
Modification of Irradiation Injury in the Monkey

by Bone Marrow Transplantation

By B. G. CROUCH AND RICHARD R. OVERMAN

I T HAS BEEN shown for several species that the mortality associated with
acute bone marrow depression in the lethally irradiated animal can be

decreased by post-irradiation injection of hematopoietic cells.’ The wide

variety of studies involving the use of these transplantation techniques has

prompted clinicians to treat human patients in a like manner, whether for

blood dyscrasias,24 other organ transplantations� or radiation accidents .#{176}Al-

though some progress has been made in both animal experiments and in the

clinic in treating the lethally irradiated individual, there is still much to be

learned from studying these techniques in the sub-human primate. A prelim-

mary report of studies presented fully in this paper was the first work to ap-

pear in which the monkey was used for bone marrow transplantation.7 Since

that time, Young8 has reported that 2 monkeys of 15 suirvived 900 r with

homologous bone marrow therapy. Rothberg et al.9 recently reported the

treatment of eight irradiated chimpanzees with homologous hone marrow.

They were able to obtain only one long term survivor at 900 r of 2.8 Mev gam-

ma radiation. McAlpine and his colleagues’#{176} were unable to obtain survivors

in Rhesus monkeys treated with homologouis marrow after irradiation up to 900

r, but autologous bone marrow was foumnd to be effective. In these experiments,

the bone marrow was pooled from several donors. No other reports of similar

studies have yet appeared in the literatuire.

The present investigation was initiated to show whether the acute phase of

total-body x-irradiation injury to hematopoietic tissues can he altere(l suf-

ficiently to prolong the life of the monkey by post-irradiation administration

of homologous bone marrow.

MATERIALS AND METHODS

Animals

Male and female Macaca mulatto monkeys were maintained in a large mongrel colony

and were selected at random for individual experinients with the exception of a choice in

weight. In general, animals weighing between 3.5 and 5.0 kilograms were chosen for ir-

radiation while very young monkeys were selected to serve as bone marrow donors. The

monkeys were housed in air-conditioned quarters and were kept in steel cages each holding
five monkeys. A few weeks prior to irradiation they were caged individually. They were

fed a commercially prepared monkey chow except duiring periods of post-irradiation anorexia

when the diet was supplemented with whole wheat bread. Animals chosen for irradiation

were fasted for 24 hours and a venous blood sample for control hematological examination
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IRRADIATION INJURY MODIFICATION 445

was drawn prior to irradiation. Immediately following irradiation, the animals were returned

tO individual cages.

Radiation

l’ho irradiation was given with a Westinghouse Quadrocondex deep therapy machine

operating at 240 kV., 15 ma, and employing 1.0 mm. Al plums 1.0 mm. Cu filters ( HVL

2.0 mm. Cu ) . The monkeys were placed in a wood or lucite restraining chair which was
rotated in the x-ray beam foumr times per minute by means of an electric motor. The target

distance to the estimated mid-point of the animal was always 100 cm., to which distance

the machine delivered 13 roentgens per minute. The roentgen output in air was measured

frequently with a Victoreen condensor r meter and was monitored with a Victoreen roentgen

rate meter.

Bone Marrow Su�-pensions

A young bone marrow donor was lightly anesthetized with I. V. Pentothal sodium (Ab-

I)Ott ) � and was given 3 mg./Kg. body weight of heparin* intravenously to prevent coagu-

lation of the blood and bone marrow sample. The animal was then sacrificed by surgical

1)fleumflothoraX and about 50 cc. of blood was withdrawn from the heart. The long bones
v/crc then removed, scraped clean of attached muscles and the epiphyses were cut off with

l)Oflc forceps. A syringe filled with donor whole blood was attached to one open end of

the diaphysis by a short length of latex tubing. When gentle pressure was applied to the

syringe plunger the bone marrow was forced from the open end of the bone in a single

compact mass ahead of the fluid column. The bone marrow cells were then dispersed by
gently pulling the material back and forth several times through the opening of a 50 cc.

syringe. The bone marrow-blood suspension was then counted to determine the total num-

her of viable nucleated cells. Viability of the cells was determined by their ability to take

up the color from a 0.1 per cent solution of the vital dye, brilliant cresyl blue.

Treatment of Animals

Four groups of animals were irradiated in this study, one as control and three for bone

marrow treatment as follows:

Group I 650 r no bone marrow

Group II 650 r homologous bone marrow

Groump III 700 r homologous bone marrow

Groump IV 800 r homologous bone marrow

The animals in groups II, III, and IV were each given approximately 2 x 10#{176}viable nu-

cleated cells suspended in 30 cc. donor whole blood. A different donor was used for each

recipient. The suspension was injected into the short saphenoums vein between thirty and

tony hours following irradiation.
All animals in groups I, III and IV were treated daily with Strocihin 0 which

contains 400,000 units penicillin C procaine and 0.5 grams dihydrostreptomycin per 1.5 cc.
Animals receiving antibiotic therapy were given 1.5 cc. Strocillin I.M. daily fromn the first

day post-irradiation until the leucocyte coumnt had begun to return toward normal or until
death occumrred.

Hematological stuidies of venous blood were made at weekly intervals following irradia-

tion for a period of nine weeks, then at monthly intervals until the animal showed a normal

peripheral blood picture.

RESULTS

Group 1 - Controls

Each of the eight monkeys irradiated in the control group showed the char-

acteristic signs of the acute radiation syndrome and died at least by the thir-

#{176}Kindlysupplied by Abbott Laboratories, North Chicago, Ill.
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Table 1.-Survival Times of Monkeys Following Irradiation and Bone Marrow
Treatment as Compared to Untreated Controls

Group I Group II Group III
650r 650r+ 700r+

Controls Bone Marrow Bone Marrow

522#{176} 167#{176}

1265#{176} 46#{176}

14#{176} .35#{176}

8 16#{176}

9 16#{176}

13#{176}

12#{176}

15

9 12

11 13

Group iv
800 r -�-

Bone .urrow

17#{176}

18#{176}

10#{176}

13#{176}

14#{176}

14#{176}

8

10

#{176}Animals which showed evidence of functional bone marrow following irradiation and

treatment.

teenth day following irradiation ( table 1 ) . All animals became anoretic soon

after irradiation and showed a reduction from normal in food intake until

death occurred. Loss of weight was rapid and in some cases profound. Petechial

hemorrhages appeared in the skin of the facial area and frequently on the

chest, abdomen and limbs. The animals all showed signs of gastrointestinal

hemorrhage both by visible hematochezia and by the appearance of blood

around the anal orifice. The occurrence of diarrhea was uniform throughout the

group, appearing on the fourth or fifth day post-irradiation and continuing

until death. In four of the eight animals, there was profuse epistaxis and inter-

mittent gingival bleeding. The animals became lethargic and obviously dis-

tressed after four or five days and often developed skin ulcerations in various

areas.

Peripheral blood studies of the controls are shown in table 2. The post-

irradiation leukocyte count of every animal dropped to an exceedingly low

level, and there was never any indication of immature leukocytes in the

peripheral blood. The reticulocyte counts of all animals dropped to zero

during the first week, indicating the absence of erythropoiesis in the bone niar-

row. The hematocrit was in every case decreased after irradiation, but not to

a great extent. Hemoglobin values followed the same pattern as the hematocrit.

No control animal showed any evidence of impending recovery from radia-

tion sickness as reflected in the peripheral blood picture. Such was also the

case in the terminal blood samples although these are not included here since

their validity is questionable.

Group 11 - 650 r + bone marrow

The mortality, survival times and animals showing indication of regenera-

tion of bone marrow are shown in table 1. Of the eight animals in this group,

two survived for more than the conventional 30-day survival period. Animal

No. 1 died 522 days following irradiation, and Animal No. 2 is still living after

more than three years following irradiation. The range of survival times of

those six animals not reaching 30-day survival was seven to fourteen days.

Animals No. 3 through 8 reacted in a manner identical to control animals

with regard to the clinical picture following irradiation. Animals No. I and 2,
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however, followed a somewhat different clinical course. The early depression

in appetite was observed and was accompanied by a generalized loss of body

weight. Both animals began to take small amounts of food again during the

second week following irradiation but continued to lose weight, probably be-

cause of the accompanying diarrhea. Animal No. 1 finally began to show a

slight weight increase on the twenty-first day, but Animal No. 2 did not begin

to regain her body weight until day forty-three post-irradiation. Both animals

showed only slight hemorrhagic tendency and had only occasional petechiae.

The signs of radiation sickness began to diminish about the third week in Ani-

mal No. 2 and during the fourth week in Animal No. 1; neither animal. how-

ever, showed as severe a picture of radiation sickness at any time during the

course of the experiment as did the irradiated control animals.

Peripheral blood studies of Group II ( table 2 ) show clearly the lack of

difference between Animals 4 through 8 and the confrol animals. There was

never any evidence in these animals that the bone marrow graft had become

functional as a hematopoietic organ. Animal No. 3, on the other hand, showed

a remarkable increase in circumlating reticulocytes in the second week post-ir-

radiation, accompanied by an increase in hematocrit and hemoglobin. The

leukocytes, too, began to retumrn toward normal. Such findings seem to indicate

the actual transplantation of the injected bone marrow with its subsequent

production of normal, viable blood cells, even though the animal expired on

the fourteenth day post-irradiation.

The indication that survival is due to a viable bone marrow transplant is

also reflected in the peripheral blood pictuires of Animals No. 1 and 2. The

leukocyte counts indicated the severe effect of irradiation by their rapid de-

cline in both animals during the first two weeks post-irradiation. In strong

contrast to the control animals, however, these cells began to increase gradually

in number during the third week in Animal No. 1 and during the fourth week

in Animal No. 2. By the ninth week the leumkocyte counts of both animals had

begun to reach a plateau within the normal range. Reticulocytes reappeared

in the peripheral blood during the second week in both animals and were fol-

lowed by a return of the hematocrit and hemoglobin values toward normal

beginning in the third and fourth weeks respectively. The compensatory over-

production of reticulocytes began to subside during the fifth week and bad

returned to normal, along with the other peripheral blood values by the end

of the ninth week following irradiation.

Group Ill - 700 r + bone marrow

I.n table 1 are presented data regarding mortality, survival times and animals

showing evidence of bone marrow recovery in Group III. In this seoond group

of experimental animals, the x-ray dose was increased to 700 r and antibiotic

therapy was initiated, while the post-irradiation injection of bone marrow was

identical to that in the preceding group. Three of the eight animals in this

group survived for more than the 30-day test period. Animal No. 1 survived

until day 167, Animal No. 2 until day 46, and Animal No. 3 until day 35 post-

irradiation. Animals No. 4 through 8 died from twelve to sixteen days follow-

ing irradiation. It is important to note that seven of the eight animals in this
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450 CROUCH AND OVERMAN

group showed evidence of a regenerated bone marrow as reflected in the periph-

eral blood picture, which might indeed account for the slightly longer

mean survival time for this group.

The general pattern of the irradiation injury from a clinical viewpoint in

Animals No. 4 through 8 was comparable to that of the control animals. Al-

though Animals No. 4 through 7 showed evidence that the bone marrow graft

was functional at least for a time, these animals soon showed the same degree

of acute radiation sickness as did Animal No. 8 and the control animals. The

onset of the symptoms, however, appeared somewhat later than that of the

controls. Animals No. 1, 2 and 3, on the other hand, began to show marked

improvement in their clinical condition soon after the initial acute period. Ani-

mal No. 1 continued to show improvement and definite signs of recovery and

appeared normal by the fifth week except for his body weight. All three animals

began to lose weight during the early anoretic phase of radiation sickness and

each continued to lose weight until death; this sign was quite pronounced in

Animal No. 1. This animal had, by 167 days, lost nearly one-half of his orginal

body weight and had become very emaciated. The animals also had frequent

intermittent diarrhea during the course of the experiment and at the time of

death.

Peripheral blood studies of the animals in Group III are shown in table 2.

The values shown for Animal No. 8 reveal the same peripheral blood picture

as that of the irradiated control animals. Animals No. 4 through 7, however,

each showed the typical marked reduction in leukocyte count during the first

week, but in the second week there was an increase in the number of circulat-

ing leukocytes in all but Animal No. 4. This animal showed an increase, how-

ever, during the third week following irradiation. These findings seem to in-

dicate that the injected bone marrow was producing viable blood cells in the

host animals. Examination of the leukocyte diferential counts of Animals No. 4

through 7 further confirms this observation in that in every case there were

present in the circulating blood, young granulocytes by the second or third

week. Reticulocytes, too, began to enter the peripheral circulation by the see-

ond to fourth week in these four animals; however, only Animal No. 4 showed

in increase in hematocrit and hemoglobin values before death.

The three animals which survived for more than 30 days (Animals No. 1, 2

and 3) each s�howed an early return of the peripheral blood toward normal. The

hematological recovery pattern for Animal No. 1 was no different from that of

the long term survivors in the 650 r group (Group II). There were some inter-

esting differences, however, in the recovery patterns of the peripheral blood in

Animals No. 2 and 3. For example, Animal No. 2, at the end of the second week,

showed a reticulocyte count of 15.3 per cent. The reticulocytes of Animal No. 3

also recovered but not to such a dramatic degree. Fuirthermore, Animal No. 2

showed normal numbers of leukocytes in the fourth and fifth weeks, but a

sharp decline occurred in the sixth week immediately before death. Animal

No. 3 showed an initial rise in leukocyte count during recovery, but the values

never reached the pre-irradiation level before the animal expired. Evidence

for a functional bone marrow was further seen in the leukocyte differentials of
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IRRADIATION INJURY MODIFICATION 451

these two animals in that immatumre granuilocytes were present and the neutro-

phil to lymphocyte ratio had begun to revert toward normal before death.

Group IV - 800 r + bone marrow

Data concerning survival times, mortality and animals showing evidence of

bone marrow recovery in Group IV are presented in table 1. In contrast to

the previous two grouips of experimental animals, all the monkeys in Group IV

died before the end of the 30-day test period. The range of survival times ex-

tended from seven to eighteen days. The fact that all of the animals expired

within eighteen days after irradiation does not necessarily mean that the in-

jected bone marrow did nct have any beneficial effect. Indeed, such must not

have been the case since six of the eight animals showed evidence of a func-

tional bone marrow before death, as reflected in the peripheral blood picture.

This finding is again based on the leukocyte and reticulocyte counts shown in

table 2.

The overall clinical picture of this grouip of animals was not measurably dif-

ferent from the observations on the irradiated control animals except in one

or two respects. All animals showed the typical signs of acute radiation syn-

drome which was previouisly described, although the onset of symptoms was a

few (lays later than in the control animals. There was also definitely less hemor-

rhagic tendency in the monkeys in Group IV.

The reticulocyte counts of Animals No. I through 6 reflected the tendency

toward recovery in these animals; each animal showed a retuirn of erythrocyte

j)rOduction after the initial radiation-induced depression. The evidence for

functional bone marrow grafts in these six animals is further strengthened by

the return of all leukocyte counts toward normal, the appearance of immature

granuilocytic fcrms in the peripheral blocd and the beginning of a trend toward

reversal of the abnormal neutrophil-lymphocyte ratio in the first three animals.

The hematocrit and hemoglobin values did not exhibit significant changes.

Animals No. 7 and 8 showed no differences in their peripheral blood pie-

tures from control animals; therefore, it is assumed that no regeneration of

bone marrow occurred.

DIscussIoN

Both the hematological data and the presenting signs of the acute radiation

syndrome seen in the control group of monkeys are in close agreement with

the findings of a number of other investigators.1113 Another important point

of agreement with these aumthors is that a reappearance of circulating reticulo-

cytes is perhaps the most sensitive prognosis for recovery in the irradiated

monkey. An increase in the number of circulating reticulocytes above zero

indicates that there is an active bone marrow or other hematopoietic tissue in

the animal. This has been uised as one criterion in judging the presence of a

functional bone marrow transplant in this investigation, in addition to the

recovery of leukocyte production. With this fact in mind, it is important to

note that there was not observed in a single control monkey, any evidence of

production of reticulocytes after irradiation. Neither was there any evidence
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452 (;ROUGH AND OVERMAN

that the myelopoietic functions of the bone marrow were capable of acting.

Cursory examination of the number of animals which survived for a period

of at least thirty days in the three groups of bone marrow treated animals

might lead one to believe that these experiments were unsuccessfuil in obtaining

functional bone marrow transplants in the irradiated monkey. A more careful

analysis, however, will immediately show that such is probably not the case.

Based on numbers of circulating reticulocytes, nuimbers of circulating leuko-

cytes, and the presence of circulating young granulocytic cells after the initial

radiation-induced depression, it has been shown that three of eight animals

in Group II, seven of eight animals in Group III, and six of eight animals in

Group IV indicated the presence of a functional bone marrow. This is a total

of 66.6 per cent of all bone marrow treated animals versus none of the irradiated

untreated control animals. At the time these experiments were performed,

there was no method available for determining the presence of donor cells in

the peripheral blood of homologous bone marrow treated monkeys; therefore,

it cannot be stated with certainty that the functioning bone marrow was that

of the donor animal. There are, however, two points which muist be made in

favor of such an assumption. In the first place, no control animal showed in-

dication that his own bone marrow had begun to regenerate following irradia-

tion. Secondly, it has been conclusively shown l)y numerous investigators that

recovery following bone marrow injections into lethally irradiated rodents

has been due to cellular repopulation of the peripheral blood by donor cells.’

These two facts would lend support to the assumption that the monkeys which

showed a return of the peripheral blood elements toward normal following ir-

radiation and bone marrow injection had accepted the donor bone marrow,

which in turn began to produce viable blood cells in the host, whether or not

such a transplant was eventually capable of saving the animal from death with-

in a short time following irradiation.

The results 9f these experiments raise two important quiestions with regard to

bone marrow transplantation in the primate. The first of these is why the

animals in Groups III and IV showed a better response to injected bone mar-

row cells as reflected in the peripheral blood, even in the face of a higher

x-ray dose, than did the animals in Group II. Previous experiments in rodents14

would indicate that animals given a dose of irradiation below or quite close

to the LD100130 are less likely to show a beneficial response to homologous or

heterologous bone marrow injections than those animals receiving definitely

supralethal doses of irradiation. This finding is explained on the assumption

that in the lower dose range the immune mechanism responsible for the ac-

ceptance or rejection of a bone marrow graft is not depressed sufficiently to

allow acceptance of such a graft. In other words, there remains just enouigh

of a functional immune mechanism in the host animal, or it recovers early

enough to initiate antibody production against the donor bone marrow cells,

thereby destroying the injected bone marrow before it has begun to repopulate

the peripheral blood with cellular elements. It is thought, however, that when

supralethal doses of radiation are administered, the immuine mechanism is

sufficiently depressed to allow the injected donor marrow to establish itself in
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the marrow cavities, and begin to produce viable blood cells in the host. The

findings in the present investigation regarding x-ray dose levels and frequency

of appearance of a functional bone marrow would tend to support these con-

clusions.

The second question involves the small number of thirty day survivors

among the bone marrow treated animals. One may ask why so many of the

animals (lied rn the face of a recovering peripheral blood pictuire and an ap-

parently functional hematopoietic organ. There are several points which might

have a bearing on the answer to this question. In the first place, it is highly

unlikely that these animals died as a resuilt of any one cause. There were indica-

tions that several contributing factors resuilted in morbidity processes. For ex-

ample, the nutritional state of the animals was clearly suibnormal and re-

sembled that of controls during the earls’ period following irradiation. The

radiation-induiced anorexia, the marked loss of body weight ( due to both the

reduced food intake and a persistent diarrhea ) , and the general physical ap-

pearance and reactions of the animals would lead one to believe that some de-

gree of malnuitrition could very �vell have contributed to the death of the

animals. It muist he kept in mind that no atteml)tS were made in these experi-

ments to overcome or alter the complications �vhich arose as a result of the

irradiation insuilt with the exception of the l)one marrow treatment and, in

some cases, antibiotic therapy.

The possibility of death due to infection cannot he ruled out even though

antibiotics were administered in some animals. It is �vell known that latent

infections may suddenly become extremely pathogenic in the monkey follow-

ing unusual stress, such as irradiation, thus resulting in an early bacteremia

when the animal’s lymphoid system is not functioning optimally.

Many of the animals showed some degree of damage in the gastrointestinal

tract at autopsy; for example, there was frequently found evidence of atrophy

and dysplasia of the mucosal cells and active, chronic inflammation of the

submucosa. Since the typical radiation-induced gastrointestinal death in the

monkey occurs earlier in time following much higher doses of radiation than

those used in these experiments,’5 it cannot be said that the intestinal damage

in this case was the primary cause of death. However, in view of the importance

of an intact intestinal mucosa in maintaining life in the irradiated animal (in

relation to absorption, fluid loss and bacterial invasion), it is most likely that

this type of damage played an important role in caulsing the death of these

animals.

The second factor which sheds some light on the cause of death in the face

of a recovery of hematopoietic function is involved in the immune reactions of

the irradiated animal. If we assume that the immune mechanisms of the host

animals were suppressed sufficiently to allow the injected bone marrow to es-

tablish itself, it is not unlikely that, at a later date when the host immune

mechanism began to recover, the graft was rendered ineffective. This is a condi-

tion which has been repeatedly observed in rodents,1 with two different pos-

sible results. What is often referred to as a total or partial reversal may occur,

in which the hosts’ own hone marrow regenerates and takes over in full or in
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part the hematopoietic function. On the other hand, one may see signs of a

reaction of the grafted bone marrow against the host, resuilting in the so-called

“foreign bone marrow reaction.” If the first of these reactions occuirred in

these monkey experiments and a reversal from donor bone marrow to host

marrow followed, then apparently the hosts died as a direct result of the im-

mune reactions or more likely from factors previously described. Again, it would

be necessary to follow the donor cells in the host to ascertain this reversal of

cell typ@s. If, on the other hand, the second type of reaction occuirred, i.e., “the

foreign bone marrow reaction”, then its signs were significantly different from

those seen in lower animals. In the first place, deaths from this reaction of the

graft against the host usually occur later in time than was observed in the

majority of monkeys. Furthermore, the typical accompanying signs of skin

lesions, persistent diarrhea and wasting were not a consistent finding in the

monkey, although some of the animals did show these last two signs. There was

only one animal, however, which showed any indication of skin disturbances,

that being the animal which survived for 167 days.

The fact that the samples of bone marrow were injected together with 30

cc. donor whole blood may be of importance with regard to possible immune

reactions. Cole and Carver’0 have found in lethally irradiated mice that injec-

tion of normal blood from a strain other than that of the donor abrogates the

protective effect of previously injected foreign bone marrow. This effect was

not found, however, when the injected blood and marrow were derived from

the same strain. The situation in the monkey experiments is possibly analogous

to the latter of these findings, since the donor blood and bone marrow came

from the same individual animal in every case. This remains, however, an

important point for further investigation.

It must be said that the possibility of an immune reaction cannot be ex-

eluded in these experiments, whether it was one or more of those described

above, or a reaction as yet unobserved in other species. It is hoped that with

the new methods for tracing donor cells in the monkey host some answers

to these problems will be forthcoming.

The results of these experiments show that it is possible to prolong the life

of the lethally irradiated primate by the post-irradiation transplantation of

homologous bone marrow. It is obvious, however, that a great many factors

play a part in the possible long term survival of animals treated in this man-

ner, and that careful post-irradiation clinical handling is of utmost importance

in this respect. It is also clear that acceptance of a bone marrow graft and a

recovery of hematopoietic function does not necessarily assuire a lengthening of

the survival time in the irradiated primate treated with homologous bone

marrow.

SUMMARY

Thirty-two adult monkeys were given a single dose of total-body x-irradia-

tion of 650, 700, or 800 r. An attempt was made in 24 of the animals to alter

the acute phase of the radiation injury to hematopoietic tissues sulfficiently to

prolong the life of the animals by post-irradiation administration of homolo-
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g�.is bone marrow. The other 8 animals served as irradiated non-treated con-

trols. Of the 24 bone marrow treated monkeys, 5 survived for more than 30

days post-irradiation. However, a total of 16 animals showed some recovery of

the peripheral blood elements toward normal, which seems to indicate that

the bone marrow graft may have been functional in these animals. The cautses

of death in the face of a recovering bone marrow are discussed with regard to

immunological reactions, including the “foreign bone marrow reaction,” and

other contributing factors.

SUMMARIO IN INTERLINGUA

Trenta-duo simias adulte esseva subjicite a tin sol dose de roentgeno-irradia-

lion del corpore total amontante a 650, 700, o 800 r. Esseva tentate, in 24 del

animales, alterar le phase acute del injuria irradiatori in le tissu hematopoietic

a grados suifficientemente marcate per le administration (post-irradiatori) de

homologe medulla ossee pro prolongar le vita del animales. Le remanente 8

animales serviva como irradiate sed non-tractate casos de controlo. Inter le 24

simias tractate con medulla ossee, 5 suiperviveva plus que 30 dies post le irradi-

ation. Un total de 16 de iste animales monstrava un certe grado de restablimento

tiormalisatori in le elementos del sanguine peripheric. Isto pare indicar que le

graffo de medulla ossee esseva de facto functional in iste casos. Le causas de

morte, in le presentia de un medulla ossee in processo recuperatori, es discutite

con respecto a reactiones immunologic (incluse le “reaction a medulla alien”)

e altere factores contributori.
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