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ABSTRACT 

• 	That hómotransplantatiOfl Of tiñues following total- 

body irradiation, though succes6fUl In mIce and rats has 

been extremely difficult to achieve In large mammals such 

as dogs and man may reflect the inade4uacy of radiating 

modalities currently used in preparing a large. mammal for 

a homnograft. In Order to provide for the relatively 

selective Irradiation of the ti5eues responsible for the 

homograft rejection response while minimizing the eXpO3Ure 

of other tissues, we have developed atOchnique using 

internally administered Yttrium-90 chelated with DTPA 

(diethyleño_triamlne_pentaacetic acid). By use of 

continuous intravenóuB recycling of the urine containing 

the excreted Y90-DTPA a method has been developed In 

which dosimetry Is contrállable and the excretion of the 

radioactivity from the body follOwing the ces8atIon of 

urine recycling is rapid, thereby permitting bone marrow 

tran8plantatlon within 24 hours following the procedure. 

The olinical, hernatolOglc and pathclogIopostirradiatlOfl 

responses of the animals receiving Y90-TPA by this 

method were observed for each group of animals studied. 

Dogs given sublethal doses of radiation generally had a 

benign clinical course, the only remarkable finding being 

a selective lymphopenia without depression of granulocytea, 

platelets, or retioulocytes. Lethally irradiated dogs 

showed depression of all formed blood elements but severe 
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depre88ion of lymphocyteB was most prominent. Autologous 

bone marrow is capable of repopulating hematopoletlo and 

lymphopoletic tissues withassociated survival of lethally .  

Irradiated dogs. Successful homologous bone-marrow 

transplantation apparently has been achieved between 

unrelated beagle dogs. Thus, a new radiation procedure 

has been developed which offers greater selectivity In 

auppreBsing the activity of lymphatic structures, and 

presumably the homograft rejection response, than do methods 

presently in use. The re8ults suggest the usefulne&s of this 

procedure In the treatment of malignancies of lymphatic 

structures and In. the preparation of large nammals for 

transplantation of homologous tissues. 



I INT RODUT ION 

For more than a decade riany investigators have 

successfully performed tissue homotranspiantations in 

mice and rats whose immune responses had been obtunded by 

supralethal total-body irradiation (1, 2 0  3). However, in 

large mammals ouch as dogs,. monkeys, and man sucoeasftU 

homotranspiants following total-body irradiation have been 

difficult to achieve (14,  5, 6, 7). only a small percentage 

of attempts at this procedure in the large mammals have 

6 
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met with success  

Undoubtedly many factors are operative in produotng 

poor homotranspiantatiorl results In large mammals while 

allowing for favorable results in small mammals. Howverb 

we have focused our attentIon on the partiáular problem of 

delivering large radiation doses to the tissues responsible 

for the immune response. It was felt that a major difficulty 

encountered with many tissue transplantation studies in 

man and other large mammals was the inadequacy of presently 

available teóhnlques to deliver significant radiation 

dosage to cells of their immune systems (ia). 

We have therefore attempted to develop a technique, 

using an internally administered isotope, for delivering 

high doses of radiation to the tissues responsible for the 

immune response wIthout resulting in the inevitable death 

of the animal from other forms of radiation damage. This 

paper deals with the details of this technique and its 

applicability to the problems of bone-marrow transplantation. 
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II. THE EXPERIMENTAL PROBLEM 

A. A Brief Discussion of the Results Obtained in Bone-

Narrow Transplantation Fo1J.owirg Total-Body Irraiatiq 

: 
in Man, Monkeys, and Dogs 

A report of cures in murine leukemia (11) using total-

body irradiation and bone-marrow homografts suggested the 

possible use of this procedure in treating human leukemiss. 

This possibility has stimulated the performance of 

virtually all the studios using bone-marrow transplants 

in man. Aitnough it seemed improbable that sufficient 

radiation could be delivered to eradicate all the leukemic 

cells (12), it was hoped that the graft of bone marrow cells 

would be sufficiently competent immunologically to produce 

specific antibodies against the leukemic cells (11). 

Hypothetica11y, leukemic cells surviving the radiation 

exposure would be attacked by the immunologically active 

cells of the homograft. 

Kurnick et al. (13), McGovern et al. (i'), and Newton 

at al. (15) obtained and stored bone marrow from leukemia 

patients in remission. Subsequently they reinfused the 

stored autologous bone marrow into patients after the 

patient had been given a course of supralethal total-body 

irradiation. In this óase it was hop& that the leukemia 

cells might indeed be destroyed by the radiation and that 

the patient would then be saved from death by radiation-

induced hematopoletic failure by the infusion of presumably 



ri 

'leukemia-free' áutologous bone marrow collected, during 

remission. As could be expected from considerations of the 

known exponential killing function of mammalian cells 

following radiation exposure (16), the dose's of radiation 

given these patients was inadequate to destroy the leukemic 

cells and the patients eventually had recurrences of their 

disease. However, these studies did help to establish 

the ability of autologous boric marrow to re-establish 

bone marrow function after radiation injury in man. 

Similar studieB were carried out using isologous 

bone marrow, Casea.of leukemic patients having identical 

twins were studied by Thomas etal, (17) and others (18, 19).. 

The leukemic patients were given supralethal total-body 

irradiation and then were given an. infusion of normal 

isologous boric marrow from their twins. Some temporary 

remisalons occurred, but no cures were obtained. These 

studies demonstrated the ability of isologous bone-marrow 

transplants to repopulate the bone marrow in lethally 

irradiated humans. 

Hope forthe usefulness of this approach in the treatment 

of leukemias was then focused on the use of homologous bone- 	
1 

marrow transplants. It appeared that isologous bone marrow 

cells did not discriminate between leukemio and normal 

.cells and did not produce antibodies aainBt the leukemlo 

cells, Possibly, immunologically active cells In a horno-

graft might better be able to make antibodies against the 

host loukenile cells. Thomas et al, (20). Mathé 	al. (21)9 



and others (5, 22) have attempted homologous bone-marrow 

infusioiis following supralethal total-body X- and garI 

radiation in leul:emic patients. The results, thus far e  

have been singularly discouraging. Even following massive 

doses of oondltlionlrig radiation, the homografted cells 

did not grow well in the human hosts. The majority of 

such transplantation attempt3 have yielded no indication 

of any growth of the bone marrow homograft in the host (5) 

A few casoshave been reported where some evidence of 

partial growth of the homograft cells was obtained. Mathf 

published a, report of four cases Of leukemia treated by 

this method in which evidence of growth of the transplanted 

cells was seen (21). However, from a therapeutic point of 

view even those cases were failures. The patients appeared 

to succumb to a combination of damage done by the leukemic 

process, the high levels of conditioning irradiation, and 

the immunologic attack of the donor cells against the host 

The complexity of the leukemic process in the patienta 

studied by using radiation and bone marrow prevent a 

clear-cut evaluation of the problem Oj'SUCCCS3fU1 honiologoU5 

bone marrow takes" in humans. Although the largest bulk 

-' 	 of human data on bone-marrow transplants involves patients 

with leukemia, a few cases are recorded of bone-marrow 

traneplantation in relatively normal patients accidentally 

exposed to total-body irradiation. Mathé et a10 (23) 

reported on six Yugoslavian workers exposed to what was 
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originally estimated to be 400 to 1000 rads of total-body 

neutron and jamrna radiation. These figures have subsequently 

been revised to much lower levels. Homologous bone-marroW 

Infusions were performc on five of these patients at 21 to 

6 days following the radiation. There was some evidence of 

a take, but in loss than a month following the bone-marrow 

Infusion all evidence of bone-marrow homograft growth 

disappeared. 

Even though the problem of achieving bone-marrow. 

homografte in humans with presently available techniques Is 

still poorly defined, nevertheless it would appear that the 

results generally have been quite disappointing. 

Studies porformedin primates and dogs further support 

the expectation that long-term bone-marrow homograft 

"takes" will be difficult to achieve In the large mammals 

by use of presently available methods for delivering the 

radiation. (24, 25,  26, 27, 28). Rothberg et al, (24) 

failed to &chiovc evidence of any homologous bone marrow 

takes in chimpanzees after total-body Irradiation. In 

his report, Rothberg emphasizes the difficulties In getting 

hoinograft takes in primates. Investigators in Holland (25) 	
I 

evidently have been able to achieve a reasonable number of 

bone-marrow homograft successes in rnonkeyu. However, the 

majority of their animals died in 1 to 3 weeks after the 
w 

irradiation, presumably as a result of direct irradiation 

damage and the effects of the donOr-Immune cells attacking 
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the host. Working with dogs, Thomas et a].. (26) have 

been able to achieve a fair amount of success in trans-

planting homologous bone marrow between closely related 

animals. In purebred beagles he has managed to get 

homograft takes between mother-arid-son and sister-brother 

combinations,. His results In bone-marrow homografting 

between unrelated beagles have been much more disappointing. 

Only one of a total of five dogs attempted In this series 

showed evidence of growth of the graft (26). This 

animal had preriously been splenectomized, and had received 

ACTH, a large dose of irradiation (1200 r), and a very 

large dose of bone marrow (12.5 billion cells). The 

animal survived 51 days and then succumbed to an Interstitial 

nephrltIa. Cole (2)has been unable to get definite takes of 

bone-marrow homografts In dogs by radiation conditioning 

alone, and has now resorted to radiation plus the use of 

various drugs. Porter and Couch (6) found some evidence 

of homologous bone-marrow takes In mongrels following 

supralethal X-irradiation, but the mean survival, time 

of the dogs treated with homologous bone marrow was 

actually lower than the untreated control group. 

In general, it may be said that the ease Inbone-

marrow hoinografting seen in rodents following total-body 

irradiation has not been experienced in performing this 

procedure in the larger mammals, such as dogs, monkeys, and 

man. Not only has it been very difficult to get bone-marrow 
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homografts to grow between unrelated members of the same 

species in the larger mammals, but the few animals in which 

successful homotranaplants of this type have occurred 

have survived for only short periods of time after 

irradiation. These deaths In the 'successful bone-marrow 

homotranspiants" may have been due In part, to radiation 

damage suffered by nonixnrnunologically active systems, 

such as the gastrointestinal tract, since in general, 

the conditioning radiation dose was quite high in theae 

experiments. 

B. Discussion of the Use of Internally Administered Ieotbpea 

for Selective Irradiation of the Cefls of the Immune System 

Some insight into the problem of successful bone-marrow 

transplantation In mice but concomitant failure of this 

procedure in dogs can be gathered from certain dosimetry 

considerations. 

The LD50  dose for hard X-rays given In a single exposuro 

in mice Is between 400 and 600 r, and that In dogs around 

325 r (29). Many of the successful homotranspiantation 

experiments in mice have been done by usIng single-exposure 	
.1 

doses in excess of 600 r,uoually 900 to 1000 r (30). Dogs 

given this high dosage of hard X-rays as a single dose 

frequently succumb to a radiation-induced gastrointestinal 

syndrome and, in general, show a morbidity which complicates 

the interpretation of the transplantation experiment (31, 32). 
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Thus,9  at least with the use of presently available high-

voltage X-ray machines, we are faced with the inability 

to achieve rapidly delivered high radiation doses to the 

critical immune tissues of the dog because of an apparent 

adverse species difference in radiosensitivity of critical 

nontarget organs, such asthe gastrointestinal tract. 

Examination of the dosage delivered to the bone marrow of 

• 	 mice has furnished us with yet another clue to the problem 

of radiation adequacy". It was pointed outby Spiers as 

early as l9 ,  (:53) that small cavities surrounded by 

bone absorb more radiation energy than similar small 

cavities situated at equivalent depths in the body but 

not surrounded by bone. Consideratior8of this effect, plus 

attenuation of the X-ray beam pasiirig through the thick 

bony cortex of large mamials, have led us to the conoluslon 

that the bone marrow of mice receives over 16% more radiation 

than the bone marrow of dogs given identical exposures to 

a 250-ky  X-ray beam (see Appendix A), It would therefore 

appear that even if modalities were available for administering 

a perfectly homogeneous total-body radiation dosage to 

large mammals we still might be unable to deliver such high 

doses as given to the bone marrow and other tissues of 

the mouse. 

Such considerations have led us to the development of a 

procedure for delivering hIgh doses of radiation with a 

degree of selectivity for the target organs while sparing 

the nontarget organs. 
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The "targot' orgari,in this case, iS the cells responsible 

for the foreign tissue rejection response. It is not 1nown 

with certaintyexactly which cell typc.ia responsible for 

this function. Present evidence strongly suggests an 

association between the lymphocyte and this homograft 

rejection reapone (34, 35, 36,  37,  38). However, 

regardlessof their cell type it is probable that these 

cells are widely dispersed throughout the body. Although 

lymph nodes and spleen probably contain the large bulk of 

the antibody-producing cells, there are probably many of 

those entities outside these organs which carry on this 

function (39, 40). 

Investigators have used colloids of radiogold administered 

parenterally, to selectively irradiate phagocytia cells and 

presumably the immune system (41). The mortality of these 

animals given colloidal radiogold is uninfluenced by the 

admthistration of isologous or homolOgous bone marro,w, in-

dicating the inadequacy of this material for use in 

marrow transplantation studies. The use of colloids for 

destruction or suppression of the Immune response faces two 

main difficulties. First, phagocytosis and the production of 

antibodies appear to be two distinct functions, and the 

cells respon3ible for the latter may not be in close 

proximity to cells responsible for the former (41, 42). Thus, 

destruction of relatively radioresistant phagocytic cells may 

not markedly influence the antibody response (42, 43), SeCond, 
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colloids of different sizes are removed from the blood by 

different components of the RE (reticulo-endotholial) system: 

very large particles are removed in the capillary bed in the 

lungs, ne;t largest by the liver and spleen, and much 

smaller particles are removed by the bone-narrow component 

of the RE system (1id4).  Indeed,rnany tissue phagocytes may 

not even be expo2ed to intravascularly injected colloids 

It is obvious that only a carefully balanced mixture of 

colloids of different sizes could approaoh a uniform 

distribution and irradiation of most of the phagocytic 

cells, and even a.ncler. the 	of circumstances, a large 

number of cells of this type would not be exposed to irradi-

ation. 

Iadioisotopes of elements having a wide distribution 

in the body have also been considered 	Radiopotassium (145) 

has been used in mice for delivering total-body irradiation, 

but since potassium has a rather homogeneous intracellular 

distribution, little selectively of irradiation in terms of 

damaging specific cell types can be achieved. fldiosodium 

on the other hand, in general has a distribution in 

extracellula fluid spaces, and since structures such as 

lymph nodes, which are known antibody-producing centers 

are rich in extracellular fluid, we could hope to achieve. 

some selectivity in irradiating the cells of the immune 

system by use of such an isotope. However, since sodium 
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is cleared slowly from the body, we would have to wait until 

most of the radiosodium had disappeared via its physical 

decay before homografting of cells could be attempted. 

Should hornograft cells be introduced prematurely, they 

could possibly receive a lethal or inhibitory dose of 

radiation from residual radioactive sodium which would 

prevent growth of the graft. These difficulties could be 

avoided by using a very short-lived isotope, but of course 

this introduces formidable technical difficulties. 

The characteristics that we should require in an 

isotope to be administered internally for the purpose of 

preparing the organism for a tissue homograft should be 

as.follows: First, there should be some selectivity In 

irradiating the cells responsible for the homograft re- 

jection response. 	Since thei'e was no known unique metabolism 

carried out by these cells which could have been utilized 

in irradiation of these cell types with absolute specificity, 

we attempted to reach the target cells through some non 

specificmeans which would give us relativespecificity in 

irradiating the cells in question. Since antigens probably 

contact the antibodyproducing cells in some component of the 

extracellular fluid space, we made the assumption that these 

cells must be bathed to a large extent by the constituents 

of the extracellular fluid. If, in general, there is more 

extracellular fluid in the tissues containing the immune 
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cells than in the tIssues not resonsihle for the immune 

response, then we could achieve some selectivity in ir-

radiation of these cells by using a modality which distributes 

itself in the extracellular fluid compartment,, Secondly, 

it is important that the material selected release its 

radiant energy locally, so as to maximize the selective 

advantage of its distribution pattern. Thus, the isotope 

must be either a pure beta or a pure alpha om1tter. A gamma 

emitter would be undesirable not onlybscause of its long 

range intiosue but also because of the radiation hazard to 

attendant per3onnel tending'the animal orpatient during 

the irradiation proceduro Thirdly, the radioactivity must 

be rapidly removed from the body after the irradiating 

procedure so that hornografting may be attempted in reasonable 

proximity to the radiation episodes Fourthly, the isotope 

chosen must be readily available in large quantities in 

a pure form and must have a convenient half life - one 

long enough that it can be read:tly handled without excessive 

physical decay and one short enough to avoid an excessIve 

haardint;he. event of an accIdent, 

No Isotope earns to mind that possessed all these 

characteristics. Y90  chelated with UfPA (diethyline 

triaraine pentaacesic acid), however, fulfilled most of the 

above mentioned criterIa quite adequately (46, 47), DTPA 

Is a chelating agent that in general distributes Itself 



in the extracellular space (46) except for increased renal 

concentration. It Is excreted rapidly from the body in the 

urine as an exponential function of time, with a half life 

in rats of. approimately 35 minutes after a single intra-

venous injection (46). Yttrium isa lanthanide which is  

very strongly bound by the DTPA chelate (4() One of its 

isotopes, Y 90, is 'a pure beta emItter with a half life 

of 64.4 hOurs (4). The beta particles of Y 90  have an 

Emax of 2.26 Mv. and E 	of 0.9 iov. (49). The Y can
mcan 

be obtained in fairly pure forni by beparating it frOm Sr90 , 

its paront coiiipound (50). s 9  is a readily available, 

inexpensive isotope found abundantly in the waste of U235  

reactor piles. The reactions involved are as follows 

Sr90  ----> 	± (neutrino), 

----> Zr9. + 13 4-. (neutrino). 

The zlrconium-90 is stable (49) 

The Y90  chelated with U?A thus represents a material 

which closely fulfills the criteria enumerated previously, 

and it was chosen for the purpose of administering total 

body irradiation for suppression of the homograft rejection 

response. 
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III. THE EXPERIINTAL PROCESS 

• 	A. Preparation of the  90  for Ue in the Dot; 

Introduction 

Several methods are available for the separation of 

Y9°  from its parent material, Sr 9°  (50).  We adopted a 

modification of a technique used by the Oak Ridge Laboratorlea 

which they had found satisfactory for the separation of 

curie quantities of this materIal (51). The procedure 

inVo1ve 	e USC of an organic phosphate (di- (2 ethyl- 

hexyl)-phosphorlc acid) to remove the 	from the Y90-3r20  

equilibrium mixture. Steps are then taken to minimize the 

amount of Sr9°  contamination and to bring the Y90 into a 

convenient soluble form, 

Materials and Methods 

The diagram in Fig. 1 summarizes the essential 

experinental stops In the extraction procedure,, The 

dI-(2 ethyl-hexyl)_phoaphoric acid in toluene is washed 

three times wIth 0,1 normal HC1 to remove any free phosphate 

or other materials readily soluble in aqueous solutions 

40 ml of this solution Is added to a clean 100-mi cOne 

- 	 containing 110 ml of the 3r90-Y90  mixture. The mixture 

is stirred for 20 mInutes ata speed which inoures disperalon 

of the two phaes. The phases are allowed to separate for 

10 minutes, The aqueous phase (0.1 N HCl) contain3 the 
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Organic phosphate + 3r90-Y90  
stirred for 20mm 

Phases, separated for 10 mm 

2. f Aqueous pha8e containing 
Organic phase washed 1 Sr90  allowed to stand 
k x with equal volumes over 1 week before re-use 
of 0.1 N HCJ. j 

614HC1wash 	- boiled 

54 
ResIdue ashod with oono. 
HNO3  or aqua reIa 

Ached residue dissolved 
6. in conc. 1W1 and boiled 

to dryness 

Used in e.xperirnentsfr 7 
Final residuetakcn UP1 

100-microliters samples 
8.. taken In quadruplicate 

for assay 

FIg. 1. 	Procedure for separation of y 	 from Sr90-Y9°  
mixture 
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Sr9°  and is removed. The organic phase containing the 

is washed four times with equal volumes of 0.1 N BC1 to 

remove any 3r90  which might be found contaminating the 

organió phase. In each wash the phases are stirred for 

10 minutes and allowed to separate for 5 minutes before 

the phases are separated for the next wash. The washed 

• organic phase is then extracted twice with equal volume3 of 
oh 	 6,0 N 11C1, stirring for 15 minutes each time. The phases 

are allowed to separate for 10 minutes., The aqueous phases of 

the two extractions are pooled in a 00-ml round-bottom 

flask and belied to dryness., The residue is then ached 

with either concentrated HNO
3 
 or aqua regia until a white 

or tan residue remains. This residue is rediasolvod in 

concentrated HCl and boiled to dryness to convert the 

inorganic salts to the soluble chloride form. The final 

residue is then taken up in 15 to25 ml of 0.1 N HCl and 

this solution is filtered through four thicknesses of No, 40 

Whatnian filter paper. 

Four 100-microliter aliquota are removed for assay, 

Each 100-microliter aliquot is placed in a 5-mi volumetric 

flask contaIning 0.1 N 11C1, Serial dilutions are performed 

independently for each sample until an appropriate con 

oentration for assay is achieved. All dilutions are carried 

out by using 0,1 N HC1 as the diluting fluid, Samples of 

500 nil.orolitere of the final dilution are plated out in 
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steel planchettes and dried. The sample  counts are 

compared to a Nuclear Chicago Sr90-190  eui1ibrium 

mixture standard fitted with an aluminum absorber of 

treater than 200 mg/cm2  thickness to absorb all. the 5r9°  

beta particles. This procedure, recominendc1 by 3. B. 

Gartinkel, of the National Bureau of Standards (52, 53), 

provides for a long-lived atandard (half life of 3r 90  27.7 

years) for a short-lived isotope (half life of Y 90  611,6 

hours) (119).  The assay planchettes are fitted with 

aluminum aborbcrs exactly similar to those used on the 

standard so as to afford comparable attenuation of theY 9°  

beta particles In the standard and the assay samples. All 

counting is done on a Nuclear Chicago gas-flow counter 

fitted with a micromil window having a surface density 

less than 150 9grn/cm2 6  A minimum of 5000 cóuhts is per-

formed on each assay sample with a Btandard deviation of 

1.11% for each count and a standard deviation fOr the mean 

of the counts of 0.7%,  A total variation In counts between 

the four samples of less than 10% was considered acceptable. 

The physical decay ofthe Y 90  was calculated from the 

time of assay to the time of the irradiation procedure by 

the decay 'equation Nt N0et, using > 0.01076, and t In 

hours, 

In preparation of the Y to be given to the animal 

during the Irradiating procedure, the calculated volume of 
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solution is pipetted intb a 1W-ml cone containing 

0.5 ml of a 25 solution of IYTPA plus enough distilled 

water to make a total final volunio of 22 ml. The final 

pH of this solution varies from 2 to 14.  This solution is 

then drawn into a special container, described below, 

whore it awaits use in the irradiation procedure. 

Several technical problems arose in.theuse of the 

procedure outU.nedaböve, two of which warrant discussion. 

We discovered that there was a significant solubility of 

the organic phosphate-toluene organic phaee in the 5.0 N 

HC1 acid phase occurring during tIe extraction step No. 3. 

This resulted in an organic contamlnat.ion.of the :es1due 

• when the 6.0 jj HC]. extract was boiled to dryness (ttep 

• 	No. 14),  Frequently, repeated tiiie-consuming wet ashinga 

of this organic material were required, using concentrated 

HN03 0 In the latter extractions, aquaregia replaced the 

lIM03 , and more efficient removal of the organic contaminants 

• 	was obtained. In all the early extractions, no addition 

of carrier yttrium was attempted and the final product 

was carrier-free. However, handling and assaying or the 

carrier-tree material was associated with many technical 

problems and In later experiments, carrier In concentration 

of 10 mg yttrium nitrate was added to the 6 N HCl used in 

e4ctracting the Qrganic phase (step 10, 3). Prior to the 

addition of the carrier, the molar ratio of DTPA to yttrium 
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was on the order of 10. The addition of 10 mg carrier to 

the 6.0 N HCl extracting solution dropped the molar ratio 

to 101 ., Since it isprobable that increases in the molar. 

ratio of 1Y2A with, yttrium abovol.2:l probably does not 

significantly effect the pharmacology of the chelate 

complex (JYT), we did not expect any changes in the action 

of thematerial in reducing the molar. ratio to 10 1 . That 

this was indeed the case was borne out by comparable 

	

urine and elood clearances of the material at the different 	 * 

molar ratios when it was administered to dogs. 

3. ?hy1ca1 Facilities and d1at1on-ProteCto 

Dovicc, s Uued in Prcpar1n; the Y 90-J)TPA 

Al]. procedures outlined in t 	flow sheet (see Fig. 1) 

were carried out in a 3pecially designed enclosure. This 

enclosure consisted of a main chamber which Is e.;sential1y a 

modified Berkeley glove box surrounded by 1.5 in. of 

lead shielding, with an adjoIning side chamber made out 

of plastic-covered plywood. This side chamber acted as an 

intermediate anechambcr for passage of materials into and 

out or the main chanber. The two chambers are connected by 

a sliding plywood door and a hinged lead door. The inner 

ohaffiber is fitted with three motors provided with disposable 

glass stirring rods. 
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The inner chamber also contains 90-mi pipettes mounted 

on a circular bracket which can be rotated bya control 

located at the top of the box. Each pipette is connected 

to a control switch which allows the Individual pipettee 

to be tilled by manipulations outside the box. All heating 

procedures are performed in a round-bottom flask placed in 

an electric heating sock Inside the box. Gases from both 

inner and outer chambers are exhausted and filtered through 

a standard radioactive exhaust system0 Liquid wastes 

inside the box are poured into an open funnel which connects 

with a gallon jug placed In a separate compartment beneath 

the maIn chamber. The jug containing the liquid waste can 

be processed periodically without entering the main 

-chamber. Dry radioactive waste from the chamber is placed 

into a cylindrical cardboard container and then the 

container is passed into an adjothing compartment located 

behind the main chamber. Here the cardboard container Is 

allowed to fall into a shIelded plastic bag and the plastlo 

bag is thenaied. The sealed, airtight lower portion of 

the bag contaIning the dry radiOactive waste can then be 

• 	 processed in a routine manner, 

4. DiscussIon and Conclusion 

By use of the facilities descrIbed, 20 to 40 curieu of 

3r90-Y90  mixture can be kept In the box and extracted with 

minImal radiation hazard to personnel. The radiation seen 
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• from the outside of the lead-enclosed box Is mainly 

brehmsstrahlung, and amounts to opproxitnatoly 14  to 5 mr/hr. 

Duringtho routine extraction procedure, It is never neooaea1y 

for personnel to be exposed to the full radiation fIeld 

emanating from the doors leading to the Inner chamber. 

The field at thsc doors has not been accurately measured, 

but is in excess of 50 p,1hr. 

More than 35 extractIons of Y from Sr 9°  have been 

performed by using the irotocol described above, The 	: 

efficiency of extraction orY90  from Its parent Sr9°  has 

been approximately 140. Sr 9°  contamination In the final 

Y 90  solution was on the order of lO to lO Sr9PY90  in 

six of the extracts analyzed for Sr 90 . The radlation-proteotion 

protocol devised for the extraction procedure has been 

successful to the extent that personnel involved in the 

procedure have.riever recorded exposures greater than 200 mr/wk, 

The procedure described Is a workable method for producing 

large quantities of Y 90  with minimal contaminatIon by Sr90 . 
90 can be made earrler-free-o-r with carrier in any 

desired volume of solution. A procedure Is described for 	
I 

accurate assaying of the material. The health hazards 

Involved In performing the extractIon procedure have been 

adequately handled by the mothods described, 
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B. Pattern of Clearance of Y 90- lIT PA from  

1. Introducon 	. 	. 

The work of Fói'erwifl (46 .) offers some evidence suggesting 

that the UPA chelate generally has adlstributIon among 

the extracllularflu1ds of the body excluding the cerebro 

spinal fluid. Forernan(46) and Krófl et al. (47) report 

a 8ilnp).e exponential rate of clearance Of the material In the 

rat via the urine following a cingle Intravenous injection 

of C14_labeled DTPA, The half life of this exoretion is 

short, aniouñtlng to approximately 35 minutes in the rat.. 

The IITFA appeared to be metabolically &nert, being excreted 

exclusively as the unchanged VPPA with no evidence of 

breakdown or modification by the body. Toxicologic studIes 

In rats (46) Indicate that when lIPPA Is administered in 

dosea greater than 62.5 mg,4g body weight/day hydropic 

• degeneration Is noted In the renal tubules. These changea 

appeared to be reversible upon cessation of administration 

of the drug. 

The following studies were performed to see whether the 

carrier-tree Y go_  DTPA prepared by us (Sec. III A) of this 

report) was cleared from the blood by the kidneys in a 

* 	 fashion similar to that cleacribed fOr C 14 labeled Ca-DTI'A, 

and to further extend the observations on the excretion 

patterr of this material from the body. A study was also 

perfoed to détérmine the nature of the Y 9  rm 	 -DTPA appearance 

and clearance characteristIcs from the lymphatic fluid. 
.. 
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2 Materials and Methods 

Carrier-free Y. extracted in the manner outlined in 

Sec, III A was chelated with an CXOOBS of DTPA (molar 

ratio greater than 10:1) and gIven to purebred beagle dog6 

between 6 months and 2 years of age by single Intravenous 

injectIon. Multiple blood and urine samples were taken at 
different times after the injection. 

The thoracic dueL of adult Long-Evans 8train rats 

were oannu].ated by Dr. John Schooley of the Dormer 

Laboratory (54). Both jugular veins of these rate were 	 - 

exposed and the Y90-JYrPA solution was Injected into the 

right jugular veIn. Multiple samples of blood and lymph 

were taken from the left jugular vein and thoraclo duct 

at Intervals following the injection. All samples were 

plated on stainless steel planchettee, dried, and counted 

in a Nuclear Chicago gas-flow counter using a micromi]. 

window. 

3, Results 

Figure 2 shows a typical blood-cloaranc curve and 

cumulative urine-appearance curve obtained from a beagle 

dog following a single Intravenous Injection of Y90- 
90 DTPA, The concentration of Y Is plotted as the ordinate 

on a aemilog scale, and time after the Injection of the 

material Is plotted on the abscissa. The blood clearance 

curve for the first 7 hours alter the InjectIon of the 



Y90-DTPA can be broken down into two simple exponential 

components, given by the equation 

Concentration • Ac - + Be 

Thévalues for , 	and B can be obtained by extrapolating 

to time zero the linear portion of the curve determined 

between the 3rd and 7th hours postirradiation. The intercept 

of this line with the ordinate gIves a value for B. and from 

the slope of the line the value of 	can be determined. 

By subtracting the values of this line from the observed 

values on the curve we determine a second line whose 

intercept with the ordii.rnte is A, and from its slope the 

value of 	can be determined (see Fig, 2)0 

The exponential function of Ae1t  is interpreted to 

represent the phase of mixing of the Y90-DTPA in the fluid 

volume it will come to occupy. The t 1/2  of this first 

exponential function varied between 7 and 15 minutes In 

the various experiments performed. This Indicated that 

this mixing phase is quite rapid and Is essentIally complete 

1 hour after intravenous Injection of the activity. The 

function B exp(-) 2t) is interpreted to represent the 

actual removal of the Y 90-UPPA from the body. 

The curve on the right of this figure depiots the 

cumulative clearance of the Y 90  activity from the body via 

the urine, It Is readily seen that this takeb the general 

form of the blood clearance curve. Both the absolute amount 

and the rate of urinary clearance of activity correupond 
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closely to the amount and rate of clearance of activity 

from the blood. This parallelism, plus the fact that 

more than 95% of the total amount of injected material has 

been excreted in the urine within 7 hr after injection, 

clearly identifies urinary excx'etion as the major route 

of loas of Y90 -711 PA from the body. 

• 	Analysis of data similar to that presented in Fig. 2 

indicated that the Y90.-.DTPA distributed itself in a cal-

culated body fluid space larger than that occupied by the 

extracellular fluid space alone. On the assumption that 

specific concent'ation of the Y 90-DTFA did not occur in 

any tisfiuC, the fluid volume in which the Y 90-PA 

equilibrates amounts to 30 - 40% of the body weight. 

Foreman (146) found that the equilibrium volume of carbon 

114-labeled calcium DTPA, assuraing no specific tissue 

concentratIon, amounted to approximately 30% of the body 

weight In the rat. That the assumption of uniform distri-

bution of Y90-DTPA withOut specific tissue concentration is 

only approximate is suggested by the tissue distribution 

studies presented in See, III D of this report. 

Figure 3 presents the results of a typical experiment 

In rats, showing the appeo.rance of activity in thoracic duct 

lymph and blood plasma 'ollowing an intravenous injection 

of DTFA. It can be seen that the activity in the lymph 

rises sharply after the injection of the activity 1  reaching 

and surpassing the level of Y 90-DTPA activity In the plasma 
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After about 10 mm. The rate of clearance of activity 

from the lymph aftr thi9: time  cibsely pirallels the clearanGe 

from the plasma. That the activity in the lymph is somewhat 

higher than the activIty in the plasma is to be expected. V 

fromthemode of clearance of the activity from the plasma, 

Some of these differences may also be a result of simplifi 

cations in data plotting. 	 V 

4., Discussion 

Plasma clearance after a single intravenous injection of 

Y90-JYPA prepared according to the method given in Sec. I 

can be described as the sum of two exponential prooe3ses. 

These processes are rapid equilibration of the material in 

the body space It will eventually come to occupy and the 

rapid excretion of the material from the body va the 

urine. Soon after intravenous Injection of the Y9 1Yr11A 

activity appears In the lymph and rapidly reaches levels 

V 	 of activity comparable to those in plasma. This rapid and 

nearly complete excretion of the material from the body is 

advantageous In that it permits rapid removal of the 

isotope from the body after the irradiating procedure is 

terminated. However, this also makes It difficult to 

achieve the constant levels of actIvity  for a precribec1 

time period that are necessary for accurate doelmetry In an 

V 	 irradiating technique. 	 V 
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C. The Irradiation 1 1rocodur3: intravenous Reey1in of 

Urine for the r4aintenance of Constant Levels of Y90-

PA in the Body for Prescribed TimePeiod 

. 	fltrOdUCtiO 	 .. 	 . ' 

It is apparent from con&iderations of the rapid 

removal of Y99-DTPA from the body via the urine (as 

described In Sec. III B of this report). that, In order 

to achieve 'a constant level of radioactivity In the tissues 

during an 1rra'iiting procedure, one must have ,a constant 

infusion of the Y 90-TPA Into the body at a rate'equai to 

its rate of.excretion. Calculations indicated that this 

would require extraordinarily large quantities of Y90 -DTPA 

in order for effective quantities of radiation to be 

delivered. It would also require 'continual assaying of the 

urine and blood during the procedure to determine the'amount 

of activity in the body at .a given time. Such a procedure 

should be appliea.ble in man, but did not appear to lend 

itself to ready performance in the large number of animal 

experiments necessary to establish the values of the, 

technique,  

The problem of infusing the material at .a rate exactly 

equal to its rate of excretion appeared formidable 1  but 

an audacious yet simple solution made itself obvious. ' If 

we could continuously reinfuse intravenously the Y 90-DTPA 

excreted in the urine as it was êxoretéd, the rate of Infusion 

would by necessity equal the rate of excretion, and a constant 
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level of radioactivity in the tissues of the body could 

- 	 be obtained. This seemingly unprecedented concept 9  upon 

-- 	 further evaluation, indeed had some precedent. Zondek 

and Black gave large amounts of urine parenterally to mice, 

rats, and rabbits and noted no toxic effects (55). In 

their article referenco 18 also made to benign effects of 

urine administered intramuscularly In humans, Many reports 

attest to the innocuity of urea; Indeed, at present 

intravenous urea infusions are used as a diuretic in con-

trolling ascites in humans (56). Although the kidney 18 

the critical organ in controlling fluid and electrolyte and 

acid-base balance, it is probable that the body ôould 

compensate for a brief disruption of renal function. This 

gainu support from the clinical observations in anuric 

patients, who show few clinical signs of illness during 

the first few days of anurla (57). 

It thus seemed plausible that disruption of normal 

urinary excretion by intravenous urine recycling would. 

probably be well tolerated for short periods of time. 

It was then hoped that continuous intravànous Infusion 

of urine would Indeed produce constant levels of radioactivity 

in the body during -the recycling procedure. 

2 Materials and Methods 

Figure 4 18 a schematic representation of the urine-

intravenous recycling system. The iog's urethra Is catheter 

ized with a No, 8 or a No. 10 dog, urethral catheter. This 
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catheter has numerous openings along the distal 5 Inches of 

Its length to allow for drainage of the bladder from 

alternative openings in the event that the main apertures 

become occluded during the procedure. The urine then 

flows through a blood filtration cartridge, A. by virtue 

of decreased Intraluminal pressures created by the milking 

action of the fingers of a aigmamotor pump, B. The urine 

is then pumped through a second blood filtration cartridge, 

C, and from there passes into an intravenous Indwelling 

polyethelcne tube In the animal's right forepaw. Irradiation 

is begun by placing Clamp D over the tubing and opening 

clamps E and F leading to the specially designed Y 90 DTPA 

container, thereby forcing the urine to be pumped through 

container U and thus washing the radioactivity Into the vein. 

The construction of container G,along with the details 

of its use, are depicted In Fig. 5. The.contaiher is made 

- 	from.a 2-oz jar with four pieces of polyethylene tubing 

extending into the Jar through holes drilled in the lid. 

Three of these pieces of polyethylene tubing extend to the 

bottom of the Jar, the fourth just protrudes beneath the 

surface of the lid. An airtight seal around the pieces of 

polyethylene tubing and lid of the jar Is effected by a 

polyepoxy resin which is poured Into the upper portion of 

the Jar during its preparation. The Jar Is placed In a 

close-fitting plastic contaIner, which Is then placed In a 

brass container to assure adequate shielding. 
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The 	is prepared as described in Sec. III A 

and is placed in a 40-mi cone inside, the inner chamber of 

the extraction box, The Jar with its shielding is placed in 

the antechamber of the extracting box described in Sec. III A. 3, 

and the tubiri (1) in Fig. 5, fitted with a piece of stainless 

steel tubing, is passed through the door connecting the two 

chambers into the inner chamber where it is placed into the 

bottom of the cone containing the Y90-PA. Line 4 (Fig. 5) 

is fitted to a syringe, and upon withdrawal of the plunger of 

the syringe 	Jar is evacuated and the DTPA is drawn into 

the jar. Once the isotope is within the inner Jar lines 

No, 1 and No, 4 are sealed. The container is sealed and 

transported to the area where the animal is to be irradiated, 

where lines 2 and 3 are attached to the recycling tubing 

unit just distal to clamps E and F (Fig, 4). 

Consideration of the rapid clearance of Y 90-TPA, its 

excretion in the urine, and subequont high concentrations 

of radioactivity found in the urine led us to induce a 

diuresis during the irradiating procedure. Since the 

rate of excretion of the DTPA is independent of the volume 

of urine produced, we felt that an increase in the volume of 

urine, production would effectively decrease the concentration 

of 190-U2PA in this fluid and consequently decrease the dose 

of radiation to those tissues intimately associated with 

urine production and excretion. To achieve thodiuresia, 
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-rtz :Intra.venous mercuhydrin, urea, and dextrose 

infusions were 'used. 	It was soon discovered that 

Intravenous mercuhydrin could be deleted from the regimen 

• without seriOusly effecting the diuresis as long aB.the 

water and osmotlo diurecis rrovided by the urea and dextrose 

solutions were optimal. All experiments described In this 

section were performed using a 500-mi Intravenous Infusion 

of 30'g urea in 5% dextrose and 0.2% Na'C1solution to 

initiate a diuresis before the administration of the 90 

1YPA. Urine outputs of 7  to 15 ml/min were obtained by 

using this procedure throughout the time of the recycling 

phase. 

Purebred male beagle dogs 6 months to 2 years old 

were used in all experiments. Experimental animals were 

kept under light nombutal anesthesia during the entire 

process, 

During the recycling proCedure the animal is placed in 

a specially modified Berkeley box, Fig, 6. He is suspended on 

a plastic hammock with, his legs protruding through holes in the 

plastic. 	 . 

The recycling of thà urine containing the Y90-rPA Is 

continued for 6-hr, after whiCh the recycling Is stopped 

and the excreted urIne ±8 collected In a large Jvg for 2hr. 

Following this the animal is placed in a ópeclal holding 

cage, FIg. 7, where he is allowed to freely excrete the 
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radioactivity remaining in his body after the end of the 

procedure. (These fiberglass cages were designed by 

Dr. A. C. Andersen of the University of California, Davis, 

and manufactured by the Kirschner Manufacturing Company, of 

Vashon, Washington. We have modified them to suit our 

purposes.) The front of each Cage unIt has been fitted 

with a feeding tray. The tray containIng the food and 

water pans can be pulled forward and the food and water 

can be added without entering the contaminated inner cage 

The cages are periodically washed with a high-pressure 

hose and detergent, and the liquid waste from the Individual 

cages is drained Into a 100-gallon metal container beneath 

the cage. (The accumulated radioactive waste In this 

large container Is weekly pumped Into large double-walled 

140-gallon drums and the liquid waste Is made Into concrete 

and disposed of In a routine manner.) 

,. Discussion of Re suits 

Figure 8 shows a result obtained from experiments 

performed in the manner outlined above. The figure 

represents the relationship of plasma activity with time, 

dux-'Ing and after the recycling procedure. The plasma, 

activity level varied somewhat around a constant level during the 

recycling period, and in this experiment the recycling was 

stopped at 6-112 hours. It Is obvious that the urine recycling 
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does provide for the maintcnance of high levels of activity 

in the body for a specified time. After recycling is 

stopped, the Y905.SDTPA is cleared.from.the body during the 

first 24-hr postirradiatioii period as an exponential 

function with a half time in this experiment of approximately 

100 mm. After the first day there is a break in the curve 

and the small amount of remaining activity 18 cleared from 

the plasma at a much slower rate. The urinary clearance 

of the Y90 .DTPA after the termination of urine recycling 

is reasonably constant in the different beagle dogs used in 

this procedure. In 12 dogs, the mean clearance constant 

was ?' 0.00808 min with a stan1ard deviation of O.00233m1n 1 . 

We can thus say that the equation Nt = N0et accurately 

describes the clearance of the Y9 clearance from the body. 

or the dog during the fir8t 24 hours (Nt  total amount of 

radioactivity remaining in the body of the dog at t hour8 

after cessation of the urine recycling, N0  total amount 

of radioactivity in the body at the instant the urine 

recycling 18 discontinued, = 0.00808 min, t time in 

mm). Thus, the radioactivity remaining after 24 hr in they 

body of the animals if this rate of clearance remains steady 

during, the first 24 hr is <0.005,  This result is encouraging 

in view of the desireability of minimizing the level of 

residual radioaotivity in the body present 24 hr after the. 

radiation 	. . 	 . 
. 	 .. 	 . 	 . 
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Table I. 	Urinary excretion oontant8 for Y90 "IYPPA following 

intravenous urine recycling 

Urine Time (t) Portion of 
Dog of urine given dose in excretion 
niunbez' collection urine at t oonstan1 

• 	 (mth) () (rninj 

x-43 120 55,9 10068 

X..50 120 61.8 100800 

x48 120 60.2 .006 

• 	 2 A 110 52.3 	. .00673 

X-49 1)5 	. 6'.k 	. .00830 

w-8 .135 76.2 .01067 

120 	. 80.2 ,01350 

W-9 135 58,2 .00644 

R.-.10 135 .: .51.5 . 	 .00533 

135 51.5 .00533 

W7 135 70,3. . 	 .00896 

R-12 120 67910 .00925 

x 	- -- .00808 niin 1  - 

Sx .00233 min1 
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To date 48 dogs have been Irradiated by this procedure. 

All dogs receiving sublethal levels survived the procedure 

itself. The first 24 hr after the recycling procedure, 

the dogs are somewhat hypoactive, owing to the prolonged 

nembutal anesthesia. However, even during this early period 

they usually eat and drink well. In subsequent days, the 

animals appear and act perfectly normal • The oldest dog in 

this series has béén exposed to two urInerecycling procedures 

with low levels of Y90-rPA, 15 months and 6 months prior to 

this writing. He appeare normal in all respects at this 

time. 

The use of the equipment and procedures described under 

Materials and Methods has kept personnel radiation e:posure 

well below the maximum permissible occupational dose allowed 

by the Atont10 Energy Commission. When 200 to 500 inC of 

is being. given to the animal, only 5 to 6 mr/hr is 

noted at the surface of the lucite front of the irradiating 

cave, When this 'amount of actIvity 18 being given to the 

animal, 1 to 2 r/hr Is noted at the portholes of the cave 

when the porthole covers are removed. At the end of the 

urinary recycling period and after the dog's urine has 

been co1lectcd inside the irradiating box for 2 hr, the 

dog has 3 to 6 r/hr coming from h13 body 8urfaoe. By 

24 hr afte: the irradiating procedure the animal' has 80 

thoroughly excreted the activity that, approximately 

/ 
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50 to 200 mr/hr is noted at his body surface (much of this 

repro sents contamination of the animal 's fur). On the 

second and third days postirradiation, the radiation at 

the body urCac ol the uo; is usually 10 to 25 mr/hr. 

Usually by 2 weeks postirradiation, the dog shows no evidence 

of contamination with radioactive material, and can be 

treated as a nonradloactive snimal if desired. 

4. Conclusions 

A prure has been described which achieves relatively 

constant high levels of activity in the body during a 

specified period of time with subsequent single exponential 

clearance of more than 99 of the material from the plaama 

during the first 24 hr. These features provide a relatively 

simple basis for dosimetry estimation. The low levla of 

radioactivity remaining in the body one day after irradiation 

should not be sufficient to damage tissues transplanted after 

this time. The urinary-intravenous recycling procedure is 

benign and appears to produce no clinically evident acute 

or chronió malfunction. 

• D.  ' Tissue Distribution Patterns of Y90-DTPA During 

Intravenous Urine Recycling: Dosimetry Conslderatlon8 

1, Introduction 	 - 

In the preceding section a characteristic curve of 

activity in plasma during and after the urine recycling 



procedure was pc'ented (L'IL 8). bince the ordinate of this 

curve represents counts per unit time per ml of plasma, and 

the abscissa represents time, it.is obvious that the area 

under the curve obtained is a. measure of the total number 

of "ounts" or beta particle 
I 
 s releasd 'in a ml .of,  plama. 

Since the'average energy of the Y 90  beta particles is known 

(0.90 Mev) (49), we can determine the energy of all the 

beta particles released in a ml of plasma. If we assume 

that equilibrium coriditiDns prevail, then the number of 

beta particles losing their energy in the ml of plasma is 

equivalent to the number of beta particles origiria.tlng 

In the same ml of plasma. The amount of energy released in 

the unit volume of plasma In question equals the product of 

the total number of beta particles released and the average 

of each beta paticle: . 

E1 

	

[

t=o 
i aY9° )dt] [9o] 

where. 

Erei = energy release'i lit a unit volume of pla8xna, 

a(Y90 ) = disintegrations per unit time due to Y in 

unit volume of plasma 

90 90 	average energy of 

The value of f (y9O)dt can be estimated from Fig. 6 as 

follows. Durin. i.e time of, recyclIng (0 time, to the end 
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of recycling) the area under the curve equals the average 

activity (in disintegrations per unit time) in the blood 

during this time, .times the time of recycling. After 

recycling has been discontinued the curve Is essentially a 

simple exponential for the next 24 hr, after which only 

negligible levels of Y90. are left In the body. [Blood 

activity levels at the end of 24 hr are less than 1/1000 

of their values during their recycling phase. The maximum 

number of beta particles discharged in the plasma by the 

residual Y after the first 24 hr represents less than 0.08 

of the total number of beta particles discharged. during the 

go 
fixst 24 hr, assuming, at worst, no further excretion of 

(i.e., the remaining Y 90 7 decaying by Its physical half life 

of 614.4  hr). . Thus, more than 99 of the dose is administered 

duringthe,  first 24 hr after recycling. 	Since the c1eaa,nce 

of Y from the body during the first 24 hr Is essentially a 

simple exponential function, we can estimate the nurnbe of 

beta particles released In the body after the recycling 

procedure is complete by multiplying the mean excretory 

time (ct) by the blood activity levels at the end of the 

recycling phase (corresponding to the beginning of the 

excretory phase): 

f 
t(y9O)dt 	[T] [a(Y 9° )o] 
tee_ 	. 	. 	. 

whre: 	 . 	 . 

mean excretort time (in mm), . 

a(Y90 )o plasma activity at end of recycling (In dpm). 
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ince the disiritegrations/mn per ml of plasmaat the bethniiig 

of the excretOry hase is ap.roximateiy equal to the average 

disinteratiOn/:in per nl ófplama duiing the recycling 

phas; the Oquation for the total number of particles 

emitted perinl of plama becomes 

t = end o recyôling t 
I 	a(Y90)dt = f 	a(Y 0 )dt 	+ I 	a(y90 ) dt 

t=O 	 t = 0 	 t= end of 
recycling 

= 	 ][T re C] + [a()] [ r1 
where 

= average plasma activity during recycling (in 
dpm), 

Trec 	=. time of turine recycling. 

This is equal to the shaded retangular area shown in Fig. 8. 

The total amount of energy released in a ml of plasma, then, 

is 

= [a)] [T 	IE1] rec 

This expression may be used to calculate the total energy 

released per nil of plasma (and asuining equilibrium state, the 

amount of energy absorbed in ami of plasma), when the 

recycling procedure described in the preceding section is 

used. 

If there were a constant ratio of activity in a given 

tissue to the activity in plasma, we could then determine the 

amount of energy re leased per grain of tissue by formulating 
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a simple ratio 

ET 	trel' 

• 	 where: 

energy released in a gram of a given tissue, 

ratio of activity in a gram of tissue to activity 

in 1 ml of plasma, 

energy released in 1 ml of plasma. 

Thus, if the ratio of activity in 1 gram of tissue to the 

activity in 1. ml of plasma, the average level of plasma 

activity, the time of recycling, and the mean clearance 

time were known in a given experiment, we could etimate 

dose to the individual tissues of the body. In addition, 

if there were a constant rclation3hip between the average 

plasma levels of activity achieved and the total amount 

of injected material, we could further estimate dose on the 

basis of the amount of activity injected, without having 

determined specific plasma levels in a given experiment. 

Close control of the dose administered can therefore be 

obtained by initially performing the irradiation procedure, 

using tracer levels of Y 90-DTPA on each animal (or man) 

and determining the level obtained in the blood when a 

given dose is administered and the mean excretory time (T) 

for the individual animal or man. The doue could then bo 

controlled by modifying the recycling time or the total 

amount of activity injected. 
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In ordorto simplify dosimetry in dogs, we have 

developed a standardized radiation procedure. Urine re-

cycling is maintained for 6 hr on all dogs. Since the 

rate of urinary excretiän of the Y90-DTPA after recycling 

was fairly constant in a series of dogs studied (see Table 

I), the value for the mean excretion time was taken as 

124 min 	 in the docirnetry calculations for 

all dogs. The total number of beta particles released in a 

cubic centimeter of plasma then becomes equal to the product 

of the moan activity during recycling (in disintegrations 

per mm) and the mean effectiVe radiation time (i.e., Tree 

484 mm), Variations in dosage to tissues then can 

be effected in this system by modifying the dose of Y90-DTPA 

administered. 

The following work was performed to evaluate the 

cricital parameters listed above, in order to provide a 

basis fOr tissue dosimetry with the radiating procedure 

described in the preceding section. 

2, ?Iatorials__andNethods 

Purebred male beagles were irradiated by the procedure 

outlined in the preceding section in a manner ana1ogou to 

that to be uced for the proposed supralethal irradiation 	 -. 

90  experiments, with the exception that tracer levels of Y- 

PA were employed. The animals were killed, after specified 
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periods of urine recycling, with a large dose of nembutal 

given intravenously. Deo.th was almost in3tantaneOUo. 

The animals were autopsied immediately. The animals' 

tissues were sampled in.. triplicate and placed in stainless 

steel radioassay planchettes. Ueight or individual tissues 

were determined by subtracting the tare weights from weights 

of the planohettes with tissue. The tissues were then wet 

ashed by adding fuming nitric acid to the planohettes and 

slowly heating under an infrared lamp for approximately 

12 hr. The planchettes containing the ashed tissues were 

then counted in a Nuclear-Chicago gas-flow counter with 

miàroznil window. Absolute assaya or the Y were performed 

as described in the foregoing sections. 

3. Results 

The various tissues in 10 dogs were asaayed for 
90 

activity after 3 to 4 hr of urine recycling of Y 90-DTPA. 

Table II lists the average ratio of activity per grant of 

tissue to activity per ml of 1)lasrna in the number of 

experiments noted. Next to the average values for the 

- 	tissues in question are listed standard deviations of the 

individual tissue values from the mean. Dogs done in a 

different series and sacrificed, after 6 to 8 hr of urine 

recycling gave results substantially the same as those 

given above, indicating that the distribution pattern seen 

in these dogs is a stable one and remains essentially unchanged 

during the recycling phase. 
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Table II, Ratio of Y 90-JYE'A activity in tissue to plasma 

(cpm/gm:cpm/ml) during urinary recycling and dosimetry 

estimates0 

Estimated 
radiation 

Mean ratio dose in 
of activity tissue per 
in tis8ue Standard C/m1 of 

Number of to plasma deviation plasma 
experiments (cpm/grn: of mean (rada ± 1. 

Tissue performed cpm;ml) ratio S.D.) 

Lymph node 10 0,1489 0,068 7.56 ± 1,05 

Thynius. 2 0323 -- 4,99 ± 

Spleena 7 0,260 0,097 >4,02 * 1.50 

Bane 6 0,281 0,061 <4.314 ± 0.94 
marrcw 

Surfaceof 
bonemarrow 
cavity 

Gastric 
mucosa 3 0,534 0,128 8.261 1198 

Ileum 7 0331 0112 5,12 .± 1.73 

Colon 	. 3 0,1463 0,130 7,16 ± 2.01 

Salivary 
1ands 14 0,299 0,114 4.62 ± 1,76 

Pancreas 14 0,194 0.028 300 ± o.4 

Liver 7 0.295 00Q84 14.56± 1.30 
Bile 4 0,2,57 0.207 5,97 ± 3.20 

Feces 4 1.013 0,926 15.66 ± 14.32 
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Table II -- continued 

Renal cortex 7 1.888 0.692 29.19 ± 10 , 70 

Renal medulla 7 1.161 0.250 17.95±3.87 

Bladder wall. 14 0.957 0.384 114.80 ± 5,914 

Urirte 7 4.028 2.490 62.27 ± 38,49 

Lung 7 o.64i 0.117 9.91 ± 5,94 

Heart 7 0.253 0.076 3,91 ±1.17 

Adrenal 14 0034  0,051 5.16 ±0.79 

Thyroid 14 0.328 06083 5.07 ± 3.28 

Spinal cord 7 0.024. 0009 0,37 ± 0.114 

Spinal fluid 6 .0,034 	•. •0.008 0.53 ± 0,12 

Bone 3 0.102 0,010 1.58 ± 0,15 

Tracheal 
cartilage 14 0.1495 0.085 7,65 ± 3031 

Skin 	. 7 	. 0 .531 	.0.094 8.21 ± i.145 

Fat 	. 7 0.2140 0.176 3.71 ±2 0 72 
sa1 

7 0.391 0.072 2.95 

Testis 14 	. 0.156 0.077 2.41 1,19 

AqueouB humor 14 04069 	. 0.013 .1.07 ± 0.20 

aAeBayed after blood drained from pulpj thu8 do6imetry repre8ent8 
a lower limit because of the loBs of Y90-D'rPA-rich plasma 
prior to radioassay. . 	. 
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The last column in Table II repreuents an estimation 

of the radiation dosage delivered to the various tissues 

for each tC of Y90 DTPA found in a ml of plasma during the 

recycling procedure. The calculation assumes that an 

equilibrium state exists in each tissue, an assumption 

that i& only approximate in tissues having small dimensions. 

It is obtained as follows: For each i.C/rnl in pla8ma 15.5 

rads is given up per ml of pla8ma during the entire 

irradiation procedure [2.22 x 106dpm/p.0 x 1484 mm (effect.ve 

radiation time) x 0.90 Mev/diointogration X 1.6 x 

10_ 6  erg/May x 10 2  rad/er]. The estimates of rads 

given up per gram of tissue, then, is this number times the 

experimentally determined ratio of activity per gram of 

tissue to activity per ml of plasma. 

The first group of tissues listed in Table II are 

those associated with lymphppoiesis and hematopoieais. 

Because of the large body of evidence indicating that 

lymphatic structures and prImarily lymph nodes contain the 

cells responsible for the tissue hemograft rejection response, 

we were interested in delivering high doses of radiation to 

these.tissues 	35, 36, No  8). The lymph nodes showed 

high levels of activity In all experiments, and the estimated 

radiation dose delivered to these structures ranked high 

among the various tissue8 of the body. The spleen probably 

receIves a dosage in excess of that shown in the table, 

because of the variable amount of blood found in this organ 
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when the dog is alive. The deage estimate given for the 

spleen is a minimal one because the tissue was assayed 

after the blood had been allowed to drain from the pulp. 

The estimation Of dosimetry to bone marrow by an internal 

beta emitter posses many problems. In the other soft 

tissues of the body, cells at the surface of the organ 

are being bombarded by beta particles arising from the 

body of the organ as well as beta particles arising from the 

adjacent soft tissues and connective tissues.. Thus, for 

example, t cells at the surface of a lymph node adjacent 

to ukih would receIve a dosage intermediate between that 

of the equilibrium dose in skin and the equilibrium dose in 

the center of the lymph node. In the bone marrow the cells 

on the outer boundary of the marrow adjacent to the bone 

receive a flux of beta particles from only one side a  i.e., 

from the marrow cavity. The bone itself contains little 

Y90-DTPA, and it effectively shields out the beta particles 

arising in the soft tissues on the outaideof the bone, We 

* 	 may roughly estimate the dosage to marrow cells lying on the 

bony cylinder surrounding the marrow cavity as approximately 

1/2 the equilibrium value in the center of the cavity, i.e., 

1/2 'of 4I1  rads/p.0 'per ml of plasma, or 2.17 rada/ILC per 

ml of plasma. The preseice of bone trabeoulae in the marrow 

cavity fur'ther complicates estimates of radiation dose to the 

marrow. 



The next group of tissues i representative of the 

gastrointestinal tract. Initial experiments mring 

the level of Y-PA in the ilium indicated that the 

gastrointestinal tract would receive approximately 1/.3 lcs 

radiation than the lymph nodes. Ho'zever, further cxpornins 

demonstrated that certain tieuez of the 	stroirtcrtinctl 

tet contained a selectively higher concentration of the 

than did the ilium, $pecifically, the gastzic 

mucoa near the pylorue received somewhat higher and the 

colon slightly lower dosage3 than lymph nodes. In addition, 

certain stool samples were found to contain higher con-

centration of Y90-DTPA than the plasma. These findings 

indicated that the GI mucosa may actIvely secrete a small 

amount of Y20-L/IPA above and beyond that appearing in 

the t3tools by passive diffusion during the DTPA chelates' 

equilibration in the extraceilular body fluids. However, 

this result nay simply reflect selective water rcsorbtion 

by the colon iith subsequent concentration of the unre- 

sorbed Y90-?A. The salivary glands, pancreas, and liver 

did not show any remarkable concentration of the radiatin 

material. 

As was e.::pected, the tissues of the urinary system 

received high radiation exposures. The renal cortex 

contained higher concentrations of the Y 90-DTPA than did 

53 
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the renal medulla, suggesting that the material may be 

actively secreted bythe proximal ordistal tubulee The 

concentration of isotope in the urine was quite variab2e-

because of the varying diuresis obtained in each dog and 

the subsecuent variation in renal oonoentration 

It was interesting that the lung receives a significantly 

high radiation dosage. The desirability or undesirability of 

this effect is difficult to assess. The lungs are a 

reticuloendothelial bed of asort and are known to 

phagooyte inhaledpartioulate matter and to trap infused 

leukooytes that Md been manipulated in vitro. Their role 

in the complex process of antibody formation is difficult to 

evaluate in humans but they have been shown to be a 

significant source of antibody in the rabbit (59)0 

Irradiation of lung tissue may be desirable in preparation 

for bone marrow homotranspiantation. 

The heart receives a relatively low radiation 6ose 

Both the adrenal and the thyroid glands receive at 

significant but not unusually high radiation dose. 

It has already beenreported (46) that DTPA is not 

found in.the cerebrospinal fluid after a single injection 

of this ohejate, Even with the sustaIned blood levels of 

the Y90 t1PA complex obtained in these experiments 4  the 

chelated yttrium Is not found in appreciable amounts in 

7/ 

/ 
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the cerebroepinal fluid or the sub8tance of the apina]. cord. 

We may conclude that the blood-brain barrier repre8ente an 

efficient though probably incomplete deterrent to the 

pauage or Y90-DTPA, 

90 IBone io found to contain uivall quantittee of the 

I/EPA after 3 to 4 hr of eustaineci lcve3.e in the blood. 

Tracheal cartilage containe a 3igniticant level of 

activity under these conditiori. Theee findinga probably 

r.flect the di.fterence3 in the rate of equilibration of 

extrace).luiar materiale in the extracellular water of 

cartilage and bone (Go). 

Skin containB rea3onably high levels of the chelat 

complec, probably related to its extracellu].ar fluid 

content, although some 3peciflc mechanisin for holding the 

znateria2, may be operative. 1at and okeletal muecle are low 

in activity. It is cignificant that the testes receive low 

radiation expouureo in thia procedure. Aueoua humor alao 

hai3 low eonceritratjone, probably reflecting some inability 

of this material to pane by the cl1s of the anterial uveal 

tract. 

4. Dieuks3ion 

In general, we may conclude that the dietribution of the 

Y90 IYi'PA Ic complex. Although it generally may be thought of 

au having an extracellular fluid diutri.bution, many tiaauea 
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contain oonentrations ofthi8 material that cannot be 

explained simply on the basis of their extracellular fluid 

content. The lrniph nodes, representing one of the primary 

targets for the radiation, do indeed have large concentrations 

of the ohelate complex. The urinary Byatem receives high 

doses of radiation but Bince it is relatively radio- 

resistant this is not prohibitive. The present evidence 

Buggeets that the human kidney can receive up to 2300 r 

before lasti 	damage becomes obvious (61, 6, 63, 614,  6510 

66, 67,  68). The bone marrow, because of its encasement in 

bone, receives re1atve1y low radiation exposures However, 

the role of the orythroblaats, myeloblaets, and megakaryo. 

cytes in antibody produàtion are questionable. Other. 

elements such as lymphocytes, plasma cells, mononuclear 

cells and reticulum cells, found in the bone marrow to 

varying degrees may be significant in the homograft-

rejection response. Central nervous system elements, :. 

muscle, and fat receive notably lowlevel8 of radiation. 

It the majority of the gut receIves radiation exposures 

similar to that calculated for the ilium, then we may aay 

that target organs such as the lymph nodes receive 

significantly higher dosage upon use of this procedure than 

does the gut. However, the higher concentrations seen in 

the gaatrio muoosa and colon loud the issue. It thus 

beaomeu difficult to evaluate the effects of this procedure 

on the gut from these dosimetry calculations alone. 
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We can estirnateHthe dosageto various tissue:a in a given 

experizuent simply by multiplying the values obtained from 

the .:last column of Table II by the average blood levels 

obtained duririg...the 6-hr recycling period., .However,:.the : 	
2 

performance, of multiple blood sampling in the large number .. 

of experiments'rieeded to analyze the parameters of this 

proóedure represents a formidable: task. It would be 

convenient to be able to estimate dosimetry to various tissues 

solely on the bas.; f dosage of Y90-]YrPA.adxninistered to 

the..:animal. .. Table XIX lean analy.si of ....the, average plasli 

concentration of isotope obtained during the 6-hr recycling 

period in eleven dogs receiving varIous dosages per unit of 

body weight6 On the bottom of this chart we see that an 

average plasma level of 5,5243 C per ml of plasma Is 

obtained for each mC administered per pound of body weight.. 

The standard deviation of this mean is .5 ± 1.807 ILC, 	. 

Thus, we may estimate radiation dosage to various, 

tI8sues.by accepting that 5,,543.tt.0 per ml.of plasma will be 

the average plasma concentration achieved for.each mC. '.  . 

f Y9 -DTPA almlnistered per pound of body weight,: and thpn. 

use this figure in the previously, described equations to.. get.... 

the dosage to.the tissue In question. Such calculations . 

involve two main errors. The fIrst is the .:variability of the 

plasma levels achieved when a givendoso of activity Is given. 

to the animal. ' The second 18 the variability of the ratio of 
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Table III. 	Rlat1onihiP of blood pla3ma levela of Y90-PA 

to admlniutercjd doe. 

- DcjOfY 0  a4initr(d Average blood plaania 
Total amount mC/lb body wt level per mC/lb 

Dog iriiotod injected during recycling 
no. ('rnC) (.C/m1 pla3ma) 

254,0 14.11 5.763 

303.4 12,91 1,448 * 

w-4 339.0 12,33 8,301 

14.92 5,295 

W9 305.5 13.58 6.646 

11-10 246,9 14.52 4,384 

119 230, 12.12 7686 

• 	 22 6. 4 14.15 4.657 

W-7 578,0 24,08 5,345 

11-5 328,5 13,14 5.1483 

fl-12 342.4 14.27 5.961 

average 	level of y90 obtained by administatiOfl 

of 1 mO/lb body wt 5,543 x 10' 3mc/inl plasma ± S 10807 mC/ml 

p la u ma 

* This low value represents inadequate urine reoyo1in in 

this particular experimentp however, this figure was included 

in the calculations to avoid introducing the bias of the 

investigator, 
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the total aoti.vity in a gram of tissue to the total. 

activity in a ml of plasma. Obviously, the first-mentioned 

variable is eliminated when multiple blood sampling is  

performed during the prooedure, 

5. Conclusionø 	. 

Distribution patterns of the Y90-JYrPA 9  after maintenance 

of constant levels of activity in the body by urine recycling, 

have been described. The baBic pattern of distribution of 

the chelated Y90 in the body is somewhat variable. 

Methods for estimating dosimetry to various or.V.r18 using 

the Y90-DT?A distribution data have been presented. These 

estimates of dosimetry are beet when based on observed t'lood 

activity levels during recycling. A more convenient.but 

less exact estimation can be made on the basis of dose 

administr,ed per unit body weight. The second methocl,ia 

advantageous when dosimetry in a large series of experiments 

is being aonsidered. At best, however, both methods are . 

approximations. 
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E. jh_Level Irradiation of, Does with Yttrium-90-1YrPA 

Intravenous Urine Recycling rocedure 	Definition 

of the Sublethal and Lethal Dose Ranges and 

Analysis of Radiation Effects 

1. Introduction 

The radiation procedure described in the foregoing 

sections was unique, and directly comparable data were 

not available for evaluation of the sublethal and lethal 

dosage ranges and the radiation pathology encountered with 

this technique. It was, necessary to determine the dosage 

levels in given tissues that would result in death of 

the organism and the pattern of pathologic changes that 

would be encountered at various dosage levels. 

It was our hope that this technique would provide for 

virtual destruction of the immune systems of the body with 

sufficient selectivity that the animal would not die from 

irreparable damage to other organ systems. Specifically, 

we hoped to achieve high radiation dosage n the lymphatic 

structures but to relatively spare such nontarget organs an  

the mucósa of the gastrointestinal tract0 Our attention 

was focused on these lymphatic tissues because of the 

large mass of evidence pointing to these structures - in 

particular the lymphocyte -- as respon1ble for the homograft 

injection response (34, 5,  36, 37, 8) 

In order to acquaint ourselves with the sublethal and 

lethal levels of radiation as well as the pathologic changes 



66 

occurring at these dosage levels, we performed experimeflt8 

using varying anLounts of administered Y 90-IYrPA, The 

animals' courses were followed clinically and hematologically. 

Gross pathologic and histologic changes were studied in the 

animals that. succumbed during the experiment. 

2. Materials and Methods 

The radiation procedure employed was the same as 

described in foregoing parts, except that larger doses 

of Y90  IY?A were administered. All animals were purebred 

male beagles between 6 months and 2 years. of age. All 

animals were given da±iy injections of penicillin and 

8treptomyclrl (600,000 units pmioi1lin, 3/14 c streptomycin) 

during the first 14 weeks following irradiation. For hisotlOgi 

studies tissus were fixed in Bouin's solutIon and embedded 

in paraffin or celloidan, Hontatoxylin and eOBlfl, pollack's 

trichrome, and methylene blue stains were used. Platelets 

were counted in duplicate with phase-contrast microscopy. 

Blood croatninos were determined by using the technique of 

Folin and Wu (69). 

3. .Experirnent4l Resu lts  

Table IV summarizes the clinical, and pathological resu1t 

obtained in eight dogs given sublethal total-body radiation 

with Y90-DTPA. Figures 9 and 10 summarize respectively the 

body-weight and hemato1ogic changes seen in those animals. 
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Table IV. Suimnary for aublethally irradiated dogs surviving more than 6 weeks. 

Dose Estimated 

Dog 
administered dose to Clinical history Survival Gross pathology Histological 

ntmtber Total aC/lb lysiph nodes 
ra a 

status pathology 
mC body wt 

180605 90.7 3.63 152 Appeared normal throughout >2 mo 
•- "oervation period. 

2Bla-It 95.0 4.24 178 Appeared normal throughout 
observation period. >6 mo 

Snapper 108.0 4.24 178 Appeared normal throughout >6 no 
observation period. 

100 68.3 4.49 188 Hypoactive and moderately >6 mo 
anorexic during first week 
after radiation. 

203 69.96 4.66 195 Moderately dehydrated and Died at Markedly emaciated and Lymph nodes from 
hypoaitive on 5th day, bloody 51 days dehydrated, melena in neck, mediasti.- 
mucoid diarrhea and emesis on small bowel but not mm,, meaentecy 
6th day. 	Appeared normal from colon, bloody material all remarkably 
11th day until preterminally in stomach. Some hypoplastic with 
when he became markedly dehy- lymph nodes appeared cellularity <20%. 
drated and hypoactive. fibrotic. Spleen shrunken 

cellularity 	- 

S_DC 	108.8 4.96 	208 	Appeared normal throughout 	>6 no 
observation period. 

2-B 	139.9 6.50 	<272a 	Appeared normal throughout 	>2 mo 
observation period. 

V.6 	223.0 13.94 	b 	Appeared normal throughout 	>2 mo 
observation period. 

Urine recycling inadequate, dosage to lymph nodes probably significantly less than 272 rada. 
Accident during urine recycling precluded dosimetry estimations. 
Had been previously irradiated aublethally - 15 mo prior to this writing. 
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Fig. 9. Changes in body weight, lymphocytes, and granulocytes in 

sublethally irradiated dogs. 
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The first three dogs listed In Table IV received etima1ted 

dosage to lymph riodes of 152  to.178 rads (see previous 

section for method of dosimetry estimation). Clinically, 

they appeared normal and showed no significant weight 1088 

during the observation period. Hematologically, the only 

dramatic change seen was marked depression Of the lynphocytes, 

Dog No. 100 receiv'd an estimated 188 rads to the lymph 

nodes and had an unreinarkable course other than being 

modately aioric and hypoactive during, the. first radiation 

week. He showed no weight loss, and lymphoperila wz the 

only remarkable postirradiatton finding. Dog No, 203 

received an estimated 195 -radiL to the lymph nodes and was 

the only atImaI in this t3erie2 that ohowed any unequivocal 

clinical effects resultingr from the radiation. He became 

hypoactive and anorexic and thowed weight loes at the end 

of the first week. Bloody mucoid t)Iarrhea and eniesi.s were 

noted at this time. These signs subsided by the end of the 

second week and the animal appeared relatively normal though . 

somewhat thin until a week before his demise, at which 

time he became increasingly anorexie and hypoactive. During 

the last three weeks of his lire, the animal received no 

special care and was allowed to run free In the dog colony, 

where distemper was endemic. The animal dIed 51 days after 

radiation and the post mortem examination revealed hypo 

plasia of both lymph nodes and OP1CCfla 

I 
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Dog No0 )-D received an estimated 208 rad8 to the lymph 

• 	nodes and., similarly to the first three dogs in this table, 

appeared normal throughout the observation period. 

Hematologically, •only•a lymphopenia was remarkable, This 

• 	dog had received a course of sublethal radiation by the 

same technique 6 months previously0 At the time of this 

writing he has survived more than a year since the first 

radiation exposure 9  and more than 6 months since the second 

radiation exposure. Dogs 2-B and w-6 both received higher 

administered doses (in terms of millicuries per pound) 

than did the other dogs in this series0 But both had 

difficulties during the urine recycling procedure that 

precluded tissue dosimetry estimations.. Neither of theue 

dogs showed clinical or hematological abnormalities other 

than lyrnphopenia0 It is noteworthy that the.clintcal course 

of the dogs in this series was quite benign: only two 

of the eight animals studied showed any symptoms or signs of 

radiation damage0 Only one dog (Dog No. 203,  who subsequently 

died) showed any significant weight loss. No dramatic changes 

• 

	

	 in the packed cell volume were noted0 The granulooytes, platelet8 

and reticulQcytos showed no significant fall, and in several 

cases there seemed to be a postirradiation riee in their 

values0 Thus the decrease in the number of circulating 

lymphocytes was the only signIficant change noted in these - 

• 	• 	animals after radiation. This finding is in keeping with the 



dosimetry estimations in the previous section and supports 

the notion that this procedure results in an effective 

degree of selective irradiation of lymphatic structures, 

In FIgs. 9 and 10 the magnitude of the hematologic 

changes seen by usin,thIs procedure are càmpared to those 

obtained in dogs after exposure to supervoltage X-rays by 

Allen (70) and Andersen (32). Allen gave 25 mongrel dogs, 

450 r from a 200-ky X-ray machine (a dosage which in his 

hands gave 100% mortality); Andersen gave a large series 

of purebred beagle 'dogs (comparable to those used In these 

experiments) a midline dose of 300 r from a 250-ky  X-ray 

machine. The dose of 300 r represented an LD 60/0 

(60% lethalIty in ^2 0 days) in his experiments. He had 

14 dogs which survIved the acute radiation syndrome and 

• made bematopoletic recovery. The averaged hematologic 

values for these 14 survivors given 300 r and for the 25 

mongrels given 450 r arC plotted on the graphs in Figs. 9 
and 10.as 	lines. It is apparent that the dogs in 

our series receiving internally adrnnisteredY 90-DTFA had 

lymphocyte depressions generally greater than that seen In 

the dogs given 300 r, and roughly paralleling the depressiotiu 

seen In the dogs given 450 r. As has been noted, the animals 

receiving Y90-DTtA had estimatsd dosages to lymph node$ 

generally between 150 and 210 rads. It would thus appear 

that biologically our estimated rad dosage to lymph nodes is 

72 
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roughly equivalent to more than t'eice its value.in exposure doae 

(expressed In roentgcns) to 200 to 250-ky X-rays. It Is 

possible that some of this discrepancy can be accounted for 

by noting that many lymph node in the body are shielded 

from external radiation by bony structures (e.g., submaxillary 

and submandibular lymph. nodes). It Is probable that these 

hIoided lymph nodes receive significantly lower doses 

of radiation than that calculated for midlinestxcturs. 

These protected node 3 could probably repopu late the empty 

lymphatic spaces in the body following radiatiôn similar 

phenomena are known to occur with shieldIng of spleen, 

bonemarrow, and Peyerts Patches,(71, 72). When Y 90-TPA 

is Internally administered all the lymph nodes of the body 

are rather uniforiy radiated (see previous section of this 

work). It is Interesting that the. dogs of Allen and Andersen 

sho?I profound decrease in granulocytes and platelets which 

after 'a fovt days parallels the decrease lymphocytes. 

Granulocytope:nia and thrombocytopenia were not seen in the 

dogs given Y90-JYrPA in this series, 

Table V surn.marizes the clinical and pathologic findings 

in the dogs receiving lethal radiation with Y 90-1PA and dying 

more than 10 days after the radItion. FIgures 11 and 12 sum 

marize the changes in body weight and blood elements 

respectively of these dogs. In general the clinical course 

of most of t;hese animals was characterized by weIght loss 
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Table V. 	S,ersaary of lethally irradiated dogs surviving more than 10 days 

Dose Estimated 
Time of Dog adminiatered dose to death aftet - 

number -torso sn,ae lymph stodas Clinical hiotory 	 radiation Cr000 pathology Histological potbolo' 	 ,0 

mc body wt (rods) (days) 

Brutas 338.6 8.91 373 Normal first 8 days. 	Last 	 11 Hemxrhagio diothesie with purporic lunge, Lymph nodes and spleen markedly- 
3 days amoremic, ecocesaive bladder, S-I bleedog, hemorrhagic lymph bypoplantio, focal necroois and 
drooling, hypoactive. nodne, splano 	bloody pleural effusion loss of kupfer relic 10 liver, 

(about 400 nl some dieruption of edges of nucona 
- - - in snail bowel, bone narrow aplostic, 

damaged testio. 

490 265.1 10.00 419 Normal first 8 to 9 days, 	 13 Hemorrhage into basal portion of lung 
- moderate weight loss last tonplatn poet mortem 000mioation not 

4 days. 	Antive until day 	 - performed. 
of death. - 

David 315.5 13.50 566 Fifth day ceorenic and 	 12 Hemorrhage in lungs, and colon, boston- Spleen hypopiantio, hone morrow 
bloody, nucoid stools. rhagic lymph nodes and spleen. aplaetic, liver ar000 of focal 
Rafueed food for last 5 necrosis. 	Mucosa of C_I tract in- 
daya of life. - tact,some nobmucosal hemorrhage 

in colon. 

lOs 306.0 14.20 595 Occult blood appeared in stool 	61 Lymph nodea oeall and acarce, roundworaO Henosiderin in hots narrow, liver. 
5th day and continued for about in C-i lemon; ocatteredscars or kidney -- Lymph modes fibrotic, polymorpho- 

1 month; drooling after 12th gennral lose of eobcutaneoun tienue. nuclear leukocyte infiltration in 
day. 	Pnn. and strop. discontirned lymph noden seen. 	Lungs ahoy honor- 
or 46th day, following which rhage, edema, broncbopeeomonia and 
animal's condition slowly do- interotitial p500monitie. 
trriorated. 

X-43 291 15.3 641 Hypoactive and anorenic from 2nd 	11 Death f run dehydration and C-I bleeding 
• day, bloody diarrhea beginning complete post mortem examination not 

5th day. 	Progresoive dehydration, done. 

M I - - 786 Hypoactive from 5th day. 	 24 Small pole lymph nodrs and opleeo, blood Cellularity of apleon and lymph 
Helena from day 6, frank in distal snail bowel and colon, pete- nodes near nornol 	germinal cotters 
red blood in stools from cbiae in bladdrr. present. 	Liver olows focal ar000 
day 8, amorenic from day 15. of nncmoais with inflammatory tell 

infiltrate. 

2-A 365.5 19.24 806 Hypoactive and anornaic from 	14 Hemorrhagic lymph noden and bone narrow Marked hypoplania and fibrinoid 
11th day. 	Melene preterminally. and bogs, poterhiae in npbeen, heart, degeneration of iyepb nodes, spieen 

pericerdium and bladder, dark blood in and boce marrow, hemorrhage in 
- 

- colon, hno,aturin. kidnsys, bladder, lung. 

R-14 517 19.51 ioi? Moderately hypoactive from 	 12 Lymph modno hemorrhagic, longs and Lymph nodes and npl000 hemorrhagic 
9th day. 	Amomnaio pro- bladder purpuric, petecbiae to ohio, and marhodly hypocellular. Loogs 

- terminally, renal conten, pleura, prritoneum in hyperemic and rdenanocs, bone marrow 
pelvic, stomach and coioo. 	Mucusal acellular. 	Marked damage to glomero. 
ulcers it duodenum, hemotaria. lao and tubules of kidceys. 	Partial 

slough of C-I nucosa. 

Dooiootry on the basis of blood levels of y00  activity during recycling. 
Recycling inadequate, dosage to lymph codes an undetermined amount leon than 1015 rada. - 
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Fig. 12. Changes in platelets ;  reticulocytes, and hematocrit in lethally 
irradiated dogs dying after the tenth postirradiation day. 
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without other symptoms during the first week after 

irradiation. Towards the end of. the first :Week and beginning 

of. the second week the animals became hypoactive and anorexic, 

showed contiriuin weight loss, and frequently had einesia and 

bloody diarrhea. •ix of the aniiia1s died between the 11th 

and 1 21th day. One lived for 24 days and one for 61 days 

after the irradiation. Dog Joe, the 61-day survivor, presents 

an 1ntrestin clinical study. During the first 2 weeks his 

clinical course was similar to those of the other members 

of this 3er1e. However, despite having lees than 500 

granulocytes from the 19th  to the 29th  day, and almost no 

lymphocytes in his peripheral blood during this time, the 

animal survived and on about the 30th day after irradiation 

began to show hematopoietic recovery. Between the 30th 

and 35th  day there was a marked rise in peripheral granulocytea, 

reticulocytes, and platelets. The lymphocytes, however, 

did not return and even on the 50th post irradiation day 

• no lymphocytes were seen In the peripheral smear. Shortly 

after the 30th day the condition of the animal improved and 

by the 40th day he appeared relatively normal though quite 

thin. Antibiotics were discontinued on the 46th day. 

During the next 2 weeks the animal's condition slowly 

deteriorated, and he died on the 6it day. Post mortem 

histology showed no signs of regeneration either in lymph nodes 

or spleen. Gross and microscopic pathology indicated that 
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bronchopneuinönia and interstitial pneumoñitis were probably the 

causes of death. Figure '13 depicts the serial hematologlo 

findings in this dog. This experiment demonstrates the 

profound damage to lymphatic structures associated with 

the use of Y9U_DT?A.  This marked damage to lymphatic 

structures was seen mall of the other dogs in this series 

except for Dog M-1, who died on the 2 14th day. On the 21st 

day this animal showed some reappearance of lymphocytes 

in the peripheral blood and had a count of 338 lyrnphcytes/mm 3  

of blood at that tne.At postinotem study DogJ4-1 did 	- 

show good evidence of regeneration, of lymphocytes in lymph 

nodes and spleen. The most characteristic gross post 

mortem findings in the dogs in this series werehemorrhagic 

pneurnonias and gastrointestinal bleeding associated with 

submucôsal petechias in the pyaoric end of the stomach 

and in the colon. These findings corre1ate with the 

increased concentration of Y 90-DTPA in these sites described 

in the preceding section. In distinction from the dogs 	 . 
1 

in the su:blethal series, each of the dogs in this lethal 

group showed a steady weight lose beginning immediately 

after the irradiating procedure (see Fig. ii). 

The'hen-tatologic data' of these dogs depicted in Fig.12 

follow the same pattern as that in the sublethal control 

series previously presented. The data of Aflen's 25 mongrel 

dogs given 450 r of 200-ky X-rays and a series of 20 beagle 

dogs succumbing to 300 r total body radiation from 250-ky  X-ray 
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machines (32,.  70) are also plotted for compari8On. It 

is apparent that all the dogs in this series had much more 

profound lyniphopenias than that seen in either the 300-r 

or the 450-r X-ray dogs. In ôonnection with this severe 

lymphopenia it is of interest to note that a subcutaneous 
implant of homologous skin was found to be viable and 

showed mv.rked proliferation in dOg I3rutus at the time of his 

death 11 day..s after the subcutaneous skin. inoculation4 The 

granulocytes, on the other hand, generally dropped at a rate 

comparable to that see.n in dogs dying from a )00-r X-ray 

exposure. The r'eticulocytes showed an early severe depression 

but the platelets seemed much less affected than either the 

granulocytes or reticulocytes. in general there was a much 

slower drop in platelets than granulocytes, and the absolute 

platelet levels never became profoundly depressed.. Two 

dogs (2-A and M-i) showed a preteniiinal drop in platelet levels 

below 50,000/11 -m3 . This relative absence of severe thrombo-

cytopenia in the face of the fatal hemorrhagic diathesis 

present is quite significant. Many publications have 

stressed thrombocytopenia as the etiologic agent in post-

irradiation bleeding. However, as early as 198 Allen et al. 

(70) pointed out that the manifestations of abnormal bleeding 

frequently appear before severe thrombocyte depressions are 

seen following radiation exposure. Indeed, the role of 

pure thrombocytopenia as the ause for abnormal bleeding in many 

other conditions has been questioned by Craddock et al, (73) 



and iiinche11 et al. (74). It was therefore of interest 

when we nobed that all the animals in this series had the 

peculiar intravascular polysaceharide described by 

Anderson (75). This material appears to be specific 

following radiation and is found in greatest abundance in 

the small vesselt3 of the kidneys, liver, and heart. Its 

possible role in the production of postirradiation bleeding 

has been described 	76). The finding of this interesting 

substance in the tissues of our dogs dying from the acute 

radiation syndrome stimulated further investigation of this 

material, (This work does not relate directly to the body 

of this paper but is described In Appendix B.) 

Table VI summarizes the clinical course and pathologic 

findings in dogs given supralethal radiation and dying in 

less than 6 days. Figure 14 represents the patterns of 

weight and hernatologic changes In these animals. 

The clinical course of the animals In this series was 

characterized by hypoactivity and anorexia appearing 

Inunediately after the radiation procedure. Emesis and bloody 

diarrhea appeared soon afterwards. As, can be seen from the 

rapid weight loss, these anima).s became severely dehydrated 

owing primarily to their pernicious vomiting, and died in 

acute fluid and electrolyte imbalance. Dogs Blue, No, 82, 

and No. 234655 had hemoconcentrati.on, as evidence by an 

increase in venous hematocrit. Dog 14-8 had evidence of a 

8•i 

/ 
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Table W. Smmuary of Lethally irradiated dogs surviving less than 6 days 

Dose Estimated Time of 
administered dose to death 

Dog 
nomber Total (rad 

clinical history 
fter 

ron 
adi  Gross pathology MacI 

H 8 546.0 15.73 <659 Hypoactive, asorexic, emesi8 5-1/2 Markedly dehydiated, pur- Hypoplaeia and 
from first day. poric areas in long. Evi- hemorrhage in 

dense of pulmonary infarct spleen. Liver 
-- in right lung, shows focal edema, 

necrosis, and MC 
in sinusoids. 
Focal hemorrhagic 

• - - pneomonitia. Bone 
- - narrow shows 

severe hypoplasia; 
kidney shows 
chronic glomeru].o- 
nephriten, focal 

- 
petechiae. 

82 329.8 16.09 674 Lethargic, anorexic from 5 Markedly dehydrated. Lmoph nodes and 
day 1. 	Bloody diarrhea Fetechiae in trachea, spleen markedly 
and emeeis from day 5. lungs, gastric and hyperemic, ap- 

colonic morose, pear to be about 
- 50% of normal 

cellularity. Longs 
congested, in- 
fismatory infil.. 
trate, much 
hemoaiderin. 

Blue 	379.0 21.0 	880 	Lethargic, hypoactive; 	 4 	Markedly dehydrated. 
emesis from day 2. Bloody 	 Lymph nodes moderately 
zmcoid diarrhea day 4. 	 hemorrhagic, bone marrow 

gelatinous. Petechiae 
in bladder. 

234655 	555.9 	22.6 	947 Hypoactive, anorexic, 4 	Markedly dehydrated. Lymph nodes hypo- 
emesis from day 2. Bloody Coalescent petechiae plastic, lungs 
diarrhea day 4. 	 - in distal ileom and show heomrrhage 

colon. 	Petechiae in and congestion. 
trachea, bronchioles. Liver shows patchy 

- Blood clots in bladder, areas of paren- 
rhyme], necrosis. 
Mucosal necrosis 
in large intes- 

- 	 S  tine. 

F 19 	 b Hypoactive, anorexic; 4-1/2 	Markedly dehydrated. Spleen hypo- 
moesia from day 1. Hemorrhagic lymph nodes, plastic with an - 

Petechiae in 2-I tract apparent 20% of 
- from stomach to colon normal cellularity 

becoming confluent Colon and small 
- - 	 distally. 	Petechise in bowel show pos- 

- kidneys, heaaturia. sible partial 
slough of oucoas. 

S  
Lung shows hemor- 

- rhagic pneumonia. 

Urine recycling stopped after 4 hr and dose to lymph nodes less than the calculated dose of 659 rads. 
Accident in urine recycling after 2-5/4 hr precluded dosimetry. ' 	 - 
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pulmonary infarct in his right lung and his death probably 

reflects one of the hazardsof the urine-intravenous 

recycling procedure rather than a radiation effect. 

The remaining dogs in this series seem to define a 

reasonable upper limit of tolerance to the irradiation 

procedure. Dogs Blue and No. 234655 both received more 

than 20 mU Y9°  per lb body weight.. Dog.2- 14, in the 'lethal-

greater- than- b -days" series previously described, received 

19.24 mC Y90/lb and survived to die of a hematopoletic- 

type death on the 14th day, Yet Dog No. 82 in this present 

series received only 16.09 mC/lb and suffered the same 

fate of acute dehydration as the other dogs in the series 

who reóeived higher doses. In general, however, it appears 

that the early acute syndrome of pernicious vomiting, with 

death in less than 5 days of acute dehydration and electrolyte 

imbalance, is seen when doses in excess of 20 mC/lb are 

administered. 

Several factors may modify this upper limit of tolerance 

to the Y90-DTPA irradiating procedure. First it would 

appear that the sustained high blood-urea levels induced 

in these animals to promote diuresis during the radiating 

procedure may significantly contribute to the dehydration, 

anorexia, and exnesis seen immediately following this 

procedure (7). At present it appears that the upper 

level of tolerance to rad±ation when this method is used 

may be significantly extended merely by replacing the 

urea infusion by a water and saline infusion to promote 

dlurcsis, Secondly, it Is posBible that careful pot- 



- 	 irradiation fluid and electrolyte therapy may carry the 

dog over this early acute period so that he may survive to 

succumb to a "hematopoletic failure" type of death. 

Post. mortem examination of the animals in this "death 

-in-less-than-six days-series' uniformly showed marked 

dehydration, as well as petechiae and purpura mainly localized 

in the lungs, GI tract and bladder. Histologically their 

lymph nodes were hemorrhagic, and both their lymph nodes 

and spleen were hypoplastic. The degree of lymphatic 

hypoplasia seen was not as severe as that seen in dogs 

given lower dosages or radiation and, dying more than a 

week later (see previous series). The colonic mucosa was 

generally the most affected portion of the gastrointestinal 

tract, and here partial muoosal slough was common. 

The liver in Dogs M-8 and No, 2314655 showed focal 

areas of parenchymal necrosis. Microscopic examination of 

the lungs confirmed the gross finding of hemorrhagic 

pneumonia. 	, 

The hematologic data are sparse because of the short. 

survival. The lymphocytes uniformly dropped to near zero 

levels on the .14th day. The peripheral granulocytes were 

below 500/inn3  in dogs No. 2314655 and No, 82 by the 4th day, 

but M-8 and Dog Blue actually showed increases in the 

concentration of peripheral granulocytes at this time. No 

significant changes of platelet concentration were seen by 

the 4th day. The packed cell volume on dogs Blue, No. 214655 

and No.82 rose by the 4th day, indicating hemocoricentratiOn. 
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It is significant that despite the high level of radiation 

exposure suffered by the kidneys, no marked elevations in the 

blood creatinlne were seen in any of the animals, either 

aoutely in any of the series of dogs described or chronically 

in the long-term survivors in the sublethal group. The 

relative radioreslstance of the kidney to radiation exposure 

is well known. Recently, however, there have been several 

studies on the late appearance of hypertensive disease and 

nephrosolerosis in animals whose kidneys had received 

significant aoute radiation expouures. In man it would 

appear that nephrosolerosis is an inconstant finding after 

ronalirradlatiori occurring after the kidney is exposed to 

more than 2300 r (61, 62, 6, 64, 65, 66, 67, 68). The only 

dogs in this series who received, the equivalent of more 

than 2300  r tothe kidneys were all well In the lethal 

range, hence no long-term survivors have been studied with 

repect to the incidence of this condition. 

4. DIscussion 

Radiation of dogs by using Y 90-rPA as described in the 

previous section shows .a high degree of selectivity in 

depressing lymphatic elements, observed in both the 1mph 

nodes, spleen, and peripheral blood. Specific lymphocytic 

depression can be obtained by using appropriate doses of 

DT?A without notably depressing peripheral granulooytes 9  

platelets, or reticulocytes. This lymphocytlo depression 
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appears to be more profound and of longer duration than 

that obtained by LDI6O/30 of 250kv  X-rays in comparable 

dogs. One dog was described in which essentially no 

peripheral lymphocytos were Ewen in the peripheral blood 

as late as the 50th day following irradiation. 

The postirradiation olinjcal course of the anirnal$ 

Is dosage-dependent, Dogs receiving less than 5 rnC/lb 

generally show no signs of abnormality other than selective 

lymphopenia. One animal has been given two sublethal 

radiation OXO8UC8 by this procedure and has now 

survived greater than 15 months after the first exposure in 

• 

	

	good health. Animals given doses of approximately 8 to 15 m/ 

lb die generally late in the second or early In the third 

week of a thmatopoIetjc  failure" type of syndrome and 

show severe damage to lymphatie struoturos at post mortem 

examination. Dogs given more than 20 inC/lb generally 

develop pernicious vomiting and die in fluid and electrolyte 

imbalance withIn 5 days, Dogs treated in the dosage range 

of 15 to 20 nC/lb may show either the hematopoietio-type 

• of death or the acute-dehydratinn-type death. The syndrome 

of acute fluid and electrolyte Imbalance seen at the higher 

dosage levels may be modified by deleting urea from the 

• 

	

	 diuresie-inductlon regimen and by careful fluid and electro- 

lyte therapy after Irradiation. 
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It would appear from comparicon of the hematologia data 

of doga irradiated with conventional 250-ky X-ray machines 

and those radiated with Y 90-IYrPA that the dosage in rads 

delivered to lymph nodes by uiing Y90-PPA is roughly ecua1 

in effect to more than twice its value (expressed in 

roentgens) delivered by the 250-kvX-rays 

F. Auto1oous and Homologous Bone Marrow Transplantation 

Studies in Do ~, s Irradiated byY90 TPAUrine-recyclifl 

Te  cIni 

1. Introduction 

The radiation dose delivered to lymph nodes and bone 

marrow, the changes in the peripheral blood pictures and 

the macroscopic and microscopic changes at pout mortem 

examination in the animals descrIbed in the previous section 

all suggest that the animals irradiated with Y 90-TPA djed after 

the first 10 days as a result of hematopoietic and lymphopoletlo 

failure. It was important to establish that this was indeed 

the case; that ia that the death of the animals was due 

to damage to.the hernatopoletic and lymphopoletic systems 

rather than damagc.to'othcr vital organs. This point 

could be demonstrated., by savIng the lives of lethally 

irradiated (Y90-lYrpA) dogs by the use of bone marrow trans-

plants, Should bone marrow transplants be successful in 

saving the lives of the lethally irradiated dogs, the bone 



marrow would be established as the critically damaged 

tlssue.when this irradiation procedure is used. Since it 

18 known that cells obtained from bone marrow are capable of 

repopulating lymphatic structures a  life-saving suocéss of 

marrow transplants would also reflect the importance of 

damage to lymphatic structures with Y90 -DTPA, 

Autologous bone marrow transplante -- the use of the 

animals'. own bone marrow -- was chosen as the test of the 

above outitued hypothesis. Use of the animal8 own bone 

marrow bypasses the. complex hômograft problems encountered 

with the use of foreign (homologous) bone marrow. 

Since the primary goal in developing the Y 90-DTPA 

irradiating procedure was to prepare a large animal for tl8bUe 

homograftirig, successful bone marrow homografta also had to 

be attempted to complete the evaluation of this procedure. 

Since the work described In previous sections demonstrated a 

selective depression of lymphocytes -- the cells generally 

• 	 associated with the homograft rejectIon response -- this 

suggested that bone marrow homografting could be accomplished 

successfully. This section of the work attempts to evaluate 

the use of bone marrow autbgrafting an homografting in 

clarifying the above-mentioned issues. 

2. Materials and Methods 

The type of anImal used, the irradiation procedure, 

and the postirradlation care are identical with those 
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mentIoned in Part III E of this report. All the irradiated 

animals were males, and all the homologous bone marrow donor8 

were unrelated females,, except in one case as noted In the 

text. In the autologous bone narrow series just prior, to 

Irradiation, multiple bone marrow aspirations were performed 

by using Bierman bone marrow needles • The bone marrow was 

aspirated in siliconized syringes containing email amounts of 

Connaught heparin (free from preservatives) 0 The bone 

marrow was placed In cooled heparinized Hankul solution in 

a 300 ml Fenwall plastic transfer paok (100 to 110 ml Hanks 

solution plus 50 mg Conriaught heparin). The following bone 

marrow taps were performedm three taps in femur (proximal 

and distal opiphyseal end, mid-shaft), two In lilac crests 

(posterior-superior and posterior-inferior iliac promlnefl.0e8), 

one in scapula (just superior to the glenold labrum), two in 

the humerus (proximal and distal epiphyseal ends). A total 

of. between 50 and 100 ml of bone marrow and blood was 

aspirated 0  Nucleated cell counts were performed on the final 

bone marrow mixture and the counts were corrected for maximum 

contamination by circulating white blood cells. The bone 

marrow In heparinized Hanka' solution was stored at 4 to 

60 C In a commercial refrigerator. No attempt was made to 

remove particulate matter other than by passing the bone 

marrow through a commercial blood administration filter at 

the time of its administration. In sortie experiments bone 
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marrow was rifused intravenously 2 hr after cessation of urine 

recycling. 'InalLothers it was injected intra-arterially 

18 to 24 hr after the termination of the urine recycling. 

Bone marrowwas infused intra-artria11y in certain animals 

so as to bypass possible removal of infused cells by the, 

capillary bed of the lung, a process known to occur under 

certain circura3tances (57). In the homograft series of 

animals the bone marrow was infused as noted in each 

iiidividual cue. 

The animals who received the bone-rnarrow by the intra-

arterial route were anesthesized with sodium pentabarbital 

and an incision was performed over the femoral vessels. 

The ferrtoral artery was isolated and t Rochester plastic 

needle was inserted throughout its full length, the plastic 

tip coming to lie in close approximation to the abdominal aortio 

bifurcation. The bone marrow was then infused intra 

arterially and the perforated femoral artery was ligated to 

avoid excess bleeding. The animals receiving the bone 

marrow infusion intravenously were not anesthesized. Blood 

was drawn (two or three times a week for the studieB mentioned 

in the previous section of this report. 

3. Exporimental Results 

a. Autolop;ous Bone Marrow Transpiantatlon3 

Table VII summarizes the clinical and pathologic pictures 
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$eerl in do3 irradiated by using Y 90-IYrPA given autolopou3 

bone marrow, and surviving for more than 1 month, FLuros 15 

and 16 summari'o the bdy wciht and hematologic changes 

in these QntmaIs, The f1.rt two don, w-8 and Blackie, wore 

Irradiated in the sublethal rane, a d:thcused In the 

previous section. l3oth had uneventful clinical courses, It 

Is of intere3t that both developed characteristic lympho-

penlas that oersisted beyond the 30th day of observation 

similar to that seen in the sublethally Irradiated untreated 

dogs des cribed previously. 

The next five dons on the table received dosages of 

radIation well within the lethal range, and had uneventful 

clinical courses for the first few weeks following radiation. 

Dor, BE appeared normal for the first several months but 

It months after irradiation became sick and dIed, The 

etIoioy of this illness was undetermined, but it was felt 

that he succumbed to one of the canine distempers endemic In 

our dog population. Dog Fatty became anorexic and hypoactive 

during the 16th and 30th day. After the 30th day his 

appetite returned and his condition was rapidly Improving 

when he was accidentally killed nri the 33rd day by an 

Intravenous injection of an antIbIotic suspension, Dog W-5 

appeared normal throughout the observation period and at pre8ent 

Is living and well. Dog w-4 had thUd diarrhea at the end of 

the first week, which subsided, and the animal waB well until 

late in the 6th week when he manifested signs of gastrointestinal 

bleeding and died on the 43rd day, Dog lL_D  developed CIgn8 of 
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Fig. 2 	Fig. 15. changes in body weight, granulocytes, and lymphocytes in irradiated 
dogs receiving autologous bone marrow. 
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gastrointestinal damage ln'the thirdwéek, These signs 

- 

	

	 gradually subsided and the anirrial Is living and except 

for sparse body hair Is well at the time of this writing. 

In general the clinical course of these animals given 

lethal radiation plus autologous bone marrow was benign as 

compared with the clinical course of the animals given 

comparable radiation exposures without bone marrow treatment. 

This difference made itself apparent during the first 

• 	few days after the administration of the bone marrow, before 

one would expect significant growth of the cells of the 

graft to influence the animal's clinical behavior. Such 

vague clinical findings receive some objective support from 

the relative stability of body weight following the radiation 

in the large majority of dogs in the series (Fig. 15) in 

comparison with the lethally irradiated dogs not receiving 

bone marrow autografts (Fig. ii). This clinical behavior 

suggests some tonic effect of infused autologous bone 

marrow beyond Its ability to p:'ol1ferate and repopulate 

depleted marrow cavities (30). 

Two dogs in this series (BE and W-)4) demonstrate that 

although good clinical recovery occurred in these animals 

following autoJ.ogoue bone marrow infusiOns, they probably 

could not be considered perfectly normal, Thus BE seemed 

to succumb to an illness which the other doss In the colony 

95 

8imilarly exposed were able to rosist dog 4_4  died more 

than 6 weeks after the radiation exposure of gastrointestinal 



bleedingin adclitiorl ) Dog 14-D, although in excellent general 

health, shows marked sparcity of body hair at the present 

time 

The last dog in this series, Number 491, had an 

accident during recycling period precluding dosimetry 

estiniat1ons 	His clinical course was quite uneventful, 

and at pre serif; appears quite rioial over 7 months after the 

radiation exposure. 

The histologic pathology of dog Fatty confirmed the 

hematologic findings of return of hemabopoletic function 

His bone marrow as well as the lymph nodes and sleori showed 

normal cel].ularity. It is interesting that these lymphatic 

structures show a normal histologic picture when the last blood 

count performd before this animal's death revealed that the 

abaolue lymphocyte count remained below lOOO/mm 	Post 

mortem histology on w-4 revealed damage to the gastrio 

raucoria and only moderate repopulation of lymphatic structuree 

The relationship of these findiris to either canine diseases 

or late radiation effects is unclear. 	 1. 

In reviewing the hematol.ogic finding on this group of 

anImals (fljg0  16) It Is remarkable to find that all animals 

showed a pootirradiatlon lymnphopenia which persisted despite 

the administration of autologoue bone marrow. Even 6 weeks to 

months following the Irradiation dogs w-4, 14-D, 14-5,  and w-8 

had peripheral lymphocyte counts significantly below that 
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found in the dogs of Anerson that 3urvived 300 r from 250-kv 

- 	 X-rays without bone marrow treatment. However, if we compare 

-. 	 the lymhocyte leve).s postirradiation Been in this series with 

those obtained in the lethal.untreated group described in the 

previous section (Fig. 12) we see that the dogs treated. with 

autologous marrow generally have a larger number of 

circulating lymphocytes than the dogs receiving no autologou8 

marrow and comparable amounts of Y 90-DTPA radiatiori, Dogs 

lethally ir:ciiated with Y 90-DTPA have usually less than 

ioo. 1yrnpiocytes per mm 3  of peripheral blood from 5 days 

postirradjation until the time of their death. The autologous-

marrow-treated animals receiving their marrow 24 hr alter 

the Irradiation procedure usuaiy have several hundred 

lymphocytes'per mm 5  of peripheral blood after the 9th or 10th 

postirradiatjor day. Thuealthough autologous bone marrow 

given more than 24 hours after irradiation with Y 90-TPA does 

not restore peripheral lymphocytes to normal levels, it does 

increase the peripheral lymphocyte number above that seen in 

the control animals not transfused with marrow, 

Upeu and Baum (78) and Nannick et al, (79) have 

reported that autologous bone marrow Is capable of rapidly 

restoii I'mhopo1esIs In the. X•-irradiated dog. The 

limited return of circulating lymphocytes in the anIma1 

receiving Y90-TPA Irradiation followed by autologóus bone 

marrow In distjnetjon to the results obtained in X-radiated- 
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auto ogou-marrow treated dogs probably reflecte the more 

Devere danace sustained by lymphatic tisuea when Y 90-PA 

is used for Irradiation. 

The rctt.irn of circulating grntnulocytes in the 

irraãtated dogs given autologous bone marrow in this series 

was slower than the reaponee obtained in autologous-marrow-

treated X-lrradiated dogs (78, 79), -Dogs No. l-D and Fatty, 

both of which 	given autologous bone marrow intravenously 

2 hr after the cessation of urine recycling,, had the greatest 

depression of granulocytea and the slowest return to normal 

of any of the dogs In this series. Indeed, the rate of 

peripheral granulocyte recovery Is not even as rapid as 

that soon In the LD 	X-ray survivors of Andersen, It 

would therefore appear that the capacity of autologous bone 

marrow to save the lives of these two lethally Irradiated 

dogs was nOt sesoclated with the bone marrow's ability to 

raise periberai granulocyte levels. The remaining dogs 

In this series all of whom receivod intra-arterial autologous 

marrow infusion 18 to 24 hr aftor the cessation of urine 

recycling genora.Uy had peripheral granulocytes that main-

tamed thoneivo above levels of 1000 celia per mm' of 

blood. 

In general there was a gradual decrease In platelet 

counts, rcc-ch;tng. its lowest point at about the 20th day, 

Horcvcr, profound thrombocytopertias were not seen, and only 

a few platelet values are noted below 100,000/mm3, 
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The alterations in the roticulocyte counts reflect 

womewhat the pattern of changes seen in the circulating 

granulocyte counts. Dogs No. 14-D and Fatty, who received 

their marrow infusion intravenously 2 hours after cessation 

of recycling, had essentially no reticulocytes in the 

peripheral blood smear until after the 20th day. The 

other dogs in the series show variable early return of the 

reticulocytes, indicating ërythropoiesis probably as a. 

result of eai1er proliferation of the marrow autograft. 

The packed cell volume showed no remarkable change 

in the members of this series except for Dog No. 14-D, who 

howed a progressive slow drop reaching a minimum about the 

28th day. It is noteworthy that this dog showed the most 

prolonged depression of reticulocytes as well. After the 

30th day the packed cell volum(,,  hogan to nBc, following 

reticulocytocsis which rose to 12.) on the 33rd day. 

Thble VIII summarizes the clinical course and 

pathological results on three dogs given supralethal radiation 

followed by autologous bone marrow transplants, and dying in 

less than I month. Figure 17 summarizes body-weight and 

hematolOgic changes in these animals. It can be seen that 

the dogs in this group generally received higher doses of 

radiation than did the animals in the autologous-marrow-

treated survivors just described. The first animal in this 

series, No, 14-G, received the marrow autograft 2 hr after 

the termination of urine recycling. He died of a hemorrhagic 
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diathesis on the 12th day, and histologically showed 

approximately 140 to 50 cellularity of lymph nodes and spleen0 

The bone marrow showed signs of early regeneration0 However, 

dé spite this apparent regenerative activity in lymphopole tic 

and hematopoletie structures, this animal continued to show 

severe depressions of lymphocytes, granulocytea, and 

reticulocytes until the time of his death. Since none of the 

dogs in the control series of untreated animals given lethal 

amounts of Y90-IYrPA (see Table V in the preceding section) and 

dying around the 12th day showed any signs of regentratiofl 

of lymphatic and hematopoietic structures, it appears that 

the autografted marrow celia were responsible for the cellu-

larity seen in the lymph nodes and bone marrow of this dog 

Dog X-50 accidentally suffered pulmonary embolae 

during the recycling procedure from clotted blood in the 

intravenous recycling unit tubing. In addition he lost 

an estimated several hundred xn]. of blood in the area of the 

femoral arterial cannulatlon following the bone marrow 

Infusion. He became anorexic, dehydrated, and hypoactive 

and died on the 6th day. 

Dog Chain received the highest radiation dose of any 

dog in the autologous-marrow-treated series. He remained 

normal in appearance until the 17th day, when he became 

anorexia. On the day prior to his death he was noted to be 

coughing heavily, was hypoactive, and 8howed evidence of emeala. 
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He died on the 20th day.. of a hemorrhagic pneumonia. At the 

time of his death the lymph nodes and spleen showed almost 

normal cellularity. His circulating blood did not reflect 

this return of histologic lymphopolesle, and pretermlna.11y 

he had a lymphocyte count which was less than 100 cells/mm 3  

of blood, 

The results obtained from the dogs in thtse series 

establish that the administration of bone marrow autografts 

can prevent the death of dogs given lethal irradiation with 

Y90-DTPA. The autologous marrow. appears to promote the 

return of circulating granulocyter3, reticulocytes, and 

platelets, and to some degree lymphocytes. Three dogs were 

given autologous bone marrow intravenously 2 hr after the 

cessation of recycling, at a time when significant amouflts 

of isotope still remained in the body. Two of these dogs 

survived, and the pattern of their peripheral blood elementB 

suggested autogenous return. However, the third animal 

	

- 	 ( 140) died on the 12th day and showed recovery of cellularity 

in lymphatic and heinatopoletic structures, although peripheral 
a 
 granulcoytes, reticulocytes and lymphocytes were markedly 

depressed at the time of his death. It would thus appear 

that the autologous bone marrow adminitored intravenously 

2 hr after the cessation of urine recycling is capable of 

isto1ogiea11y repopulating lymphatic and hematopoietic 

structures. However, the peripheral evidence of returning 
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lymphopoiesio and hematopoicais is delayed to a greater 

extent than when the marrow is given more than 211  hours after 

the radiation procedure. Thó$e results also indicate that 

the3e infusedmarrow cell3 ar quite radiosensitive, since 

cells infused 2 hr after recycling are exposed to only 

approximately 12.5 of the total radiation dose delivered in 

a given case 	It is possible that radiation damage inflicted 

prior to the administration of the marrow cells could have 

influenced the survival of these transfused cells. 

It appears advantageous to wait at; least 24 hr after 

the radiation procedure before admiriisl;èring bone marrow if 

one desires a proliferation of the graft cells that is evident 

in circulatinr blood elements. 

It Iis ben previously shown that autologous bOne marrow 

18 capable of j)romotiflg the return of lymphOcytes to the 

peripheral circulation to riormJ levels in dogs subjected to 

lethal 'X-rdiation (78, 79). That this is not the case if 

Y 90-DT?A irradiation is used sy be related to the greater 

efficacy of our to chn:tquc in destroying lymphatic structures. 

Since probably less than 1% of the total radiation dose Is 

delivered within 24 hours following radiation it appears 

doubtful that the residual radiation delivered to the graft 

celia when they aro administered 214  hr after the cessation 

of urine recycling would significantly affect the proliferation 

of these cells. 
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In addition to the dogs listed in the above series, one 

dog (No. RE)was given an estimated 514 rads to the lymph 

nodes, and then received 100 ml of his own whole blood 

collected just prior to irradIation in a manner identical 

to that used In the collection of autologous bone marrow. 

His clinical and hematological course was similar to the 

lethally Irradiated dogs in this series who received 

autologous imrrow. That fresh whole blood would have the 

ability to repopulate hematopoItic and vhopoiet1c 

tissues Is not unexpected, since such appears to be the case 

In mice (35, 80), ahdreceritly suggested evidence to this 

effect has also been observed In dogs (81). This dog, of 

course is merely a single ohr3ervatIon, and further studios 

are required to eValuate the use of fresh autologous blood 

In treating lethal radiation injury. 

b. 110ntolorçous_I3one Narrow Transpiantation 

Table LC surunarises the clinical and pathological 

results obtained on a series of animals receiving radiation 

with Y901Y11 11A followed by homologous bone marrow transplantation. 

Figures 18 and 19 summarIze the body weight and hematologlo 

- 	 changes on these animls.. The first two animals on Table IX 

(No, W-3 and No. 202) received radiation dosageB generally 

in the transition zone between sublethal and lethal ranges 

as determined In the previous section, Both these animals 
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clinically were well except fox' excessive hair loss and 

hypoactivlty appearIng after the third week and continuing 

until the sixth to eighth week, when they became more 

• : 	active and hair loss diminished. Both are still living more 

than 3 and  7  months, respectively, postirradiation. Seven 

• 	weeks following Irradiation No, W-3 was given a renal and 

skin homotranspiant from his female donor. The kidney 

functioned well for 7 days and then suddenly ceased to 

produce ur 	The kidney was removed; It was found that it 

was enlarged two times Its noriaJ. size., It was purpuric the 

gross architecture was distorted, and there was no'e.videnoe 

of blood flowing through the parenchyma. Histologically 

the renal parenchyrna was almost completely destroyed and was 

replaced by extravaated blood. The full-thlckries.s 3k1 

graft appeared necrotic at approximately 10 days. Although 

It is possible that both the rena1 and skin grafts represented 

late technical failures, It is probable that they were 

immunologically rejected by the ho2t. 

The next two dogs In this series (No. R-12 and NOe W-7) 

rece ived quite high lethal doses of radiation. Both appeared 

normal until the seventeenth day, following which they 

became hypoactive and anorexic, Dog No. R-12 developed 

SIgns of a mucoid, bloody diarrhea on the 22nd day, He was 

given Intravenous fluids and blood, from his unrelated female 

bone marrow donor after the 21st day. Forced oral feedings 
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on the 33rd to 3541- h days were not tolerated, and he died on 

the 35th day. Gross post moi'tem examination was not 

particularly remarkable. Histologic examination revealed 

cellular lymph nodes, spleen., and bone marrow. However, 

the centers of the germinal follicles in both the lymph 

nodes an 
I 

d spleen contained eoeinophilic debris and cells with 

large pale nuclei. Areas of edema were noted under the 

capsule of the spleen. The skin was markedly atrophic, 

with the epiden-iiilcl 	more than two cell layers thick. 

Marked loss of the rete pegs was noted. The islets of 

I.angerhans were markedly prominent in the pancreas, and 

the adrenal cortex Was hypertrophic. The histologic changes 

noted in the lymph nodes and spleen are quite similar to 

the changes believed by Vos and Dc Vries (25) to be 

pathegnoinonic of secondary disease. 

Dog No, W-7 received a very high dose of radiation 

which should have placed him in the lethal-in-less-than-

6-days group of dogs who died of acute fluid and electrolyte 

imbalance soon after the radiation expo3ure (see previous 

section). However, as has been mentioned, he appeared quite 

normal until the 17th day. Fle subsequently became hypoactive 

and anoroxic and died on the 26th day. He was not given any 

supportive care other than the routine antibiotic regimen 	 -. 

used in all animals following radiation. Gross post mortem 

examination revealed that the limmiediate cause of death was 



gastrointeutinal bleeding. Exrked adrenal hyperplasia 

ill 

I 

was present. Histological examination revealed apprQxiLlately 

35. of normal cellularity in the lymph nodes and spleen 

with focal areas of active hematopolesis in the bone 

marrow. Gastric mucosa showed disruption of normal 

architecture. 

DogNo. 1493 received the highest radiation dosage of 

any dog of this series, a close which in the control group 

should have been lethal in less than 6 days, The autologous 

bone marrow was taken from a female sibling and was 

administered intra-arterially without filtration. On the 

day after the marrow infusion, the animal was unable to move 

its hind limbs, and embouization with bone marrow particles 

and blood clots and subsequent infarction was suspected. 

The animal slowly improved but became hypoactive. and 

anorexicon the 10th day. On the 12th day he developed a 

severe bloody diarrhea and died. Gross post mortem 

examination revealed marked dehydration, with gastrointestinal 

bleeding as the inmiediate cause of death.. Histologically, 

the lymph nodes, spleen, and bone marrow showed good 

cellularity. 

The body-weight changes of these animals depicted in 

Fig. 18 showed three main patterns. Dogs No. W-3 and Nol 202, 

who received radiation dosages estimated to be generally in 

the transition zone between sublethal and lethal ranges, 
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showed no. weight changes durIng the observation period. 

Dogs No. 11-12 and No. J-7,  receiving high lethal radiation 

doses, generally maintained thclr weight until the 17th day, 

after which they showed progressive weight 1os, Dog' No, 1493, 

who received the highest dose, showed an early weight lose soon 

after radiation. 

The hematologic chanea in these dogs (Fig. 19)  also 

reflected the heterogeneity of the members of this . group. 

The lymphocyte's In all the members of this group were 

markedly depressed for the first month to levels lower 

than that seen in the animals treated with autologous-marrow 

arid to levels similar to those in untreated lethally radiated 

dogs. Dog.No. W-3, the animal in this series who reàeived the 

lowest radiation dose, showed a return of lymphocytes on the 

33rd day, Dog No.202 also showed a slow return of peripheral 

lymphocytes after the l8t month. Dogs No, W-7,  No, R-12, 

and No, 1493 all had severe lymphoponias at the time of their 

death. Homologous marrow appears to POS8D3 less ability to 

restore peripheral lymphocyte levels than does autologous 

marrow. This seems to be the experience of other investigators 

using external X-ray and gamin-ray sources (78, 79,  81). 

In. both of the high eublothally irradiated dogs (No, 202 

and No, w-3) there was a marked increase of circulating 

granulocytes 14 days after the administration of the marrow 

homograft. In dog No, 202 grariulocytes rose from pre- 
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irradiation levels of slightly more than 6000 cells/i a to 

40,000 cells/nun 3 . This increarse lasted about 16 days 

before gxinu1ocyte levels returned to baseline values. 

The circulating granulocytos in Dog No. W-3 roso to about 

16,500 coll3/mn13  from a baseline level of a little more 

than 6,000 cells/nun 3 . This increase lasted approximately 

11 dara. However, sublethally irradiated dogs not given 

bone marrow also tended to show a rise in peripheral 

granulocyté levels at this time period after irradiation, 

but usually of smaller rnggnitude (see Fig. 10 in previous 

eectin)1 

Dog No. R-12 showed an early rapid drop in circulating 

granulooytos, then avery slow drop to the 26th day, followed 

by a rise. Dog No. W-7 had a granulocyte drop reaching a 

low point on the 14th postirradiation day (li days after 

marrow infusion), following which there was a rise reaching 

normal levels at the time of the animal's death. i3oth 

these dogs had significantly higher peripheral granulocytes 

at all times after radiation than did comparably irradiated 

untreated dose in the contro] groups. At no time did their 

peripheral granulocyte count drop below 1000 cells/mm 3 .. 

• Dog No. 493  had a rapid and severe drop of peripheral 

granulooytee which persisted to the time of his death on the 

12th day, However, as has been mentioned previously, his  

marrow showed good cellularity at post mortem examination. 
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The platelets of the dogs in this series showed no 	 - 

remarkable change other than a sharp rise in peripheral 

platelet number in Dog No. 202, 4 to 6 days after administration 

of the marrow homograft. 

The reticulocyte levels of these dogs resembled the 

general behavior of the granulocytes previously discussed. 

The high sublethally radiated dogs No. W-3 and No. 202 

had elevation of their ret iculocyte count above their baseline 

levels 4 to 9 d.ys after administration of the autologous 

marrow transplant, Again, the suhiethally irradiated Un-

treated controls showed a similail  phenomenon (Fig. 10 in 

previous section). Six to 12 days after the autologous 

marrow was administered, the lethally irradiated dogs No. I-12 

and Mo. W-7 showed a return of réticulOcytes to the peripheral 

circulation, but this return was not brisk, as in the dogs 

treated with autologous bone marrow (Fig, 16). Dog No, 493 

showed no return of retloulocytes at the time of his death 

on the 12th day postirradiation and 10th day post-marrow-

transfusion. 

The changes in packed cell volume in these animals were 

not particularly remarkable, Dog No, 493 showed a 3teady 	 -: 

drop in packed cell volume after the 2nd postirradiation day, 

with a marked drop between the 7th and 10th days after the 
administration of the homograft marrow, Dog R-12 also 

showed a drop in PCV, manifest after the 9th day following 
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the marrow hoinograft. These chances may possibly reflect 

raft antibodies attacking recipient red cells, but this is 

moot question. 

Since Porter originally reported the feasibility of using 

the sex chromatin marker in female granulocytes originally 

described by Davidson as a means of following proliferation 

of homótransplanted marrow In dogs (82, 83), investigators have 

used this marker as a critical criterion of the success 

of marrow homografts in dogs (6, 9, 26 81). We also have 

attempted to ue this technique to follow the progress of 

homograftod marrow In our animals. Figure 20 shows the 

pattern of appearance of the "clubbed" .neutrophils in the 

marrow-homografted dogs In this serIes. Significant increase 

of the peripheral club count (greater than 1% of all granulo-

cytes present) appeared to occur between the 7th and 12th 

days following marrow grafting. After the 1st month the dogs 

scored had between 1 and 2% clubs. Prior to irradiation, 

three of the dogs (No 0  W-7,  No. 'il-3, and No. R-12) had 0% 

clubs in their peripheral blood, and one. (No. 202) had 0,38% 

clubbed forms. The clubbed forms in the female donors to 

these dogs ranged from 2.3 to 5.50%. It therefore appeared 

4 that all four of the dogs surviving the 2nd postirradlation 

week had a ttakeu  of bone marrow from their unrelated female 

donors. It appeared significant that the dogs Irradiated In 

high sublethal range (No. W-3 arid No. 202) appearct o have 

the best takes as determined by the club counts. However, 
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Fig.. 20. Pattern of appearance of "clubbed" granulocytes in irradiated 

dogs receiving homologous bone marrow. 	
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it was soon found that dogs in the sublethally irradiated 

untreated control group also had between 1 and 31d of clubs 

in their granulocytes following irradiation. This latter 

finding WaS, of course, quite disconcerting. If the forms 

in the peripheral blood that we were calling u clubsil were the 

same forms that other authors have used to establish 

homologous bone-marrow takes, then perhaps some critical 

re-evaluation is in order. 

The club forms that were seen both in these marrow-

hoinogaafted uogu and In the sublethal rongrafted animals 

had the typical drumstick shape and terminal position. They 

did riot have chromatin strands connecting them with other. 

than one nuclear lobe. However, in general they were smaller 

than those described by Porter (82) or. those usually seen in 

female dogs. They did conform sufficiently closely to the 

usual description of a 1 c1ub" as to offer a problem in 

distinguishing them from true clubs (assuming that there 15 

a real morphologic difference between these forms and 

true clubs). Figure 21 shows the appearance of clubs seen 

in a female beagle, a male following homologous marrow trans-

plantation from a female, and an untreated male following 

sublethal radiation. Until further woric enables us to 

distinguish true female leukocytes in male hosts and whether 

the radiation procedure of Itself will result in an increase 

of club forms, we feel that, in our hands, club counts are 

of dubious value. It was Important, therefore, for us to 
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Fig. 21. Appearance of "clubbed" granulocytes in (left) 
sublethally irradiated male dog not given female 
bone marrow; (center) lethally irradiated male dog 
given female bone marrow; (right) untreated female 
dog. (times 4330 diameters magnification) 
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dctcirniinc if the long-term survivors (No. ti-, and No. 202) 

given radiation in the high sublethal range were true 

chimeras by means other than following the appearance of 

"clubbed" neutrophils in these male dogs. Dog No. W- 

was given a kidney and skin homograft from his female donor 

7 weeks after the irradiation procedure. The kidney 

functioned very well for 7 days and then abruptly ceased 

functioning. Neither gross nor histologic examination could 

determine with certainty whether the kidney was immunologically 

rejected c' suffered thrombosis of either its artery or vein. 

The full-thickness skirt graft sloughed at the end of 10 days. 

Although the lpssesof both the kidney and the skirt graft 

might conceivably be due to technical failure, it seems 

probable that they were immunologically rejected. 

• 	 4. Discussion 

The administration of autologous bone marrow is capable 

of saving the lives of dogs lethally irradiated with Y90-DTPA. 

11istologieally, lymphatic and hematopoletic structures are 

rapidly repopulated after the use of marrow autografts, 

• but the appearance of the corresponding formed elements in 

the peripheral blood is delayed. This latter phenomenon is 

also seen to some extent in X-irradiated animals given marrow 

grafts (84). Clinically, it appears that the administration 

of marrow autografte has a tonic effect on the experimental 
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animal beyond its e1l-proliferatiVe effect, because irrt-

provement in the animal's clinical condItion Is seen within 

24 hours following the graft and prior to any significant cell 

proliferation. Dr. As Ilcawa recently reported on the 

mortality-reduction Of fect of postirradiation administration 

of parenteral lipids In mIce (85).  Since bone marrow Invariably 

contains lipid material, It is conceivable that the marrow-

cavity lipids act in a similar fashion to the more simple 

lipids used by Dr. Ashlkawa. (A pilot experiment done in 

collaboration with Dr. Ashlkawa, uBing,dog marrow lipid in 

midlethally Irradiated rice, yielded suggestive but inconclusive 

results on this point.) 	It would appear from the results 

obtained that transplanted marrow cells are quite radio-

sensitive and better resuitsare obtaIned If the marrow is 

administered a day or more after the radiation procedure to 

allow for fuller clearance of the Y 90-DT?A from the body of 

the experimental animal. Animals described In this section 

were given bone marrow Infusion Intravenously or intra-

arterially. Although it appears that the arterial route is 

an acceptable mode of marrow administration, its value 

relative to the Intravenous route cannot be judgedon the 

basis of such a small heterogenous series. 

In the small serIes of homologous marrow transplantations 

here described, there is evidence that homologous tissue 

transplantation Is po3sible following irradiation with 



121 

90 Y -DTPA. In two.lethally irradiated dogs given homo1ooua 

marrow (No. W--7 and No. R-12) the evidence for a 'take" 

of the marrow cells can be summarized with the following 

points: 

Prolonged postirradiation survival of the animal 

beyond that seen in the untreated control group. 

histological evdence of early repopulation 

of lymph.nodes, spleen, and bone marrow. 

• 	 (c) Maintenance of peripheral granulocyte leve].z 

significanti.' above those seen in untreated control groups. 

• 	 (d) Finding of donor female markers on leukocytee 

(clubs) -- this evidence is controversial for reasons given 

above. 

(e) Development of clinical signs suggestive of 

secondary dIsease which were not seen in autologous-marrOw- 

ti-eated dogs, e.g., anorexia, weight loss, diarrhea and 

emesis, appearing after the 17th postirradiation day. 

(r) The appearance of histologic changes thought to 

be characteristIc of secondary disease. 

The third lethally irradiated dog died too early for most 

of the above criteria to be evaluated; however, hist1OgIca1lY1 

definite evIdence of early repopulation of lymphatic and 

hematopoletic structures.were seen, indicating a successful 

take in this animal as well, 

In the two dogs irradiated in the high sublethal range 

the evidence for a successful homologous marrow take is 
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meager, Clinical symptoms appearing several weeks alter the 

marrow homograft and clearing after the second month, could 

be interpreted as representing a mild secondary.disoase, 

Appropriate appearance of clubbed neutrophila was seen in 

the peripheral blood, but the value of this evidence is 

dubious. In one of these dogs (No. W-3) the chimerlc state, 

if it ever existed, probably did not persist after the 7th 

postirradjatj.on week. It would be an attractive prospect 

to think that sublethally irradiated dogs would tolerate a 

bone marrow homograf.t, just as some sublethally radiated 

humans have tolerated renal homografte (86, 87). However, 

more concrete ways of evaluating the chimeric state must 

be used than merely following the appearance of clubbed 

neutrophils. 

The homologous transplantation studies presented here 

are preliminary in naturej a great deal of further study is 

necessary to define the adequacy of the Y 90-rPA procedure in 

paving the way for; tissue homografte. The minimum dose 

that would allow for a successful take, the maximum radiation 

dose at which homologous marrow transplantation would prevent 

death of the animal, and the optimal dose range for successful 

homografting are problems which remaIn to be evaluated. It 

appears that better markers of the hornograft than clubbing of 

neutrophilB should be used. The final criterion for 
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successful achievement of the chirnerio state should be the 

ability of the recipient animal to accept tissue grafts such 

as kidney and skin from the donor. 

Experiments now: in progress are beginning to evaluate 

the above, outlined parameters. Encouraging results are 

being obtained in animals receiving treatment in the low- 

lethal-dose rat-ige (8 mc per lb of body weight) given homologous 

bone marrow and subsequently evaluated by means of kidney 

and skin homorafts. 

• 	
5. Conclusions 

1. Administration of bone marrow autografts is capable 

of saving the lives of dogs given lethal radiation with Y 90- 

lYrr'A. 

2, Successful bone marrow homografts can be achieved 

by using the Y90-DTPA procedure.. 

3.. Following the administration of autologoUs or 

homologous bone marrow, evidence of an early return of 

hematopolesis and lymphatopotesis is seen histologically and 

in the circulating blood. 	. 
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A P PEN I) IX A 

ComparatIve Do.age 	in I4ous(.. hind Dop Bone r'arrow on 

Exposure to 250-ky X-h'ay Beams (mafl-Cayity Bifeets, Cortical 

Boris Abuorption Lffect) 

Bone, be cause of its relatively high electron dcnuity, 

absorbs more radiant energy than does a comparable volume 

of soft tissue at an equivalent: aepth in the body (88). The 

high flux of secondary photoelectrons produced in bone can 

Increase the energy absorbed in the small cavities surrounded 

by the bone to a significant degree If these small cavities 

have dimensions comparable to the range or the photoelectrons. 
Splers (33), using monoenergetic X-rays (lambda = 0.13k) 

characterIstics of those produced by the 200-to 250-ky  X-ray 

machines, demonstrated that this effect was quite significant 

In cavities of the size of those occupied by osteocytes 

and the ilaversian canals. Subsequently, this finding has 

been widely used to explain the damage to viable boric after 

radiation doses that had previously been estimated to be 

nonlethal to osteocytes (89). 

Epp, Woodard, and Weiss (90)  recently reported bone 

marrow dosimetry calculations, taking Into account the 

samil-cavity effect, on mice exposed to 250-ky  and Co6  photons. - 

Their primary Interest was to Bee whether or not differences In 

the small-cavity effect for photons of various energies could 

be used to explain possible EBE differences between Co 6  y rays 



and 250-ky  X-rays. However, their data lend them8elves to 

the problem Of contrasting differences in dosimetry between 

mouse and large-mammal bone marrow due to the small-cavity 

effect. 

For 250-ky X-rays, the average energy absorption in 

the total marrow of mouse, takiriginto account the small-. 

cavity effect, is 98,6 ergs/cm 3/r (90). If we take 

• 	 approximately 2 mm or greater as the size of the average 

bone marrow cavity in dogs and other large mammals, we 

have the average energy absorption in the bone marrow 

cavity when exposed to 250-ky X-raye of 90.8 to 91.7 

ergs/cm3/r (90).  Given the same exposure to 250-ky  X-rays, 

the mouse bone marrow then receives between 6.9 and 7.8 

ergs/cm3/r, or 7.5% to 8.6% more radiation than does the 

bone marrow of large mammals, such as the dog. In addition, 

the increased cortical bone thickness surrounding the 

marrow cavities of large mammals such as the dog causes 

appreciable attenuation of the photon beam. This Is riot 

the case with the thin-walled bony cortex of mice (approxi-

mately 40 to 400 micra). The cortical bone overlying the 

femur of a dog is of the order of 3 to 4 nun In thickness 

(as roughly meauured In several dogs). If we take photon 

of X= 0.13A (considered by Spiers to be characteristic of 

-. 	 those produced by 20-ky X-ráys) and.the absorption constants 

of bone for 250-ky X-rays of ,k= 0.349 (3)), then the attenu-

ation of a 2 50-kv X-ray beam in passing through 3  mm of bone 

127 
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is approximately 10%. Mouse boric cortex Is much leus than 

1/2 mm thick. The maximum attenuation is therefore 1es 

than 1%.  We may say, then, that with respect to cortical 

attenuation the bone marrow in the dog femur receives 

approximatoly loss than 91% of the radiation received by 

mouse bone marrow at comparable tissue depths on exposure 

to the same 250-ky  X-ray beam. 

Combining the estimates made by considering the small-

cavity effect and the cortical-bone-attenuation effect, 

we have an estimate that 16% (approximately 	+ approximately 

8%) less radiation is absorbed in the marrow cavities of 

large animals such as dogs than In the marrow cavities or 

mice. Of. course, In the ntany homografting experiments done 

in mice, In which loss energetic photons than those of the 

250-ky X-ray maohinowere u6ed, the small-cavlty'effoct Is 

even greater than calculated, and the preferential irradiation 

of bone marrow is much more marked. 
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APPENDIX B 

Studies on the Intravascular Polysacoharide Associated 

• 	 with Total-Body Irradiation: Occurrence and Significance with 

Syutemlc and Gastrointestinal Beta RadiaUon 

In 1958, A. C. Andersen described an interesting material 

in the vasculature of dogs rceiving supralethal total-body 

X-irradiation (75). This substance was found mainly in the 

small vessels of the kidney and heart but often was present 

in the arterioles and capillaries of the liver, meninges, and 

gastro1nteitlnal tract. The lumina of many of these vessels 

appeared completely occluded by globules of this material. 

The surrounding areas often contained extravascular red 

cells and Librin, indicating that hemorrhage into tissue 

may be intimately associated with the presence of large 

globules of this material in small vessels. 

Andersen characterized this intravascular material by 

histochemical techniues and concluded that it probably was 

a protein-polysaccharide complex; he named it IVS (intra-

vascular polysacoharide). He studied tissues of other 

mammals.(swine, guinea pigs, rats, mice, hamsters, monkeys, 

a 

	

	 and rabbits) dying from the acute radiation syndrome and 

round the IVS material present (76). Animals dying of causes 

other than radiation damage did not show IVS in their tissues. 

• It would appear that the complex solubilities of this IVS in 

the fixing solutions used in routine histologic procedures as 
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well as the difficulty in distinguishing It on H and E 

sections have in the past kept many other Investigators from 

observing this material in the tissues of Irradiated animals. 

A clue to the origin of this material appeared when 

Andersen locally X-Irradlated segments of exteriorized 

small. bowel In the dog and later noted the appearance of the 

IVS in the meningee of the brain (91).  This remarkable 

abscopal effect Indicated that irradiation Of the 01 tract 

was a crItIea1 factor in the production of this IVS. 

The following study was undertaken primarily to evaluate 

the role of Irradiating the gastrointestinal mucosa in situ 

in the development of IVS0 

Using systemically administered Y 90  chelated with DI'PA 

for producing supralethal total-body 0 Irradiation, we have 

noted the presence of large quantities of this IVS in the 

appropriate organs. Y90 givcnoral].y is not appreciably 

absorbed from the gastrointestinal traôt, and, being a pure 

emitter, irradiates the gastrointestinal mucosa locally (92). 

It was felt that comparison of the ability of total-body 

radiation (whole body including gaotrointsetinal mucosa) 

with that of orally administered Y90  (gastrointestinal mucosa 

Irradiation only) to produce the IVS of Andersen would gIve 

Insight Into the role of the gastrointestinal mucosa In the 

production o.f this material, 
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1, Materialu and Methods 

Forty-two purebred beagles between the ages of. 6 months 

and 2 years were divided into systemically and orally 

treated groups. 	Systemically Y90-troated dogs were given 

the material as the UrFA chelate, as described in the body 

of this paper. TheY9°  ohlor'ide (carrier-free) was administered 

orally to the beagles in 250 g of mixed beef and dog. rations 

after the beagles had been fasted for 24-hr. All dogs in 

the tótal-bódy n-radiation experiments were allowed to die 

from irradiation damage. Those in the gut t3-irradiatiflg 

experiments were sacrificed on the 7th day. Post mortem 

• 

	

	. examinations were performed, and the tissues were placed in 

Bouin's solution. The tissues were embedded either in 

colloldan or paraffin, sectioned, and then stained with H 

and E, Pollak's trichrome, and methylene blue. In order to 

estimate the dosage in the gut-irradiation experiment, five 

dog8 were given barium sulfate with 2 to 4 mC of carrier-

free Y chloride added, and then serial X-rays of the 

abdomen were performed to determine the progress of the 

bolus of barium through the gastrointestinal tract. From 

this, the time of contact of the barium sulfate bolus with 

various portions of the gastrointestinal tract could be 

• estimated, In this series of experiments 1  ca8tOZ' oil was 

given by mouth and enemas were performed when the barium' 

sulfate was ndtedto be in the colon. This was done to 
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minimize the time of passage of the barium sulfate through 

the large bowel, All IVS estimations were done on the basis 

of 100 powermagrilficatlon surveys of 1.5 x 2.0 cm sections 

of heart, lun6 and kidneys stained with Pollak's trichrome. 

2. Experimental Re8ults 

a. Dosimetry calculatlon8 

There are many variables involved In the dosimetry of 

orally adminiBtered Isotopes. At best, one can hope for,  only 

a "barn door" type of estimation. The following assumptions 

were made in arriving at our particular estimation of the dose 
received in the dogs given Y90  Cl3  by mouth in this Berie8 

The 250 g of food given orally remained as a 

bolus of approximately 2509  throughout the passage through 

the gastrointestinal tract. 

The density of the meat and rood in this bolus 

was approxImately equal to the density of water. 

(a) The Y9°  was dispersed equally throughout all parts 

of the food bolus, and this dispersion did not change during 

passage through the gastrointestinal tract. 

90 (a) There was no selective absorption of Y on the 

mucosa, and the Y 90  remained Intralumenal at all times, 

(e) The radiation flux at the surface of the bolus was 	 - 

one-half the equilibrium flux within the bolus, 

In Fig. B-i, dx represents the slice In the mi.d1e of the 
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Fig. B—i. ldealized representation of food bolus containing Y 90  

in the gut lumen. 
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bolus in which equilibrium has occurred; that is, the 

number of P particles giving up their energy within this 

volume is equivalent to the number of P particles 

originating within, this volume, The dxt represents a thin 

slice at the surface of the bolus. In general, it can be 

said that in dx the 	particles enter the slice from both 

sides; however, with the thin slice dx' lying on the 

surface, P particles can enter it from only one side. We 

can then rough-lj say that the flux of particles passing through 

the slice dx' at the surface of the bolus is approximately 

1/2 the flux of particles passii'ig through dx. If we consider 

a slice, dx, having a volume of 1 ml and being in equilibrium 

with the surrounding solution of the bolus, it can be said 

that. the energy of the f  particles emitted from this volume per 

minute (and also the energy given up by the 0 particles in 

this volume during their passage through it) can be given by 

the equation 

E - Vol. of dx 	x number of mC in bolus x dpm/niC Vol. ormolus 

x av, energy per disintegration. 

For the case where the volume of the slice dx is 1 cc 1  the 

volume of the holus 250  cc, the bolus contains inC Y 90 , the 

averag,è energy of the Y90  0 taken as 0.9 Nov and expressing 	: 	* 

the energy in rads we obtain the following: 

(1/250) x (2.22 x 109  dpm/mC) x , Nev) x (i .6 x 10 6  erga/ 

Mev) x (102  rad/erg). 
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This is approximately equal to 0.128 rad/min/mC given 

up in the volume dx. The amount of energy given up in 

the volume of the thin surface slice dxt is one half of 

this amount or approximately 0.06' rad/mth/mC. Table B-I 

lists the average time of contact of the bolus with the 

mucosa in various portions of the gastrointestinal tract. 

These figures are the averages of estimates obtained from 

five separate dogs. If the value (In rads/min/mC) given up 

to the volume dx' is multiplied by the time the bolus stays 

in contact with the mucOsa of various portions of the GI 

tract, the dose valuesper mO administered are obtained. 

(3rd column of Table B-I). To determine the total radiation 

exposure of various portions of the GI tract in a given dog, 

one simply multiplies the number given in column 3 of this 

table by the number of mC of Y 90  given the dog. These 

dosimetry estimations are by necessity rough approximations, 

but are quite helpful in orienting us with respect to the 

level of Y required to produce effects that are evident 

clinically and histologically. Note that since the time of 

passage through the.large bowel was measured after castor 

oil and enemas were given the control series of dogs 

receiving barium sulfate, the time of passage through the 

large bowel was necessarily a minimal one 9  The time the 

bolus spent in the large bowel of the dogs subsequently 

given large doses of Y90  was a variable which was uncontrolled 
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Table B-I. Dose to various portions of G-I mucosa after oral 

administration of Y in 250-g  bolus 

Ave race time 	Estimated 
bolus was In 	dose 

/ 	 contact with 	per siC 
0rran 	 rnucosa 0- 	 administered 

(hr) 	 (rad/siC) 

Stomach 	 2,2 	 8,45 

Small Intestine 	 2.5 	 9.60 

:rge intestine 	 >12,5 	 48 

aTm05 obtained from evaluation of serial X-rays In I Iv' dogs 
S 

given BaSOy 



137 

therefore, the estimate of dosage to the large bowel 

I 

	

	 represents a minimum, and the dosage probably received by 

the large bowel was greater than the calculated value. 

b. Systemic t3-Irradiation Using Y 90-DTF'A 

Table B-Il summarizes the data obtained from a series 

of dogs given Y 90-lYrPAJ3ysternic;.t11y by the method deicribed 

in the body. of this paper. The estimated radiation doses in. 

rads are listed for the gastriernucosa, ileum and colon. 

The radlatiuLL dose to the other tissues of the body can be 

found by comparing the gastrointestinal dose given on this 

table with the tissue distribution and dosimetry data given 

in Table II of this report. None of the animals were 

acrificed, all died as a result of irradiation or spontaneously 

from other causes. The degree of petechial hemorrhage was 

estimated at the gross post mortem examination on the basis 

of the number of petechial or purpuric lesions present in 

the gastrointestinal mucosa, pleura, lungs, heart or kidneys. 

The pretermthal platelet counts listed are the last platelet 

count performed prior to the death of the animal. In practically 
C' 	

all instances this was one to three days prior to the animals 

death. The quantity of IVS present was evaluated independently 

by two obseriers. If only one or two particles of IVS material 

were noted ici all of the sections examined then the animal was 

scored as 1+. If IVS could readily be recognized in the tissues 
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upon initial examination but a 1are fraction of the small 

veeli were free of thi3 material then the animal was 

scored as 2+. If most of the small vessels observed in the 

tissue contained IVS then the animal was scored as 3+ or 

depending on the amount of the material. An animal was 

considered to haveuriequivocally ainificant quantitie8 of 

IVS if scored 2+ or greater. 

The animals listed on the upper portion of Table B-Il 

all had 2+ to 1k IVS in their tinues. All of these animals 

had petech:1,ui hemorrhagep, and none of them had severe 

throniobytopenla preterrninally. Five of these animals died 

between the 12h and l4th days after irradiation. Of. the 

remaining anivual, three died between 14  and 7 days and one 

died at 24 c1ay following. irradiation. 

On the lower portion of Table B-Il are liuted the 

aniaialu havi;n 0 to 1+ IVS in their tiues at post mortem 

examination. Only one of these, J)o, No. F-19,  had petechial 

omorrbaj. This dog,  had Just trace quantities of IVS in the 

tiniue kicotiotio that wore. examined. Al). other aninialo had 

neither peteehial heriiorrhae ii nor significant amounts of IVS 

and had ourvived 26 dayo or more after irradiation. 

The clinical course, hematolo4cal and patholotcal 

tincIinrs on thoue doss are presented eisewhere in the body, 

of t 111 5 

Theie roul 	in dou irradiated using Y90-TPA show 

that: ainifieant quantities of IVS can be found as early 
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as 14  days and as late as 24 days after irradiation; pe.techial 

hemorrhageS was present in all eases where IVS was present in 

2+ quanty or 	eater; the pteciu:Cae could not he the result 

of thrombocytopenia. 

The distribution of the Id in the tissues of these 

dogs given Y-DTPA was exactly similar to that seen in the 

X-irradiated dogs reported by Andersen (75, 76, 91). 

The kidney was the organ that.. dontained by far the 

largest amount of the IVS material, (see Fig. 13-2). The heart 

often shoved the IV mdterial An the small blood vessels. in  
2 

the rnyocardium. The lIver was another frequent site for 

finding the :cvs material,. parl;icularly in those animals dying 

soon after irradiation -- that .j , within 7 days 	The IVS 

was found in many other materials, very frequently in the 

gastrointestinal tract, nubmucosally, and within the small 

blood vessels suppiyinc< the vilii 

It W1L3 notewortkiy that, in frequent association with 

intravascular ...polysacchar'ide plugs occluding the entire 

lumen of a small vessel,' red blood cells and fibrin were 

noted extravasate -i in the t;i.ssuc•s around the occluded blood 

vessels. ThIs suggested that the IVS was embolic and caused 

an infarct, with loss of vascular, integrity, in the small 

vessel which It 'is seen plugging. Certain gross character-

istics of this IVS material can b Infdrred from considerthg 

histologic pIcttres, such as Figure B-, in which a particle 

of P18 Is seen straddling the bifuration of a vessel. Such 
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Fig, B-2. IVS seen in vessels in kidney of dog #2A (above) 
and dog #234655 (below). 
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histologic demonstrations seem to indicate that the material 

18 at least somewhat plastic and can be molded to the shape 

of the vessel in which it finds itself, much like a drop of 

fat or a drop of oil In aqueous solution. 

Table B-Ill summarizes the results obtained'from the 

gut-irradiation studies using orally administered Y 90C13 . 

Animals ( 	to 6 kIlos) receiving 29 mC or more showed 

depression, anorei.a and diarrhea beginning the secoid to 

third day following the feeding of Y 90C1 3 . The symptoms 

progressed and all animals were sacrificed on the 7th day 

after the administration of the radioisotope. Blood values 

remained within the normal range throughout the experiment. 

Gross examination at sacrifice revealed no lesions in dogs 

receiving less than 29 mC Y 90C1 3 , but those receiving more 

than this dose generally showed pulmonary conge8tion, hyperemia 

of the liver', rnucosal hemorrhages inthe distal small 

intestine, and denudation of the co].onic muoosa. Dog No. 

1-C also had multiple pulmonary petechiae. These lesions 

* 

	

	 were confirmed histologically. Nore of these animals had 

significant amounts of IVS In their tissues. 

It is of relevant interest that similar dogs given 

a 	 only. 1 to 9 mC of Sr9°  as a 3r9°_Y9°  equilibrium mixture 

(activity of Y equal to that of sr90 ) by mouth uniformly 

died between the 6th and 7th days following its administration 

(93). These doga given 1 mC or more of Sr90-Y9°  showed 
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Table BIII 	IVS, ourvey fo11ot:1ng oral adminlL3tratiofl of 

YCl; 

-- - 
- petechial 

Doie hemorrhage 

(rads to n1ucom) 

Dog Small 	Large 
bowel 

irradiation 	IVS 
(0-4+) 	(0-4+) no. Stomach 	bowel 

5-F 	2.0 17 	19 	96 -- 

-0 20 17 19 96 

33-A 3,7 31 36 

22-E 3.7 31 36 

5-E 4.0 34 38 

5-11 4.0 34 38 192 -- -- 

80  7,3 62 70 350 - -- 

D24 7.3 62 70 : 350 -- 

F-I 14.6 123 iho 701 -- -- 

22-F 14.6 123 140 701 -- -- 

l-D 21.0 177 202 1008 -- -- 

97-B 21.0 177 202 1008 

3-24 29.3 248 281 1406 ± ± 

C-24 29.3 248 281 l4o6 

1C 37.0 313 355 1776 + -- 

M-8 58.5 494 562 2808 ± + 

20-B 58.5 2494 562 2808 ± -- 

12-0 87.8 742 843 
yiriptom 	-1O,i vc Incre% - 'In 	j r 	eith 	iLaing doee, 

DOLe above 29 mC ahovied. anorexia, 1itt1esBne6c and bloody diarrhea 2 
to 3 days prIor to uaerifice. 1I1topaho1O: SuvcrC necrosis of 

Ob1O1 4itucoua in dogs receiving Over 30 mC Y 	C1 3. 



complete denudation of the intestinal mucosa from the mid-

Jejunum distally including the ileum and COlOfl. Extensive 

hemorrhagic lesions were also noted inthe lungs, spleen, 

lymph nodes and marrow cavities and IVS was found within 

all organs examined. 

The discrepancy between both the gros$ pathologic and 

histologic lesions seen in the.dogs receiving 2 to 37.8  nO 

Y90C1 3  orally, reported here, and that seen in the cogs 

receiving 1 to 9 mC Sr90-Y90 , previously reported, may 

possibly be pluined by the metabolic differences between 

divalent yttrium and trivalent strontium. 5 to 6011Z of 

orally administered strontium-90 is absorbed systemically 

as compared to less than 0.05% absorption of orally 

administered yttrium-91 (92). while the yttrium remains 

intraluminal and simply passes over the mucosal surface, 

the strontium passes througli the gastrointestinal mucosa to 

be absorbed systemically. It is not unreasonable to assume 

that the process of absorption of the strontium prolongs 

the contact and proximity of the pure beta-radioactivity 

with the gastrointestinal mucosa thereby greatly increasing 

Its radiation dose.. Following its absorption and prior to 

its eventual accumulation in bone, the 3r9°  may irradiate.. 

structures far removed from the gaLArointestinal tract, 

145 
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3. Di;;cusuion 

The pattern of radiation damage as well as the dose-

response is diffexnt for Sr 90-Y 9°  equilibrium mixtures 

versus 	alone. The damage due to 29 to 83 mc Y 	iven 

orally is to a large extent limited to the mucosa of the large 

bowel; peteehial hemorrhages arc not characte rlstic9.liy seen 

in structures other than the UI tract and IVS is not found, 

Oral administration of 1 to 9  mO 3z ,  as Sr90 
 

-Y90  

cquilibriu.n r 	u:ss produces systemic damage mimicking 

total body X-irradiation. In this dose rtnge Sr 90-Y90  will 

produce nucosal denudation of the small bowel associated with 

:ide spread pete ctia1 hemorrhages and IVS 

The rseults obtained troLL the oral administration of 

large doeu of Y90C1 3  establish that destruction of colonlo 

raucosa, per se, is not associated with the appearance of 

significant amounts of IVS. Other experiments (91), have 

eabliohed that destruction of small bowel mucosa by 1100 

to 1700  rad of X.-irradiation does produce pets chial henorrhages 

in non-irradiated organs (kidmey) associated with IVS but not 

associated with thrombocytopenla. Destruction of similar 

segX3nts of eia1l bowel mucosa by manual trauma or the 

intraluminal injection of boiling water in non-irradiated 

aniii.1 rcu1tsd in death of the nimale in 3 to 5 days without 

associated pstochial hemorrhages or IVS in other organs. 

Irradiation of the thorax or liver alone with 1100 rad of 

X-irradiation also did not produce widespread petechial 
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1emorrhae or,  IVS in the dog (91). 1)ogu given high levels 

of total body :1.rradiation by fazt neutrons. (285 rad), 250-ky 

X-rays (300  r to 350. r) (91), or Y 	p-irradiation (Table B-Il 

of this report), develop petechial hemorrhages and IVS. 

It appears from these observations that there is a strong 

association between wide spread pete chial hemorrhage fo1lowin 

irradiation and the presence of IVS; that thrombocytopenia is 

not present in many instances where postirradiation petechiae 

are observed and therefore throinbocytopenia cannot be the 

cause of the hemorrhagic diatheis in these instances; that 

radiation destruction of sm111 bowel mucosa with X-rays is 

associated with the presence of IVS while the destruction of 

colonic mucosa with beta radiation is not associated with the 

presence of IVS. 

Conciuion3 

1 • Evidence Is presented. that following systemiM 

r1'A irradiation in the dog petechial hemorrhage is associated 

with the presence of IVS rather than the presence of throinbo-

cytopenia. 

A method for selective -irradiationof the mucosa 

• 	90 
of the gastrointestinal tract with Y Cl has been presented. 

Significant quantitiw3 of IVS are not present after 

destruction of colonic mucosa by 13-irradiation but as has 

previously been demonstrated, is present after comparable 

destruction of small bowel niucosa. 
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4 The radiation pathology 

adminIstration differs from that 

of Sr9 -Y9°  equilibrium mixtures 

intestinal muco3al. damage occurs 

when u8ing alone as compared  

seen after oral Y90C], 3  

seen with oral administration 

and comparable local 

at a much higher dose range 

90  to sr-y90. 
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