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ABSTRACT 

The report diSCU8Be8 the al terat ion8 induced by t o t a l  body . 

i r rad ia t ion  In pat ients  and in dogs in terms of c l i n i c a l  and hematological 
findinge, lipoproteins, and electrolytes .  

Studies were made of f ive  patients,  selected f o r  their  re la t ive ly  
good condition, who received t o t a l  body i r rad ia t ion  of 150 r (except for 
one caee receiving 85 r)  delivered t o  the body through four  por+,s and 
generated by a 1 Mevp Resonant generator. 
hematological f i n d i s  discuss the range of degreseion of t o t a l  w h i t e  c e l l8  
and p l a t e l e t  count, and observations of c l i n i c a l  reaction. Only two 
pat ients  ehowed evidences of abnonnalbleeding in aesociation with low 
p la t e l e t  counts 

i r rad ia t ion  state is  derived from animal experiments indicating a post- 
i r rad ia t ion  block in the serial conversion (clearing ac t iv i ty )  of larger  
t o  ernaller lipopzokeins 88 part  of the normal fa t  transport  system. The 
report describes m e t i s  used for separating l ipoproteins from serum, 
t h e i r  subsequent f ract ionat ion into three components, and determination 
of cholesterol conxent. 
presented fcr the five patiente in terms of changes In  clear ing ac t iv i ty .  

Case reports of c l i n i c a l  and 

f 0 

The rat ionsle  f o r  detai led l ipcprotein analysee of the post- 

The re su l t s  of lipop,mteln determi?zations are 

The reprt of studies  of g e c t r o l y t e e  deal8 with two approaches 
explorlng possible rnadificatione of ce l lu l a r  cembrane ac'ivity 
produced by t o t a l  body Irradiation. One $t.v?lves the rate of exchange 
of potassium betweeir the extracel lular  and i:.%raceEular phase and the 
other, the glucose a3elniletion coeff ic ient .  Methote of determination 
are s e t  for th .  Two di f fe ren t  epdromee resul t ing from msssive t o t a l  
body or head Irradiat ion of dogs am described. 
have been -de in i r radiated dogs of the alteretioxu in the  mechanlems 
of tranepor5 0' electrolyte8 from the lumen of the bowel t o  the plasma. 
In the post-Irradiation state, the  conetancy of sodium transport  from 
plasm t o  lurren ceases while the passive diffusion of sodium from lumen 
t o  plasma increasee sharply resul t ing in greater lose of t o t a l  
e lec t ro ly tes  from the lumen. 

In addit.:oE, studies 
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Introduction 

For the purpoees of organhation, t h i e  report is divided in to  three 

maJor sections: 

studiee, and 111) E1ectrol;cte etudies . 
Selection of Patients 

I) Hematology and c l i n i c a l  findings, 11) Lipoprotein 

It was f e l t  that only pat ients  with widespread neoplastic disease 

were acceptable f o r  this study. 

t o  healthy young males. 

the followlng r i g i d  requirements were adhered t o  before eccepting a 

p t l e n t  f o i  this stu6y. 

This is not an idea l  group t o  compare 

To make t h i e  differer-tis1 as small as possible, 

m 

1. General chemietriee 

a. 

be 

C. 

Electrolytee, including eodimt, potassium, chloride, C02, 
phosDhorue and calcium, should be within Eormal limits. 

Liver function ehould be biochemically within normal 
limits as evaluated by bi l i rubin,  brmsulpkalein retention, 
c e p t a x n  f locgllation, thymol t c b l d i t y ,  cholesterol,  both 
t o t a l  and eeters ,  protein, albumin, prothrombin time and 
a lka l i se  $~oephatase . Elevatione in the alkal ine phos - 
phatese vould be acce9table if it could be shown that this 
m e  on the b a d e  of oseeoue metaetaeee. Sl i sh t  devistione 
froa normal l i ve r  function etudies arc3 acceptable if these 
are eetabliehed a s  part of a long-etmding chronic process. 

Renal function etudiee preferably shocld be within normal 
b i t e ;  however, if tbere is no re f lec t ion  of abnormalities 
In the e lec t ro ly te  studies mentioned above, a decreased 
GFR ae evidenced by an elevated blood wea nitrogen or  
blood non-protein nltmgen is acceptable. 

2. Hemtolow 

A l l  patient8 should b v e  normal values for hemaglobin, hemato- 

c r i t ,  RBC, WBC, d i f f e ren t i a l  and ple te le te .  

ehould be within normal limlte. 

Bone marrow aspirat ion 
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3 .  Particular neoplasms not acceptable 

a )  Functioning endocrine tumors. 

b) Leukemias. 

c )  Polycythemia vera. 

d )  I-Jrmpbomas, unless all the above c r i t e r i a  are f u l f i l l e d .  fn 
addition, if such rapid breakdown of neoplastic t i s sue  should 
occur following t o t a l  body i r rad ia t ion  that there i s  a signi- 
f ican t  r i s e  i n  the plasma ur ic  acid, th ie  case would not 3e 
included 

e ) Multiple myeloma. 

f) Any primary les ion metastatic t o  the p i tu i ta ry  or  hypothalmus. 

4. Metabolic condition of the  patient.  - 
Faiients exhibit ing bizarre  metabolic dieorders were not included 

m 

i n  t h i e  etudy. 

I n  addition t o  those considerations: 

a) The patient should be able t o  maintain f lu ide  and nutr i t ion 
by mouth. 

b) A l l  endocrlnopathiea should be mled out. 

c )  ?atlent should not be on druge such as chlormomazine, 
cortlsoae, dramamine o r  any other agent wUch m i g h t  mask the 
c l i n i c a l  eyndrome following t o t a l  body i r radiat ion.  

Method - of I r rad ia t ion  

A l l  irradlatlone were done vlth the Mevp Reeonant generator a t  a !lBD 

of 290 l0 cm and a dose rate of approxinately 6 r/minute. The i r rad ia t ions  

were accanpllohed through four pcrts,  upper and lower half of the body, 

an ter lor  and posterior with a t ten t ion  being glveo t o  the panuinbra and 

overlap of the upper and lower fielde. This resulted in essent ia l ly  a 

uniform dose dletr lbut lon throughout the body. 
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I. Clin lca l  and - Hematological Findings 

During the year f ive  pat ieots  received t o t a l  body i r rad ia t ion .  Of 

these, three wese females and two were males. Two of the pat ients  had 

generalized lymphoma, one had anaplastic sarcoma-cell type undertennined, 

one had inoperable adenocarcinoma of t3e stomach, and one pat ient  had two 

primaries, carcinoma of the l i p  wlth pulmonar:; metastases and aiienocarci- 

noma of the kldney. A l l  pat ients  were in f a i r  t o  good general condition 

a t  the onset of treatment. 

The data f o r  p la te le t s ,  lymphocytes, and granulocytes are ehown i n  

Figures 1-5. 

Case Remrtg - 
The pat ient  (J.S.)  receiving the lowest exposure was given 85 r 

t o t a l  body i r radiat ion.  This patient had lymphoma with the preeenting 

eymptome of sevem unrelieved pruritus,  moderate anemia, leUkOcyto6is, 

norms1 phtelet c x ? u n t b  %et-treatment values indicated moderate aepme- 

slon of the white c e l l  count frr*-;: pre-treatment values, reaching a low of 

0.5 x lo3 c e l l s  on +,he 59th 4 v .  There was a broad period of depression 

ranging from the 43rd day t o  the 70th day, a t  which time the count again 

returned t o  about 2,000. 

on about the 40th day, reaching 8 value of less than 20,090 c e l l s  per cubic 

millimeter. This bid not recover until the 75th day, a t  which time the  

PlattleCI count aleo becwe severely depressed 

count was greater than l O O , o o O m  On the 43rd LC the 48th day the  patlect 

had purpura and bleeding. 

transfueione during this t i m e  and recovered without untoward sequelae. 

She received multiple fresh whole blood 

It l e  Interest ing to note that in spite of inabi l i ty  t o  re l ieve her 

preBentlng, Inccuppacitating complaint by aqy of the chemotherapeutic agent8 

or by partfal body lrrediatfon, 8hc bad eubstantlal relief f o r  approximately 

three months following total body irradiation. 
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In s p i t e  of the re la t ive ly  low d o ~ e ,  t h i s  pat ient  had marked and 

severe depression of the w h i t e  blood c e l l  and p la t e l e t  elements. It is 

our current belief, as yet unproven, that pr ior  l oca l  radiat ion and 

chemotherapeutic agents, as it were, prepared the soil for the in su l t  

received from t o t a l  body i r rad ia t ion  and contributed t o  i t s  e f fec t .  Both 

the severi ty  and the duration of t h i s  pa t ien t ' s  depression, in our opiniog, 

w e r e  more than could reasonably be attributec? t o  85 r t o t a l  body l r rad ia-  

t lon.  

Four pat ients  received 150 r TB measured l a  air  a t  the midplane. 

One of the pat ients  (W.H.), within one week a f t e r  cmplet lon of radiation 

developed epnptome of ;wrtlal gastr2t obstruction which subeeqJently pro- 

ceeded to  complete gastr ic  obetruction and a severe metabolic a lkalosis .  

Subsequently it was determined tbat  an en t l re ly  asymptomatic m e t a s t a ~ i s  

from hie carcinoma of the kidney had obetructed the duodenum producing 

the  above symptom8 and ult imately baing reeponslble f o r  the pat ient ' s  

death. The t o t a l  body l r rerdiat lm did not modify the  couree of this 

ga t len t ' s  i l lneee in any vay, e i the r  advtreely or  favorably. However, 

because of t h i s  com~l lca t lon  which was accompenied ty bleeding, the 

hematological data In thie pat iec t  are removed frm fwth=,- discussion. 

Another patient (S. P.), a 40 year-old white female, was admitted 

with a diagnoeie of carcinoma of t h e  ovary v l t h  videspread Intra-abdominal 

and Intrathoracic metaetasee. Blopeies taken a t  this Ins t i tu t ion  were 

interpreted a s  sarcoma, origin and c e l l  type undetermined. The general 

condition of the petient wae good and she vas subjected t o  t o t a l  body 

i r rad ia t ion .  There was no subeequent improvement i n  her c l i n i c a l  

condition. 

was rapid.  

However, her earcoma vee highly aggressive and growth r a t e  

The w h i t e  blood c e l l  count showed a drop beginning on the 18 th  
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day post-treatment, reaching i t 8  minimal value a t  the 32nd day. There was 

a rapid return t o  normal values by the  44th day. In accordance with the 

pat tern seen i n  earlier pat ients  the  lymphocyte count dropped more 

rapidly than did the polymorphonuclear count, t he  lymphocyte count resch- 

ing approximately 50$ of the pre-treatsent values by the 4th-6th day 

and remaining l o w  throughout the period of observation, in this instance 

60 days. The polymorphonuclear drop did not begin u n t i l  the 18th day 

and a l so  reached i t s  minimum on the  32nd day. 

P la te le t  counts were substantially ?.n the pre-treatmeat range u n t i l  

the 22nd day when they fell rapidly reachicg a value of less than 10,000 

on the 24th day. 

the 42nd day. 

The values tben remained a t  leas than 100,000 until - 0 

On the 30th day the  patient developed epis taxis  and minimal purpura. 

The c lo t t i ng  time was elevated to 19 minutes. 

50 mil l lgrama Of protamine zinc sulphate v i t h  prampt subsidence of the 

The patient was then given 

bleeding diathesis .  The clotting t b e  v8e within normal limits when it 

was determined three day3 l a t e r .  

This sequence is porbaps worth additional camuent. The rat ionale  

f o r  &ivim the  protwine sulphate wae based p r l m r i l y  upon the lipoprotein 

studies discueeed elsewhere i n  this report. X t  W i l l  also be recalled that 

D r s .  Jacobeon and Al lan  (J.A.M.A., 9, p. 1251, 1949) have reported 

upon radiation-Induced hemorrhage in laboratory anivals,  and f e l t  that 

protamine sulphate bad exerted a benericial e2fect in t h a t  se t t ing .  

in the estimation of tba inveatigatcr the p t l e n t ' s  c l i n i c a l  condition 

could be disastrously iniluraced by doderatc! t c  8evere bleeding, it was 

deemed viser to attempt to  correct  any hmorrbagic tendency rather than t o  

observe the unmodified synbroplcl. 

Because 

Protamine sulphate m e  therefore given 
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because of the foregoing observations and, while we cannot put forward 

anything other than the euggeetion that there may be a cause and e f f ec t  

relationship, it l e  our unanimou~ fee l ing  here that the observation l e  

worth pursuing further i n  pat ients  with similar abnormalitlee. A n  attempt 

will be made t o  correlate  these with the lipoprotein oboervations. 

Another patient (K. H.), an elderly w h i t e  female, with adenocarcinoma 

of the etomach wtrlch me local ly  unreeectable but who wae i n  excellent 

general cocdition in sp i t e  of her advanced disease, received 150 r t o t a l  

body i r radiat ion.  

from that reported juet  above. Tota l  white blood c e l l  count showed a 

re la t ive ly  -early depreeeion reach& half i t a  pre-treatment value by 

the 6 t h  poet-treatment day. 

day and were approximately l/3 that of pre-treatment value Recovery 

e l w  but steady and it reached 2/3 pre-treatment value by the 56th day. 

The pat tern here of response was somewhat d i f fe ren t  

The m i n i m a 1  values were reached on the  30th 

The lymphocytee ehowed an early dspz~2e8iOn t o  approximately one-half 

the t r e a t w n t  value. The polymorphonuclear cells did not show an ear ly  

depreesion but did show a later OM. 

The p la t e l e t  count ehoued l i t t l e  change u n t i l  the 17th day post- 

treatment a t  which time it declined again t o  reach i t e  m?;llmum from the  

20th to  tha 32nd day. This value never fell below 40,OoO pla te la te  p r  

cubic millimeter. 

treatment levels  vere reached by the end of observation on t h e  49th day. 

CllnicaUy, tbe patient shoved no upset from the  reaction. There 

Recovery begsn OKA the 3j th  day and eeeent ia l ly  pre- 

wae no nauee and vomiting. Appetite wae good throughout the period 

of obsenration. No purpura developed. Bleeding and c lo t t i ng  times never 

exceeded normal limits f o r  t h i o  Ins t i tu t ion .  
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The last patient (W. J-)) t o  receive 150 r total  body i r rad ia t ion  

wae a young, colored male with dleeeminated reticulum-cell earcoma. 

while the diseaee was extensive, his general condition at the  time he 

received 150 r t o t a l  body i r rad ia t ion  appeared t o  be excellent. 

were no Immediate eymptome conaequent from the radiation. 

the pat ient  did develop some bleeding from t ae  noee and ep l in te r  hemorrhages 

under the n a i l  beds. 

th i s  could be adequate explanation foz the loca l  hemorrhage. 

There 

Subsequently, 

However, there me a large tumor deposit here and 

White blood c e l l  count showed the pat tern we have learned t o  aseociate 

with 150 r in humans. The minimal value approximately l /3  aP the pre- 

treatment,wae reached on the 28th dEy, recovery beginning around the 40th 

day, pre-treatment values not being obtained again by the  end of treatment 

and the period of observation continuing, In t h i s  instance, to  the 56th 

day. 

value within a few days after the a h i n l e t r a t i o n  of radiation. 

Polymorphonuclear counts d e c l h e d  more 3tdate!ly, reaching their  minimal 

values a t  ap~roxlmately the 28th-3- day, beginning recovery on the  

56th day. 

The abeolute lymphocyte count wae reduced t o  one-half pre-treatment 

P la te le t  counts again adhered t o  the common p t t e r n ,  l i t t l e  change 

being seen before t b e  16th day, then a re la t ive ly  abrupt drop t o  a 

m i n i m a l  value on tbe 22nd day, recovery be@- on the 36th day with 

a value of 100,OOO being eaeeded on t h e  46th day, pre-treatment levels  

being obtained on t he  59th day. Return to  pre-treatment levels  was a 

l i t t l e  earlier than has been noted in otber patiente. 



Objectively, there vas evidence of diminution in the  mass of his 

reticulum-cell sarcoma. This, however, me t ransient  and there was 

soon evidence of increaaed r a t e  of growth i n  a t  l eae t  8ome of hie 

tumor deposits . 
In summary, then, with the  exception of acute and t rans i tory  symptoms 

of nausea and vomiting, only two pat ients  showed evidences of abnormal 

bleeding in association with t h e i r  l o w  p la t e l e t  counts. 

th is  tendency eubsided promptly upon receipt of 50 mgm. of protamine 

sulphate. 

the tumor process. 

In  one patient 

In one pat ient  there was evidence of objective response i n  

* m 
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II. Lipor ro te in  .-L- Studies 

Reason for etudx: In rabbi ts  receiving high dosee of t o t a l  body 

i r radiat ion,  an early increase in the serum turb id i ty  (caused by chylomi- 

crons) l e  prognostic of lethal damage. More detai led l ipoprotein 

analyses have shown that one t o  two days a f t e r  Irradiation, there is a 

block in the s e r i a l  conversion of larger t o  smaller lipoproteins which 

is  a p a r t  of the normal fat transport system. Since heparin i s  involved 

I n  the "clearing factor" mechanism which is responsible fo r  t h i s  conver- 

sion, heparin deficiency has been suggeeted. 

Changes in l i p i d  transport  foLlovlng severe whole body Irradiat ion 

have a lso  been observed in dogs. 

determine the e f f ec t  of therapeutic doeee on the serum lipoproteins of 

plateleta .  

Methob: I n  the firrt aeriee, 13 patient8 v ~ f e  etudied. The results of 

thle  &roup were included i n  last yrClrge repcrr;. Three of them were 

followed through two reparate treatmehts. 

It therefore seemed important t o  

I n  t he  current reriee, fae t lng  blood esmplee were taken before 

l r r8dla t lon  and one and t h e  day8 uftemrd. Adeitiona?, samples were 

taken after fur ther  intervale of t ime w h e n e v e r  it was considered 

necessary, eepecially when the pat ient  showed thrcnibocytopenia. The serum 

ma checked for turbidi ty  in the  epectropbotometer at 605 m and stored a t  

b°C. v i th  the addition of l : lO,OOO merthlolate f o r  not more than 2 

weeke. For the ecparation of the l i p o p t e i n a  7.05 m l .  of serum were 

mixed with 3-15 ml. of Rd=l (density l.m5) t o  e v e  a eolvent deneity 

of 1.063. 

f o r  16 b u m  at 40,OOO R.P.M., a t  about 10%. The lipoproteins of' density 

' 

~ h 4  eolutions were t h  run in the preparative ultracentrifuge 
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l ese  than 1.063, which were concentrated i n  the top layer, were collected 

with a hypodermic needle and special ly  designed syringe and transferred 

to a 5 ml. graduate. The volume was recorded and the lipoprotein content 

meaeured f m  the s i ze  of the f lo ta t ion  boundariee obtained i n  the 

ana ly t ica l  ultrecentrifuge by t he  Goff'man technique . The lipoprotein 

spectrum was eeparated i n t o  3 fract ions,  Sf 2-10, Sf 11-20, and Sf 21-100. 

Occasionally a fourth component, Sf 100-400 was observed. The calcula- 

t ions  were made by the procedure deecribed i n  1952. The t o t a l  cholesterol 

was determined in the whole serum and in the lipoproteins of density 

greater  than 1.063 (found in the lower layers of the ultracentrifuge 

tubes) , and the "low-denaity lipoprotein cholesterol" calculated by 

difference . * * 

The calculated low-density lipoprotein cholesterol levels 

were usually f a i r l y  cloee t o  one-third the t o t a l  low-density lipoproteina 

measured i n  the ultracentrifuge. 

cunposition of these Idpoproteins. It, therefore, did not seem 

This epees with the  known chemical 

necessary to meabure the low4erslty choleeterol di rec t ly ,  eince th ie  

would necesei+,ate taking considerably lar&er eamplee of blood. 

Recently, a second series of expcrimenta bae been in i t i a t ed .  The 

alpha and beta lipoprotein8 are eeprated by Nuthod 10 of Cohn e t  al., 

and the lov-deneity llpopmtelna are separated and analysed as deecribed 

above . 
Three experimente are reported here; the  "highdensi ty  cholesterol" in 

Choleekml  a d  phoephollpid are measured on a l l  f ract ions . 

this case rearesent8 the alpha lipoprotein choleeterol. A fourth 

experiment I s  now in prognos. 
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Reaulte : 

The r e su l t s  on the  gatiente studied this year are shown i n  Figures 

5 t o  10. 

t i o n  day because of the rapid grogreee of hie  malignant dieease. 

the remaining four, two gat lents  (J. S. and S. P.) showed an ear ly  in-  

crease i n  clearing factor, one (K. H.) showed no change, and one (W. 5.) 

showed a decrease i n  c lear ing fac tor  early. A t  the time of the most 

marked thrombocytopenla (TCP day), three showed an increase I n  clearing 

factor ,  and one showed a marked decrease. 

One patient, We E-, waa studied only on the t h i r d  post-lrradia- 

Of 

Table 1 eummerizee all the data obtained t o  date on patient8 wh9 

develo-d 'a thrombocytopenla and & whom @-lipoprotein determinations 

were done during t h e  period of the decreased pla te le te .  It should be 

noted that one patient developed a e tv t re  thrombocytopenia and bleeding 

but l ipoprotein etudiar -re mt done at  that time. It should be noted 

that only o m  patient vbo rbowrd clinical evidence of bleeding did not 

rhow en increase 13 clearing factor. 

VBS approximately proportional to tke Increase In clearing factor.+ 

Moreover, the  severi ty  of bleeding 

*The c l i n i c a l  aegects of this ere discussed more fully under "Clinical  
AepCte *" 
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Table 1 -- 

Dose Sex Dlappoele - a t l e n t  

Bo c l in ica l  evldence of bleeding 

MH 150r F Ca Vulva 

ICH 150r F 

Clinical evidence of bleeding 

Bc 150r F Ca Cervix 

WJ 15or M R Sa 

SP - l5Or F JJ Sa 

Js 85r F L?J 

WD 150r M S yllovlma 

W 

U 

ttt 

U 
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Diecueeion: 

The changes In  em llpoprotelus which appear after therapeutic 

doses of I r rad ia t ion  are of course not as clear as the changes seen in 

anbale after lethal doses. I n  some patients,  c lear ing a c t i v i t y  appeared 

t o  have decreaeed during the week following treatment, while, I n  others, 

an apparent increase W ~ E  Been- 

sent the balance between l ip ide  added t o  and removed from the circulation, 

it would appear that the  doees ueed in theee patlente can c a u ~ e  t h i s  

balance t o  ewing eometimes one way and sometimee the other. 

receiving lethal dosee, the lip3.d traneport eyetern IS usually inadequate 

for i ts  l&ad. 

or an overloading of t he  eyetem is still unknown. 

l ipoprotein studies now being carr ied out on animals i n  connection with 

research on athemecleroeie are frequently c r i t i c i zed  as not being 

applicable t o  htmraa physiology. The same c r i t l c l m  might be levelled et 

studiea of i r rad ia t ion  e f fec tc  in animala. One valuable r e su l t  of the  

findings reported in the present study l e ,  therefore, the obeervation 

that the  l ipoprotein cbngee found I n  humans soon after i r rad ia t ion  

may be similar t o  those seen in animals. 

Since the  c i rcu la t ing  lipoproteins repre- 

In rabbite 

Whether this i e  the-retmlt of a deficiency I n  the traneport 

The many l i p i d  and 

The second obeervation of importance i e  that several gatiente who 

ehowed c l i n i c a l  evidence of radiation damage had increases i n  c lear ing 

fac tor  ac t iv i ty  a t  the time. 

it reinforce8 the euggeetion that poet-irradiation hemorrhage i e  aleo the 

reeul t  of en e x e m  of circulat ing heparin o r  heparin-like compound. 

If this ie the  reeul t  of hyperheparinemia, 
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1x1 Electrolytes 

A. Human 

The obJective of t h i s  study is  t o  explore the poeeible modlflcatlone 

of ce l lu l a r  membrane ac t iv i ty  produced by t o t a l  body i r radiat ion.  

approaches have been u t l l l zed  i n  t h i s  study, the first being the rate 

of exchange of potassium between the extracel lular  and In t race l lu la r  

phasee, and second, determination of the glucose aeslmilation 

coef f i c l en t  . 

Two 

In an e f f o r t  t o  determine changes i n  the r a t e  of exchange of potas- 

slum, plaema volume wa8 determined by Ebam Blue, extraceUular  f l u i d  

by Inulin; and t o t a l  body water by Antipyrine. Immediately following 

theee determinations, total exchangeable potassium was determined with 

radioactive potassium 42, emphaeie having been placed upon frequent 

eampling of the  plasms BO that a "fall-off curve" covering 30 hours time 

could be 8ccuratelp constructed. By a modification of the Feather 

technique, the caoponent elopes, and cnmprtment s izes  were determind. 

This information was then u t i l i zed  t o  comtruct  8 model the accuracy 

of which wa8 tested by means of an analogue computer. 

technique, it has been ahom in one c8ae tha t  thei-e has been a small, 

but signif icant ,  changc in the re la t ive  compertment 8 i z e ~ ,  as w e n  as 

the rates of exchange of potassium following t o t a l  body i r radiat ion.  

With this 

The glucoee assimilation coeff ic ient  UPS determined by the techniques 

of Grievol and Basted, e t  al, utilielng the  Intravenous glucoee 

tolerance t e a t .  The modification of Duncan allows for a more accurate 

detenninstlon of the glucose increment iadbx which gives a quantitative 

determlwtion of any chaagcs in the amount:: of glucose which leaves or 
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enters  the c i rcu la t ing  blood a t  any given time interval .  Blood sugar 

was determined by the Neleon mcdification of the Somogyi technique. 

Again, only one pat ient  has been etudied pre- and poet-irradiation, and 

although the glucose increment Index was a l te red  by the  i r radiat ion,  

It was not a e t a t i e t i c a l l y  s ignif icant  a l terat ion.  

B. Dog Studiee 

1. - Total body i r r a d i a t e  

Two groups of dogs have been @\en large doses of radiation. 

One group of animal8 wae given 10 o r  12,000 r t o t a l  body i r rad ia t ion  a t  

a dose rate of approximately 35r/minute. 

following.th1e dose f o r  pH, C02, eodirmr, potaeaium, chloride, calcium, 

phosphorus, magneelum and plasma oemolarlty. 

blood urea nitrogen were e l so  measured. 

two different eyrdromes may be observed In  doge . The f i r e t  i s  one 

terminating fataliy in 28 t o  31 hours. Tbe e-ome i e  characterized 

by neurological eigne of cogwheel rlgidlty, twitching, fine tremors, 

a taxia  and abnoncal eye oignrr. 

and win vary from tiEn t o  tine. 

a few hour8 before death. The rvaulte of such an experiment are ehown 

i n  Table 2. As can be men, the calcfum dropc sharply f r o m  a control  

of 10.8 mm percent t o  6.0 shortly before death. 

phoaphorue rieee from control values of 6.0 r g  percent t o  14. A consistent 

finding Is the development of a re6pLratory alkalosis with pH's as high 

a8 7.50 and FC02'e as l o w  88 20. In the experiment i l lue t ra ted ,  the pH 

wa8 7.48 4 1/2 how8 before death, and t he  R.02 was 30.8. 

conelatent finding 18 the fall In C1 to as low as 90 and a consistent rise 

Bloods were analyzed a t  periods 

On 8ome doge, ammonia and 

A t  this dose of radiation, 

These Deurological findhgs a re  t rans i tory  

Byperventilation is Observed, s t a r t i ng  

This occurs as the 

Another 
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in the plasma osmolarity In excess of w h a t  can be calculated from the 

e lec t ro ly tes  and the normally measured plasma conetituente euch ae 

glucose and urea. 

excess of calculated is an ominous sign, and is associated alwaya with 

In t h i e  laboratory, the rise of osmolarity In 

respiratory alkalosis  whether produced by thyroid storm, ammonia infusion, 

or forced hyperventilation. In the poeii-irradiation syndrome a t  these 

doees, there is no rise in the pliema ammonis, and this cannot be 

Indicted as the cause of the reepiratory alkaloeis.  

The second syndrome obeerved occurred I n  some of the dogs. T h i s  

consisted of a pat tern not unlike tbat seen at  doses of 1,000 r and above, 

namely, dtarrhea, vomiting, dehydrstion and death I n  3 1/2 t o  5 daye. 

A second group of dogs was given 15,- r to the head alone. 

delivered with the 250 Kevp machine v i t h  a HVL of 1.0 mmcu, and the 

hose rate was 150r/minute. "be dogs convulsed during the  i r radiat ion,  

snd comrubiom might be expected anytime after 10,OOO r. In this 

settlag of I r rad ia t ion  of the bead alone, all dogs showed maselve 

convulsions during the f i r s t  day, with period8 of quiet  between them. 

I n  all cases, a marked respiratory alkalosie developed before the 

convulsions occurred. 

Table 3 -  

pressure of C%, f e l l  frca a normal control  of lo ul. of mercury t o  ae 

low ae 27.8. 

phoephorus o r  other electrolytce u n t i l  the  terminal phase. 

changes were those of dehydration. 

This wae 

The resu l t s  of a typicd exprimeat  are shown In 

Here the pH, while not chaaging d ramt ica l ly  the  partial 

In th i s  se t t i ng  there vere no changes observed in calcium, 

The terminal 

Again, a marked rise In plasma oemo- 

l a r i t y  was observed 81 early as 3 hours a f t e r  the start of i r radiat ion.  
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Following the first period of 8 hours, the pat tern of events varied i n  

d i f fe ren t  doge. The character le t ic  patterr m e  one of lethargy, r ig id i ty  

and, on occaeion, emall tremors. The time to death varied coneiderably, 

one animal dying one hour after completion of radiation, and another 

animal being sacr i f iced after a 10-day period. 

It is not knowwhether the  respiratory alksloeie is the c a u ~ e  of the 

convuleion or  not. It m i g h t  be noted in paesing that i n  similar set t ings 

of respiratory alkalosie, as mentioned above, convulsions of this  

character are noted. 

Efforts are under way e t  the  moment to delineate t h i s  problem. 

2. Bowel - S t u u e s  
I 

Ae reported in last year 's  report, the normal traneport of 

e lec t ro ly tes  i n  the  JeJunum and i l ium are characterized by the fact  t ha t  

sodium is  transported from the plaoma t o  the lumen of the  bowel a t  a 

comtant  rate, independent of tho coocentmtion of ~oc?ium within the 

lumen. Bowever, t% transport of rodiua frbm the lumen t o  the plasma 

would appear to be one of piesivc aiftueio=l, and i e  pro&rtional t o  the 

concentration of sodium within the l u c n .  

Three days foUowing 1500 r to  the isolated loope p . f  bowel, these 

mechnniw~s are severely altered. Tbe heretofore observed constancy of 

sodium traneport f r o m  p & ~ m  to  lumen ceases and transport  i e  inversely 

proportional t o  concentration of sodlm within the lumen. The transport  

in the other direction, from l u w n  t o  plasma, eeeme t o  remain one of 

passive diffusion. However, the  rat^ i o  sharply increased. The 

combination of these twa mecbaDisma results i n  a much greater lose of 

total  electrolytes irwp tbu 1-n in ?!m pcmt-irradiation e ta te .  
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It is reasonable to  assume that this loss of electrolytes i e  i n  

excese of what would be observed In diarrhea from other cau8es. 

The return to normelie variable and whether the differences seen 

10 days poet-lm*adlatlon are significantly different f r o m  control values 

I s  yet t o  be establlehed. 
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Table 2 
1.2 x 10 r to Total Body of Dog 4 -- 

Ca P C1 OSMOL Resp Time pH C02 SO2 Statue 

Control 24 

- - _- -~ - ~ _ _ _  -_ - - 

B l2,OOO r 7.44 7.42 18.5 28.8 9.4 9.00 n8 302 22 

4 1/2 hr. i; death 23.7 7.48 23.1 30.8 6.4 12.3 96 316 21 

1/2 hr. death 28.3 7.45 16.2 22.9 6.0 14.0 97 330 154 

c 

Table 2 
1*56 x lo4, t o  Head of Dog 

- 

FCO, Ca P .  . CWOL B t a t u a  - p H  co2 

Control 0 7.41 26.1 40.5 10.8 4.66 299 
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