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ABSTRACT

BTWIBS or THS HKUOLT ~IC 3FFBCT OF SAUlA/flOM

teatine that both acute and 
» in part to a he—nJytis ra- 
.hJ bit ion or erythropoietic 

most Invest igators.

Saarael Sctowertx, Blaine J. Ks^a, -Allie Mm F 
Leon X. Jacobean, and Genii Joses Watson*

evidence is presented Ind 
chronic radiation anemia are dm 
action, and not solely to an LnJ 
activity as has >een assumed by

Ths bemojrtte concept is based co the following evidence 
taken from a survey or the literature as well as from our cwn 

riMntal studies. (1) The red cell count In human and 
ml subjects may fall at a rate that ia faster than con 

be accounted for by assuming even LOO per cent inhibition 
of erythropoiesis. (2) The red cell count nay decline st 
a time dec the reticulocyte ccunt is actually elevated.
(3) Histological evidence of increased red cell destruction 
has been demonstrated repeatedly. (1) The bone marrow of 
humans that have aaesila due to chronic radium poisoning is 
typically hyperplastic, not aplstic. (3) Increased bile 
pigment excretion has be»n show i to occur following admlnisGj 
tion of large doses of F>; ox total body X ray.

Kxcesalve irradiation appears to destroy both mature 
LmeaAure sells in incroa- eft cmounto. s»xv studies of human 
subjects are required to vralmis the importance of this 
hemolytic factor, r ™ 11  L ‘ "
be given to bile pigamnt excretion end

- a -

* This Investigation mas elded by a grant from the 
Foundation for medical renoarot.
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IB»7 J years, Martland repeatedly spoke of exhaustion of the 
boas narrow Sas to chronic radius poisoning (despite his owa

I • ?■ -■ -
consistent evidence to the contrary, as noted below) and acre 
recently del shard st el^8^ is eu excellent study sad revise 

_sa of the therapeutic anew of In diseases of the hamo^o^otio 
"Badloaotive phosphorus exerts its tber- 

as does x-radiation, by slowing the rote of
Slase, however, aention is aade neither 

or « „ 0OO. M„o. ■ -

the "rate of erythroeytogenesis", nor of bile plgnsnt enretica 
studios to Indicate the rate of red coll destruction, this 
a tat can nt asst rest on inooaplete evidence, 

s
While it is obvious that suppression of erythropoiesis 

occurs following sdsdnistratlca of certain type- and doses of 
radiation and nay result la art roan aplasia of the *—'------
■Tenants in ths bone narrow*"*, it appears equally o 
that radiation «rent a oannot bo dee to f whthl rf nn of 
ery thropoiesis st erm c • hwnolytlo co ptpo ne nt nnst play a 
variable and often emsial role in the devwloyaant of both 
acuta and a radiation eaeala. Svidenoe for this
asusBfInn la threefold, vis., histological, aathsaatl* 

£ as will appear in ths following.
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* It X* net clear whe'ZheF-
dft swrely largo cel a a

Ing. studies or red cell metabolism 

important in bumana with chronic radium poisoning 

hoe bees the moat consistent clinical feature of thia disease, 

aa well an the usual cause of death. Because other radiation 

emitters, row available, may be expected to act similarly, 

and because the conrualon regarding radiation anemia la So 

well exemplified by the literature mi radium poisoning, 

this subject will bo dealt with bare Id greatest detail, 

reports by Martland, especially, will be considered since 

his studies have been most extensive and, in gone ya 1,0001 
valuable.

Martland has described histological changes la the bon*
marrow of al* individuals in ths dial painting industry who 

died of chronic radium poisoning. Ir the first case {2> 

ho found that, "There was entire replacement of tbs fatty 

■arrow of the femur by actively regenerating tissue - 

marrow hyperplasia of the msg loblast lc type."* he also 
observed that. "The spleen showed....dlf 

alight increase in hemosiderin pigment.* 
peripheral blood study In thJ 

value of so per cent and red blood count of l.|o<,000.
In the second ease (S) Martland reported that, -» 

showed an Intense replacement of s^rmal adult fatty ma 

rating bone aara-ow. Histologically,

mtcus number of nucleated 
lasts 4hlch showed a re
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port

id which Martland noted that

trea«e hyperp
.33 fT

The marrow consist* alaost on-

1 Mrfll g)

•ai£1

Siaiilar finding* were also described in his final r*| 

, "The general architecture, 

♦niirely obscured by th* *x< 

with a packing of immature and primitive

»■

throblastic regeneration.

tirely of groups of clos«ly packed erythrocytes in which

can ba found many normoblasts and a few megaloblasts....*
Considerable hemosiderin pigs*nt Is present."

(<> In bls fourth autopsy report
"regenerative leucoperic ana mi a of th* megaloblastic typ*."

(T)

x

generation of tbs mage lob last ic type." a hemoglobin value 

of 20 per cent and a red blood cell count of 964.000 were 

previously reported before th* death of th* patient 

reported by Belter and M&rtlond(♦),

anemia "

The third css*.

also showed a bright red narrow and •

ills. " 

hartland • s evidencc . ‘-bar 

heightened erythropoietic activity of the bone narrow la 

fatal radian poisoning in humans. Despit* thia evidence, 

however, bo concluded after uls first can* that. "There is 

a stage of stinulution followed later by sudden exhaustion of 

the erythroblastic centers with production of a rapid fatal 

patienV. death)

X » • ■ f - *

Of hl* second case (before the 

"It is du* to exhaustion of the blood forming 

centers.... ,• and even after necropsy examination showed the

..Intanc* replacement.... by a red ft:?. , ' - '■ ■ ......"ft-ft ft,. ■■ ,
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mrraw". 3a said or the irradiation that it. ".. 

for years bafore tka centers are finally exhausted".

*
•my go an

_______ . nun 
hypothetical "exhaustion* of the blood f<wetng a enters mu 

also mentioned in the discussion of his later oases. .. •
Martland was aware of this contradiction and pointed 

.. "■ *"
out in his 1929 review of tbs subject <•> that, •’ftio occur - 

« . - ■ ; -
rance of this apparently hyperplastic narrow was pusallng 

since, be re to fore in the report of ananlas due to undue 

exposure to x-ray and gun— radiation from radioactive 

substances they have usually been described as distinctly 

aplastic In type. As In practically none of them mews 

was necropsy perfumed or siudy of the bone narrow mde 
’'■M-"' '.t *■- *

this conception la purely a clinical one and my not al- 

ways bo substantiated by tbs facts as ww know them."

Martland repeatedly points out that the anemia io not 

a hemolytic one since the icterus Index le norm! and beaus, 

aid er in deposits are not Increased as mob as in pernicious 

enema. Obviously. however, tnese criteria are insuf flol mt 

for ruling out the presence of a chronic hemolytic anemia, 

sines th® latter way be associated with a normal icterus 
index if liver function la adequate lo\ and since mansion 

of asm Increase in splenic and narrow heeoslderin la ma-do 

ln * re“ or S* IWM., a. aaAaa

A .UlUr rindlos or a IwwpluMe bon. nrro. In ■
& J. ...

hurnn with chronic radim poisoning has been reputed t* 
dottier and Morris^), on the other hand, wo are not
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taw published studies on the hematological

findings in radium poisoning in oxperinontal
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hypo- or

post-marten sxaminstion indicated by thia author. It way 

concluded thersrore that the typical bow marrow In this■ '
ditloa la not exhausted; it la actually hyperactive, as one 

in e«as« of ehrente boaild expect it to be, for example, 

aamnia. . It is also vary similar to the hyperplastic 

' described in doge with experimental e nee la due to 
rio

______

. 4- -_______ *-■*_-* isasm * -..... - « mplanla is Hssociated with chronic low d<
as were found in the human patients*9).

and bruner*1^

JB

- « -Sa■___ ..• -

.

reanle rets

This atctoaieat la aavi
» bone narrow in benzol poisoning nay bo wither 

t taihyperplastic * ' Jh.ther is tbs ex *

states only thet, 
-The bone narrow presented the sans general condition as 

is round in benzol poisoning.”-----
since

out tfc

than those found

especially Important since aplasia of tbs b
■■' ’vV#-” v:' *•

coononly associated with acutely lethal dooes of both .. __

I internal radiation, whereas normal erythropoiesis or hy

faal 11or with any clear cut evidence of generalized bone 

narrow exhaustion la ehroulc radius poisoning in huanns.
flakFlynn’s negative report of one caselx<:i

__ .■. <, ./ '...
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----------------------- Jr one of the rabbits 

sped an acute anemia these authore noted that. 

•The signs were of a peripheral destruction of rod orIla 
f 

it ion of these calls, as seen la the uupra. 
.. ■. x- 

ana the extreme increase m iron-con— ■ _ . sections.’

- =-
BxteckSiVe hypoplasia of

The authors point out that, 

concentre.ion of radium la the ends of the
■

for the earlier destruction of the marrow at these points
(IB >Sabin and co-workers *

ej
!>■ 

talcing pigment in spleen and bone marrow seen la 

Scattered areas of aplasia wwrw noted in the bone marrow.

fed a total of 1XX> i 

lum chloride to 13 :«U ower a 20 day peril 
animal developed a severe n coed a. 

the boas strrow was found la

— 10 —

over a period of 117 to 101 days 

showwed that, 

thirds of the ahafis of the long bones contained a hyper, 

plastic ■arrow In which the fat oslla were completely re­

placed by the rod marrow, also. In all cases.

marrow was found in the extremities of all the long bomea 

In the vertebrae, and mandibles, and the 11111 of the la- 

inched pats."

■

Post-mortem exaadljatioa

poaure. Heinleins In 

red cell destructloo 

after acute x-ray exposure.

studied the offocto of both
MSI

radium ana smoother turn la rabbits.
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have described similar pbenosMna.
Itla considerable detail 1----------------

baa also been reviewed, along with the general problem of

^o»..K ,--«

. *’

That • 

thia may bo due to bsoolyaia la suggested by the greenish 

tinge of the plasma which frequently glee* * positive rouenet

reaction and a positive indirect van den Bergh for blJ1rubIn .

■f;-’.‘ , *■

t • .

.
spleen was also described.

the tsmsotologloal effects of radiation, by Selling 'nd . 
Oogood^^J. 

t ’I.*, 4 ” -
l.g fl» Speed of Devwlopeaent of <>cute Radiation An 

there la no unanimity regarding the Ufa open of the 

rod blood coIla. most lavestlgations have Indicated that 

rod coIla remain in circulation for an average of 1OO, plus 

or minus 30 days4. Assuming this figure to be correct, 

it is obvious that complete cessation of erythropoiesis alone 

would result in about one per coat fall in red blood count 

(or hemoglobin) per day.-- He port a from various laboratories 

indicate that during the period of most repid develops*nt 

of anemia the rate of rod count (or hemoglobin) fall may be 
much greater than thla{®°* 27• ®°*

1.3 glorhecdkCal dvids^oo of Increased Bad Cell Des true, 

Vo are not familiar with nay quantitative studios of 
_ _

R^sghu-JE^mdi^M* Jk Sb w

112®
bile pi gms at excretion in irradiated subjects that might be *
used us a measure of the rate of red cell destruction.

In a study of the effect of irradiation on ecto. 
j. . —

and Bulman ‘5°) noted that •.... with fatal doses, a marred

anemia usually develops several days before leatn

(17. 1». -----

This problem is dealt with 
fat > elsewhere la these volumes'0**
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included bSMOglobin,

Tbs so

respect* by MMbera or U» Biology Section whose report* 
nay bo found elsewhere la this volusk* <57* ***

*•• rmwiwTii<

These studies.

■* * ■' . " - ■ ■ ~

red blood oell, besntoorlt, eud rstlanlocyte coanta 
are reported la wars detail elsewhere <37* 36‘

<» MH Tl fl—Bt_ excretion studies.
it is generally agreed, yield the west reliable Index or
the rate or bear globin destr—tloa.

- . .
(1) Bxcretlon of fecal urobilinogen was deter-

wined la both dog and Omasa subjects by aalng 
(a i 

-Z Watson** astbod of analysis'*01.
■ •

(£) Bilirubin excretion was quantitated la dog 

urine employing the aetbod of Malloy and Bvelyn 
as described orlglnr-lly for soma <<2»> 

/ •
were talcsn af :er .15 Minute* sad ag

offIngo 

after tbs
addition of aloobol. Because of tbs known low 

renal tbr**bold for bilirubin in d^g* C<B) 

cotj**lder»blo portion of tbe total bl la plgnsat 

nay be excreted in tbe urine la these anlsal*.

<«> —< »>11 irstsnnrwhrr*- tHlltf were done be- 

cause of report* that tbl* substance 1* *idniflaeotly al- - •
tered in by poo ft resile sad 1 afoot lausanssJL* C*®* ***.

set bod of Grlasteln and Watson mhss used (45).
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aolvod a total of 19.8 ae of 

Tea ao of thia <----------

and 11, IMS. Bar hoar glob in on June 1£ mb K. > 

®F July 31 It ted fallen to 11.6 with 

Twenty-eight days later It wee 8.8 gr . 

note down to d.T grana with a rad count of £.66 wtl Komi - 1 

fortunately no reticulocyte doteralnations aero done until 

Soptoteer £7. From thia date until October 13 the latter ranged 

froa 3.0 to 8.3 per coot. Oaring this period fecal arobill—Hpea 

Ute bone aame 

Pertinent 

tdeveloped 

edatelatinetloa. This 

__________ i aa wall as

__

A forty-six year old white fewale re- 

froa October, 1M4 to June, 1M«. 
anooat was adalnlstored intravenously on » 

- —------- f Ctete per cent.
a rod count of 8.7 al 1 lion. 

and by October a had 

Un-

r^. .

' t- 
J

reticulocyte oouat.
period of study.

g—W XI to IT- Henoglobij end retloulooyto studios 

three otter patients who recelred oral p— IMteF are 71—iTlM 

In figures S to d. Xt should be noted that there la nr la- 

dloatioa froa the retloulocyte counts of auffloloot suppression 
of

_______

excretion was two to three tines above aorwnl. 
tMopey> exMMtod a narked norwoblastio .>Tperplaala. 

studies are plotted la Figure 1.

Froa tte above data It la obvious that the patio 

e heaolytle anaala following the final 

la shows by the elevated focal urobilinogen excretion 

by the rapid fall la heaoglobln concent ration despite an elevated 
dhat ^jacurfhaa *-*■ — a.. Jfc> blOOil ft JTWWBX* WB'XCMUB WOJPW IvlMB

■S’- .
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’ over a
During the saxes period, avorge 

culocyte counts for the individual patients ranged 

--~ “J 1-1 per cent (no reticulocyte studies were 
_ _ -

,

at least one of these patients

baft fallen
'Aft: ’■ ftftjftSJftft 
sdalaliShl

_ _ _

la awaoary it should be pointed out that 
. ft

fall of hemoglobin values in each of the above patients

(except >. Q.) averaged about one per cent par day 

period of 14 to 40 days 
retici

In Figure 5 are plotted the data on an individual (1.0.)
.

tftioce hccoclobln, following otter Jeremy, 
to about 12 greoMB per cent. Following tbs 
or la.. « o„r . „.rlo<1 Of 24 days, 

rose steadily to about 17 grams.

lObin fall. actual

definitely elevated reticulocyte count during 

period of hemoglobin fall. Unfortunately, 

the absence of bile pigment excretion studies in
/ , ■

amices it iepocslble to prove with cartel

sis noy follow

’."'"■■'ft " *>■ j’1' 
ft;'" 

one on K.M. during the parted of anxinuu hemoglobin fall).

Mo consistently significant change was found in the 

□ncentratlon of protoporjhyrlr in the red blood cells 

of P32. The average red 

wntration in these patients 

sow degree with the color index; elevated 
mostly in those patients with a low 

ml values were generally found asao<

his beauaglobin 

This study is important 
it Indicates that nmetl erythropoiei “ " '

nistratioa of thia dose of F3®.

>er «
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that other factor* oust be operative since
• *_  .   .-- * *> con-

in the protoporphyrin con-

I

on Hemoglobin

“11:,-3 . . ■■'- L!*?4* "» ' ;• .-< /
•1th normal color indices jus aeen in Figure ft, [

spread of values at any glwo color index -*us very great
< an ake»< ft*., — ■—» ——— __ _ _______ . ii.-_ -

■

273-1-

r
trol dogs are not necessarily healthy animals 

"routine” therapeutic procedures aay produce i 
biochemical afreets. ■“* 
® ?,»W < ^’W*'

g whose fecal

is obvious, too, 1 

changes in color index in given patients did not result 
■ .

sistently in simultaneous caa 

castration in rod blood cells

tta gffect of Total Body X ray

Metabolise in Dogs.

(•>Control Doga. Xn addition to control studies 

of treated dogs, fairly prolonged studies of fecal urobi11no- 

gen excretion were made in two control doge, 

two instances were essentially aiallar. The data on one of
" r ‘ ‘ ' la : ■ y..: ..

them are illustratod/Figtira 7. 
_______ _______ _

urobilinogen excretion «n IB control dogs. Most values^5*k * • ■ - v ■; 4 ‘
per day with extremes of 1 to SS.ag

In woHtlns with aiongr«l <losa. ouch >• —re available 

to usz one mast constantly keep in mind the fact that ~ - 

• and thxt

> undesirable
This fact was emphasised in the study 

urobilinogen excretion rose markedly 
>efoxw beginning the adsdeistration of 88 r total body 

daily. Slmoltoneously the dog’s hemoglobin concentra- 

id the reticulocyte count rose sharply.

, however, the

A totml of 8S doterainstions have been dons of fecal

from ft to 10
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bi11nogen was found, 
.

twelfth day. Thia is often, though not always, 

with a drop In the reticulocyte count.
ao«. nr. r-iu.t.-nt., ln nEUJ.. , 10

From ths sixth to the tenth day after irradlatl
. / ■ ‘ \ \ i J *

hemoglobin of dog 43 fell at

it wga found that seven days, and again throe days before

x-ray administration began the dog was given 22 co of 
/

Lederle*a Canine antibacterial serum (formula fl) in tbs
<

hope that it would combat an Infection and cause the re

turn of an elevated white count to normal.

animal are presented in Figure 8.
■ ■ . . .»

(b) Irradiated Dogs. In most do*i given a single largo

dose of total body X ray an increased excretion of uro-

especially from about tbs fourth to

associated

• the 
. — —--------- rote of about six per

dog 36 fell at an average rate of about 

■a the third to ninth day following 
. / £ ’'*s- ' 4-' 3 ’L *■'** " J "

.» «uab compares well with the data on several 

whose hemoglobin dropped for several days at a max-
■rate of two to fire per cant per day 

A third dog (f44) was given 300 r total body A ray. Four 

determinations during tbs six«.-an day control period averaged
✓Y 

12 mg per day. During ths sixteen days after irradiation the

was 26 mg per day. In the last two day period 

ion rose to 170 mg per cmt. but because of 

marked constipation the per dims value for this period was 

only 22 mg per day.
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dogs received

__

hcmorr.a»ge. 1

g 2d which dl<

’>• -

MM

50 r total

Th1b wan »

•d 72 days

be

--SS’r'^

- A *4S- 
likewise.

-

bile p:

»-J-Yi

jx*r day.

mi markedly with little or no »lgnlflceBt change in 

All 1 
instil.

_ 4*~ T

tuaent with 12.5 r to

us hemorrhages worn

considerable Inter

' ■- 3..
of

r rise i

► latter value.

X ray dai:^ until

To ml Ml increases la 1 

associated with Internal 

strikingly Illustrated In do

**>< 37 received a single Injection of 

» Sr . Studies of hemoglobin meta boll sat in thia 

are oums^rlzed In Figure 11.
-v*’-- Vj...,■'.-. , ’*’ irJjH""■

interpretation of data on excretion of bile ^ig- 

went la often difficult because tnnny of the do^n become 

severely constipated. Thin is illustrated in Figures 12, 
13 14. U> -.teh u^bUloo^ .«»M- ..I... pl.»t.
-
ln terse of both milligrams per 1OO grams feces and Ml li­

lt will be noted that the former value

of 

____ _i 11«JB 

ex^rotl cm 

mg per day,
Y. Of CO-.

burins 
.

r hemoglobin concentration fell precipitously from 
4 grams per 1OO co. The 

’Ing the last eight days j 

iiest value yet found In logs. 

Bible to say what proportion of this 

eding «b against rod coll destruction by the

started, 
first noted Id days before 

al bleeding was found at th 

ITe
IS
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^ta appearance Baa been
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oaa tn four ag per day.
Cha prompt-rsactin* type, 
par day ar more-

, «x“’ » f ;

Tba ether •itr.ot or acldlfl^ urine from do«a 

ar IrUnul radiation m«------ 1—"r

dunli a finding La rars in control dogs 

by 3. 3«tonrti la dogs injected Intra- 
B-Ol. „ M—e-M.. .

lM.llt.llv. .tatlaa or urinary bilirubin want UaUtatM 
t© measure thia effect ar»re accurately 
sdLoa clone on i---- ------- * *

receiving either external 
found to be green, 

but baa been

• Set oral hundred deter­
coot rol and irradiated dogs ranged generally from 

Practically all the bl Lirabin 

Ocaaaloaal Taluea rone to six 

Tbougb ▼alone often tended to be higher

^Pfaeted by large donee of radiation. B. fainter 

the Biology dootloa, flrat nailed oar attention to tbo 

oration of a green urine in a dog to ehiob plutoniun bad 
-• , 

prevloealy been adalnlatercd. Green urine baa been found 

finite e one latently la doge raoelalag large donee of redle- 

Bloa. Ita appearance Baa been eell correlated with a 

diminution la food intake. This may be explained by the 
finding or Tnneeelrt(<<) and otharw1^’*^1 that • ■■■■■■

In liver glyoogaa reaulta In the excretion of a green 

blUverdla-omtalnlng bile. Btrnrenn apectm-pbotcretrlc 

atndlee of the dog urine by K. Ma go done ijodleated that thia 

urlae pigment wan epee tree© oplaally similar to. If not 

identical el th. biliverdin, further evidence for abnormal 

bile plgnnnt excretion in the urine camo la the courae of 

studies in excretion of urinary coproporphyria by these 
doga«») “ vmwo

I
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M ven strontias.

OB renal.floculi
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after irradiation,

focal uro-
„ 3 •»’ |R ■ .. j|S

blllnogea Baa oortain disadvantages, such as Wo rollowl
■

1. Tbs nunber of analyses La 11*1 tad because tbs
fifittKiliiiiiH ■•■ A> / j

suet bo coabined la periods of aavoml

&as3r-

I dogs wore prepared for us by 
J. Q. alias, according to We swWod of KapaLnow(C<>).

11 bat one anleel (Dog /M) tbs callbladder was 

to the renal pelvis by naans of an Incisloa 
Z. 3'7C.<-r.;

**
•aye each

There is a tins Lag of a few days between tbs tins 

of blood destruction aad Wo excretion of orobi- 

Liaoden in foeeo.

. The previously noted factt< of coastioutlon 

tbs £nta difficult to Interpret.
•a»x^'a^a?

. It la possible Vtat tbs bilirubin and biliverdin 

froa tbs bile nay not be coapLotely converted to
b urobi Its ossa. Title possibility was Illustrated by 

the finding of a largo aaount of green pigesnt

tbs faces of one an leal (Dog y»f)

-■■: -■t: -- «i ■
1 ■*

 .  -------------------- , the rav«s van generally elallor to tbaC

of OMtrel dogs. Xa sone dogs, as shown in Figure IS, tbs 

laoroasod axe ret ice was fairly pronounced.

Tbeso investigations were supploeenbed by studios of 

bile plgeent axereties in three bile-renal fistula dogs 

glvon a single dose of total body X ray. These latter 

studies were node since the detaralaatl
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««»«• fouMl te ba swollen and bo show 
a*pad ally bo eatIona <»».&•>e
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hoa*ver. th* dose of several thousand r of 

radiation required to produce thia effect was vastly creator

■

*

th* hlahest control value* la these salamis.

< Pl*cu«»loa

In Tlfcro Study of Budjatloa - Induced Beeolysls

The *& vibro bosto lytic offset of both a Ip ba reya <&1 **> and 

X ray* baa boon demonstrated repeatedly (»»-b9). The rad 

gai thus 1 rme 1 a tad 

loereaeed peraaubllltya

tbroo«b the kidney cortex. In do« M Um* •allbladAer 

******** al* an* a* da at tba era taro-pelvic Junction, lb 

ehould be rotated oat that the quantitative interpretation 

of the data 1* Halted by the follo*ln« factor*:

1. Complete beaatoloo atudlaa were not poaalble at 
-

tbl* tlauM becauee of the preaaure of other aarfc.

. AH but on* of We dn«a ISQ-5) ahoead va7yln< da- 

sraea or closure of the fistula openln« at autopey. 

All three do«* ahowod ai«airic*nt increases In bike 

pl«Mnt excretion soon after total body Irradiation. In 

dlcatln« the presence of soom decree of bMolytic reaction. 

The data va Do* «ti-b 1* illustrated 1* Fl<. Id. The opera- 

h»tlon perremed on this antnel eas Most sucoessful as indicated 
by post-eortc© sxaelnatloa.

Bilirubin excretion by the other teo doc* rose to over 

r day la the few days after administration of 250 r 

dy X r*y« These values aero at least 
- - - - - - — - -
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fcverUiliM, thl« dirf©r©no© in 

-----------------------, per a©, erldene© against um in 7iTO 

hanolytic aotlofi of therapeutic doe©© of radiation,, ©inoe

or hyper.
. we© round In ?

- --'-‘.■St^ . *’*< ,- ':

. . * '■'■ ;-.

than any tbarapeutio done, 

doo© of radiation 1© not,

MBOQixo notion or therapeutic doaaa or radiation, ©inoe 

ttooaa —slier doaaa any Injure tb© zed ©all© In ©ucb a way 

that they are mor© ©aslly pbagooytl*©d . In thia connection 

it wnuld he or Interest to irradiate with I ray portions of 
t«s’2 .* <» * , •

©bole blood, containing isotopic carbon or nitrogen In tb© 

be—globin aolecul©. It© rat©, «b©n injected into expert. 

•••taX subject©. might then b© compared to tb© rate or non. • 

Irradiated portion© of tb© name blood, de ar© not familiar 

wltiTany ©tudle© ©r tbl© typa, reported in tb© literature.

ftbber Studl©» on tb© Manhattan Project tt^t Point
■1° B Hamol^tlc Reaction In Radiation ^onl©, Loren* and ———
co-worker© at the Batlonal Canoer Institute bar© ad_ 

alnlatered dally a—11 done© or gaaaa my© to tb© whole body 

nf guinea plga, nloe, and rabbit©, and bam studied tb©ir 

•rfect© on tbe circulating ©rythrooyt©©. They believed that 

tb© precipitous drop In rcd cell count that occurred during 

th© lack rew m©ta» ©r lir© sound not, be accounted ror by 

internal bleeding or by tb© asaunption that ©rythropoi©©!© 

ene ©r©n eegplotely inhibited. See© ©T th© anlnal© 1© 
'■ thl© study worn ©acririoed at Intervals arter starting tbe

Irradiation trwatawnt. Th© bone narrow of tb©©© anlaals 

•b© reported by Xacbenbrenner to be either normal 
piB.tia <«»>. D.ri.14. townt

aany «ni©e.l© in ^hich treatment was coati sued until they
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F»cal urobiliu>«»« excretion da—, too, 

In term of the amount of elrculatlng

OU«: limited
•oa irift.ua {B8> 

urobilinogen ex-
this eight bo

uS'^1

died with severe anemia.

Jicobeon, ot al, haw reported the occur—o of aowre 

acuta anemia la rabbi to ^ina acutely lethal dene a of total 

body x.rv . A hnwlytie awhb—at waa b—a— to ba 

an important factor la the rapid de—lop—at of theca 

a—alae. la these animals, ao well aa la dogs given 
(sa i 

acutely lethal dooes of radiation the bone narrow showed 

■artad destruction of cellular a laments and gtnorel aplasia.

Xa animals injected with plutonium, Jacobson reported 

the flading of hyperplastic —trow associated with chronic 

low doses, while evidence of hypoplasia was found with 
larger dooes <•».

<•S Interpretationl pf

Certain limitations of urobi lino—n excretion studies in the 

doss haw already been e num rated. These relate to the tian 

lag between blood destruction and urobilinogen excretion, to 

possible incomplete a an ver si on of bilirubin to aroblllno—a, 

to irregularity in bowel habits, and to inability to identify 

the nature of the homlytic process, l.e,, whether due to 
ternal bleeding or to wore usual me hen ism. 

too, might be considered. ttsllMsyor 

especially, haw described s diminution la < 

cretlon la cases of poet hoaorrhsgic anemia 

considered either aa a pig— sparing action «r a -thret 
ot blood destruction, —*-•*----------------------------- ---  *

should bo interpreted

irift.ua
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tenoglobln. Thmrsro, 1* n deg trite

apparently aorml fooal urobilinogen ralue aay eotenlly 

roproeont m InoMee la the rote of blood teHMloa, 

with rtbjwet to the total anount of tenoglobln that tte 
ha* no* ■*•.

Fro. tte available date it to lapoaulbia u» deter.

It nay Io, 
«» 1. «*> •«» u. pall.nL. .lu> uml. »- «.

• W

,

there io no doubt that erythroajrte rogeoor- c

Froa tte aval labia data 1* la fngteelblg W dot 

■Im the relative tegnltudo of deatruotlon of Mature 

oirealatiag oolla as noapored to ttet of laneturn nolle 

within tte bone narrow, la pern!cione anew! a, for •*- 

aapla. it tea teen aucaaated ttet tte Ineroated feoal 

nrobllitetea eaetetioa ear bo duo to exteaalw latro. 
narrow teotreotlte of yonac rod blood wlU. 
too» 

ehrtelo radian ^oiMa^n,

Tte offtet of aeuta Irradiation night bo 1 areatlgated 

by flmt diving iteft^o nltrope* for a period of novaral 
days and then, after two to three nontte, laotoplo oartea. 

Shortly ttereaftor either eatemnl or internal radiation 

would be adnlalatered. thia tine tte »/C ratio ehould 

be high 1* Wjo older elrwel nt I ng teHae telle tte rororee 

teonld be tte ante In tte bone narrow nolle. By deter, 
al a Ing tela ratio aoperately m tte bealn of elmlatted 

•one and bone narrow telle, and again la tte oaewted 

bilirubin or urobilin mw night aacarteln tte relative 

lasreea «T deotrwetlte «T yoteg vemua old eelle.
d.d Inhibition of tr»thron®t**<a v-aS. 15 ft igP ■■-««..AS - X* tbe a bud lea

reoortod ham —.. ..—   ...

pall.nL


that under
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cyte c

have shown

It

ik5

*

et al,

s '* r 2
even with an

It should he pointed oat
4 4 “ -k ’ 4 '

however.

however,le Lntended,

e reticulocyte response.

i dogs which received an acutely lethal

In this re.tt.rd it eight be noted that 
(d»)

liKewiwe,

is Interfered with

L b 'wu- a. u gffirMiiMWl.,,' .-.. . ' ... ■■■.,. ■ >’ sy-■>■ * . - • . ■ .Su- ■{■■Vf- titfi

fortbccuaing in those 

done of radiation. 

Jacobson

Finally, it should be entphaalzed again that the pre. 

cent discussion does not ale to minimise the Importance of 

the erythropoietic inhibition caused by irradiation,

to indicate ths necessity for con- 

till other mechanises to account for both acute

Otherwise, the great regsn*
__________ _________________ ...................
oratlve powers of the bone narrow would have been staffl.

*

~t Z£ w

that rabbits in which
-

erythropoiesis was stlmulatod by previous production of 

ononis dos to phonyLhydratine or bleeding are often able 

to recover norsally free the anemia despite administration
*

of nearly lethal doses of X ruy.

ation wa

•lent to msintaia sort nearly normal hemoglobin and rod 

count levels, even with an increased rate of red cell 

destruction. It should be pointed out, however, 

sees conditions the bone marrow responds even after admlois. 

tration of relatively Large doses of radiation. Dog 5S 

(Figure 7) io illustrative in thio regard. Following the 

dovelopsmnt of am acute heeolytlo anemia, duo possibly to 

•arum administration, the reticulocyte value rose and ths 

•meala improved despite the continued administration of 

ah r total body X raj- <2 ally. Patients receiving F*6, 

wore able to respond with an. elevated retlculo-
WH.S not.
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