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A raaJor p r o b l m  faciw the MaiihRttan Project m s - t h e  proteotlon 

of wrkera t q a l n s t  dmwe resu l t ing  tran either acute or chronlo 

exposum to external radjatlon. 

doae sustained by personnel a n d  the r a t e  of addnfetration could 

.vary widely.  Further, there was the problem of asseaeing tb8 

dmege, e i t h e r  trmsltoicg or permanent, whiah might arim from 8uoh 

ft  ma U t l c i p t e d  that  the total 

S X ~ O B U ~ ~ B .  7% problem or detect lng evidence of dam- rollooring 

exposum to total body radiation led to this study. 

Both the erperimental(.1](2) ( 3)(4) and cllniual( 6 ) ( 1 )  

evidonco p o l n t c d  to the blood-forming orgrins a8 8 m e  of the moat 

radiosensitive tissues in the body. 

the  work previously done on t h i s  oubjeot inacated that  cbanges Sa 

When t h l a  etudy ma8 undertaken, 
’ 

the blood-forrSw owane and in the honntologlcel oonatltuents of 

the periFhern1 blood w o w  a good index of oxpocure of the whole body 

to radietfon, ; q h : - i ! G P  chronic a s  ~ e a n  i n  ocoupt lona l  expoeurs ( 6 ) ( 8 )  

or acute a8 I n  radiat ion t h 3 n p y ( 9 ) ~ 1 0 ) 0  mspOUS9B Of t h i s  

aysten can bo recrdily, although l n d i r s s t l y  inferred by aer ia l  de-’ 

termlnationa of the absolute nw,boi.s and rat io0  of the  V a r l O U  

cellular elernento of the blood. Tho nQjOr change8 observed in the 

peripheral blood and roported in the l i t o r a t u r e  8cd epitomized In 

t h e  following yarci~~myhs.  
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nfter acu te  exposure t o  l a r c e  amount8 of r a d i a t i o n ,  a pro- 

c i p i b t e  fall had been noted i n  the a b s o l u t e  number of lymphocW8 

t o g s t h e r  w i th  a t r a n s i e n t ,  mnrked Inc rease  i n  the number of 

n e u t r o p h i l e s ,  folloived by n mnrked decrease i n  their numbers. The 

t l m s  nece66crJ’ fo; :  t h o  r e t u r n  t o  normal of both lymphocytes end 

. c o u t r o p h l l o s  wen FrolonGeC, and r o w h l y  p ropor t iona l  t o  the amount 

of r e d i c t i o n  R c e i v e d  by the sub jec t .  Depressions i n  t h e  number 

of p l c t e l e t s  h e l  keen descr ibed  by some l n v e s t l g a t ~ r s ( ~ ) ( ~ ~ )  but 

189 not a cons ten t  f lnd inp , .  

cells en?. i n  tf-#e a-rmr,t or hemoglobin we,re no t  u s u a l l y  mted. 

j u t e r r i t i ons  i n  t he  nunber of‘ red blood 

Afte r  e x p s u r s  t o  chronic  (occupa t iona l )  radietlon, t h e  nuber  

of lyr,FFoc:~tes RES v a r i o u s l y  descr ibed  ea being increased or de- 

cr3nseC. 

creased. 

Thus, ol thouck  t h e  t o t a l  whito blood c e l l  count could be within 

D e  nurrber of neu t roph i l e s  was comonlp m i d  t o  be de- 

l n c r o o s e  of t h e  nwJ;er of  ronocytes  has been described. 

the nozi ,e l  n:Ty;e, the  re lu t lve  numbers of the v n r l o w  elenenta 

might vtiry f imkedly .  A l t e r e t i o r s  i n  tho hemglob in  va lue  or in 

the  n u b o r ’  of r o d  blood colls and p l a t e l e t s  wure usual ly  Cescrlked 

a3 O. r o l c t i v e l y  l u t e  X-OSUI.~ of p o m i s t e n t  exposure t o  low lovols of 

r e d i a t i o n .  
. .  

Bocauso aC tho jopondence which was belw placod on certain per- 

e l e t e n t  devietlons of tho e lenen tv  in the p r i p h o r a l  blood, it seemed 

e r p o d i e n t  t o  reinvestigate i n  man, both horn and elsewhere ( 12  1 ( 13) 

tbe e f f e c t s  of t o t a l  body m d i a t i o n .  
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Throe g o u e m l  group are.used for the pereons who were subjected 

t o  redintion d u r i w  this study. Tho f i r p t  eroup c o n s i s t d ' o f  alght 

persons W)IO had neoplasms which could no t  be cu-red but  s t i l l  were 

not extensive one@ t o  Inf luonce eoriernl health'.  This group ma0 

Given t o t e 1  body l r r a d l n t l o n  in alngle  exposuree, with dosee of 27, 

60, 0 3 d  120, Tho second g r o u p o o n 3 i s t e d  of  t h r o e  persons who had 

' l l lnosscs vh lch  ::.ere gsnomiized end chronic  In nature. 

elvm t o t 4 1  body lrmdlnticn in nu1ti:) le exposures, w i t h  t o t a l  

They were 

doses of 103, 30.71, end 500. Tho third group consisted of t h r e e  

n o r z a l  v o l u n t e e r s  fron the personnel  of ths Wetal luEical  Laboratory. 

Znsofar as 1s k n o m ,  they had no abnomalities.  This group was 

' 

given t o t 8 1  tody  irradictlon in t h r e e  divided doses t o  a t o t a l  of 
I 

21 r. 

Ee t h o b  

c e l l a  w3ro s t u d l o d .  "Lo tout:; IacXuded dotcmSuat1on of t h e  heno- 

~ l . o G i n  in d-; her re toc r l t  in c c  per 100 c c ;  nunbers crf red blood c e l l s ,  

whi te  blood ce l l s  and p l a t e l e t s  per m3; and e e t l m t l o n  of t h e  Itkber 

and percentago of the varioua elements  or the w h i t e  blood cells, ,  The 

d l f f e r o n t i a l  was comonly  baaed on 500 Cell6. 

t h i s  l a b o r a t o r y  a r e  g i v e n  in Ch6pter XV of thie volume. 

The n o m 1  v a l u e s  for 
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In  most of  the casea e t u d i e d  a t  the Fillirgs H o s p i t a l  opCIa1 

biochenicol  s t u d i e s  on blood, urlno, and fccea were eloo performed. 

Theae will be r e p o r t e d  i n  d e t a i l  olnewhore in this aeries (Schwsrtz, 

Vole 20-l), In one CBSO sorinl bono rnnrro?r biopoies were J?arfOr!Uede 

”he Fhysical f a c t o r s  h v o l v e d  i n  t h e  t r e a t m n t s  ar6:&-6iven’ 1.n 

Tuble X* 

t h e  t ree tmont  being g iven  x i t h  tho p t t l c n t  Bested i n  a l i g h t  wooden 

The first  eroup of 8 p a t i e n t s  V:OS t rea ted  with’ 400 XV X - e P ,  

c ta ir  with e i t h e r  the r i g h t  o r  l e f t  side of t h e  body toward t h e  x-ray 

tube, W1 of t h e  body, oxcept t h e  feet, ua8 included i n  the  fieldo 

The dose was measured by o Vlctoreen  l n t e c r o n ,  checkod In each 

i n s t e n c e  by dcterninations with a Victoraer. r motor, using a 25 r 

ionlzp.t lon chazber, The i o n i z a t i o n  chmbor  H a 8  placed i n  t h e  breast 

pocket of t h e  p t i e L t O 8  dreesing gom. 

The p t l e n t s  i n  t h e  second ~ n d  t h i r d  groups cere t r e a t e d  wl th  

203 KV x-rays thmilL;h sonoxhat o m l l o r  fields. 

a n t e r i o r l y  and  t K o  p o t e r i o r l y  t o  cover  t h e  e n t i r e  person s h i l e  l y ing  

down. 

Two f ie lds  W o r n  used .. ! 
t 

T h e  doso given t o  eech of t h e  t m  f i e l d s  was considered 88 

t h e  dose t o  tke whole body. The roentgens p r  t r e o t c e n t  v a r i e d  from L ‘  

7 t o  100. ’ In group t w o ,  the t r e a t n e n t  vias eiven i n  from 2 to 30 daye. .1 

I n  group t h r e e ,  t h c  treat:;ontn ;:cro ulv:ayc Civon I n  3 dnys. 

I n  c a l c u l G t i n s  tho  d ~ s e  oGTinis torcd t o  tho p t i e n t o  i n  emups 

two und three tho ,a::rount recoiv,od by t h e  Rntos ior  s u r f a c o  was added t o  

t h a t  received by t h e  p o s t o r i o r  turface and tvas c a l l e d  t h e  n t o t a l  body 

expeureR.  For example, exposure of each  of the a n t e r i o r  and posterior 

f i e l d 8  t o  20 r ’ w s  i n t e r p r e t e d  a8 an exposure of t h o  p a t i e n t  to 40 r b  

u’e are amre % h u t  t h i s  i o  contrary t o  usual clinical p r a c t i c e ,  b u t  felt 

l O b b l l 4  4- DOEIHQ 



re 

1 

6 

7 

I 

6-2643 

8-2743 

! 

11-1-44 

11-22-44 

Kv 

-- 
4 00 

400 

400 

400 

4 OC 

403 

400 

‘400 

-2 00 

209 

200 

-- 

E8 

- 
5 

5 

5 

5 

5 

5 

5 

5 

20 

20 

20 

I 
200 i 20 

1 
i 

200 I 30 
t 

- 200 zl- 

Filter  
m 

-LI_ 

3 c u  

3 cu  

3 cu 

3 c u  

5 c u  

3 ca 

;I1 cu  

3 c u  

1 c u  
1 :A1 

1 cu: 
1 A 1  

1 c u  
1 A 1  

1 cu 
1 A 1  

I 1 c u  
1 8.11 

I 
I 

5 

7 

5 

3 

5 

: 5  

. , 5  

.,5 

320 

3 20 

320 

32 3 

320 

l!X 

15G 

150 

.e0 x 40 

35 x 55 

80 x 45 

W 

7G x QC 

0 

- 

100 

0,45 

3 . c  0 

150 

1.0 

30 2 

533, 

500 

30 0 

590 

5 : O  

5.0 

- 

60 

60 

60 

120 

120 

120 

21e6 

1400 

2e5 

2.5 

l e 5  

1.5 

1,5 

- 

- 
60 

60 

60 

60 

23 

120 

120 

120 

107 

73 

.2.5 

2 , s  

7 

7 

7 

I- 

Total r * 

( akin)  

- 
60 

60 

60 

60 

27 

120 

120 

120 

506 

300 

100 

21 

21 

21 



.. 

I 

j u f i t l f i o d  i n  uolng 6 0  b o c a u ~ a  tho worker exposed t o  o c c u p t l o n d  

r a d i a t i o n  nay rocoive  r e d i n t i o n  from s:iy direction, but u s u a l l y  

only f rom one d i r e c t i o n  e t  e tlne. 

of expooure is not  100 r n r  t o  eech body su r face ,  but e t o t a l  of 

100 fir t o  011 s u r f a c e s ,  

111s naxlmum permissible l e v e l  

Consequently, the otldl t lon of t h e  doses 

t o  tl-x Rr,torior and  ps te r ior  body s u r h c e s  scer.6 t o  b e s t  approxl- 

r a t e  t h e  s l t u n t l o n  of t h e  worker. 

Resu l t s  

- CT -_ S U - G  

Case 1. A 55-yecr old  w k i t e  mele \ x l t h  carcinoma of 

the e i . l g 1 o t t i s  and exterislve b i l c t e r o l  cervical  metastases KQS 

given locb!. r o d i u t l o n  t!.ereF)r t o  t! 8 o f f e c t e d  a r e a s  botxcen 

Kovonbor, 1242 and Ja;lus,-y, 1943. 

r e e r o w t b  of the  c o r v l c n l  lyr,ph n3iles st.owod h i s  out look  t o  be, ho&. loss .  

Therofore,  on h r c t  19 1943 he  1~03 ljiven a t o t e l  body exposure of GO re 

Uis general c o n d i t i o n  mi3 Eood but 

Flwro 1 &rid Tuble 11 shox  t h e  h e c a t o l o g l c a l  response. They Show 

thGt t t e  white blood c o l l  coun t  dropped imcd lc i t e ly  following t h e  

t r o p . t m n t ,  t h o  dccropso bt:In,? t rbns i c l i t .  Ths m j o r  e f f e c t  of tho  t rea t -  

ment was found t o  be on t h e  lyzpliocytes which docretised i n  numbor i m -  

media te ly  folloviiwy the t r e a t m n t ,  t h e  reduced level pt?r3i~ti43 t h m m h -  

out t h e  157 d:iys of observation. The olencnts of t h e  blood d i d  no t  

ehorl m y  f l l t e r o t i o n s  which xom a t t r i b u t e d  t o  t h c  e f f e c t s  of the 

mdin t I on. 

-8- 
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Figure 1. Cesti I R e a p n s s s  of blood elemnta following 
a e lnglo  expmure of t h e  er.tlm body 
t o  60 rJ 
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Case XI. A 73-gear o l d  w? l t e  nnlo \ R ~ S  found t o  Itcve 

a csrcinonu involvinp,  t h e  r ich t  tonsillar p l l l t i r  and foesa, the 

ri1;l.t l b t e r u l  pi-6ry~1goal wall, t h e  base of the t o m e ,  and the 

f l o o r  of the r.octh. No puip?),:lcf lyr;F!-,acicmoptky m s  noted. Be- 

t m e n  Decccber, 3342 ocd February,  1943, 7200 r through a s ingle  

r i c h t  la tcr t i l  c c r v i c e l  F o r t u l  leas eiven, 

cenert i l  c o n d i t i o 2  ' ~ 3 s  f a i r  but resyonso t o  t reotmont  6ho:red t h a t  

cure wis n o t  t o  be e x p c t o d ,  A t o t u l  body exposure to 60r Vas 

given.  

in T e b l e  111 und !%gL."e 2. Thc t o x l  1;.i,ita blood c e l l  Gout 

i n c r e k s o t  imea l - i  *&ly ro::owing tho  conyletlon of t h e  x-ray O X p B W .  

The d u r a t i o a  of t h e  i rcren3e v:as o n l y  c f e w  hours. The l pphoCyt iC  

vnlues lncreascd f o r  3 hours and t h e n  r o l l  below tho i n i t i a l  l e v e l ,  

On I h r c h  19, 1943 h i s  

Tno resu i t s  o r  t h e  bocoto loz icn l  otudtcs are to b9 found 

t h e  decrmse p3rsistir .e th rowhoi l t  the 151 duys of observstlon. 

'The F l n t e l o t  c o u n t  dro3pcd nodcrritely fron t h e  %9th t o  t h o  718% day. 

The o t h e r  ele.-,er.t.? of the blood studied did n o t  shou any significant 

with rnotnstaoos t o  t l m  r l G l , t  corvicul,  roeion. 

w 8  Given dirrinl: Jariuwy, 1943.. On April 17, 1943 t h e  primary lesion 

was a y p r o n t l y  liccllod, but t h e  ?ASS i n  the r i g h t  c o r v i c n l  resion ma 

s t i l l  prosent ultlioiich reliuced in ~ i z e ~  

Local x-ray tliorapy 

On t h o t  d o t e  60 r Of t o t a l  

body r e d i e t j o n  ub6  Clven. 

-12- 
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Ikrz to loCicz l  Sturilos In Case XI. 
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Figure 2, Cuse I1 Reoponsea Gf blood e l 6 ~ ~ 3 n t 0  tolloRdng a 
a i n i l e  expcsure of t h e  entire body t o  60 re 
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The t c t o l  v;lrite b1oo:l c u l l  c0ur.t decroumtf durirq; the first few 

I louro f o l l o s i n z  the completion of troatciant; thowrtsr.  DO e;&- 

f i c a n t  alteration wus men. 

ohbr~: .y  inmodlatoly Col1or:lryj the treatmen2. 

to y r o  -.raalitat i o;1 lcvclG npyroxilr2;oly t;vo weeks tifter the  con- 

p l e t l o o  of t h e  t rca t rmnt .  No othor a b n o r m J i t i e s  wore at tr ibuted 

t o  t h e  e r f e c t a  or tho t ~ d . : o t i o n  expsure .  

n 72-year old  whit3 f ecc lo  

I z o  lymphocytic values decroosed 

The v n l u t ~  returned' 

- CF..CC - -_ -- JY: geve a history 

i n  J~:;u?..T;." 194Zc of a miss i n  the rizht brcns t  for thc p s t  

5 y e a r s .  Fzc::iratior, reveeled c carcinoma of t h e  riebt breast 

vi t h  - . e t n s t n s e s  t o  tte ri&t,t exi1.1a anti supradlrlvicdar region, 

h c e l  r;:Aietlor t5ercpy rmz giver, t o  the r i 6 h . t  bmceast end a x i l l a  

In J a n u a r y ,  1342. On April 7 ,  1943, 60 r at tot81 body mdlfit ion 

was given .  A t  t h t  t i n e  tkc l o c c l  di:;eme and c o t a a t e s e s  ~ ~ e r f 3  

u n c o n t r o l l e d ,  bct  no o t h e r  m t e s t n s s a  vcre noted and h e r  eeneml 

 conditio^ x o s  Yair. 

13;o iWS\I:f;S of t h e  hemtolo:;<.cal stucler, ore (:iven In Table V 

an6 Y i e u r e  4. 

c y t e s  in %fie c i r c u l . u t i ~  blood is shwm. 

oxposure is m e n t  Tho incretlso i n  nurnbor of % h i t o  blood ce l l8  on 

t h e  56th und 154th duys was associ;itud with ucute upper respiratory 

Infections. 

li r...:ild, transient i:CCreaSo i n  t h e  nwber of lympho- 

KO o thor  ofl'ect of tho 
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Table IV, 

Honato1o;:lcal Studleo  in Case 111. 
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Figure 3, Sase 111 Rcspnses of blood e l e m n t u  iollowing 
a sincle sxyosure of the entire body 
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Table V. (cont'dj 

R63ults of IIcxatologicnl Studios in Case Iv, 
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Figurn 4 ,  Case l3' Reap=sos  of blood eler,en:s follov.iw 8 

sIw.16 oxposurcr cf the e n t i r e  body, to 6 C  r, ' 
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Case V, A white  me39 \ , aged 57, s h w e d  11. October, 1042 

an advancod carcinoma of tho e p i g l o t t i s  involving the left EUb- 

g l o t t a l  reeion. 

region,  b u t  the locp.1 leslon was not con t ro l lod .  ! i ietastatic les.'.ons 

were noted subsequent ly  I n  the  c e r ~ i c e i  i y u p  nodes, 

In t l ie t  month, 6500 r wu8 glven to t h e  left cervical 
.. 

Trocliec~tomy 

1;'03 done I n  f r i~r i l ,  1943- On JUO 4, 1343, 27 r t o t R l  body r d l n t l o n  

was given.  I?IR Eonem1 cond i t ion  a t  t h a t  t h e  vas good. 

"k.c results of t h e  I e n a t o l o g i c a l  studies are given i n  Table V I  

and Flcure 5. 

to l lo 'n ' iG t h e  t r e s t r i € c t  ?mi a sli@r+* l eukocy tos i s  Is notea t h r o u h -  

out  t h e  174 dcys cf obscrva t ioa .  

The t o t i 1  white  blood c c l l  count  i nc reased  sl ightly 

Case VI. k 61-yesr old mile , In January, 1939 had a 

carcinorta of t h e  left tez..ilerynx with f ixa t ion  of the lhrypx. 

January and F d b r d i r y ,  1933, 4050 r IOCB eiren to tho l e s i o n  throwh a 

slwle field. Cn Juzo 26, 1943:120 r t o t a l  body rud io t fon  W R O  &lvenc 

The p a t l c n t q s  ~ ; e x r ~ l  co! i l i t ion ww  GOO^, o l t h c u ~ ~  t.he local d i s e a s e  

%as uncont ro l ied  ot t h t  tine. 

D u r l x  

The r e s u l t 3  o f  tl,o hw,etoloc:cal st,udi3s ere given i n  Ta310 T I 1  

and FiGure 6, The 24 and 48 hour p l n t o l a t  couc t s  aro d e , m s s o d .  The. 

p r e - n d i a t i o n  value. 

s tudy ,  and is t h e  doninent  pos t - r ad in t ion  chmq:e. 

T);is e f f e c t  p e r s i s t e d  thrc.u/;hout the period of 

Case VII ,  A 65-;rccr o ld  white nclle \ was found to havo a 

t r e n s i t l o n o l  cell ccrc!nnnn of t h e  l a q m x ,  w ! ~ i c l ~  was t r 6 R t e d  u i t h  

x-rays in L!ey and Juno, 19-3. 

however. On r i u ~ 3 3 t  20, 1953, 120 r t o t a l  body r a d i a t i o n  )me given. 

The 1 o c ~ : l  diso:l:m was uncont ro l led ,  

-24- 



Result8 of }le.lratoloGioal Studieo in Case v, 
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Figure Case V , Sespmses or tlod elen.cnts follon?ng a 
simlo exposure of the e n t i r e  body to 27 ro 
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The general condi t ron  :vas f a i r  e t  t h e  t ine of the e x p w r e .  The 

l a ryngan l  lo.ilon m 6  in fec ted .  

Tho r e s u l t s  qf t h o  her.;ntolot:ical studies ere presented  in 
* .  

Te5le VI11 an3 P i q u e  7 .  L.eukocytosis due t o  an elemtion I n  t!Je 

nuqber of ncutro~:hl193 sms presoiit th rowhout  t h e  poriod of ob- 

serwt ion  und w:s narkod on t k e  43th ( l n e t )  day. The lyrn2hoCyb 

count was very low on the'.3!j-q;)! ri:ly. A dscronse i n  the numbers of 

red blood csll~ ;inti In aso: in t  of hmoc loh ln  fs noted. 

Case V I I L .  h 54-jreer o l d  v h i t e  male f i r i t  seen In 

neutrop31lo3, T!:cj p l n 5 e l e t  count3 frcm the sec0r.d t o  t h e  fourteonCk 

Ths ; m e t $  c . x n t s  (Taklo 1) do not 3 h 0 ~  any s leLi f1chnt  

a l t e r a t i o n .  

vi t h  similar results. 

A r n c 3  count3 r:ers done aleo on o t h e r  coaes in croup 1 
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Tabla VIII. 

Rosulta of 1fc;;utologicsl Gtudiou  in Cnse VIZ., 
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Responses of blood elements following 0 

s i q l s  exposure ~ f t h e  entire body t o  120 ra 
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Hematological Findings in Ceae VIII, 
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Reare 8. Case VJII . b.1jmoocs of blood elements fol lowing a 
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39 
T h e  first cind oecond t r e e t n e n t s  tlierr eivon on h'ovenber 26 

a n d  27, and t h e  t h i r d  to t h e  s i x t h  treatments tare  g iven  on 

Decenber 16, 17, 18, and 20. 

T r a n s i e n t  nausea and vociit lne were noted a f t e r  t h o  first tcro 

t reatmbnta tind a g u i n  u f t e r  tho s i x t h ,  ' b c t u n e  of t h e  c o n d i t i o n  

of t h e  p t i c c t  (see Figurn 9 ) ,  3750 cc of c i t r o t e d  whole blood 

giver. t o  h im between the 26th nnd 3 C t h  days. Hie general 

c o n d i t i o n  was poor f o r  one rwek n f t e r  t h e  completion of t h e  t rea t -  

, .  

nents .  

white  blood c e l l  l o v e l s .  

The c l l n i c c l  rocovery lvau preceriod by en  incroose in the  

The h e n e t o i o ~ i c s l  d s t 3  a r e  prascctsd in Table X I  and Figure 9, 

The t o t a l  vfdte blood c e l l  count nzs 60:-1ewLnt depressed by t h e  first 

t v o  t r e a h e n t s ,  t h e  Ecneral  l e v e l  fallin? by a b o u t  2,533 c e l l s  per  mm 

A p r o f o u d  e f f e c t  !s&s noted followinc, t h o  t h i r d  and subsequent t rea t -  

ments; t h e  t o t u l  w h i t 6  h l o o d  c e l l  count  dropped a t e n d i l y  from the 18th 

day t o  t h e  31st doy a t  which tine i t  rcachod a low of 350. The 

polynorpf,onucleur c e l l  reuc?ions c l o : ; e l ~  p i r s l l e l e d  tht  or t h e  t o t a l  

white  blood cell c o u r t .  

nunbers  a f t e r  t h e  f i rs t  trm :i*etltlnents und d i d  n o t  ayprcach t o  pre- 

m d l 6 t l o n  levels u n t i l  t h c  5 3 t h  day a f t e r  t h e r a p y  was begun. 

3 

Tne l y q h o c y t e o  were nmked ly  reduced i n  

O f  t h e  

blood elemerits s t u d i e d ,  t h e  lyinphocytos were a f f e c t e d  t h e  e a r l i e s t  

and t h e  l o w o u t .  

C a m  X,  A 67-ycnr  o l d  w l i i t e  rerale hr,d hud chronic. 

rhounntold a r t h r i t i s  a l n c e  1941. No yrovious rnd l i i t i on  theropy l e  

holm. Total  body irxmdl(it1on t o  a t o t u l  of 300 r was given in 33 days 

in October and and Xo?'on;ber, 1944. 

t h e  dlsezse v:as c o t e 6  d u r l n z  cr after t h o  t r e a t n e n t s .  

No rmrked change in t h e  course of 

-39- 
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Pigare 9 ;  Cese 1.: L. Rd3pr.soe  of blood elernents follOwini3 
exk-sure of t A e  entire body t o  532 r 
in d l v i d e d  cosea, 
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Tio  hena to loe ico l  detri are p,iven in Tal~le X I 1  and F l ~ u r e  10. - 
Tho t o s o l  v,hite b lood  c e l l  count hacan t o  doc l ino  about 20 days 

a f t e r  Lbc t r e a t w n t s  wr0 hscun. T)IC deprossion M ~ R  F.fjxInie1 ap- 

p r o x i r i t e l y  5: d y s  ttf'tar t?lc beginning of therapy  nnd perelated 

U n t i l  3pp7OXlKRtcly tho 8 0 t h  d%y. 

7.19 polynorpfLonuclear cells, t h e i r  ma tu r i ty  measured by t h e  

nuzbei of lcrbea i n  the nucleus (Arncth coun t ) ,  shoxed a s h i f t  t o  

t h e  r x r a  lr~-titux for:-s. The t o t a l  nunher of lobee began t o  de- 

cretisc by t h e  15th do;. u f t e r  t h e  o x ; a u r e s  begfin, the low po in t  

b e i r -  roacldea O;I t t . e  63rd dog a f t e r  t he  t r e a t n e n t s  we33 begun. 

Hocovc :y rsac slow1 Fro . - i r ra t i ie t ion  vtlluas were n o t  y e t  Et tu ined  

%):en tie studies w r e  texzimieu oc t he  8 3 r d  day, when t h e  p t i e n t  

IVES a1  ; c t . L r p C  f r o c  t h o  ho3;i ta l .  

Tie e b s o i u t e  lyi:L!ivcyte couat  fell a t o r t l y  u f t e r  t h e  t rea tment8  

begen m d  re-nained, 1 ~ :  throughout t h e  period of observctlon. 

evsra5;9 of t h e  fi$Solu:.e n u b e r  of lymphocytos I n  t h e  pm- rcd ia t ion  

per iod is 5220 Cel?3 r:or mn3, 

bccun, t h e  lynpk'ocyte veluo Iind dropped t o  app-oxina te ly  one- th i rd  

The 

Xieht  days t i f t o r  x-rt ly  theruyy'tvoe 

of thc pre - rad ia t ion  vnlr~c?.. 

t r e h t r  snt, the nur.bor of lp~yhocytes  oarled, b u t  u sua l ly  Y : ~ S  low. 

The perlo6 f'ollowln: treot:?.ont :*res cl-ercicterized by a p e r s i s t e n t  

lyrnphc pscie. 

1661, Jpproxirmtoly 50 E.or c e n t  of  t h e  p ro -mdiu t ion  value. '  The 

pro- red lo t ion  value is  abnor:wlly h i &  enc Is I)ro?xibly 0 r e f l e c t i o n  

of the ct . ronic  I n f e c t i o u s  proceso, The pos t - rndlo t ion  vuluo moy be 

For thc: r eze inde r  of t h e  pe r iod  of 

Tm 1cr:it t h r o o  'rocorcisd l y n ~ h o c y t l c  count3 everaxed 
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Respnses of blood elenente follo1br!43 ex- 
posure of the e n t l r e  body to 500 r in 

Figuro 1C, Cnse X 

Uividsd d03eS. 
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1ov:er e i t h e r  R S  IS d i r e c t  effect  of tho r s d i n t i o n  or a6 an indirect 

e f f o c t  r e s u l t i n g  frm. lnprovexent  in t h e  gonerel condl t lon  of the 
.) 

p a t l e n t  which c l ln loe ' l l y ,  !rowd'?or, wtcn not nmrked, 

&ne mrrow studics revss lod  t h a t  t h o  rslctive nwtber of 

proniyel x y t e s  

crenscc' dariw t he  period of o b s e r v t ~ t l o n  (see Table XIII). 

docroue  \.;as. mtchod b:. nn increase i n  the r o l u t l v e  numbers of stab 

noutrop.' .ilic nyclocytos ,  and netamgelocytes de- 

This 

forfis, polynorphonuclecr ne. i t rophi loa a n d  eos inophi les .  

- C L 3 0  ---e.- X I ,  25-JWLr 01(1 ' d , I L C  f G M l 6  I O. h i s t o r y  or 

pein  ar.3 s t i f f n e s s  of t he  j o i n t s  of Sour :Toms d u r a t i o a  V ~ U G  flrst 

seen 1~ 1941, Local r a d i a t i o n  thera?y t o  thc. l e f t  knee was given 

In O c t c x r  ana X o u t ~ b c r  of that yehr. 

eight t r e E t n c n t s  of totc' bod;. radie:ior, were givec, t o  ci t o t a l  of 

87 '5  r. 

I n  nine days i n  Novenber, 1945, 

For coze t i n 9  p r i o r  to trep.',nent t he  p t i e n t  had t e e n  confined 

t o  bed 3ecause ~i h e r  F i r sh r l t i c  l e s i o n s .  

was poo::, was uncklan;ee dilrine and folloi?in,? hor t o t a l  body Irradiation. 

Hor general condi t ion ,  whlcb 

Th 3 h e ~ . a t o l o ~ i c o l  data  aro civen i n  Tahlo XIV arid F'l~ure.  11, 

Thc t o t 1 1  ~:h i t ;c?  b lood  cell count ,  nlv:ay3 l on ,  i ~ n s  f u r t h e r  depressed 

durinr ,  ;he t e n  C o p  follo:*iing the. conp le t ion  of the treatments. Sub- 

soqucnt ly ,  ot1,or p s ~ i o d s  of dcprosoion in t h e  t o t a l  w h i t e  blood count 

tzrercc no;ed,  t h e  zost fibrkad t e l c  on the 94th dsy. ,The a b s o l u t e  number 

of n c u t n o p h i l ~ s  rcu;hly piriilloled the tote1 vikhlte blood ce l l  counta. 

Tfic nufi'J8r of 3.oI;es i n  thc polynorFkonuclecr c o l l s  s h o w d  u definite 

decreeso, xhicb ma nost nerkctl on tbc t h l r t y - f i f t h  day af tcr  t rea t -  

ment v;u3 begun; t1,e rise  t o  p i e - r ad ik t lon  levo18 WRS prolonged. The 

s b w l u t z  nunbor of lyrspliocytcs f e l l  t r a n s i e n t l y  dur1r-q and Intermit- 

t e n t l y  followln& the i r r a d l c t i o n  porlod,  r e t u r n e d  t o  more norm1  values 
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I 

FlgilZX 11, Case XI R 5 ~ ~ o a s a s  cf blood elenants followiIX3 
e x p e u r e  of the ent i re  body t o  87 r in 
di - r lded doses, 

-53 - 
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betwlen 17th and 3 0 t h  d W ,  and then tell t o  low vr.lues again 

betwlen 8 0 t h  u d  120th Cays. The hemoglobin, hematocrit, and 

rod dood c e l l  .-oluea Coclined s tead i ly  t h r o u h o u t  the period 

or o Isorvation. The p?.atelet count ma depressed from tbe 38tb 

to t it? 30th days, recoPerod t o  mora normal values treneiently,  

and m e  aga:n dcpraesed from t h o  87th t o  the  100th days, 

velu9.s were a p l n  recorded before the study was torminated. 

N o m 1  

CI'OUF 111. 

Tho threo  pr3cns forsiw t h i s  p c u p  wera young nele voluntoors 

tvbc .yere chose.? to receive t o t u l  kody lrrediation because thoy were 

n o m i l  i n  very knoar, respect. A tota: of 21 r was s iven  t o  oach of 

t h e  subjects ,  

C ~ s t )  XIIS k 2 5 - y e u  old wfilte nc-Je, -- 
8 .  

of t s t a l  body i rradiat ion of 7 r ehch on October 

roceived 3 doses 

16, 17, a d  18, 1944. 

TLe msults of tbe c o l l u l e r  benatoloCica1 atudiea a? given i n  

Tabla XV,  Ro ovidence i s  8e6n of alteretiona in t h e  eleaente of the 

bloo.! r o p r t e d  h e x ,  I t  w i l l  be seen t h a t  the t o t a l  white blood c e l l  

coun';~, t h e  gercbI.tq;o anc! tho abeolute umber of neritrophilee 

rluccuete Gore th:;n in Cases XlXI nrtd X N ,  

Case XIII, A 63-year o l d  w h i t e  rcala I wao eiven 7 r t o t s 1  

body radiat ion per dey on October 30, 31, and ?Iovmbtjr 1, 1944, 

r c s u l t s  of the cel. lulur l~cn:stologice2 s t u d i c s  are given I n  Tahla X V f . ,  

2?0 rJidcnce of a l torat ion  In the 6lem0nts of the blood reported hem 

The 

i s  rated.  

l O b b 8 2 2  
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C m e  XXV, A 23-ya.cr 018 ?;?lite male \::“,5, nn emplop0 

of t!w Metallurgic01 Lalmratory,  volunteered to receive 7r t o 5 a l  

body rediet ion per day on h’monhcr 20, 21, and 22, 1944, The 

msults cf t h e  cellular ) . emto log ica l  s tug ie t  am given i n  

Table XVlI. ]:one of the f lvc tuu t lon3  observcd i n  the verlous 

c e l l u l a r  elei:,ents c:’ the X o G d  are f e l t  to be Cue to t h e  e f f s c t s  

of the rcciotion Gi‘rcn t o  t h e  o ~ i b p c t ,  

I 

t O b b 8 2 5  
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Dlecuse i o n  

. 

Group 1. Th6 n o s t  r e rca rhb le  f e a t u r e  of t h e  hena to lwl -1  

s t u d i e e  of t h e  eig1.t  Iwtierits receiving s i n g l e  doses of X - m Y S  113 

tjle lock  or any mirom E;erSietCAt effect  Or, the elements dr blood. 

.Pr ior  t o  t h e  onset of this study it seemed likely t h a t  one should  

380 a narited e f f e c t  on one o r  more of t h e  cellular e l e n e n t s . o f  the 

It was becuuso of i!ic luck of t h i s  effect tht t t  1% was decided t o  

increaso t h e  acse i n  Case6 V I ,  VII, and VI11 t o  120c,  lionever, no 

nnxked u i ? i f o n  e f f e c t  na3 noted a8 a reeult  of t h o  increased  dose. 

?he lyfiphocytoe shorood t h e  o c l y  u i f o m  response of any of t h e  

blcod elements t h a t  vier2 stur?ied i n  this emup .  In every instance 

bu t  one (Case V) t h e r e  V:GS a dro? I n  t,hc number of t h e  lymphocytes 

la t h e  por iph .? rh l  blood duriw t h e  f i rs t  f o u r  days,  In Case8 I, 

XI, V, and VI11 thc Iynpiiocyte l o n l  was sonewhat lower throughout 

the  p r i o d  of stuc!y f o l l o i : . l x  l r r n d i e t l o n  than  betore. hrneth 

caunts  NCTO done on six of  t h a  eight casos  i n  t h i s  group. 

i n  e l t h e r ' t t e  totni f i u b G r  o r  lo'uos p r  100 ce:b o r  In t h e  per-. 

KO chanty 

cencege of c e l l s  v i t h  a Given n m b e r  of lobos vas noted. 

C l i n i c a l l y ,  nc b l l t e r i o u s  e f f e c t  ::'hich was a t t r i b u t e d  t o  t h e  

t ro : i t cen t  was noted by the p c t i o n t  dur ing  t h e  p r l o d s  of o b s e m t i o a .  

Pa r t i cu l .n r ly ,  no rLdlntiGn sickn000 was induceri in nny of these 

-61- 
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C x u p  XI, The  %kree ctrses of . t l ? i a  r,roup 61rfe.r in all 

re3yocts  oxccpt  t h a t  tht?!y'mccivad s u l t i g l o  doses. Cctse zx, 

who rcceivcd tko  larse.3t. t o t a l  doae (500 r) recctrzd a low i n  . 

i 

bot3 yclynorphomclears and lynphocytes on the 28th t o  34th days 

eftar s tur t inc  t r co tnen% but  apprent ly  recovered after tram- 

rU3io:ls. Case r. meochsd o. low i n  polymorphonuclmr count on 

the 53rd Oay a f t e r  f i t a r t i n& t r o a t n e n t  eLd thereafter 8 emdud. 

' r'1.96 occurroO. 

Ciise X I  bad relatively sffiall numjera of 111 thc blood 

e l e x m t s  'und 60 is not cuay t o  grour  with Cams IX and X, 'A low 

p o i n t  i n  p1y;T~rphonuc:c~er aqd lympbccytic vuluca WbS roached 

ebout the 50th Cn:?, fo!.lched by a ,~xcdua l  T i s 3  toxard nor.;nl Y Q l U e B e  

Hecoverj  o f  t h e  1 ' fzFhocytes  v i m  s l m o r  thez f o r  t h e  ,m;ymo.TphonuC?.eer 

cells 

h e  nnrkcd, thow,h t r a n s l a n t  dep:.'eselon in the neu t roph l lo ,  

lymphoc*yto, .?ne yLa tk1c . t  counts  rioted in Ca3s XI about 3 0 0  day8 

after t h e  onsot of therapy ,  is i n c e r e s t l n s  i n  the  l i r , h t  OS t h e  

findirxs or R. S, Stone and 3. V. A, LowYDeer(12) who f e e l  t h a t  

their casos i n d i c a t e  t k u t  t h i s  d r o p  m y  be FL delr.yed result or tho 

x-ray expxwrcs. 

.- Group 111. Xo evldcnce of c h a n p  in t h s  c e l l u l u r  eler.ents of 

ti:e blood ~ u s  not3d i n  ~ : j -  of  ti.usc C L I Z C . ~ .  I t  will be r~ncr!:bored 

that  t h e  i n d i v l d u ~ ~ l ~  wore 011 n o m s 1  noles 1i:sofar tis could be de50  

omtrated;, These C Q 6 8 3  were of particultw interest t o  us 1niisIWcb 

a s  thoy  i n d i c a t e d  t h a t  t c t l t e  exposure t o  far fiore t h m  t h n  naximum 

porrnIs3iblo l e v o 1  of 0,l. r p r  wbrklw dny could not b6 expactcd t o  

I O b b 8 2 8  
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prod.ice d l w o s t l c  changes In the  elsments of t h e  peripheral 

blool which were studied. 

Prom the pructical  point. of view,  those studies ,should 

have been extended t o  Includo the exarilnoticn of lndlvldua~a 

subjacted t o  f r o m  0,1 t o  1 r par dcry x-ray expo8ui.e for long 

periods o r  time. For obvloue roasms these etudles were not 

undoi-tnker. w i t h  hmnns .  S l cce ,  k,o~~:evc.r, the data d lsw,sead 

above chocks In  a gemral way with e::,xrirnan%al dhta on anlmale 

w i t h  c o m p r a h l e  ratos,  find rz0urLt.s af expooure ( 1 4 )  I t  i s  parhaps 

reesonoble t o  a s s m e  that  the mirr,al &ita ohtained R t  low l e v e l s  

of exposure for p r o t r n c t e d  y?riods of tine are applicable,  a t  

l e a s t  apFroxinnte?y, t c  tho e f f e c t 3  ~b . l ch  ;night  he seen i n  humans. 

Tilest data am preser,tcd i n  VoluITm 22-A.end 9 of t h i s  series 

a2d sum6rized i n  c : a r ; e r . i n  t h i s  vo luw.  

-- % K @ ~  - 
I )  Result:, of o x d m t i o n s  of eloncnts  of the p r i p h e r a l  blood 

in fc ur t cen  ind lv idut i l s  t o l l o x i n g  oxpsure t o  to te1  boap radiation 

are presented. Tke i n c i v i d i i c l s  arc divided i n t o  t h ree  groups : ,  

Group I conoiots of ei&iit inciviauuls who were irradiated with X-ray6 

at  or.e".sitCiny; Group I1 congis ts  or t h x e  individuals  who were ir- 

sadiLtcd with x-rnp in divided doses; and Group 111 consists o f  

t l r rea  n o m u 1  lndiirl2ual:r hilo v ; G m  Irrcdiated w i t h  x-rriys by 3 dosos 

of 7 r each, 

2) In Group I t h a  most per6ister.t  abnom.ol.:ty noted was a 

dimlrtation i n  the number o t  lymphocytes s h o r t l y  t t f t e r  the completion 

of the t reatneat .  

I O b b 8 2 9  DOE 1H.Q 



Sunonry - (con' t )  

3) In Group I1 depwneion In the lymphocytio count was also 

t3e most marked s1nl;le chtlnco. 

4 )  In Group 

Of the peripherA1 

I11 no'altercitions were noted i n  the element6 

blood w3lch were studied. 

Achonledprent 

Chicego Tu:or Cl in ic ,  i n  p r o v l d l w  facilities for t h i s  study 

I 

a r e  e r u t c f u l l y  6cirnoaled3ad. nil3 work atis dono w l t h  the 

tachlcal assistance of Edna X. h r k u ,  Xelba Robson, and 

Evelyn Gaston, 

\ 
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