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ABSTRACT

STUDIES OF THE HFRENMOLY 7IC TFIECT OF RAVIATION
By

Samuel Schwertz, Elaine J. ilata, uillie Mae Porter,
- Leon E, Jacobson, and Cecil James Natson

Evidence is presented indicating thet both acute and
chronic radiation anemia are due in part to a hemolytic re.
action, and not solely tn an inhibition of arythropoletic
nctivity as has been assumed by most investigators.

The hemojyTt2 concept 1s based ovn the folluwing evidence

~taken from a survey of the literature as well as from our own
experimental studies. (1) The red cell count in humapn and
animal subjects may fall dt a rate that is faster than can

he accounted for by asswaing even 100 per cent inhibitioun

of erythropoiesis, (2) The red cell count may devline at

a time when the reticulocyte count is actually elevated,

{(3) Histological eviden<e of increased red cell destruction
has been demonstrated repeatedly. {(4) The bone marrow of
humans that have anemia due to chroplc radium polsoning is
typically hyperplastic, not aplastic. (95) Increased bile
plgment excretlon has beeg shown to occur following administra-
tion of large doses o¢f P3¢ or tontal bedy X ray.

Excessive 1rradiatlon appears Lo destreoy both mature and
immature cells 1n increas et omounts, rwmore studles of human
subJects are reyuired to evaluate the importance of thias
bemolytie factor. Spec¢inl attention in these studies should
be given to bile pligment excretion and reticulocyte measuremehts,

* This investigation was aided by a grant from the Rockefeller
Foundation for medlcal yresearch.
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STUDIXS OF Yn BEMOLYTIV SrrnCT O 2aDINTION

by
Samuel Schwartz, Elaine J, #dutz, Lillie }ae Porter,
Leon u. Jacobson, and Cecll -James ratson®
l Introduction

Despitie considersble study of the hematologlcal effects
of radiation there is still little fundamental information
available on the nature of radiation anemlia, especlally as
régards the relative importance of hemolytic and regenerative
factors, 'This has been due chiéfly to the facﬁ that the in.
vestigative tools used Leretofore bhave been limited largely
to routine studies of the peripberel blood. This has tended
to yleld a rélatively static picture that 1is merely the end
result of u number of factors guch as the rate of production,
lreleaée from the bone merrow, und life spsn of the red blood
cells. S*udies correlating %ons marrow and peripheral blood
findings are few, and blochemicel jnvestigations of red cell-
destruction have, to our knowledge, not been described. Even
reticulocyte measurements have been reported ip only rare
instances,

In a review of the -literature up to 1943, Cantril et al(l)
pointed out that most investigators believed that the anemias
appearing voth in humans and in giparimental animals follow-
ing administration of either external or interpal radiation
are due bto suppression of the erythropoie-ic system, ar to

abnormalitiss of regensration. During the preceding eighteen

¥ This study was alded in part nhy a grant {rom the Rockefeller
Fovpdatire for edicnl ~esearsh,
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yegrs,'gartland‘d 7 repsatedly spoke of exhaustion of the
‘bone marrow due to chronio radium polisoning (despite nis own
consistent evlidence to the contrary, as noted below) and more
recently Reinhard et al(s) in an excellent study and review

of the therapeutio uses of P°2 1p diseases of the hemopoietio
system stated that "Radioactive phosphorus exerts its ther-
apeutic effect, as does x-radiation, by slowing the rate of
erythrocytogenesis. Since, however, mention is made neither

cf retioulocyte counts or bone marrow studies to indioate
the'"rate of erythrocytogenesis", nor of bile pigment exoretion
stud}es'to indicate the rate of red ocell destruction, this
étatement must rest on incomplete evlidence,

‘While 1t is cbvious that suppression of erythropoiesis
ocours following administration of certain types and doses of
radiation and may result in extreme aplasia of the erythroid
elements in the bone marrow(g), it appears equally obvious
that radiation anemia cannot be due to inhibition of
erythropoiesls alone; a hemolytic oomponent* must play a
varlable and often crucial role in the development of both
acute and ohronic radiation anemia. Evidence for this
agsumption is threefold, vis., histologlcal, mathematicael and
biochemical, as will appear'in the following.

1.1 Histological Studies |

| (a) Bone Marrow Histology in Chronlc Radium Pbiaoﬁf

In the present report the term "hemolysis" is used to in-
dicate all types of red cell destruction; regardless of
their nature. ¢
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ing. OGCtudies of red cell metabolism probably h§§ been most
impbrtant.in humans with chronic radium poisoningisince anemia
has been the most consistent clinical feature ofithis disease,
ag well as the usual cause of de.aatho Because othbr radiation
emitters, now avallable, may be expected to act similarly,

and because the confusion regarding radiation anemia is S0

‘well exemplified by the literature on radium poisoning,

this subject will be dealt with here in greateét detail. 'The
Teports by Martland, especially, will be considered since

his studies bave been most extensive and, in genérnl,most
valuabls,

Martland has described histological changes in the bone
mATTow of 3ix individuals in the dial palnting incustry who
died of chronic radium poisoning. In the first case (2)
he found that, "There was entire replacement of the fatty
marrow of the femﬁr by actively regenerating tissues, a
mOrrow hypérplasia of the meg loblestic type.m* " He also
observed .that, "The spleen showed....diffuse fibrcsis and
slight increase in hemosiderin plgment."” Before deaﬁb
peripberal blood study in this patient showed a hemoglobin
value of 20 per cent and red blood count of 1,064,000,

(3)

In the second case Martland reported that, "Necropsy
showed an intense replacement of normal adult fatty marrow
by a8 red regenerating bone marrow, Histologically, the
narrow was characterized by an enormous number nf nucleated

red cells, normoblasts and megaloblasts which showed a re .’

"It 1S not clear whether Lhiese cells were Lrue megaloblasts,
01 merely large cells,

0024380
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generation’of the megaloblastic type." 4 hemoglobin value .
of 20 per cent and a red blood cell count of 964,000 were
. 2)

The third case, reported by Relter and Martland(4),
aisq showed & bright red marrow and "..f a marked ery-
throblastic regeneration, The marrow consists elmost en.
tirely of groups of closely packed erythrocytes in which
can be found many normoblasts and a few megaloblasts.,..
Conslderable hemosiderin pigment is.presentn"

(4)

In his fourth autopsy report Martland des:ribed a

"regenerative leucopenic anémia of the megaloblastic type."
Similar findings ~ere ulso described inhis final report(7)
in which Martland noted that, “The general architecture,
structure and landmarks were entirely obscured by the ex.
treme hyperplasia, with a packing of immature end primitive
cells."”

Martland's evidence, thereftws, consistently indicated
heightened erythropoletic activity of the bone marrow in
fatal radium poisoning in humens. Despite this evidence,
however, he concluded after his first case that, "There is
a stage of stimulation followed later by sudden exhaustion of
the erythroblastic centers with production of a rapid fatal
anemia.”™ Of his second case (before the patient’'sdeath)
he said, "It is due tn exhaustion of the blood forming

centers...." and even after necropsy examination showed the

", ...intense replacement.... by a red regenerating bone
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marrow". He said of the irradiation that it, "...may go on
for ye;rs before the centers are finally exhausted". This
hypothetical "exhaustion" of the blood forming centers was
also mentloned in the discusslon of his later cases.

- Martland was aware of thls contradiction and pointed
out in his 1929 review of the subject(8) that, "The occur-
renée of this apparently hyperplastic marrow was puzzling -
since, heretofore in the report of anemlas due to undue
exposure to x-ray and gumma radiation from radloactive
substancés they have usually been described as distinctly
aplastic in type. As 1In practlically none of these cases
was necropsy performed or study of the bone marrow made,
this conception is purely a clinlical one and may not al-

ways be substantiated by the facts as we lmow them."
Martland repeatedly points out that the anemia 1s no:

a hemolytic one since the icterus index is normal and hemo-

slderln deposlts are not increased as much as In perniclous

anemla. Cbviously, however, these criteria are 1lnsufficisnt

for ruling out the presence of a chronic hemolytic ahemia,

since the latter may be asaociatedAwith a normal icterus

index 1f liver function is adequate‘lol;'and»sinoo‘mantign;_‘___;‘_

of some increase n splenic and marrow hemosiderin is mado
in a few of the detalled reports, as noted above.
A similar finding of a hyperplastic bone marrow in a

human with chronic radium polsoning has been reported by

Gettler and Norris{1l), on the other hand, we are not

0024382
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r&miliaf with any clear cut evldence of generulized bone
marrow exhaustion in chronic radium poisoning in humans.
Flynn;é negative report of opge case(lg) states only that,
"The bone marrow presented the same generul condition as

is found in benzol poisoning.” This statement is ambiguous
sincq the bone marrow in benzol polsoning may be either
hypo-_or'hyperplgsbic(15), Neither i1s the extent cf the
post_mortem exaﬂgnation indicated by this author. It may be
concluded theref;re that the typlcal bone marrow in this con.
dition is not exﬁausted; it is actually hyperactive, us one
would expect it to be, for examble, in caces of chroniec hemo-
lytié anemia, It is elso very similar to the ayperplastic

*

marrow described In dogs with experimentél anemia due to
bleedinggl&j‘

There are few publlshed studies on the lhematclogicel
and histological findings in ruadium polsohing in experimental

animals. Even where adequate studies have been made, it should

be polnted out that the doses sdministered were vasily gresater

thap those found in.cases of buman radium polsoning. This is i
especlally important since aplasia of the bone marrow is !
cormmonly assoclated with acutely lethal doses of both external %
and internal radiation, whereas normal erythropoiesis or hyper-
plaé;a is‘associated with chronic low doses of radlation such

as were found in the human patients(g)a

(19)

‘Thomas and Liruner gave a total of 40 to 60 micro.

grams of radium citloride subcutaneously to four female rats
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over a periodlof 117 to 191 days, Post-mohtem examination
showed that, "In all cascs, approximaetely the middle two-
‘thirds bf the shafts of the long bones contalned a hypér.
plastic‘marrow in which the fat cells were completely re-
placed by the red marrow, Also, ipn all caeses, an aplastic
marrow was found in the extremities of all the long bLones,
in the vertebrae, and mandibles, and the illii of the in-
jected rats."” The authors polnt out that, "The greater
concentracion of radium in the ends of the bone accounts
for the earller destruction of the marrow at these points.”

(16) studled the effects of both

‘Sabin and co-workers
radlum and mesotborium in rabbits., In one of the rabbits
that devéloped an acute anemia these ahthors noted that,
"The signs were;of a peripberai destruction of red cells;
marked fragmentation of these cells, aé seen in the supra.
vital prepérations and the extreme increase in irofi-con-
taining piement in spleen and bone mariow seen in sectlons,”
Scattered areas of aplasia were noted in the bone marrow,

_ 7
Dunlap et al(l )

fed 4 total of 100 micrograms of rad-
ifum chloride to 13 rats over a 20 day period. Only nne
animal developed a severe’anemia; Extensive hypoplasia of
the bone marrow Was found in all animals. Abundant hemo-

Aiderin deposits were found in both aspleen and bore marrow.

(b) Erythrophagocytosis Following Acute Radiation Ex-

posure, Heinicke in 1905(18) pointed out the occurrence of
red cell destruction in rabbit bone marrow about 48 hours

after acute x-ray exposure, Increased plgmentation in the

002u384
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L C Zﬁ}'Subjects,

(a) Human Studies° Studies have been made of tha

efrect of 953 on hemoglobin and rettculocytos in seven.
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~ int r¥enously.

The'P32 was adminiatered orally in divided doses in

‘all.bnt'tﬁo~instanceso In théflstter'cases 1t was given

(Patients with anemia due to chronic radium poisoning

have not been available to us ror study, Fecal urobilinugen

excretion was found to be normal"invone individual with

f
s L

minor bone changes but no anemia iVarious radioactivity

1

A meaeurements indicated a total bodyrcontent of 2.2 micro-

grams of radium in this patient°~ It might be pointed out in’

l
h

this regard that patlents witn so called aplastic or re-

'fractory anemla of unknown etiology, have often besn round

(10) to have considerable increaSss in excretion or fecal

urobilinngen. )

(b) Animel Studles, The reffect on hemoglobin metabolism

or both single and multiple. doses‘of total body" ilradietion

was studied in mongrel dogs° The technique of irradiation

18, described elsewhere (36).

The eanimals were kept in metabolism cages suitable for
the seperate collection of urinefend reces' The urine'was
combined in consecutive one to four day perilods, the longer
periods being used during the chronic stagee. 'he feces

wers. eimilarly combined in three to six day periedso

The dogs were fed commercial;'og‘biscuits (Friskies)

generally supplemented with meatFOneior two . times weekly.

Most .of the animale wore cared Ior,and'stpdieﬁ'in othen;A
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respects by members of the Blology Section whose reports

may be found elsewhere in this.volume (37, 38, 59)3

2.2 Anélzpical Procedures,

(a) Routine hematology studies included hemoglobin,

‘red blood cell, hematocrit, end reticulocyte counts, These

are reported in moye dntall elsewhere (37, 38, Sg)n

(b) Bile pigment excretion studies, These studies,
it 1s generally ogreed, yleld the most rellable inlex of
the rate of hemogloblip destruction,

(1) Excretion of fecal urobilinogen was deter-
mined in both dog and human subjects by using

Aatson’s method of analysis(40)°

(2j Biiirubin excretlion was yuantitatsd in dog
urine employing the method of Malloy and Evelyn
as described originally for serum (43)0 Readings
were taken after 15 minutes and agaln arter the
addition of alcohol. Because of the known low
renal threshold for bilirubin in dngs %2) 4
considerable portion of the total bile pigment
may be excreted in the urine in these animals,

(c) Red cell protoporphyrin studies, were done be-

cause of reports that this substance i1s significently al-
tered in hypochromic and infectious snemia (%3, 44)0 The

method of Grinsteln and Waitson was used (45),

0024388
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3. Kxper tal

3.1 The Effect of po& on Hemoglobln Metaboliem in Pat-

ients with Folycythemla rubra Vera.

Case I (WB). A forty-six year old whlte female re-

o2 from Ooctober; 1944 to June, 1945.

celved a total of 19.8 mo of P
Ten me¢ of this amount was administered ;ntravenously on June 9
and 11, 1945. BHer hemoglobln on June 12 was 16.2 grams per cent.
By July.Sl it hed fallen to 12.5 with a red count of 5.7 million.
TwerLty-eight days later it was 8.6 grams, and by October 2 had
‘come dpwn to 6.7 grams with a red count of 2.66 million. Un-
Iortunately-no retioculooyte determinations were done until
September 27. From this date until October 13 the latter ranged
from 3.6 to 8.5 per cent. During this period fecel urobilinogen
excretion was two to three times above normal. The bone harrow
{blopsy) exhibited a merked normoblastic hyperplasia, Pertinent
studles are plotted in Figure 1.

From the above data it is obvious that the patient developed
a hemolytioc anemia following the final P°? administration. This
1s shown by the elevated feoal urobilinogen excretion as well as
by the rapid fall in hemoglobin concentration despite an elevated
reticuloocyte count. No blood transfusions were given during the

period of study.

Cases II to IV. Hemoglobin and reticulocyte studies in

three other patients who received oral pd2 therapy ere summarized
in figures 2 to 4. It should be noted that there is no in-
dication from the'retioulooyca oounts of sufficient suppregsion

of erythropoletic activity to account for the

0024389
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hemoglobin fall, 4Actually at least one of these patients
(Illl).had a deflinitely elevuted reticulocyte count during
pért of‘th« period of hemnglobin fall. Unfortunately,
howevero'the‘absence of bile pigment excretinn studies in
these patients makes 1t impossibie to prove with cartainty
'the bresence of e hemolytic reaction,

| in Figilre 5 are plothted the data on an individual )
whose Ilox:oglobixl, following other therapy, had fallen
to about 12 grams per cent. following the adauinisiration
of 18.6 mc P92 over a period of 24 days, his hemo%Lobin
rose steudily to about 17 grams. Thls study i3 important
because it indicates that normal erythropoiesis may follow
the admlinistration of this dcse of poe,

| In summary 1t should be pointed out that the per cent
fall of hemoglobin values in each of the above putlents
(except 4. 0.) averaged about one per cent per day over a
period of 14 to 40 days. during the same period, aver ge
reticuloc;ve counts for the individual patlents ranged
ffom 0.5 to 1.1 per cent (no'reticulocyte studies were
done on M.K. during the perl0d of maximum hemoglobin fall).

No consistently significant change wes found in the

concentration of protoporphyrin in the fed blood cells
following the administration of P92, The average red
blood cell protoporphyrin cuncentration in these patients
was correlated to soms degree with the color index; eievated

values were found mostly In those patisents with a. low color

index whereas normal values were generally found assocleted

0024390
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with normal color indices. As seen in Flgure 6, however, the
spréadiof values at ahy given color index was‘very great, It
is Obvidus,-too, that other factors must be operative since
chahges in color index in given patients did not resultl con-
sistently in simultaneous chaugeé‘in the protoporphyrin con-
centration in red blood cells,

3.2 The Effect of Total Body X ray on Hemoglobin

Metabolism in Dogs.

(a) € ontrel Dogs. In eddition to control studles

of treated dogs, falrly prolonged studles of fecal urobilino-

R ]

gen eicretion were made in two control dogs. Results in the
two instances were e§sentially similar. . The dala on one of
ﬂhem are illustrated}%igure 7.

A total of 85 determinations have been done of fecal
urobiiinogen excretion in 18 control dogs. Most valuses
ranged from 5 to 10 mg per day with extremas of 1 to 25 mg
per day. |

In working with mongrel dogs, such &s were aveilable
to us, one must Eonstantly keep in mind the fact that con-
trol dogs are not necessarily healthy animals, and thet
"routine" therapeutic procedures may produce undesirabie
biochemical effects. Thls fact was emphasized in the study
of one (g whose fecal urobilinogén excretion rose markedly
Just before beginning the administration of 25 r total body

X ray daily. "Simultaneously the dog's hemoglobln concentra-

tion fell and the reticulocyte count rose skarply. On inquiry

pozu3ql
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it was found that seven days, and again three days before
Xx-ray administration bégan the dog was given 22 cc of
Lederle's Canine Antibacterisl Serum (Formula #1) in the
hope that.it would combat an infection and cause the re-
turn of an elevated white count to normal, Studies of this
animal are presented in Figure 8,

(b) Irradiated Dogs. In most don7s given a siagle large

dose of total body £ ray an 1ncreased excretion of uro-
bilinogen was found, especial}y from about the fourth to
twelfth day, This is ofter, though not always, assoclated
with a'drop in the reticulccyte count. Data on two such
dogs are lilustrated in Figures 9 and 10

From the sixth to the tenth day after 1rradiation, the
hemoglobln of dog 43 fell at an average raie of abnrut six per
cent per day; that of dog 36 fell at an average rate of about
2 per cent per day from the third to ninth day following
irradiation. Thls compares well with the data on several
other dogs whose bemoglobirn dropped for several days at a mex-
imum rate of two . to five per cent per day (37938939)0

A -third dog (#44) was given 300 r total body X ray, Four
detérminations‘during the sixteen day control periond averaged
12 mg per day. During the sixteen days after irradiation the
average value was 26 mg per day. In the last two day period
the concen$ration rose to 170 mg per cent, but because of
marked constipation the per diem value for this period was

only 22 mg per day,

0024392
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_ Dog 37 reééived éwQ;;Zl: injection of
26,5 me Sr89, Studies of hemoglobin metabollism in this '
animal,are summarized in Figure 11,

The interpretatiou of data on excretion of bile plig-
ment is often difficult because many of the dogs become
severely congtipateda This is iilustratgd in Pigures 12,

13 and 14, in which urobilinogen excretion values are plotied
in terms of both milligrams per 100 grams feces and mill-
igrams per day, It will be noted that the former vélue

may rlse markedly with little or no significant change in

the latter value., all thfes dogs received 50 r total body

X ray dally until death.

Terminal increases in fecal urobilinogen excretion may
be associated with internal hemoxr:saage., This was most
strikingly illustrated in dog 26 which died 72 days after
daily treatment with 12.5 r tdtal body X ray wuas started.
Subcutaneous hemorrhages were first noted 14 days bvefore
deaﬁh, and considerable intarn2l oleeding wes found at the
post-morteﬁ examnination. Durldg the l=zst 14 days of life
the hemoglobin concentration fell precipitously from 11.2
to 4 grams per 100 cc. The fecal urobilinogen excreticn
-during the last elight days averaged 120 mg per day, the
highest value yet iound in dogs. It is, of course, im-
possible to say what proportion of this was dus to the
bleedlng as againat red cell destruction by the usual

mechunism~,

Excretion of Urinary blle pigment, likewise, was found,
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to be érrected by large doses of radiation. E. Palnter, of
the Biology Section, first called our attention to the ex-
cretioﬁ of a green urine in a dog to which plq?pnium had
previously been administered. Green urine hasﬁﬁeen found
quite consistently in dogsvreceiving large dosés of radia-
tion. 41ts appearance has been well‘correlated:with a
diminution in food intake. This may be explained by the

Tinding onganasak1(46) and others(47,48).

that a decrease
in liver glycogen results in the excretlion of a green
biliverdin-containing bile. Bé&zkman spectro-photometric
studies of the dog urine by M. Hagedorn indicated that this
urine pigment was spectroscoplically similar to, iIf not
identical.with, biliverdin, Further evidence for abnormal
bile plgment excretion in the urine came in the course of
studies in excretion of urinary cqproporphyrin by thess
dogs(4g)° The ether extract of acidified urine from dogs
recelving either external or internal radiation was commonly
found to be green. Such a finding is rare in control dogs,
but has been observed by S. Schwartz in dogs injected intra-
venously with hematin or hemoglobin.

Quantitative studies of uripnary bilirubin were instituted
to measure thils effect more uqcurately. Several hundred deter-
minations on control and irradiated dogs ranged generally from
one to four mg per day. Practically all the bilirubin was

the prompt-reacting type. Occasional values rose to six mg

per day or more. Though values jften tended to be higher
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after irradiation, the range was generally similar to.that‘
of control dogs. In some dogs, as shown in Figure 15, the
increased excretion was fairly pronounced.

These investigations were supplemented by studies of
ﬁilebpigment excretion in three bile-~renal flstula dogs
glven a single dose of total body X ray. These latter |
studles were made since the determination of fecal uro- |
b;linogen has certain diéadvantagesD such as the following:

| 1. The number of analyses 1s limited ﬁecause the
samples must be comblned in periods of several
days each,

2. There 1is a time lag of a few days hetween the time
of blood destruction and the excretion of urobi-

. linogen in feces.

3. The previously noted factor of constipation may make
the data difficult to interpret.

4, It is possible that the bilirubin and biliverdin
from the bile may not be completely converted to
ufobilinogen. This possibility was 1llustrated by
the findiﬁg(of a large amount of green pigaunt
(biliverdin?f in the feces of one animal (Dog #37)

89 |

glven strontium™".

The bile renal-fistule dogs were prepared for us by
(50)

o

Dr., &. G, Allen, accdrding to the method of Kapsinow
In all but one animal {Dog #86) the gallbladder was

anastomosed to the renal pelvis by means of an incision
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through the kidney cortex. 1In dog 86 the gallbladder
anastomosis ﬁas made at the uretero-~-pelvic junction. It
should be pointed ogt that the quantitative interpretation
of 'the data is limited by the followlng factora:
1. Complete hematology studies were not oossible at
‘this time because of the pressure of »ther work.
2. All but one of the dogs (SQ-5) showed varying de-
grees of closure of the fistula opei:lng at autopsy.
All three dogs showed significant increasss in bille
plgment excretion socon after total body irradlatlon, in.
dicating the presence of some degree of hemolytic reactlon,
The data on Dog 5Q-5 1s 1illustrated in Fig. 16. The opera-
tion performed on this animal was most successful as indicated
by post-moftem examination,
Bilirubln excretion by the other two dogs rose to over
50 mg per day in the few days after administration of 250 r
total body X ray. These values were at least twlce as high
as the highest control valugs in thess animals,

4. Discussion

4.1 The In Vitro Study of Radlation - Induced Hemolysis

The in vitro hemolytic effect of both alpha reys (51 54) gpa
X rays has been demonstrated repeatedly (55‘59)0 The red
cells thus irradiated were found to be éwollen and to show
increased permeability, especially to cayions (55'56’° in
ali instanéesg however, the dose of several thousand r of

radiaﬁion required to produce this effect was vastly greater:
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thén any thefapeutic dose, Nevertheless, this difference in
déée of radiation is not, per se, evidence against the in vivo
hemolytic'action of therapeutic doses of radiation, since
these smaller doses may 1lnjure phe red cells in such a way
that they are more easily phagocytized. 1In this connection
it would‘be pf interest to irradiste with X ray portions of
whole blood; containing isotopic carbon or nitrogen in the
hemoélobin molecule. Its fate, when injected into experl;
mental subjects, might then be compared to the fate‘or non-
irradiated portions of the same blood. e are not famillar
with any studies of thls type, reported in the -llterature,

4.2 Other Studies on the Manhattan Project that Polint

to a Hemolytic Reaction in Radlation Anemia, Lorenz and

ARt
co—workers(‘ ) at the National Cancer Institute have ad-

ministered dally small doses of gamma rays tovthe whole body
of guinea pigs, mice, and rabblits, and have studied their
effects on the circulating erythrocytes. They belleved that
the precipitous drop in req csll count that occurred during
the last few weeks of life cound not be accounted for by
internal bleeding or by the assumption that erythropolesis
was even completely inhibited, Some of the animals in
~this étudy were sacrificed at intervals after starting the
irradiation treatment, The bone marrow of these animals
was reported by Eschenbrenner to be either normal or hyper-
plastic‘(SO)o Definite hypoplesia, however, was found in

many animgls in which treatment was continued until they °
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died with severe anemia.

Jacbbson, et al, have reported the occurrence of severe
acute enemia in rabbits given acutely lethal doses of total
body i.ray (6;). A hgmolytic component was assumed to be
an importunq factor in the rapid development of these
anemias., 1In these animals, as well as in dogs given
acutely lethal doses of radiation(sz) the bone marrow showed
markéd destruction of cellular elements and general aplasia.

In animals injected with plutonium, Jacobson reported
the finding of hyperplastic marrow assoclated with chronic
low doses, whlile evidence of hypoplasia was found with

larger doses (65)9

4.3 Interpretation of Uroblilinogen Excretion Data.

Certain limitations of urobilinogen excretion studies in the
dogs have already been enumerated. These relate to the time
lag between blood destruction and urobilinogen excretion, to
possible incomplete conversion of bilirubin to urobilinogen,
to irregularity in bowel habits, and to inability to identify
the nature of the hemolytic'procbss, i.e., whether due to in-
ternal b;eeding or to more usual mechanisms, Other limitations
tob, might be considered., Hellmeyer (64) and Watson (25)
especlally, have described a diminution in urobilinogen ex-
éretion in cases of post hemorrhaglic anemia., This might be

¢onsidered either as a pigment sparing action or a "throttling"

of blood destruction, Fecal urobilinogen excretion data, too,

should be interpreted in terms of the amount of circulatigg
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hemoglbbin,_ Therefore, in a dog with severe anemla an
apparently normael fecal urobllinogen value may actually
represent as increase in thé rate of blood destruction,
with respect to the total amount of hemoglobin that the
dog has, |

From the available data it is impossible to deter-
mine the relative magnitude of destruction of mature
circulating cells as compared to that of immature cells
within the bone marrow. In pernicious anemia, for ex-
ample, it has been suggésted that the increased fwcal
urobilinogen excretion may be due to excessive intra-
marrow des£ruction of young red blood cells, It may.be,
too, thaﬁ sﬁch 1s the case in patients with anemia due fo
chronic radium poisoning,

The effedt of acute irradiation might be 1lnvestigated
by first giving isotopic nitrogen for a perlod of several
days and then, after two to three months, isoctoplc carbon,
Shortly thereafter either external or internal radiatlon
would be administered., st this time the N/C ratio should
be pigh.in the older circulating cells, while the reverse
should be the case in the bone marrow cells, By deter-
minihg this ratio separately ih the hemin of circulating
cells and bone marrow cells, and again in the excireted
bilirubin or urobilin one might ascertaln tﬁe relative
degrees of destruction of young versus old cells,

4.4 Inhibition of Erythropolesis., 1In the studlies .

reported here, there is no doubt that erythrocyte regener-
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ation was interfered with Otherwise, the great regen-
efative powers of the bone marrow would have been suffi-
cient to maintain more nearly normal hemoglobin and red
count levels, even with ar increased rate of red cell
destruction. It should be pointed out, however, that under
some conditions the bone marrow responds even after adminis-
tration of relatively large doses of radiation. DLog 535
(Figure 7) is illustrative in this regard. Following the
develdpment of an acute hemolytic anemia, due possibly to
serumvadministration, the reticulocyte value rose and the
'anemia improved desplte the continued administration of

25 r total body X ray daily. ~Patients receliving P52
likewlsé, were able to respond with an.celevated retlculo-
cyte count., Such a reticulocyte response, however, wés not.
rorthcbming in those dogs which received an acutely lethal
dése of radiation. In this regard it might be noted that

Jacobson, et al, have shown (65)

that rabbits in which
erythropolesis was stimulated by previous production of
anemia due to phenylhydrazine or bleeding are often able
to recover norhally from the &nemia despite administration
of nearly lethal) doses of I ray.

'Einally, it should be emphasized agaln that the pre-
sent discussion does not alm to minimize the importance of
the erythropoietic inhibition caused by irradiation., It

is intended, however, to indicate the necesslty for con-

sidering still other mechanlsms to account for both acute
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The Effect of P92 on Hemoglobin Metabollism in a

y : ' Patieht With Polycythemia (M.K.) N
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The Effect of P52 on Hemoglobin and Reticulocyte

Count in a Patient with Polycythemia. (W.B.)
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Figure 9.

The Effect on Hsmoglobin Metabollsm of 300 r Total Body

X Irradiation, 8ingle Dose (Dog 43)
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Figure 10,

The Effect on Hemoglobin Metabollsm of 209 r Total
Body X Irradiation, Single Dose (Dog 36)
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Figure 13
The Effect on Hemoglobin Metabolism of 50 r Total Body

X irradiation Daily (Dog 47)
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Figure 16,
The Effect of 450 r Total Body X ray, Single Dose,
on Hemoglobin Metabolism in a Bile-Renal Fistula Dog (SQ5)
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