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ABSTRACT

I. Preparing Institutions Baylor University Colleqe of Medicine and
Jefferson Davis Hospital, Houston, Texae

2. Titls of Reportt A Study of the Effects of Total snd Partlsl Bedy
Radlation on lron Metabollsa and Hematopoiesis

3. Principsl Invectigatorm Vincent P, Collins, M.D., C. T. Teng, M.D, :
Walton D. West, M. Sc. _-_j..

4. 14 pages, 5 illustrations, November 30, 1958 -
5. Cortract Nusbers DA—49--007-3D-428
6. Supported by: Research and Development Division

Office of the Surgeon Gensral
Department of the Arwmy

1: / WNashington 25, U.C, —

7. >

~Froslous _:zperunnu dealing ulthutja sffect of irradlation of blood
1':} extracorporeal clrculation, and‘:‘cfhct of *=snsfusion In normal dogs
‘-siihqr/plasal from animsls previously subjected to irrsdiation of blood ia -
extracorporeal circulasticn, -Mrﬁported. In some anizals, thers was
increased erythropolesis over s prolonged peried, Fhese—sbservationrwmranted
further - study.and_tha present—Teport-givas—the details-of anintennive—2—
Anvast i-};tlon—o%—thluub;ntcj' The method of achieving extracorporeal =2ir-

- culation by means of a heart-lung puop 1s described, and the doss of Irradlation
was calculated to ba 10,250 gm.-r/cc of circulating blood. Observatlons on
heratopaiesis wers carrled out dally for cne week prior to the experimest,
and the exparlmental animals were follo=esd for s minimus pericd of three months.
Results are evaluated on the basis of traumatic sth-ull.T

i

MOTEs Coples of this report are filed with the Armed Services Technical -
Information Agency, Decurent Service Center, Knott Bulldling, Dayton

Z, Chia, and may be obtained from that agency by qualified iavesti-
gators working under Government Contract,
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* PROCRESS

The firs{ experiments In irradlation of blood In axtracorporeal circulation

were carried out in thls depaxrtment In November 1956 when the hesrt-lung apparitus e
becama avallabie. Aftsr technical probloas were solved, the experiments were
c~tinued for the purpose of determlining the exfect on heeatopolesls of radiation

expasure on & single tissue (blood). {(This is the converse clrcumstance to one

that has bren extensively lnvestigated, l.e., where the sttempt has besn to pro- b ’ -
tect one tissue {bons marriw or spleen) while exposing the rest of the body to
realation). After massive exposures to mmounts of radlation ranging from 3000z

to 12,000r to blood clirculsting extracorporsally through s heart-lung pusp, blood - i T e

studles show an incTeass in erythropalesis over a prolonged period. Normal )
anizals receiving transfusion of plasna from dogs previoudly subjectsd to extra- S
corpcreal blood irradiation showed s siallar response.

At Margietts Unlversity & similar study was carcied out on both dogs end

rrbbits. Cireulating blood was exteriorized through a polythylens tube and X
the tubs was axpcsad to the x-ray besny the dosage of irradlation is not known
i1t {6 not 2lkely that it exceeded 12,000r. The authors report, “.e.. white
counts were chzonically high during the three months fellowing the lrradiation
and at the end of threse months, red cell Counts and hematocrits were sbove
normal®, §J. F. 0'Brien, E. J Frank, H. 8. Benimin and G. E. 8Bartenbach.
Irradlation of solely the cirtulating blood of masmals, Anatoaical Record 1283
%97, July 1957). \
These observitions warranted further study to ¢cafira o deny' thet

Irradiation of clrculating bleod alone is followed by & stimulation of formation

of red blood cells and hemoglobin,
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NAT\E OF PER IMTN » ~. . -—-_'
Observations are belng made on the hematopoletic response under two
circunstances.
1. The efféct of irrsdiation of blood In extracorporeal clrculation. As
8 control study, similar observations are made following extracorporeal
clrculation of blood without Lxrradlstion. '
2. The effect on normal doge, ¢f transfusions with plasma from dags prwloutly--
subjected to frradlation of blood in sxtracarporsal circuletion. As & contrel . & U
study, sizilar observations are made following transfusion with plasmsa from
norsal dogs trad froam dogs subjected to extracorporeal circulstion of blood
without lrradiation, b et
MATTIT21, STIDTED . LY
G:ovp 1. Four animals were subjected to irradlatlon of blood in extra-
corporezl circulation und were followed for 3 months,.
Group 11. Bour dogs were subjected to extracorporsal ¢irculstion without o
irzadistion of blood {controls for group 1). ::_::: ) j.::‘.'\.-"'
Gooup 111, Six nomal Joga wers transfused with plasma from dogs that had :i:‘j .
previcusly been subjected to irradiation of blord in extraccrporeal circulation l . ) !
{six dogs subiwted to LiTadiation of blood in extracorporeal circulailon were . - :
sac.ificed to yrovide this plasma), A
Group 1Y, Four normal dogs were transfused with p-hm from norwmal dogs - S
{four normal dogs were secrificed to provide this plamma).
Techalcue of extracorpore3] cixculation of blood, _
The dogs were arestheslzad with rambutzl end heparinized to prevent e 'i;:z"-

clotting. A out-down was performed to the Jugular vein and @ No. 14 Fren:h . e &




oxygen cathether was lnserted in the velny a second cut-domn wis done to the
carotid artery with Insertlon of a No. 12 Catheter. The exi-e~corporssl pap
was connectad to the arterlal catheter with tygon tubing. From the punp blood
was circulated to 8 5C0cc. plaztis ressxrvoir bottle and ret:=ned to the snisal
by was of the vencus catheter through tygon tubing. The fritam was prised
with 500cc. of noraal ssline and the pump was adiusted to & flew of 300-3%0 cc.
par minute.

arh ' A £ & M LHNR

With the anlmal under anesthesla and the heaxt-luny agparytus working
satisfactorily, the dag was placed spproximately 5 feet fram the 2 MeV, ’
Van de Graaff gensrator with the bean directad vartically dowrawrard, The
length of tygon tubing was sufflicient to allow the reservelr ¢o be p!.nc.od.
within the head of the x-ray generator with the animal well aryy from the
bam. The shutter was closed against the reservolr 4o minianize the emrging
radistion, The aras was checked with an lonization charber mnd scatter
radiztion was found to be 1.1r/40 nimites (4500 matered ot put) 5 feet from
the wachine thus sssuring sdequate protection of the dog's zody against sigaifi-
cant amcunts of Tadlatlion,

After circulatisn and Irradiation, ths reservoir is resoved rroa the
head of the Yan de Craaff generator and placed on a claap stand. The cathetar
i3 reaoved from the carotid artery wxd the blood remaining in the reserveir
and tubing is pumped back into the dog through the venous q:'.-du-u.- The

venous catheter {3 removed and the jugular vein is tied off.
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When the retervoir bottle 18 placed within the head of the Yan de Craasff

the distance from the tarjat to the surface of the blood is 24,.% ca. The

intenaity of the bexs belng 1(00r/minute then the average exzosurs in roentgane

per volume of blood { Do) s

Voxrxm xFxP
¥s

wheret Vb E yoluse of blood In ths reservolr

Dm

total volume of blood belng clrculated

Y
metecwd output in roentgens st 81.7 o

F = inverse square correction factor for exposury
in roentgens at surface of blood baing irradisted,

P = average dapth dote in percent of surface doss.

For axxople, let metered ocutput (r,) equai 1 roentgen, Vp, equal 396 cc.
{constand for all doje), F aqual 12,5 (constant for all dogs) and P equal
to 0,77 (constant for all dogi). V, 18 variable for each dog but would
averasje appruxisstely 1200 ct. Substituting these values into the formula

we gatl

;% X 1 4 11.:_: Q.II = 2om - rfcc-
1400 cc.

D“..g =

In the experisment, each cog recelved 50,000 total surfece dose where

the totsl surface dose is equal to ry, x F. Inserting this into the average

doss equationt

Dpvg = 2 x 20,000 x.J7 = 10,850 gu-z/cc.

14,000

e S —
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Techatcue for collecticn gnd tranefiustion of clasan.

Two pints of blood are collected by way of & heart puncture inte
exacuated 650cc. transfusicn bottlas with (2% ACD anti—cosgulsnt. The
blood Is stored in the refrigerstor over night before being contrifuged.
The plasms 1s aspirated from above the picked red cells into & 250 ce. evacuat-
ed plasaa collection bottls, .
Theplaema !s scainistered intra-venously at the rate of approximately
% c¢. por Blmute. Sterile technique 1 obsarved thpough out. the entire pro-
cedure of collection und transfusion.
mytplosie gk . .
Both groups of dogs, experimental and control, were observed by
hematological determinations daily for a sinloun period of one week prior
to vse in the experiaent, Following thalr use n the sxperinent, counts
wers prriorned lasediately and two hours afterwards, Dally counts were
thon perfere?d for one week, Aftar the first weak, the tize was sitendad-
to tw!ze weskly throush four weeks post experizental day and thea extended
ta every other wesk for two additlional sonths. Other than the counts :
reportsd in graphicsl forum, hemnt;cri:t and differentlals were performed
on the abcve achadule, The average diily detersinations taken prior ta the
use in the experiment was used as the base line of 100%.
Results
Flg. 1 A Jhe re:oanss of yed blood cetd couat {n 4 animals sybtected
to i-zadlssicn of hlood 1n extracoresrerl circulation. (Group 1). Following
an initlal prcopt depression, thers are erratic variations In red bleod cell
caunt for three wesks before recovery is clearly evident., Durin® the nex’
slx weeks, ths red blood tell count increases, and st 2 months following the
initial procedure 3ll four animsls have returned to normal while two are moze

than 25 per cent above the initlal ievel.
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Fig. 1 B Jhe gesoonse of red Biocd gell count in 4 dogn subjected to
extracerporeal cizculation witheut irradiation, {Group II). Thers ic an l~ediate -

ard unifozn fall In red blood count with recovery to normal levels in all cases
wiithin a wagk. Thersafter, one aninal showed a persistent slevation ef 13-30
per cent In red blood cell count and one had & sudden elevation of 30 per cent

mors than two sonths following the procedure of extracorporsal clirculation of

blood.
Fig. 2 A Ihe resacnes of hereglebin levels in 4 dogs sublected to irradi-
gtion of hlond 19 sxtracesooreal circulitiza. (Group I)e Trere is a prompt fall

io hemogiobin resching its lomest point st 2 = 3 weeks, Thereafter, all doga
show & steady rise to nurmal and in 2 of 4 dogs, this continued to resch levels
of 30 to %0 per cent abeve initial values after 2 months.

Fig. 2 B Jhe pazoonme of hesoglobin i3 4 gontrol animals subiecied Xa
extzzzozzoves) civculation of blood wisheut izzadiaticn.(Group II}. There ls
an leewdizte and uniform depression of homegleobln but recovery baging within
houry and resches romsan in 3 wetks. Theresfter, vsluss continue at upproximstsly :-
norzal levels although scce elevatlon occurs aftesr 2 months, -
Comentt

The total procedure of extracarporsal circulatlon wllth or without
irradietion of bleod ia extratcrporeal circulation is spperently & form
ef treuaa inducing an Limedlate 2zpresalon of red blodd -con count and
hemoglcbin.  The depression follewing sxtracorporeal circulstlon alone
is at least as imaediate and profound as In *he cases that also recelved
irzadlation. However, the rscovery to normal lavels following extra-

corporesl cirsulation slone is prompt and there is soms suggestion that




values for red blood cell count and hemoglobln miy swing sbove normal
durilng the ~ext T months, Follosing cxtracorporeal ¢irculation plus
frradistion, recovery to norm.l level required approxinitely 3 weeks.
Thersafter, thers i3 2 stronger suggestion that recovery swings well

shave fnltial levels for both red blood cell count and hemoglobin diring

ths next 2 montha,

Fige 3 A The elfect of zed blood cell count in € pormal doos, of transfus-
don with plas=y for- sacrificed doas previously subiected to ireadistion of
bleod in extracoxcozerl cirsulation of bleods (Group IIZ). There is an laitial
deprassion with Lrrecular recovery. Ons animal of six showed depression peridis-
ting for 3 monthé) one animil chowed slavation persisting for 3 monthe. Flve
of six snimals showed depression st 30 days, 3 of & animals showed Tecovery
to sbove normal levels st 60 days,

Flg. 3 B Ine effpct op red blcod cell count In 4 nosnsl dogk, of trens-
fualea with olac=a £o03 secxdficed doas previiusly suhiected So extracorpordal
glrrulatian of Ma-? without frradisticn. (Grvawp 1II)s These animals show Bhe
saco initial aepression following transfusion and recovery is prompt. Approx-
Lumetely narmul levels are palntalned for the next two wonths. In comparison
with the animals recelving irrsdiated plasma and showina some elevation of red
blood cell count at 2 ponthe, the anlmals receiving non-irradiatod plasms all
show u red blood cell count very slightly below the Initial levels after 2 months.

Fig. 4 A Iha effect on hewgglobin, In 6 percal dogra of irsasfusion with
R0 ce. plasma oo sacnificed diqe previcusly svbiected o irzadiation of blood
1o extracorporesl cireulation. {Group III). There is proept depression of
henoglobin levels with slow recovery. At J weeks sll enleals show hemoglobin
below the Initisl levwl] at & weeks, 3 ure above and 3 are below tha initlal

levels., At 2 months five or six are above initlal levels.
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Fig. 4 B e effect on henoglobing dn 4 nermal dogs. of tranafusien with
X0 2ca Dlegnd 223 sacrificed do~s previcysly sublected S0 exiracorporeal
- fizulation of hicod withoyt Yrradiatisn. (Group 11i)._ Thare iy an lesediiis
fall in hecogloblin with beginning recovery evident at 2 hours. Rarovery to
noraal levels occamred n 4 dogs and thereafter hesogloblin levels are smalntatned
at the initlsl levels during tha next two months.
Conmacits
Transfuslon with plasma from dogs previously subjected to extra-
corporeal circulstion with or wotheyt {rradistlion is followed by an
ixmediste drop in hemoglobin, Recovery to initial levels is prospt
and maiitaints when thy transfusion is w'th plasma from gogs subjectwd
to extracorporesl circulation without lrradiatisa. When transfusion
Is with plasaa from dogs subjected to irradiation of bliod in extra=
corporeal clrculation, recovary ta Ilnitial hemoglobin levels 1s cdelayed
for about 3 wesks ond thervafter a rise above normal levels graduaily

occurs and is still precent after 2 months.

Figs 5 2 Jhg effect on red blocs sei] count, in 4 posral dogs, of fxane-
£291c with 530 cc, vlacna from sacrificed porzal dogg. (Group IV). There is

an lowediate deprezsion of red blood cell count with recovery to initial
lavels after one day. Thereafter, irregular fluctuations occur sc; that at one
month two animals show red blood cell counts 10 - 13 éer cent above initial
levels and twa are 19 = 25 per cent below., At two months all four animals

show red blood cell counts at or slightly zbove the initial levels.

Fig. 3B The effect op hemoolehing in 4 vorral dogs, cr fransfusion with
a0 gp, olas=3 from srerificed normal degs, (Growp IV). Trere 45 Lemadiite de=

pression of hemoglobin levels with recovery to initial levels in ) - 2 dyys.
Thereafter values are closely related to initial levels although at 3 days

one ar.imal had a hewsoglobin tevel 15 per cent above initial level and one
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wan 22 per cent below Initial level. At 2 months all values are at or slightly
abave the initial values,
Commenty .
Transfusion with serus of norsal dogs LnJuces an Iimmediate dyrop in
red blood cell count and hemoglobin with prumpt rec wery to normal levels.

At 60 days after trarsfusion, ail animals are at, or very slightly above,

the Init‘al level for red blood cell count and hemoglobin,
DISCUSSIQN

The inltisl purpose of this experiment was to determine whether irradiation
of one tissus }blcod) alsone would produce any sffect than might clarify the
nature of radlation Injury in hijhsr animals, Irradiation of the entire animal
or evan of localiced arsas Includes many differsnt tissues. A radlation effect on
o tlssue may be masked by radlation effects on other tissues, A radlation
elfect cne one tlssue may be masked by Interaction betwsen n;na! and injured
tissues, An effect observed following radiation may bs a non~specific systemis
reiponse secondary to radiation injucy sustained by ths Iirradiated tissue.

Initial ohsezrvations indicsted thst the mere subjectlon of the snimal to
extracorpores) circulation of blood as used for the purposes of cardisc surgery
products no deleterious reaction.

then ths blood In extracorporeal circulation was subjected to intensive

radiztion, no imedlate deleterious effect was obsarved but when these animals

weras chsarved for pericds of 2 to J months, an unexpected rise In hemoglchain
and red blood cell count occurred. This seemed an unlikely effect of fadla-

tion sxproture of any kind but because of Its possible significance for clarily-

ina the nature of tissus response, it was necessary to repeat the expesivent

with more satlsfactory controls.
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The present studies show Lemediaste fall In hasoglobin and red blood
cell counts following transfusion with plesms from mormzl doys, following
transfusion of plasma from dogs subfected to extracorperesl clriulation
of blood with and without radiation, and in dogs mubjected to extracorpcsesl
clrevlation with ar without irradistion. A changs of this reture s an
understandable dilution effect from the addition of 500 cc., of plasms In
the ‘ransfusion experisents and of 300 cc. of saline that the sminal recelved
in the couras of priming the pumpling system for extrscorporsal circulatton.
This can be locked upon as a fora of trauma, The presant experisent was
not desigm 1 to test the magnitude of trausa in relationship to the type
and severity of rup?n:'-.

Some variszlon in the lmeedlate recovary 'll; ovsarved, Thosa trans-
fused with =00 ¢c. 2f normal plasma show lmmediste recovery in the first
day and no aprecisble variation from inittsl levels when followed far

parlods up o J wontha.

Aizels tranafused with plasma obtained from sacrificed andails previously
subjected to extracorporsal circulation showed an equully prompt lmmediate
recovery, Waen these anizals were followed for periods up to 3 wontha,
there was no drazatic variation frea Initial levels.

thea normal dogs are cransfused with plesss from sasrificed dogs that
had been subjected to irradlation of blood in extratorporeal circulation
the recovery is less prompt snd there are crratic varlatlons duxing the
first wonth, Thereaftsr, there 1s 3 gensral recovery to values froma 5 to
20 per cent aove normal levels at 3 monihs,

In animals that have been subjected to extracorporeal circulation without
ircadiation, thers 1s prompt rscovery froe the initlal depression and there

after valuss continue at or siightly above the Ilnitial levels.
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In s1izals that hsve teen inblezzed to irrsdlation of blood in ex~
tacarposedl circulation, depression and evratic variatizn mark the hemy-
g'.oln and red tlocd cell count values for the firet month, Thersafter, "
theres 12 a general rlse so that at 3 months, all values ¢ above norsal ) B . .®
and two of four have resched 30 per cent. e
In thie serles of animale, there is demonstrated a clear injury ‘
and zecovery phencaenan. - )
® i
Transfuslon with 50Q ¢¢. of plasma from normal dogs aopears to represent
& minisal and inconsequential injury and recovery.
Transfusion ¢f animals with plasca froo sacrificed snimals sublected
to extraccrporesl circulation without irradiation doss rot Z"*fer apprecis= ~ , . -_ .;__
bly from trunsfusion with plasma fr=a normal dogs. ; ) .
iransfusion with plasaa obtaire? from dogs previcusly subjected to .'-.-lfef::'_ -
extraszrooreal circulation plus izracistion produced a m=re prolinged de~ - ‘-.L“- .

pression followsd by a prolinged zecovery to above norzal levels,
A-izals sublected to extraccroereal clreculation of %2 without Irrsdis-

tion e-wed promnt recovery and cortinued to maintain Ierels at or slightly

abovs initlal values for hemojlaodiz and red blood cell cwants.

Arizmals subiected to Irradiatiosn of blood In estrac=rporssl clyculation
show g scre prolinged depression of remoglobin and red “lood cell count
values with gradual recovery to abore normal levels.

) S RY
Inis atudy demonstrates the resiponse of red blood cell count and

hemnlehin Ievels to thres types af interference that say be looked upon

s trastatic stioule. T
1, Flasma transfusion T :.':' I -
2.  Sxtrecorporeal ¢lrzulatlon of Blood :::"'_: 1 h
3. Irzadiatlon of blood [n eatractrporezl circulstiom ._ 3“ = 6_"_
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Thess rvpresent different matnliudes of trouea) transfuslon ls

sinisal, eviracorporesl circulatica csawwba. greater, and {rradiation of bleod in

eriratirporeal circulation seems distincily to add sn additional factor to injury.

Iajury is followed by recovery. For 3 more severs injury, recovery
tends ¢ achleve levels above Initial walue: for hemoglobin and 1ed blood
cell comts.

Beiter the addivion of irraifation in these experimenthy repressnts
nasely Ratitatiyely greater trama, or whethar it 1s qualititively
¢iffescat trama, s not established. The chservation of similar pro-
longation of depression and reccvery in dogs transfused with irrediasted
plasad doos permit the posslbility that bhlood irradiated In extracorporsal
circulation Jdoes sustaln injury beyoud that due to ths mechanical procedurs

. 0NE,

SIORE

As comeonly happens In followlng one course of Investigatiom,
sesorcizy lrvestigations are sogjested, Ex aze left with several questions
to conslder,
l. Do the components of whole blood sustalin s specific type of dmage
whin Kbfaciad to intensive radiation?
2, I1f 3¢, can this Injury be idenmtified by an alieration in blood
Itself or by (ts «ffect ypon other body tissues or systems?
3. Can the phenamencn of injuxry and repalr a3 demonstrated by the hems~
2cpoletic rystem be uved to distinguish qualitative and quantitative
differernzes In injury inwlving redlation?
4. Is “Nere an sleownt of injury to hematopolesls inherent Iln the use

of transfusion and the use of intravenous fluids?

N
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Pould rvpeated episodes or chronic (rauma lead to exhaustion of
reparative powers and splastic snamia?

While It i3 not certain that radlation is sn lmportant fector in
the =wsponse ovsarved, the physleologlcal mechinism itself mertls further
study. The direction of further obssrvations will be €3 attewpt to
sxaggerate the sffect by Increaslisg the maonitude of the lmaediate traums
and by repested or protracted traums. This would be an anticipation of
producing more lmpreszive recovery to sbove normal lsvels and eventually

schisving an exhavstlion response following prolénged stimlation.
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