of CdR vas found in

!
fhe pH range of 2.1-2.5. At pH above 2.5, the amount of dR present

n the hydrolysis mixture decreased, and at pH 3.5 it represented
bnl& Skﬁ‘of total CdR used. This decrease is due to an incomplete
‘ drolysis of CaR at this pH range, eé cen be seen from the decreased
ount of cytosine present in ehe hydrolysis mixture. At pH beiow

F.l, the amount of 4R decreased rapidly with decreasing pH, while

rhe amount of cytosine released at this pH range showed complete

37
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hydrolysis of CdR. These results suggest that at the lower pH
range, dR reieased from CAR 1s rapidly degraded to products which

do not{ give color in the TBA éssay. Similar results are obtained
vhen ﬁhe seme amounts of dR are heated under the same conditions.

It is papidly degraded at pH below 2.3,and degradation is lrss

than 6§ at PH above 2.5.

| Next, the degradation of dR and the hydrolysis of CdR iﬁ

5 x 10T3N KC1 (pH 2.3) were studied with various heeting times,

The results are summarized in Figure 3.. Hydrdlysis of CdR was
complete after 120 minutes héating, as can be seen from the complete
convergion of CdR to cytosine. The amount of AR released from Cdﬁ
reached the maximum (80% of total dR present in C4R) after 120 minutes.

hydrolysis and stayed at this level for at least another hour of

heatinq. When dR was heated under these conditions, it was slowly
degrad%d in the first hour, and the degradation reached an almost
constaﬁt level (about 1W¥} after two hours. It is seen from these
iesults that the optimum pH and hydrolysis period for maeximum hydrolysis
of CAR with minimum degradation of dR are pH 2.1 to pH é.S ana 120
to 180 minutes. Subsequently, hydrolysis of CdR for the TﬁA assay was
routinely carried out in 2 ml of § x 10-3x HCL (pH 2.3) in =
boiling]vater bath for 130 minutes. ‘

Figdre 1 also shows a linear relationship between CdR concentration
and opt*cal cencity at 532 mp which represents the amount of
drR rele*sea from CdR. Each pqint'represents an average of five
assays ﬁnd the reproducibility of this assay method was found
to be b{tter than  3%. This lineer relationship could be observed

i

even thorgh as much as 0.15 pmole of CdR was used for the hydrolysis.

t
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" As mentioned earlier, although CdR wes hydrelyzed completely,

the amount of dR assayed at the end of the hydrolysis could only
account for 80% of total CdR used, presumably due to the degradation
of parts of dR molecules under'these'hyd:olysis conditions. Degradetion
was always 20% regardless of the amounf of CdR used, up to.0.15
proole, Therefore, it is understandable that the slope of tie
standard curve or CdR is only_BOﬁ of ihat of dR without prior

heqt treatment., It can be concluded, therefore, that hydrplysis

of CAR in 5 x 1073 HC1 at 1009C for 130 minutes followed by

the TBA aésay mey be employed for the quantitative estimation

of CdR. Grossman and Greenlees have taken adyantage of the frct
that hydrogenation of the pyrimidine ring could acid-labjilize

the N-deoxyribosyl linkage of pyrimidine nucleosides (9). They
have reportea on colorimetric analysis of catalytically reluced
pyrimidine deoxyribonucleosides with the us; of the malonaldehyde-
thiobarbituric acid reactioﬁ-(lO). This method seems to.require

& strictly controlled hydrogenation reaction. Over-exposure

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

to the further reduction of dR to 2-deoxyribitol.

In order to estimate CdR content in urine with the.hse of:»
the TBA assay, it 1s necessary to remove fromx the urine sampie
dR and other dR containing compounds., Thié was achieved éasily
by the use of cation and aﬁion exchangé columns as descridbed
before. Of all the deoxyribonucleosides tested, thyzidine and
deoxyuridine were not retained on the cation exchange column.
dR and other neutral compounds such as urea were also washed out

from the column with water. CAdR was then eluted out, together

39




f

|
i . v

vith pellowish urinary pigments, by 0.5 M NH,0E, The fraction

cont./ming C4R could conveniently be identiffeéd by its dark yellow

I :
colo# In fact, a yellow bdnd migrating down the column could

be }en clearly during the elution process, thua eliminating

the fedious fractionation procedure usually involved 1n the column

chrokatography, All CdR was eluted in a fraction of less than

[
10 #l The cation exchange column feiled to separate CdR from

deoxyadenosine, deoxyguanosine,and deoxyindsine. Hoveier,.these

pur né'deoxyribonucleosides vere absorbed on the anion exchange
col ,while CdR vas washed out by 0.5 M Nﬁuoﬂ Overall recovery
of}CdR wvas about 93% based on the amount of added CdR-Z-lhc tecovered

at the end of the purificetion. These results are sumparized

in/Teable 1 and 2.
Table 1 shows the results of CdR asaay on urines obtained from

t4o healthy persons and eight patients with various types

_ of cancer. The absorbances at 532 rp of the partially.purified

é fractions- indicate that no appreciasble amount of C4R was
d#tected in any sample within the sensitivity of this assay method.

e minimum detectable amount of CdR by this essay method was
4n1culated to be & x 10-3 pmole per 10 ml of urine with a repro-
*ucibility of ¥ (FigureAl). The minimum absorbance of samples
#dr this accuracy was tnnnd to be 0.05. This assay method is 50
hinea more sensitive .than the method used previously (5). The

’dbsorbances at 280 mp of the fractions show tine presence of other

’ultraviolet-absorbins aubstancea the amount of which varies

!videly from sample to sample. Paper chromntograms of these fractions

! .
fin both acid end alkeline syatems revesled ditrused ultraviolet -

.40 -




"8

«

3

absorbing spots near CdR area. No attempt was made to jdentify
these compounds. The possible interference of TBA assay by the
impurities present in the partialiy purified'CdR fraction was
investigated by the use of an internal stﬁndard. The absorbances
at 532 pp with added CdR indicate thz# these impurities do not
interfere with the color reaction. The absorbance at 532 mp of 0.05
pmole of CAR in 2 ml hydrolysis solution is 0.640 (Figure 1).
This assay technique was also used on rat urine samples to
sée vhether urinary excretion of CAR foliowing x-radiation could
be demonstrated. The results of these ;tudies ere summarized
in Table 2. In contrast with the human urine, amounts of C4R :
wvere found ;n the rat urines collected during 2L hour period

before irradiation. The average value for six experiments was

2.98 pmoles. This value was increased to about 17.3 pmoies after
irradiatior. with 200 R. Other investigators .eported vealues
of ebout S.B_And 24 pmoles, respectively (1).

In order to determine whether the pink chromogens with an
sbsorption maximum at ebout 532 mp formed during the TBA assay of
the partially purified CdR fractions were indeed contributed entirely
by CdR, aliquots from the pertially purified CAR frections were
paper chromatograpﬁed in both acid and alkaline systems. The_ultra-
‘violet—absorbing area corresponding to CAR was quantitatively
eluted and thelTBA assey was performed, It wis found that all the

TBA-rositive sutstance was recovered from the area corresponding

"to CdR. Rotherham and Schneider reported that in addition to Cd4R,

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

purification procedure émployed in our experiment did not allow CdR
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to be‘seperated from S-methyldeoxycytidine. S-methyldeoxycytidine
also was found to give & positive TBA assey with approxiﬁktely

the s+me molar extinction coefficient as CdR. However, we failed
to de*ect any ultraviolet-absorbing spots corresponding to either
S-methyldeoxycytidine or 5-methylcytosine on pﬁper chromatograms whe

the partially purified C4R fraction was chromatographed in the acid

solvent system either directly or after being hydrolyzed with acid.
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. SUMMARY’
A rapid and sensitive.colorimetric determination of deoxycytidine

in urine has been described which can detect as little as b x 1073
pmole of deoxycytidine irn 10 ml of urine. Deoxycytidine in urine

is separated from other 2-2eoxyribose containing compounds by

" successive tre-.ment with cation and enion eychange columns,

Deoxycytidine—2-1hc is added to each cumple to estimate the loss

. of endogenous deoxycytidine during the purification process. .

Recovery of deoxycytidinébis better than '90%. The pariially
puririéd fraction containing deoxycytidine 19 hydrolyzed in

5 x 103y HC1 in & boiling water bath for 130 minutes, and the
aﬁount of 2—deoxyri$bse released is measured with tﬁe use of the
malonaldehyde~thicbarbituric acid reaction. .Under these condition;

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

released is degraded. ' -
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TAB Bl QUANTITATIVE ASSAY OF CdR IN HUMAN URINES

.« twentieth of 6-hour urine collection (maximum of 20 ml)
with pdleu CdR-2-llcw was passed through ion exchange columns
cribed before in the text. Absorbance at 280 mp of the

lly purified CAR fraction (3 ml) was measured. A 0,5 ml

t from this C4R fraction was counted, and another two 1 ml
ts were used to determine C4R content as described in the
one of which contained 0.05 umoles of added CAR to serve
internal standard.h Recovery of CdX was calculated from the
ctivity of CdR-2-1%C added to the urine and the radicactivity
red at the end of the purification. Abbreviations used

s table are: M -~ male; F ~ female; Ca. - carcinoma;

|

4at1ents A280 A532 A532 with  Recovery
! ) added CdR of CdR

| 5
1. M|, healthy B 1.8 0 - 0.650 9 -
2. F{, healthy ' 0.k95 0 0.6338 95
- 3. F{, Ca. breast 0.532 0.005  0.6k2 90
4, F|, Ca. ovaries _ ' 1.61 0 0;625 96
.S. M{, Ca. lymph node , _0.222' 0.015  0.648 91
6. . M|..éa. rectum; blad@erl 1.06 0.007 0.6Lk . 91
7. M|, Ca. small bovel 0.486  0.00 0.658 . . 93
8. Fi; Ca. breast _ 1.03 0.005 0.635 97
9. Mi, Ca. ‘colon B 0,232 0.006  0.6L5 92
10. M|, Ce. lung = - : 2;69 0 0.6L0 . 87

® The |amount of CdR-2-1YC added vas less than 5 x 10~l pmole
(T.dOO cpm) and was negligible in the TBA assay.




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

A 10 ml sliquot of each urine sample (or the total daily volume
4f less than 10 ml) was used for the deternination of CdR ss described
in Teble 1. The pmoles of CAdR in 24 hour urine have been corrected
for the loss during the purification. .

Before Irradiation: After Irradiation
Sample Recovery CaR in 24 Recovery C4R in 2k
number of CdR hour urine of C4R " hour urine
(%) (pmoles) (3) (pmoles)
b .91 3.83 98 21.0
2 93 2.36 oh 20.2
3 95 3.36 8l - 17.3
L 92 L.32 96 21.8
5 96 1.35 65 12.9
6 9h 2.68 o7 10.b
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MMoles dR or CdR

FiéurciBl Relationship between concentration of dR or CdR and
absorb*lmce at 532 mp. - The abscissa represents the pmoles of dR

or CdRéprescnﬁ in2ml of 5 x 10-3¥ HC1 solution. The tﬁbes con- -
"taining CdR were heated in a boiling water bath for 130 minutes |
_prior tc¢ the TBA assay. dR was assayed.without prior heat treat.ment.

The TBA as:ay was p‘érfomed as described in the text.
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® dR released from CdR |
A cytosine released from CdR
1.0 |.rs ZTO, 2'.5 30 3.5
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Figure B2 Effect of varying pH on the hydrolysis of C4R. 0.05

pmole each of CAR or dR was heated in 2 ml of HCl solutions with
different pHs in a boiling water bath fer 130 miﬁﬁtes. Amounts

of dR and cytosine precent at the end of the hydrolysis were

meacured es described in the text.
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| 3 o dR
.02+ e dR released from CdR -
A cytosine released from CdR
Kol By -
30 60 90 = 120 150 180
| Hydrolysis Period (minutes)
I*\{lgure B3 Effect of heating t{mes on the hydrolysis of C4R.
- Q.05 '.nnoie each of CdR or 4R vas heated in 2 ml of 5 X _10"‘3N HC1
2.3) ir s boilirg vater bath for various periods of time.
+|r.ounts of dR and cytosine present at the end of the hydrolysis
Lere measured as described in the text.
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