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F O R E W O R D  . . .  
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. . . . .  
In '  1948 'the U, S.' A t a d  Eneegy ' C o ~ s s ' i ' o n  appr'dved %he' esta- 

blishment"-of a 'cancer ' research hospital  'with a'ppropriate laborator$ 
f a c i l i % i e s  a t  the Univers i~y  'of Chicago. ' It 'was. intended 'thibt ' t h i s  
hospital '  be Administered by-the .Medical"Schobl andaC31iiiics of , the 
University, ' knd tha t  its ' faci l i t ies ' -be avakhble ' t o  qualified ' 

investigators. ' After nearly three and- one-half'years of buildi*, 
the  first 'patient was'admitted on January'10;'1953, and the f o r m 1  
'opening date of the  hospital  was March 10, 1953. . . .  . . . . . . . .  - ,  . . 

The purpose and program of the hospital  a r e  directed toward 
the exploitation of high energy sources f o r  the  treatment'of 
i.alignanciesr, the  s t u w  of the  biological e f fec ts  of radiation, the  
use of'radioisotopes as t racers  i n  the study of normal and disease 
s tates ,  and i n  the  diagnosis and therapy of disease. The sc ien t i f i c  
program i s  correlated i n  general with that of the Division of the  
Biological Sciences and the  University of Chicago Hospital and 
Clinics; of which the Argonne Cancer Research Hospital i s  a part. 
Close relat ions a re  a l so  maintained with the  Argonne National 
Laboratory at  Argonne, I l l i n o i s ,  

From the beginning the s t a f f  of the ACRH has encouraged 
part ic ipat ion i n  i t s  research program by graduate and undergraduate 
medical students and advanced students i n  the  biological sciences 
at  the  University of Chicago. It has a lso  taken an act ive part i n  
vitrious research investigations of genera1 in teres t  with University 
facul ty  members i n  the  Life and Physical Sciences. This in ter -  
d isc ip l in i ry  e f fo r t  has proved of great value t o  the  ACRH program. 
Student part ic ipat ion and facul ty collaboration have a lso  made 
possible the t raining of large numbers of undergraduate and graduate 
students (as well  as facul ty)  i n  the  use of radioisotopes i n  re-  
search, diagnosis and treatment of varjlous disease s tates .  

Argonne Cancer Research Hospital has eight floors,  with a 
t o t a l  area of 102,500 square feet .  Two f loors  with 56 beds a re  de- 
voted t o  c l i n i c a l  research. The remaining s i x  f loors  house high 
energy radiation equipment, electronic and machine shops, an animal 
fa&, and conventional' research laboratories. The s t a f f  is  com- 
posed of 55 sc ient i s t s ,  160 technicians, nurses, and non-technics-1 
laboratory personnel, mny of whom a r e  paid i n  part by the Univer- 
sLty, Sfnce the  University c l in ica l  departments assume care of the  
k t i e n t s  at  the  ACRH, any part of a s ta f f  member1 s time devoted t o  
p r ~ f e s s i o n a l  care as distinguished from research ii paid f o r  by the 
University and does not feature i n  the  ACRH budget. This accounts 



9 . .  e. hat- the. .iici --.** ic tbt*s 3.b ijhile.. th&- Y.t-l. , 

number of scientific' man years devoted to the research program is 45. 

. . . . . .  . . .  . . . . 
. . 

H. '-Stanley Bennett, M. D. DeeLn". ' ' . - . " '  ' .. ..,.- . . 2 ,.. 
Division -' of 'the "Biological Sciences 
University of Chicago 
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Morning Session 

. . , ;  

. CHAIRMAN, Dr. L. 0. Jacobson 
. . . . . - . .  . . . . -  

.Immunology and Molecular Biology 
. . . . .  , 

Introductory Remarks 
. H." 'Stanley Bennett 
Dean of,'Biological Sciences, University 
of Chicago 

. . . . . .  . . .  . . . . .  

9:05 . . 'Tl~e,Influence of Total-Body Irradiation 
and Other Factors on the Fate of arti- 
culate Antigens and on the Migration of 
Antibody Forming Calls 
.R. W. Wissler (pp.' 1 - 5) 

Studies on the Destruction of Human Red 
Cells by the Complement System 
S. Yachnin (pp. 23 - 27) 

Some Biochemical Studies of Red Cell , 
Differentiation 
E. Goldwasser (pp. 28 -32) 

. .  ' . 
. . 

10:35 INTERMISSION 

d .. -. 

; .  10:50 . Botein synthesisn& ~eart Muscle 
M: %binowit$ (pp. 32 - 33). 

An Effect of Polycyclic Aromatic Hydro- 
carbons on Bacteriophage Development 
S. B. Weiss (pp. .34. - ..36) 

12:05 . LUNCH 

! .  - 
Afternoon Session ' Experimental and Clinical Studies of Cell 

Differentiation 

The Riddle of Polycythemia Vera 
C . W. Gurney (pp. 37 - 40) 

* 
Page numbers locate abstracts and lists of senior authors and 

.' cu-authors . 
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The Mechanism'of the Testosterone Effect 
on Erythropoiesis . . . 

W. . Fried .. ., (pp. 41  - 42) 
. . .  .- . .. . 

A Lksson From etn Anemic Mouse 
A. Kales (pp. 43 - 44) 

Chromosome Abnormalities i n  Patients with 
Hematological Abnormalities 

J. Rowley (pp. 44 - 47) 

INTERMISSION 

General Metabolic Studies 

Selected Aspects of Uric Acid Metabolism 
i n  Man 
L. B. Sorensen (pp. 62 - 64) 

Effects of Estrogens on Hepatic Excretory 
Ac+&Paw:~iri .. ...- 

A* Kappas (pp. 65 - 67) 

Intermediary Metabolism of Irradiated Rats 
G. V. LeRoy (pp. 68 - 70) 

DINNER fo r  v i s i to r s  and participants a t  
the,Quadrangle Club, U-55 East 57th 
Street  

,' -/ , . 
Friday, MarqhA5, 1965 . . . . ' C H A ~ ,  D r .  P. V. Harper, Jr. 

. ./' 

Morning Session Problems i n  Scanning 

9:OO Theoretical Considerations 
R. N. Beck (pp. 76 - 79) 

Instrumental Design and Construction 
D. B. Charleston (pp. 79 - 101) 

Chemical and Biological Aspects 
P. V. Harper, Jr. (pp. 101 - 108) 
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10:30 

12 : 00 
. . 

Afternoon Session 

1.: 30 

2:oo 

INTERMISSION 

Radiation Effects 

Neurological Studies in Monkeys Following 
Thalamic Lesions with % 
S. Schulman (pp. 109 - lll) 

Clinical Applications of Beta Sources in 
Neurosurgery 
J. F.' MuSLan (PP* 112 - 114) 

The Late Effects of the Deposition of 
Radium in Man 
R. J. Hetsterlik (pp. 116 - 119) 

Tour of Argonne Cancer Research Hospital . 
. . 

Linear Electron Accelerator (demonstration 
in sub-basement) 
: . L. S. Skaggs (pp. 126 - 129) ' , 

Executive session 
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C . WiUi am Kupf erberg Assistant' Director for Administration, 
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Medicine, University of Chicago 

Scientific Staff Departmental Affilfation 
University of Chicago 

Robert N. Beck Research Associate Medicine 
(Asst. Prof.) 
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Peter P. Dukes ~ese&rch ( Aks%..&-6fi.J:. Associate :, Biochemistry 
..... 

Leave of absence - 
Gennany , 1964-1965 
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' . .  . . 
Studies i n  Host-Tumor Balance 

R..w. ~ i s s l e r ,  KO Dihga, F.  Straus, H.' Benensohn 

. . .  
and K. Craft '  

. . . . .  . . . - .  

Recent evidence obtained i n  this Laboratory has identif ied .... . . . . . . .  . . . . . . .  - . .  . , - .  

endogenous serum protein fract ions i n  normal humans and cancer . . . .  . . .  . . - .  

patients  which have a marked cytotoxic action on established human . . . . . . . . . . . . .  . . . . . . . .  %. . . .  

cancer c e l l  l ines.  Some of these require complement f o r  t h e i r  
. . . . . . . . . . . .  - , .  - .  . . . . .  - - 

a c t i v i t y  and some do not. Attempts are  now being made t o  purify 
. . . . .  . % 

and identify these sut~stnnces by means of column chromatography . . . .  
. . . . .  ..... 

( D m )  - .  , . . . . . . .  Sephadex chror&ograPhy, . . . . .  immunoele~tro~horesis, th in  layer . . . . .  . . .  

chromatography, etc. In addition t o  t h e i r  complement requirements, . . . . . .  

these substances 'seem t o  .vary substantially i n  concentration and 

ac t iv i ty  i n  the sera of cancer patients (as compared t o  normal' 

patients),  and. i n  the sera o f .  cancer pat ients  before. and . a f t e r .  re- 

moval of the  primary..neoplasm. ;The factors  controlling these 
. . 

cancer re la tedf luc tuat ions  are. therefore being studied i n  detai l .  
. . 

.Three nqw recently-reported . . methods of quantitating cancer 

c e l l  cytotoxic a c t i v i t y  i n  human serum fract ions a re  being com- , 

pared with ,each other ,and with well defined proteolytic esterase 
. . .  

systems i n  order t o  arr ive a t  be t te r  ways of evaluating this im-  

portant fbnction, which is l ike ly  t o  influence host-tumor balance. 

, Experiments with cancer c e l l s  from recently remwed surgical 

specimens, serum of the corresponding cancer patients, and 



"..i..,. x. . . . . . .  ... & - .  - . . .  . . . . . . . . . . .  - -  -. .. .- ...._ . . 

lymphocytes - - .- from their  regional lymph nodes (along . .  with . . . .  suitable . . .  . . . . . . . . .  ".. 

control specimens) are now being initiated. These extensions of - . . - - . - . - . .- - . - - . .- . .  . - .. _ : -  ... _ . . . . . . .  _ 

the previous studies are  designed f o  furnish . . . . . . .  further information . . . . . . . . . . . . . . . . .  . . . . . . . .  - . . . .  - . . .  -. . - .> .. 

which m y  be correlated with the host-tumor balance of forces i n  
. . . . . .  - - .  - . .  

. # 

the individual patient. . . . . . . . . . . . . . . . . . . . .  - , - . . 

. . . . .  Studies of the.  factors controlling the cancer localization - .. , . . . 

of fibrinogen and antibody t o  fibrinogen . . . .  i n  the tumbr bearing 
- . -  . . .  . . . . 

host are  being continued i n  order t o  obtain more . . . . . . . . .  information on 
. . . . . . . . .  - -. . . . . . .  -. .,, . . .  . 

the . . . . . .  ultrastructural  s i t e  of localizatiqn . . . . .  and the factors . . .  . - - . . .  2 . . . . . . . .  , 

controlling the presence or absence of localization i n  various . - 

kinds. of tumors., 

. 5 -  
. . . . . . .  - . . . . . - 

New Approaches t o  the Study of Tumor Irmnmity and 
. . 

Tumor Specific A.ntigens 

B;. Merchant;-F. Tweet, N. Nwankwo, and R. W. Wissler ' 

... . . 

Highly avid &d specific antibodies . . . . . .  have been produced 

against . unique , Mtigens of the  Ehrlich asci tes ... . . .  tumor"cell. 
. . . . . . . . .  _ . .  . ., - . - . -. 

Rabbits . a> .. received - .. passively -. , .. - administered homologous anti-normal 
., . . . .  

mouse t issue antibody prior  t o  active immunization with prepara- 

t ions of Ehrlich tumor ce l l s  4 c e l l  fkc t ions ,  This procidure, 

applied t o  tumdr antigens fo r  the f i r s t  t h e  i n  these current 

studies, has been termed "passive-active irmnukzation. " The anti-  

bodies thus prepared have been termed "psaive transf& modifiedi. 



These . . antibodies . - - . . demonstrate . . highly selective localization ..: . 
-. 

on, and avidity .- . for, Ehrlich tumor cells and a very low cross- .. 
.. . 

reactivity with norm1 . . .  . CP-1 mouse tissues. This fact has been 
. .  . ".. . 

demonstrated - .  directly with isotope-labeled antibody localization 

studies both -- in vitro and -- in vivo. Corroboration of this fact 

has been accomplished with the immunofluorescent technique. Gel -  

diffusion sttPdies show minimal or absent reactixity of these 

sera with - .  soluble tumor components, and have also served to rule .-. ,". _ _ _  . _  . . . _ .  . . _ _  I . ,... 

out the presence of detectable cross-reactions with any soluble 
. .  - . . .  . 

components or products or norm1 tissues, 

Comparison of toxicities for conventional and passive 

transfer modified antibodies . . has provided definite evidence that - .  

use of s'parssive-aetive immunization" results in the 'production of 
. . .  . 

antibodlies . . . . , . - with no detectable cytotoxicity for circulating mouse 

erythrocytes. .. . General toxicity is also quite low, since no 

deaths resulted when a dosage. was employed equal' to the ID 50 ' 

dosage for a standard preparation of anti-Ehrlfch cell antibody. 

In addition, a single injection of passive transfer modified 

.antibody has resulted in increased survival of CF No. lmice 
. - .- - .  

bearing well-established ten-day subcutaneous Ehrlich tumors. 

The technique of "passive-active inmuniaation" permits pro- 

duction of specific'and potent antibodies against selected 

camponents of complex antigenic mixtures. 
. . 



: This approach is now being extended to the study of immune .... . _ _ _  . _ _ _  _._ . ...... _ .  , . . . . . . . .  - ....... -. 

sera against methylcholanthrene-induced breast carcinomas in - - " ," . . 

inbred rats. .Lines of these cancer cells have been successfully . . . . . . . . . . . . . . . . . . .  . . . . . . .  

established in tissue culture and are being used for antigen3-c . - 

stimulation, - . . . . . . . . . . . .  . . 

. Furthermore, this line of approach is also being used to 
. . ..... -.. ... 

prepare and to study antibodies against the so-called "minirmrm- 
. . . - .  

deviation" hepatamas cauch as the Morris #5123. 
. . . . . .  . . .  - .  . - . . . .  . - .. - 

." . 
The Influence of Total-Body Irradiation and Other Factors 

. . .  
' 

on the Fate of  articulate Antigens and on the 

Migration of Antibody Forming Cells 

D. Cannon, R. Hunter, 'and R. W. . . .  ~issler 
. . 

.< . ... 

In recently immunized animals, total-body irradiation with 

spleen ' shielding is followed by a massive redistribution of - .. . . -  , -... 

viable lymphecybes. The,thymus does not participate as a reci- 

pient in this recirculating lymphocyte pool. . . 

CircuLgsting lymphoid cells which repopulate the irradiated 

sspleen (with body shfelding) are able to restore its ability to 

exhibit immune red pulp hyperplrnsia and to produce circulating 

agglutinins. 

A very large proportion of the cells of 'the red pulp of the 

rat spleen are labeled by a single small dose of tritium thymi- 

dine administered 2 or 3 days after intravenous particulate 



. . . .  . . .  - .  . . .  - .  -. . . . .  :. ... 

antigen injection and . 18 . -  hours .. a f t e r  total-body . . . .  irradiation with 

spleen shielding. Subsequent radioautographs reveal that  . some .... of 
. . . . . .  - . ." . . - 3 

the large pyroninophilic ce l l s  ..... of the red pulp (as well a s  .... the . . . . . . .  - . . . . . .  . . . . .  . A *  - .  

cel ls  resembling lymphocytes which differentiate from these large 
. . . . . .  i . _ . . . . .  . .  

ce l l s  beginning between the th i rd  and fourth day a f te r  antigen 
. . . . . .  . . . . . . .  

injection) .... - enter the blood stream, ,&gate . . .  t o  the . . . . . .  lymph nodes and 

bone marrow, and return thence t o  the splenic fol l icles.  This 
-. . 

migration . .  may be important i n  the dissemination of immunological 
. . 

infomat ion. 
. . .  

, Recent experiments . ... ..... on irradiated ... animals (with and . . . . . .  wi$hout . . . .  . . .  ,.&. 

spleen . -  .. shielding) a s  well as on very young, recently immunized. . . . .  . 
. . .  . . .  . . 

an3md.s have indfcated . . two m j o r  patterns . . .  of phragocytic ac t i v i t y  
. . . , .  . 

i n  the rat spleen. Antigenic materials (125~-labeled typhoid 
. . . . .  ,. . 

f lagella)  localize t o  a much greater extent and a f t e r  a slight,  

lag phrase, i n  the fo l l i c les  of the spleen a s  compared t o  iner t  

substances l ike  titanium dioxide, which are l ikely  t o  remain 

lwgely  i n  the red pulp including the marginal zone. This : . 

migration o f  labeled antigenic substances from red pulp t o  . f o l l i -  . 

c le  appears to be strongly correlated with the . restoration . of the 

antibody-forming capacity a f te r  x-ray or with its postnatal 

development. 
.I . 



Irmnune Mechanism i n  Tumor Rejection 
. . . .  

N a y  mouse tumors are  highly s t ra in  specific and can be' ... .. . . .  . . 

transplanted only t o  the s t ra in  of origin, its hybrid offspring, - .  - - 

or . t o  - .. other l ines  within the'  same histocompatibility gene-I1 . . . . . . .  . '  . . ... 

gmup. . . .  Other -. tumors, on the other hand, are  non-specific. Thus, . . . . .  . .- . .  -. 

Ehrlich' .. - s asci tes tumor (EAT), when injected' intmperitoneaUy, 
.. . . .  ... . . . . . .  . . - .+ . . - .  

" ~ e s , "  and k i l l s  a l l  strains of mice. Apparently the host body . -  - ... - .. - 

is not completely passive immunologically t o  such invading cells,  . . . . .  . I  

but 'succumbs to' the i r  rapid invasiveness, since inoculation of 

EAT subcutaneously can be conquered with varying degrees of success 

depending upon the s t ra in  of mouse, 

We have given massive doses of X irradiation t o  EAT ce l l s  

t o  determine the ki l l ing dose, and have transplanted such ce l l s  

intmperitoneaUy or subcutaneously in to  normal mice and also in to  

hosts whose immune mechanism had been suppressed by 500 R. A dose - 
of 4,000 R t o  EAT ce l l s  wad required t o  prevent the i r  take in tm- 

per i t  o n e m y  into  normal mice. However, intraperitoneal injection 

of such ce l l s  k i l led  mice weakened with 500 R, and massive doses 

of irradiation of the order of 100,000 R were required t o  render 

EAT ce l l s  completely harmless t o  weakened mice (Table 1). 

It is apparently easier immunologicaJly fo r  mice t o  suppress 

a subcutaneous invasion of EAT ce l l s  than an intraperitoneal 



Table 1. Plumber of Mice Surviving EAT c e l l s  (per cent) 

X ray dose Implanted 1ntraperitoneaU.y Implanted Subcutaneously - 
t o  EAT 
c e l l s  To normal To 500 R To normal To 500 R 

mice weakened mice mice weakened mice 

injection, but i n  both cases it was observed that .MT cel l s ,  despite 

massive doses of ' i r radiat ion,  forme& sol id  tumors and k&Ued host mice 

with TOO R, The c ~ T B L / ~  mouse s t r a i n  was more res is tant  than 

CF No. 1 o r  C3H. The B6D2F1 hybrid, a cross of the  c578L/6 with 

D B A / ~ ,  although larger  than its parent i n  body size,  was l e s s  potent 



immunologically and succumbed . . .  to EAT implants that the c ~ T B L / ~  
. . , . .  

parent was able to withstand. 
.. - ^ _ _ :  _ _ . . . . . . . . . .  . _  . . .  

Thus different parts of the.body can function at different 
. . . . . . . . .  . . . . . . .  . . . . . . .  . . : .  . . . . .  - .  

levels of 'competence in suppressing a.cancer cell, since, EAT . . . . .  . . . .  . . . .  . . . . .  . ., ,. . .. , - .  . 

cells that fail to "take" when injected subcutaneously result in 
. - .  . . . - .  

death when given intraperitoneally., Further, the overall well- 

being of the immune mechanism is an important deciding factor ln 
. . . . . . . .  

the body's ability to cope with a cancer cell within its 
. . . . .  

boundaries, These findings in mice show that EAT cells damaged by 
. . . . .  . . .  ... . . 

x-rays are successftilly destroyed by intact mice, but that despite 

massive. doses sf isradSatf on some EAT cells must still remain . . . .  

capable of wpltiplication when implanted into hosts weakened by 
. . 

x-rayso With their immune mechanisms paralyzed, such mice serve 

.. in effect as in vEvo tissue culture media for unopposed cancer -- 
growth. 

Hom$ostasis of Antibody Formation in the Adult Rat 

D. A. Rowley and F. W. Fitch 
. . 

Passive immunization of rats with hom~bog~us anti-sheep 

erythrocyte serum markedly inhibited the primary antibody response 

to various doses of sheep erythrocytes. Inhibition was "specific" 

and apprently produced by either "lgS1' or "'j'S" antibody to the 
. . . . 

antigen. Passive immunization inhibited splenic.hypelplasia . .- . . . . . . . .  . . . . . . . . .  . . . .  -. - .. - .-I -. . . . . . . . . .  
. . 

associated with. the primary antibody response., Passive .immuniza- 
. . . . . . . . . .  ..... . . .  .- - - 7. . - ., 

tion 24 hours after active immunization effectively inhibited the. . 
. . .  . . 

primary anti'oody response. 



.- . , 

' The markedly s~ppressiv~ effect of specific antibody on the 

prirdary antibody response contrasted sharply with the absence of .. .. . 

this effect on the secondary response. Antigen-antibody complexes 

formed'in vitro elicited no measurable primary antibody response 
.. .. -- . . . . 
but . . did elicit a high secondary response. Ekposure . .. of normal 

spleen cells to the antibody -- in vivo or in vitro suppressed their 

response to the antigen in x-irradiated recipients. In contrast, 

cells from previously irmnunized animals transferred to x-irradiated 

animals produced antibody in the presence of passively given anti- 

body. Thus, "potential antibody-forming cells" from normal 

animals were unresponsive to the antigen in the presence of 
. . 

specific antibody, while "antibody-forming cells" froni previously 

immunized animals responded to the antigen in the presence of 

antibody. Presumably, antibody,actively produced in small 
.... 

quantities by a few antibody-forming cells might; inhibit antibody 
. . 

formation by potential antibody-forming cells. Confirmation of 

this suggestion was obtained by showing that some animals 

initially injected with small doses of antigen failed to produce 

measurable antibody to subsequent injecVi;ions of larger d.o&s of 

the antigen, Low doses of antigen capable of inducing l~nresponsive- 

ness produced no measurable circulating antibody, but these doses 

did produce increased' numbers of plaque-forming (antibody-releasing) 

cells ii~ spleens of 'rats. Thus, the formation of specific anti- 

body may provide a homeostatic or "f eed-back" mechanism which 



. - ... . . .  . . . . . .  - .. ..- . . . .  

controls or limits production 'of specific antibody to the portion 
. . . .  - . . " *  

of the antibody-forming system . . previously . . .  stimulated by the -ti- 
. . . . .  - -  

gene , This mechanism may account in part for immunological 
, .... . . . . . . .  

unresponsiveness produced in certain other related experimental 

systems. 

THE MECWLNISM OF T O U W C E  PRODUCED IN RATS TO SHEEP 
.... 

ERYTMROCXTES. . . .  I. ~la~ue-~on&ng Cell and Antibody 
1 .  

Response to Single and Multiple ~njections of Antigen 

D. A. Rowley and F. I?. Fitch 
. . .  

Previous studies suggested that an active immune response 

was partially responsible for maintaining imunofogical 

unresp~nsiveness to sheep erythrocytes, Measurement of the 

plaque-f orming (antibody-releasing) cell response proved to be a 
. . . . 

sensitive indicator of an immune response to sheep erythrocytes in 
. . 

the absence of detectable circulating antibody . . to the antigen. 

The present studies were undertaken to determine,whether an active 
. . . : . . 

immune process, measured by the plaque-forming cell response, 

partially responsible for induction and maintenance of tolerance. 

Rats injected intraperitoneally with large doses of sheep erythro- 

cytes beginning at the day of birth develop tolerance to the 

antigen. In this paper, the plaque-forming cell and antibody 

response to sheep erythrocytes was characterized for rats receiving . . , .  

a single antigen injection at various ages, and for rats which 



received repeated antigen'injections . . .  - a s  adults. The dose of 
. . .  ... 

antigen.was the same a s  tha t  used t o  produce tolerance; the in- . . . _ . . . .  :. . . . . . . . . . . . . . . .  u . . . . . . . . . . . . . . . .  " . . .  I_ 

jection schedule fo r  repeated immunizations was a l so  the same a s  

that used t o  produce tolerance. .- . 

- - .Rats receiving a single ... antigen . . . . .  injection . .  on .- the .... day of ,. . 

bi r th  or at  age 7 days had no measurable response t o  the antigen. . . 

Rats ..- receiving . . .  a single antigen.injection a t  age 17 b y s  and 

sacrificed 4 days l a t e r  had an unequivocal response t o  the 
.... ., .- . . , .  , . ,. .... 

antigen. The spleens had about one-tenth a s  many plaque-forming . . . .  
. . .  

c e l l s  a s  spleens of adult  animals immunized similarly, but the 
:. .. . . . . . .  

anttbody t i t e r s  were a s  high a s  t i t e r s  f o r  adult  . . animals. Pre- 

sumably the high t i t e r s  of these young animals resulted from the 

high r a t i o  of plaque-forming c e l l s  t o  body weight and blood 

volume. Adult animals rece idng a single antigen injection had a 

peak or near peak plaque-f ormfng c e l l  response k days af ter  

immunization; a t  this time, sera contained high t i t e r s  of 19s 

antibody and the numbers of plaque-forming c e l l s  i n  spleens 

correlated reasonably well with circulating antibody t i t e r s .  7s 

antibody appeared i n  serum 5 or 6 days a f t e r  immunization. The 

numbers of plaque-forming c e l l s  declined progre~sively 2 and 3 

weeks a f t e r  immunization. 

. .  ~ e p e a t e d  twice weekly, . . .  injections . . . . . . .  of the antigen i n  adult  .... ....... - . . . . . . .  . . 

r a t s  .a produ'ced a marked decline and then s tabi l iza t ion  .of numbers .... 

' 

. . . . . . . . . . . . . . .  . . . . .  - . . . . . . .  ... 

of plaque-forming c e l l s  i n  'spleens. Although the numbers of 



. .  . . .  . .. --. -. 
" '(_' , - . . 

plaque-forming cells-were fewer, titers of l9S and 7s antibody . : . . . .  - ... . . . . . .  . . . . .  .- - . . - . - - .  - ... 

stabilized at high levels. A progressive recovery of the.plaque- 
. . . . . .  ." . - . . . . .  . .  - 

forming cell response and a ri.se,in antibody titer.occurred when 
. .- . . - .  

the interval between the last 2 injections ,yas,increased from 3 . . . , . ,  

to 10, 17,. or 32 Mys. These findings swgeated.thert-repeated . . . .  

closely spaced mtigen'injections.interfered with either cell, 
. . .  .... .. - 

division or maturation of antibody-forming cells. As the inter- 
. . . . .  . . ... 

val between injections was increased, additional antibody-forming 

cells matured or were formed through cell division. Thus, 

rehtively constant antigenic stimulation prdded a mechanism for 
. . 

controlling or limiting the response of antibody-forming cells. 

. , 

THE MECIIANISM OF TOLEMCE PRODUCED IN RATS 
. . 

TO SHEFP ERYTHROCY!i!ES. 11. The Plaque-Formiog 

Cell and Antibody Response to Multiple Injections of 

Antigen Begun at' Birth 

D. A. Rowley and F. W. Fitch 

An active immune response to sheep erythrocytes was demon- 

strated in rats made "tolerant" to sheep erythrocytes by W c e -  

weekly antigen injections beginning on the day of birth. Groups 
. .  , 

of tolerant rats were sacrificed 4 days after they had received 
. . . . .  ... 

5 to 42 antigen ipjections; spleens were sampled for plaque- 

forming (antibody-releasing) cells and sera were titrated for 

antibody to sheep erythrocytes using a sensitive "plate hemolysin" 

technique. 



... 

. . .  'During the th i rd  week of l i f e  and e f t e r  the  f i f t h  antigen .. - 

injection, the tolerant  rats had an fmune response - - equivalent . 

t o  tha t  of rats of similar agelwhich had received 8 single 
. . . . .  . . . . 

antigen injection, but spleens contained only about one-tenth as: 
.... 

many plaque-forming c e l l s . a s  adult  animals receiving similar 
- .  

antigen injections,. Continued antigen injections produced a 

marked decline and stabi l izat ion of t h i s  . . re la t ive ly  . . &ll .... popu- 
. . ,-. ..,. 

l a t ion  of antibody-forming ce l l s ;  however, the number of plaque- 
* .  

forming c e l l s  i n  the tolerant  rats remained considerably 
. . 

elevated above the numbers of plaque-forming c e l l s  present i n  

the spleens of non-immunized ... animals. The sera from a l l  but one 

tolerant  rat had demonstrable antibody t o  sheep erythrocytes i n  
.... 

low t i t e r .  A progressive recovery of the plaque-forming c e l l  

response and r i s e  i n  antibody t i t e r s  occurred i n  adult  tolerant  

r a t s  when the  interval  between the last 2 antigen injections was 

increased from 3 days t o  14 or  28 days. 

The decline and stabi l izat ion of numbers of plaque-forming 

c e l l s  occwrfng with continued injections a f t e r  the thf rd  week 

of l i f e  paralleled a similar decline and stabi l izat ion i n  rats 

.receiving slmilar antigen injections as adults. Also, the re- 
. - . - . . - .... 

covery of the  plaque-forming c e l l  and antibody relsponse of tolerant  

ani.mals..,paralleled the recovery observed . . . . . . .  when the.  interyal  . . . . . . .  between . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

injections was. inc~eased . . . . . .  i n  r a t s  rece iv ing. . sMlar  . .. antigen . . . . . . .  in- 
.% ... :.. . , .  -- . ,_I.. 

jections a s  adults. ~ h e s e  findings suggested that the same 



mechanism controlled numbers of antibody-f orming.. ce l ls  .in .t o l e m t  
.- . - . . . . . . .  

and normally responsive adult animrpls, Repeated closely spaced 
. . . . .  . . . . -  . . ...... A " - , - -. . . . . . .  

antigen injections presumably interfered with either c e l l  division . - . . . . 

or maturation of antibody-forming cells ,  A s  the interval be- 
z ,* 

tween injections was increased, additional astibody-forming ce l l s  

matured or were formed through c e l l  division, Relatively constant 
. . 

antigenic. 'stimulation provided a mechanism for  controlling or 
...... ..... 

limiting the response of antibody-forming cells.  

The mechanism controlling or limiting the response of 
. . 

antibody-forming ce l l s  would not account for  the stabilization of 
. - .  . . . .  

. , .  . . 

numbers of antibody-forming ce l l s  a t .h igh levels for  normal 
. . 

animals and.at l a v  levels fo r  the tolerant animals. Passive 

immunization of grawfng'rats with homologous anti-sheep erythro- 
. - 

cyte .serum markedly inhibited the'pbque-forming c e l l  response of 

growing (mts. It was suggested that  antibody produced by the 
..... 

smaU. population of antibody-forming ce l l s  i n  the tolerant r a t s  

prodded a feedback or'.homeostatic mechanism which inhibited trans- 

f o m t  ion of potential antibody-f orming cel ls  t o  antibody-f orming 

I cells.  Thus, tolerance t o  sheep erythrocytes was induced and 
I ~ maintained by 2 mechanisms. One mechanism, dependent on relat ively 

constant . . . . . . .  antigenic stirmilation, limited or controlled the numbers 

I o f  . _. antibody-forming . _.I :. . . . . . . .  _ . . . . . .  cells.  The other, dependenkon-the production . . .  .: ^ ... , .... .; . '& - . . . . .  I , . . . .  - "  

I . . . . .  of small quantities of antibody by a few antibody-f orming . cells,  . .;;-..- . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  
-2. 

I l imited or controlled the transf o m t i o n  of potential antibody- 
. ............... .......... . i 2.. .._. .I_ 2. *. _ _ ... 

I forming ce l l s  t o  antibody-forming cells. 



ANTIGEN MEXCABOLISM J3V THE RAT, 

I. Bovine C;asrma Globulin 

e. w. pierce and F. ti. Fitch 
. . . . .  . - ... .... . . . . .  

Immunization of rats with a mixture of bovine gamma globulin 

(BGG) and ..-. S. typhosa .. endotaxin resulted i n  a transient circulating 
- .  

t. 

"lgS1' . . . . . .  antibody response maximum 4 days af te r  antigen injection, 

as  well . . as  a sl ight  but . sustained .: "7S" antibody response first 
. . 

noted 6 days after immunization, A second antigen injection . . . .  . .  pro- . . . . . .  . . : 

duced a brisk, ., mainly .. "7s" antibody response. Rats . . receiving only 
..,. 

BGG . . .  had no measurable antibody t i t e r  a f te r  the first antigen in- .,.. 

jection; reinjection of B6G produced a secondary response similar 

t o  that  sf rats receiving BGG ... and endotoxin. 
... 

Metabolism of 125~-labeled BGG was studied i n  rats receiving 

either 10 mgm BG6 and 100 micrograms endotoxin and in r a t s  given 

only 10 mgm BGG. Disappearance of *5~-labeled BGG from the blood 

stream was similar for  both groups of rats and followed the 

typical two-phase pattern described for  hamologous proteins, 

Th i s  was true despite a peak 19s antibody level  on day 4 i n  rats 

receiving BGG and endotaxin. AM. antibody determinations were 

performed . . .  using the tanned erythrocyte-passive hemagglutination 

procedure; I . ... . ,,precipitating antibody has not been . . detected using agar 
.. - 

gel \  diffusion. . -. .= , . ,. Much of the ...... 125~-labeled _ . . .  BGG was - ... rather ...... rapidly ... .. ,. ..- 

metabofized and the * 5 ~  was excreted i n  the urine in non-protein 



bound forms. The urinary excretion ~ t e s .  .were S m h ~ . ' i n  both 
. . . . _ . . C  

groups of aninrrls, about 55 per cent, of the injected dose of * 5 ~  - .. : . . .  ,. . -  ... . . . .  - 

being excreted by the fourth day a f t e r  antigen injection. 

Organ l o c ~ i z a t i o n  was studied a f t e r  injection of 10 

milligrams of *5~-labeled BGG. A t  a l l  intervals a f t e r  antigen 
. , .  

injection, the organs contained less  radioactivity per milligram 

wet weight than did b l ~ o d ,  The l ive r  retained the greatest 

amount of ac t iv i ty  per t o t a l  organ with amaunts ranging from 0.65 

per cent of f njected dose on day 2 t o  0.085 per cent on day 12 

af'ter antigen injection. However, spleen, lymph node, and thymus 

had more radioactivity per gram wet weight t issue than did liver.  

The values for  these organs ranged from 0.11 per cent, t o  O , l 7  per 
. . 

cent injected dose per gram on the second day a f t e r  antigen fn- 

jection t o  0.017 per cent t o  0.024 per cent of the injected dose 

per g m m  by the twelfth day &er antigen injection. In  general, 

the level  of radioactivity within the organs paralleled the level  

of radioactivity *thin the blood in spi te  of the fact  that the 

rats were perfused with large volumes of saline,. 

I n  autoradiogmphs, radfoactfwity was located i n  lymphoid 

fo3.licles within the. spleen, In those an imls  .which produced - .  

m t i b d y ,  ?.yd%nactivity was located around developing secondary, 
. . .  . ". 

fo l l f  cles. , In  animals not producing antibody, no -secondar?y f o l l i -  . . . . . . . . .  . . . . . .  

cles were noted and the +lio+ctivity was i n  a much.-less .. 
9 I , . 

organized pattern. 



We are presently. study%ng the distribution and metabolism 

of one microgram of 125~-labeled BGG: This is the lowest dose of 

Bee which, given with endotoxin, results in antibody response. 

The Effect of Neonatal Thymectomy on the 

Irmnune Response of the Rat 

J. C. Pimas and F. W. Fitch 
. ,. 

Sham-thymectomized, thymeetomized, and non-opemted CFN rats 

were imnunized inftiaUy at 4 weeks of age. Antigens included 
- - 

sheep erythrocytes, b a n e  serum albumin in complete Freundls ad- 

juvant, SahoneUa typhosa flagella and flagellin, and Hemophilus 

pertussis vaccine. Sheep erythrocytes and fhgella are garti- 

c u t e  antigens whereas albumin and flagellin are soluble antigens. 

Hemophilus pertussis vaccine produces severe active cutaneous de- 

layed hypersensitivity in the rat. 

After subcutaneous immunization with b a n e  serum albumin 

in complete Freundqs adjuvant, thymectamized rats had a slower 

rise in antibody titer than did normal OP sham-operated rats. 

Thymectomy suppressed both the 2-mercaptoethanol sensitive anti- 

body (19s) that is formed usually during the primary response, 
\ 

and - - the 2-mercaptoethanol resistant (7s) antibody that is formed 

usuaUy . .. , .  . . .  during the secondary response. However, .the-antLbody - - . -  . . . . . . . . . . 

response .of these same thymectomized rats to primary-and secondary 
. - .  . - . .  -- . .  .. - .. .- . .. . ., . . 

intravenous immun5zation with sheep erythrocytes was identical to 



that of sham-operated - and normal rats; both 19s and 7s 
.,.. 

hemagglutinin titers and plaque-forming cell response in the 
. . . . . . . . . . .  . . . . 

spleen were within the same range for all animals. - . . 

Similar results were obtained when sheep erythrocytes were .... 

used in the initial immunfzations, and bovine serum albumin in 

the second series of antigen injections. These data indicate 

that neonatal thymectcmy in the rat does not depress uniformly 

the circulating antibody response. 

In current experiments, both the particulate and soluble 

forms of - S. typhosa flagella are being used as immunizing antigen 
to determine if the physical state of the antigen influences the 

immune response of the thymectomized rat. Other thymectomized 

rats are being immunized with - H. pertussis mccine to deterxnine if 
. . 

thymectomy influences . . .  both circulating antibody md.delayed,hypex- 

sensitivity to the antigenic material. 

Homeostasis of Antibody Formation. The Effects of 
. . .  

Passfve and M i M  Adaptive Immunity 

on Homogr8,f't S u r v i v a l  

M. Axelread and F. W. Fitch 

< . . .  The "enheancement phenomenon",.observed in transplanted . .  .... 

tumors . . . . . . . .  , . . .  after administration of antiserum resembles in several re- - - < ..... : . . . . . . . . . . .  . . ... -. " . . . . . . .  " . 

,spects. the suppressive effect of paseiveQ administered..antibody -. .- . . . . . .  . . .  .. . . .  

on the primary immune,response. 



.. .. .. . . -  . . ... .- . . 

Sustained suppression of the humoral antibody response of 

the rat to sheep erythrocytes was observed Sf antigen injections 

were repeated at weekly intervals after a single injection of 

homologous anti-sheep erythrocyte serum. Sustained unresponsfve- 

ness to sheep erythrocytes was also produced in rats by 

immunization ~dth,very sm33 dose0 of antigen which produced no 

measurable serum antibody titer but which did result in increased 
.. . .... 

number,of "plaque-forming" cells in the spleen, This specific 

~unological unresponsiveness was produced in adult animals 

ming non-%oxlc, "physiological" methods which did not interfere 

with general defense mechanisms, or suppress antibody response to 

other antigens. 

The present work is an investigation of the applicability 

of these procedures to the homograft reaction. 
.... 

Using skin homografts in mice, we are attempting to esta- 

blish tolerance ' across the we& sex-linked histocompatibility 

barrier of the C57B1 st~ainj and the strong H2 barrier involved 

in gmfiing from AKR to C57Bl mice. The effect of transferring 
. . 

vary- doses of graft-immune C57B1 female spleen cells, or multi- 
. . . , 

ple injections of graft-immune C57B1 female serum on graft 

s+W in C57B1 female hosts is being studied. . . 
. . 



Antibody Response i n  the  Rat. 

Iamunoglobtrlin 'Sypes Produced a.fter Irmnuniza,tion --- 
with Sheep Erythrocytes 

F. W. Fitch 

Antibody appearing i n  the  serum a fei? days s f t e r  immunization 
,... 

with large: doses of sheep eryth.rocy$es i s  inactivated by t r ea t -  
. ... 

ment wtth 2-mercaptoethanol (2-143); 7;:hile a mejor portion of the  

antibody appearing several weeks a f t e r  immunization i s  not inac t i -  . .. 

vated by 2 - p ~ ~  The " esrkj" ant ibofij migrat ee electr~phoreticrally 

as a y1 globulin dnd is eluted eu several protein fract ions from . 

i l ~ ~ ~ - c & ~ d - o s d  by a, gre.disnt of hi.& ionic strength buffer. Data 

obtained from Ciensitr-gra.dj.ent ultracentrifugaticn suggest tbt 

both lo:\r and high rnoXeculsr %?eight antibodies sensitive t o  2-hE 

art? present, E i e  "lste" entibody contains, i n  addition, a 

f r a c t i ~ n  with the  electrophoretic mobility of a y2 globulin, and 
. . 

a low molecular weight as determined by density gradient ultra- 

centrifuge.%ion. This antibody is eluted from DEIIE-cellulose by 

low ionic slrengbh buff ere Imnunselectrophoresis, however, re- 

vcals that each of the ' isolated *rote& fractions containing ant i -  

body .. . .. . ac t iv i ty  . . .  consists . of several d i s t i s c t  proteins. ... . Present 

attempts t o  characterize ' the molecular types sf antibody found a t  
- .  - .  . -  ,. . . -  ... , ... 

various times a f t e r  Lmunization with sheep erythrocytes include 
- .  

the use of various gradients a.nd buffers f a r  elution of fractions - ,. 

from DEkE-cellulose; g e l  f i l t r a t i o n ;  ultracentrifugation; 



. . . .  . . . .  . . . . . . .  

preparatik electrophoresis; . . . . _ . . .  and radioimmun~electro~horesis . . . . . . . . . . . .  of 

specific 131~-labeled antibody eluted from sheep erythrocytei. 

The Histology of Antibody Formation 

F. W.. Fitch and C. R. Ahroon 

Groups of rats were given intravenous injections of either 

10 per cent or 0025 per cent sheep erythrocytes (SRBC) 4 weeks 

apart. Pgglutinin levels were determined both before and after 

treatment of the serum with 2-mercaptoethanol (2-ME). Spleens 

from these animals were fixed in Carnoyls fluid, sectioned, and the 
. . 

sections; were stained with methyl green-pyronin, In both groups 
:.- 

of rats, agglutinins inactivated by 2-853 reached a peak 4 bys 

after imnunization and rapidly declined; only small amounts of 

this agglutinin were formed after secondary antigenic stimulation. 
... 

High titers of an agglutinin - not inactivated by 2493 were found 

from 8 to 28 days after the first immunization in the group in- 

jected with 10 per cent SRBC) this titer rose only-slightly after 
" .  . . 

the second inmunization. Rats injected with 0.25 per cent SRBC 

formed only,small amounts of this antibody after the first 

immunization, but produced relatively large amounts after the 

second immunization.. 
.... 

Sections of the spleen shared increased numbers of pyro- . . . . . . .  . . . . . . . .  - . . . . .  . . 

ninophilic cells in the periarteriolar lymphoid sheath.begfnning 
t . . . .  .... ... . . : . . . . .  . . - 

1 to 2 days after antigen injection. The number of these cells 



. . . . . .  . . . . .  .... 

increased and then declined,over the next few days. . After the 
. . .  . . 

..maximal development of ce l l s  i n  the periarteriolar . . . . .  sheath, islands 
. . . . . .  - ..... 

of pyronin&hilic ce l ls  developed i n  the splenic red pulp, pri- . . .  . . . .  . . 

marily along arterioles and trabeculae. 
.. , 

The number of pyroninophilic ce l l s  i n  the splenic red pulp 

decreased rapidly af%er the sixth post-immunization day. These . . . . . . . .  

changes were more marked i.ri animals receiving the larger antigen 
. . .  

dose but were qualitatively similar i n  both groups. Changes i n  

nodular lymphoid.tissue'.were di f f icul t  t o  evaluate because of 

considerable variation in.appearance i n  both normal and immunized 
. . .  

The number of plaque-forming cel ls  i n  the spleen correlated 

well with "l9S" antib 'dy' levels  in the circulation.. mere was 
. . 

general correlation between the plaque-forming c e l l  response and 

the histologic changes. It appeared, harever, that  only a portion 

of ' the ,proliferating and diff erentLating ce l l s  i n  the ' spleen were 

able t o  release antib'ody actively a t  any one time; at the time of 

maximal histological response, only about 200 plaque-forming cel ls  

were present i n  a typical section. Appreciable nu;nbers of 

plaque-forming ce l l s  were present i n  the mpleens of m t ~ ~ s e v e r a l  
. .- 

~\reeks a f t e r  immunization with the larger antigen dose. . . . . . . . . . . . . . . .  . . . . .  . . . . . . .  . . . _ . _ . . . I . .  

Current . . studies 'are attemptine; t o  determine ..the 'detailed 
. . . . . . .  __. -..- m .._ . -  -. ............ :....- . " . _ .  .",._ . . .  :.. 

c e l l d r  dynaniics associated 'with the .ia?mune response. 

, . 
a " . . . . 



Studies on the Inhibition of Complement by 

Polyinosinic Acid . 
.- 

S. Yachnin and-D. Rosenblum 
/ ... " - . , . . . . . 

Polyinosinic acid (poly I) 'is a potent inhibi tor  of . . . - . . .  - .. . - .  

hemolytic complement (c' ) act ivi ty.  Study of the effect  of poly 
" . . . . ,  . - .. . - . , .  ~. . . . .  

I . on . 
the formation and lysis , ... , of . persensitized . c e l l s  . (WC*. ...) 

has shown tha t  poly I inhibi t s  the first component of C '  ( ~ ' 1 )  

without inhibiting C 9 1  esterase act ivi ty.  The inhibition of - .  
. .. 

purified C t l  by poly I has been . .. studied using isolated C" sub- 

components. . . Whole C 'I can be effectively inhibited by . lod . ymo1 

P poly. I/ml .. and .. lysis of E A C q l  i s  . . prevented by preexposure t o  

8 x 1 0 ~ ~ ' p m o l  P poly I. Poly I has been shown t o  selectively in- 

h i b i t  the C ' l q  subcomponent of C '1 ( U S  component). Inhibition 

of Cqlq and t o  a lesser  extent of whole C ' 1  a re  reversible by 
i ' 

subsequent addition of polyadenylic acid (poly A) which binds 

poly I i n  a hydrogen bonded helix. The ef fec t  of poly I on the 
b 

t o t a l  c ' system i n  the f lu id  phase has been *her studied using , 

poly A a s  a "stopping" agent. Such studies reveal tha t  in addition 

t o  ., (reversible) . . inhibition of heio&tic C ' l  act ivi ty,  poly I 

leads t o  inactivation of C'4. Inactivation of C'4 occurs only i n  ... . .. .. . 

++ the - presence of .. Ca . and depends upon the presence of.Cf1. Poly 
. .. . .. 

I appears t o  a c t  i n .  a manner analogous t o  antigen-antibody a g p e -  
- .. . . - . . . , . .... 

gates . .. . and aggregated . 7-globulin, ~ . - but >. a? , . yet no.evidence f o r  
. . 

inactivation of C ' 2 or C ' 3  by poly I ha8 been obtained. In vivo 



. . .  

studies have shown ,that '.pow I' is ,capable of .''decomplementingl' 

byistar rats and of evoking yascuLar permeability in guinea pigs . . . . . . . .  - . 

when injected intracutaneously, - . . 

pH Optima in Immune Hemolysis: A Cornpison Between 
' 

. Guinea Pig and Human Complement . . . . .  

Certain -- in vitro hemolytic systems involving human erythro- 

cytes aad s e m  function more'effectively if hemolysis is U m e d  
. . .  

to proceed in serum which has been acidified to pH 6.5. Among 

these systems are, hemolysis' by high titer cold agglutinins, 
~. 

hemolysis of enzyme treated human erythrocytes, hemolysis induced 

in human erythrocytes by polginoshic acid, and hemolysis of red 

cells from patients . . with paroqysmal nocturnal hemoglobinuria 

(PBX). In order to determine whether such "pH dependency" implies . . 

that* factors other than complement (C ) play a role in their 
. . . . 

hemolytic mechaaism, the pH optima for classical immune hemolysis 
. . .  

us&% sheep red cells sensitized &h rabbit amboceptor (EA) were 
. . . . 

investigated with both human and guinea serum as a source of corn- 

plement (C ' ). Both human and guinea pig C8 function best at 

pH . . . .  6,5, but human C' is substantially more sensitive to pH 
'.,. - . . . . . . .  . . . . . . . . . .  . . .  

~ 6 5  alteration ......... (average . .  human c @ titer at *-..= 1.6, @ea pig C ' 
. . ,.,. . . . . 

H 6.5 titer at - = 1.05). study of the effects of . .  .p~-alteration2 
-.. pH 7.5 :,- : , _ .  - .  . . . . . . .  . . . . . .  , _ . .  . . . . . . . . . .  . . , . - . 

. . , .. 

upon the formation and lysis of EA-Ce component interme'diates 
. . .  ,.: ' . . , . .  . . r ' .  . . . . . _ . . .  . . .  . . 



(EAC'19 mC9194, ~C'1,4,2 ) has revealed that the enhanced potency 

of hwnan C' at pH 6.5 results from stimulation ..... of .... the third C '  
. 

component (C 9). Thus in certain of the human hemolytic system 

cited, enhanced hemolysis induced by pH reduction is a Cq 

mediated phenomenon rather than one produced by increasing hemolysin 

attachment. S u r l y ,  these observations support the argument 

that the C *  system plays the pre-eminent role in -- in vitro PNH red 

cell lysis. That 6" is predominantly affected by pH reduction is 

of interest in view of recent evidence suggesting that PMI 

hemolysis is a threshold phenomenon which depends upon low grade 

activation of fluid phase Ute-acting Ct components in human serum. 

The Initiation and Enhancement of Human Red Cell 

Iiysio by an Activator of the First 'Component 

of Complement ' 

S. Yachnin 

, Polyinosinic acid (poly I) added to a suspension of red 

cell8 (E) from patients with paroxysmal nocturnal hemoglobinuria 

(PIVH) in normal human, serum results in pronounced stimulation of 

hemolysis. . . .  Poly I will also initiate substantial hemolysis of 

normal human E in serum. The pH optimum for poly I induced 
. . . - . . .  - . - 

hemolysis is 6*5. .... Ebcposure . . .  . . . . . . . . .  of E to poly . . .  I, foua~ed by thorough . . . . . . . . . . . . .  - . %  . .  , . 

washing, does not result in increased hemolysis when the.cells . . . . . . . .  ... - . . . . . .  - ... 

are . . .  subsequently added to serum. Be-exposure ..... of serum to . . .  poly I 
.%. -- .. . . . . .  

I 

for increasing periods of time results in progressive decrease in 
..? . . .  - . . ... 

hemolysis when E are subsequently added; senun pre-exposed to 



poly; I ultimate.ly,:loses . - ... - . . .  the a b i l i t y  t o  support . . . .  any hemolysis of 

PNH E. Poly I induced hemolysis is rapidly l o s t  upon s w h t  
, - . _ . . . . . . . . . . . . .  

dilut ion of serum, but is not affected by prolonged i n  v i t r o  
. . . .  . . . . . .  . . -- 

storage of E. Poly I induced hemolysis is abolished by.addition 
. . . . 

t o  serum.of N a  HEDTA. Removal from serum of t iQr  one of the P O - i  
3 . . 

major components of complfpent abolishes its capacity t o  support 

Poly I induced hemolysis; removal of properdin from serum only. 
. . 

' p a r t i a l l y  reduces its capacity t o  support poly I induced hemolysis. 

me knmm a b i l i t y  of poly I t o  function as an act ivator  of the 
.... . . 

first .component . . . .  of complement (C ' 1 )  suggests tha t  ' poly I induced 

hemolys&s resul t s  from evolution i n  the f l u i d  phase of hemoly- 
. . .... 

t i c a l l y  active, late-acting l a b i l e  complement components capable 

of injuring red c e l l  membrane despite the lack of , -  antibody 

coat, This conclusion is supported by the  observation that 

purif ied activated human C q l  or C P 1  esterase a l so  a c t  t o  stimu- 

l a t e  PHI3 E hemolysis i n  a manner similar t o  tha t  of poly I. . 

The demonstration that "indifferent" complement activation can 

resu l t  i n  r e d  c e l l  damage n& be pertinent - t o  concepts regarding 

the  pathogenesis of certain acquired hemolytic memias i n  man. 
t '  . . 

: 



The Hemolysis of Red Cells from Patients with Paroxysmal 

Nocturnal Hemoglobinuria by Isolated Subcomponents 

of the Third Complement Component 

Highly purified preparations of plc globulin a re  capable of 

attaching d i rec t ly  t o  red c e l l s  from patients  with paroxysmal 

nocturnal hemsglobfnuria (PIWE). The intermediate complex thus 

formed (PMIE ) i n  contmdistinction t o  PNHE, is susceptible t o  p1c . , 

hemolysis by high dilutions of human serum i n  the absence of 
. . 

caU or P v l c  w i l l  hemolyze i n  serum lacking properdin, 

or the first, second or fourth components of complement, but not 

i n  serum devoid of the th i rd  component of complement ( ~ ' 3 ) .  

Hemolysis of PITHE can be effected by purified subcomponents of 
Blc 

C '3 (c03b , c ~ 3 c )  and the behavior of PNHE i n  a l l  respects 
Blc 

resembles tha t  of t h e i r  counterpart i n  c lass ica l  immune lysis ,  
. . 

mc'1,k,2,Blc* Normal human red c e l l s  a re  a i so  susceptible t o  
. . 

hemolysis by purified subcomponents of Ct3, but t o  a much lesser  

extent than PNHE. T h e ~ e  findings confirm ea r l i e r  speculation that 

i n  ordinary acid hemolysis i n  whole human serum, early f l u i d  . . phase 

events in ,C1 activation lead t o  direct  at tack of PNHE by . . .  C v 3 ,  
. 

without .. ... .. . the . mediation - .  of c e l l  bound complement. components. . The - 

difference between normrsl human red ....... c e l l s  and PNHE. would. appear 
.... <. . .  

. .- * 

t o  involve the number OP accessibi l i ty  of membrane..'sites concerned 

with the attachment of pic globulin, ~rhich have long been recog- 

nized as particip&fhg i n  the  phenomenon of,immune adherence. 



I. The Effects of Inhibitors on Hemoglobin Synthesis 

0. Gallien-IlEbrtigue and E. dolttw~bsser 

The biosynthesis . . . .  of hemoglobin in primary cul$ures of rat 

marrow cells is markedly stimulated by the presence of small 
a .  . . . . .  . - - .  

amounts of the homone, esythropoietin, in the culture medium. 

This . . . . . . .  effect is counteracted by . actinomycin . D if the inhibitor is 

added . .  before - .  the hormone or shortly after. If the cells have 
. . .  

been in contact with the hormone for 24 hours before the inhibi- 
. . 

tor is added, the subsequently stimulated hemoglobin synthesis is 

resistant to actinomycin, indicatiw a relatively long lifetime 

for the hemoglobin messenger RNA. Stimulated hemoglobin synthe- 

s f  s is largely, . . but 'not completely, inhibited by colchicine. 

These obsemtions indlfcate tht the hormone acts via DNA - - .  

G dependent RNA synthesis and that the initiation of gene trans- 
. . .  

cription ~. may be among the early steps of erythropoielin action. 

The system marrow cells in culture:erythropoie&, is a model for 

the study of biochemical mechanisms underlying the -process of 
. . 

differentiation. 
. . .  . . 

-. 

STUDIES OF ERYTHROPOD2!rIN-mrDUCED. . . .  - . . . . . . . .  . . . . .  DIF'li'ERENTIATIOH - .. 8 
. . . . . . .  . . . . . . . . . . . . . . . . .  . . .  . .  . . . . . - -  . . _ _  

. . - 11, The ~ffect on &A Synthesis .. 
- .  . 

, " . . . . .  
- ; .  .S.. B. &ntz and E. ~olhsier , 

~rythro~oietin effects &I early' (15 minutes) increase of. - . . . . . . . . . . . .  . . . . . . . .  

RNA synthesis in marrow cell cultures, The properties of this 



... . ;.: > . . .  - 

RNA, viz: high specific a,ctivity, sedimentation coefficient . . be- 

tween 12 and 245,' inhibition by actinowcin D, and very rapid 
. . 

labeling, a r e  those expected of messenger RTIIA. The hormone does 

not a f fec t  DNA synthesis i n  marraw c e l l s  f o r  periods up t o  9 

hours? nor does it affec t  IiIa synthesis by non-target c e l l s  
. . 

(undifferentiated Murphy-Sturm tumor). These data f i t  the hypo- 

thes is  that-this developmental. hormone ac ts  on the tranecription 

of previously repressed genetic l o c i  leading t o  differentiation, 

and therefore t o  new b i o c h e ~ c ~  functions ar is ing in the cel l .  

... 

STUDIES OF ERmOPOIETIN-IMDUCED DIFFEFGXTCIATION: 
. , 
' I Some Aspects of Induced Hemoglobin Synthesis 

S. B. Krmtz and E. Goldmsser 

Recent work i n  t h i s  laboratory has shown that a simple 
' 

model involving the interaction of er defini te  number of erythro- 

poiet in molecules with suiceptible c e l l s  of the.marrm resulting 

i n  increased hemoglobin synthesis does not hold. The relatfon- 

ship' between ra te  of hemoglobin synthesis and number of c e l l s  i n  

the  culture is s i p i d  rather  than linear,  as was predicted by . 

the simple - .  model, . , 

. We have further  demonstrated . .- t h a t  only ... a 

minute fract ion of the  hormone . . . . . . . .  present i n  the medium..is taken.up . . . . . .  .2 # '  - 

. by the  c e l l s  during incubation times of up t o  15 hours. These 
... .. . . . . . .  . . . . .  " ,  . . . . . . .  - - .  . - . -. 

two-.eta .,. . .." ... of data suggest that there is a cooperative ef f&t  . 
. .  be- '- . . .L ._ - i . . _  . .  . . . .  *-.. 

tween - .  ... :... the  ... potent ial ly - hemoglobin synthesizingcells.  . . . . .  Even i n t h e  - . . . . . . . .  . . . . 

presence of erythropoietin, the  r a t e  . . . .  of hemoglobin synthesis faIJ.s . . . . .  _ I . . . . . .  - . . . . I.. ; 

off t o  a l a w  value strerting at  &bout 30 t o  35 hours a f t e r  



- . .  . . . - .  . . . . - . .  

i n i t i a t i o n  of the culture. Since there i s  very l i t t l e  depletion 
. . . . . . . . 

of the  hormone,. th$s Pecline may be due t o  the exhaustion of 
. . . .  . . . . . . .  . . ' V  .~ . 

some metabolite . i n  . the medium. \Then the  medium, is replaced every 
. . .  

24 hours, hemoglobin synthesis is. mintained f o r  an additional 24 . . . . 

hours beyond controls i n  which erythropoietin is p s e s e ~ t  but the 

medium,has not been changed. Effosts t o  maintain long-term 

hemogl~bin synthesis i n  culture a re  s t i l l  under investigation, 

P.' P. Dukes, S. Shin and E, Go.Zdwatsser 

Emgrthropoietin i n  n k a q  c e l l  cultures causes Increased 

incorgonttion of g l u ~ o s a m i n e - l - ~ ~ ~  i n t o  the carbohydrate moiety 

of an insoluble fract ion consisting.largely of red c e l l  stroma. 

This process can be studied very simply by measurement of the  . 

'mdioactivity incorporated i n t o  whole c e l l s  collected on membrane 

f i l t e r s ,  After a lag  period of about 3 hours, the hormone in- 

duces er 1inear.fncreetse.in mount of glucosamine incorporsted f o r  

48 hours. This .%timulation is  completely inhibited by . . 

a c t i n m c i n  .D and by puroqrcin, but i s  not a t  a l l  affected by . " 

colchicine,. suggesthg t h a t  the  hormone ef fec t  depends upon RI\TA. . . .  . . . .  . . . . . . . . . . . .  - .  - .  . . . . 
and protein synthesis,, but not upon c e l l  division. Kinetic data . . . .  . -  < . . . . . . . .  . . . .  . . .  . .... - . . 

- obtained acith this . . system, suggest. that the hormone.-acts - on .a .small . . . . .  . . . . . . . . . . . . .  . . . . . . . . .  .- 

.fraction of , . the po$entially sensi t ive cePls among. .those. i n  ..the 



marrow population: The increased incorporation with time seems 
. . .  . . . . . . . . . . .  . . 

A ' .  bo ref lec t  the ra te .o f  production of emythropoietin-sensitive 
. . . .  . . . . .  . . . . . .  

c e l l s  from those c e l l s  i n  other stages of t h e i r  mitotic cycle. 

V. The Par t i a l  PurSfication of Erythropoietin 
. . 

E. Goldwasser and C . Kung 
I n  order t o  study the relationship between the  chemical 

properties and biological effects  of eryt'mo2oietin, it i s  

obvious3-y inportant t o  have available a supply of the pure hormone. 

For the past 8 years we have been attempting t o  purify t h i s  

hormone from plasma derived from hemolyzed animals. Starting from 

plasma with a potency of .OOT units per mg of protein, and using 

a combination of ion-exchange mthods, ge l  adsorption, and ge l  

f i l t r a t ion ,  we have succeeded i n  getting minute amounts of a 

fract ion with a potency of about 2000 units  per mg of protein -- 
a purification factor  of about 280,000. Amounts of t h i s  pre- 

paration are  too small f o r  t e s t s  of homogeneity but there i s  

evidence tha t  even higher potencies can be achieved. Since 

supplies of anemic plasma are  severely lirnited, the  prospect of 

getting enough "pure" erythropoietin fo r  the study of i t s  chemi- 

cal properties fron t h i s  source, i s  quite dim. Another possible 

source i s  human mine from severely anemic 2atients.  This source, 

while potentially large, has another problem associated with it; 



the  hormone found i n  urine is appreciably l e s s  s table. than is the 
.. .. 

preparation from plasma, and frequently a l l  ac t iv i ty  is l o s t  upon 

chromatography. This problem is s t i l l  under investigation. 
". 

An extension of the Yphantis-Waugh u l t r a c e n t r i f q e  separation- 

c e l l  te&nique f o r  the determination of the.'sedimer&ation coeffi- 

c ient  and molecular weight of erythropoietin by use of the 

biological assay methods has been made with the coliaboration of 

the Biological Science eornput.aiion Center. Dr .  H. Landau has pro- 

grammed the Larmn transport equation f o r  solution by t h e  d i g i t a l  

computer with our awn c e l l  parameters, This method f o r  molecular 

weight determination is now being tested with a ser ies  of proteins 

of known molecular weight, and we.hope t o  extend the method t o  

erythropoietin i n  the  near future. 

Protein Synthesis i n  Heart Muscle 

M. Rabinowitz, R. Zak, K. G'.. Nai,r and L, DeSalle 

1n .o rde r . to  elucidate the mechanism of assembly of s t ruc tuet l  

proteins such as actomyosin' . and mitochondria1 lipoprotein, the 

protein synthesis systems of heart muscle from chick embryos and, 

rats are  being isolated and characterized. Ribosomal and mito- 

: . . chondrial .. . systems which act ively incorporate labelea amino-acids ..-... . 

tn to  protein have been i sohted . .  The composi,tion and enzymic pro- 
.. . 

. pert ies  of . ... the  ribosomal system are  similar. t o  ribosomal - - ... . 

,preparations. from other t i ssues  and organisms. It contains . over 



. . . .  

50 per cent R . ,  and requires magnesium and potassium or ammonium 
. . 

ions, GTP, sRNA, and transfer enzymes for optimal 14c-&no acid 

incorporation into protein. When maximally stimulated by poly- -. 

uridylic acid, its activity is identical with that of liver 

ribosomes. Density gradient centrifugation reveals a 70 to 80s 

peak and also heavier material. It is of significance that the 

action of proteolytic enzymes such as trypsin and chymotrypsin 

leads to the dispersion of the ribonucleoprotein aggregates, as 

does the action of ribonuclease. The effects of ribonuclease and 
. . .  

proteolytic enzymes , . are additive. This suggests that muscle ribo- 

nucleoprotein aggregates are held together by both messecger RNA 

and by protein, possibly by nascent polypeptide. 

The mitochondria1 protein synthesis system in muscle is also 

under study. .It. differs from the ribosomal system in that it is 

not inhibited by ribonuclease, but is inhibited by actinomycin and 

chloramphenicol. .Characterization of mitochondrial DNA and ,miA 

and evaluation of their role in mitochondria1 protein synthesis 

is now in progress. DNA has been isolated from mitochondria 
. . .  

purified by isopyknic density gradient centrifugation. 4ts base 
. . 

composition is being compared .... to that of nuclear DL% by measiming 
. . . . .  . .- ... :., 

their buoyant densities in . the - analytical ultracentrifuge. 3 ~ -  

thymidine incorporation into mitochondria1 DIU has been measured, . . .  . . . . .  . . . . .  . . 

The presence of P2% and RKA polymerase systems..in mitochondria is 
. . . . .  ... . . . .  . . . <  , . . . :  

being investigated, and the further characterization of the mito- 
. . .  - .  

chondrial p x t a t n  synthetic apparatus is undcr otudy. 



Studies on RNA Biosynthesis 

S. B; Weiss 

We are coritinuiog our efforts to understand the enzymatic 

mechanism by which purified microbial RNA polymerase catalyzes 
. . 

the'synthesis of FUW4 molecules. '.This enzyme is interesting be- 

cause it utilizes DNA as a template for ribonucleotide poly- 

merization and also because it appears to be responsible for most 

of the cytoplasmic RNA found in living organisms. 

In vivo experiments have shuwn that only one of the two DNA -- 
strands is trmscribed by cellular RNA polymerase, however, our 

purified enzyme has been shown to transcribe both DNA strands in - 
vitro. We now know that the integrity of the DNA template is - 
important for single strand transcription, but we also believe P 

that enzyme c,onf iguration (its secondary and tertiary structure) 

is also important. To gain further hsight into this problem, we 

'are attempting to modify our enzyme purification procedure so,.that 

the polymerase preparation will transcribe only one DNA strand in - - 
vitro. - We then hope to study its physico-chemical properties 
'(sedimentation characteristics, electron microscopic analysis, 
- . -  

etc.) and compare the physical properties of this enzyme to other 

enzyme preparations which' transcribe both DNA strands. Our . . . . . . . . . .  . . . . . -  . - . . . . .  .... .. .  

analysis suggests that RMA. polymerase is 'very 'large .with a mole- . . . . . . .  . . . .  
. . . . .  

cular weight in the range of 500,000. Proteins of this size.must I 

. . 1 . .  



consist of subunits. , It is pos.sible.that alteration of these sub- 
. . . .  

units could endw this enzyme with properties different from those 
.. - 

normally associated ~ 5 t h  its.native condition, . 

We are also attempting to identify specific cytoplasmic RNA 

molecules; mainly the so-called 45s and 5s RNAs. It is believed 

that the 45s RNA found in mammalian extracts is a precursor of 

ribosomal RNA (26s and 18s) and that the 5s RNA may be a precursor 

of soluble RNA (4s RNB). By utilizing RNA-FW hybridization 

techniques trorked out in this laboratory, we may be able to deter- 

mine whether.these RNA components are indeed precursors of 

specific, well identified cytoplasmic F&A molecules. 

Studies with Polycyclic Aromatic Hydr -. ocarbons 

S. B. Weiss, W.-T. EIsu and J. W, Moohr 

. . 
That RNAs and DNAs prepared from numerous RKA-coataining 

and DM-containing viruses can be infectious has been established 

by a number of investigators. Various polycyclic asomtic hydro- 

carbons are known to be carcinogenic, although attempts to show 

that they have any biological effect on lower forme: have been 

mostly unsuccessful, Recently, we observed that certain hydro- 
. . . . . . . . . . . . . . .  

carbons, when -- included - .  in systems containing infectious nucleic 

acid . - and bacterferP,protqplasts, - .. inhibit the production . . . . . . .  of 
....... - 

bacteriophage, %. . . .  Under :. . e~pprspriate.conditiona, . .* the. inhibition is 
' 

. . . .  

90 . . . . .  per - cent or greater and the hydrocarbon concentration required . . . . . . . . . . .  - .  

to obtain this level of inhibition is in the order of 



-4 N. A i l .  i n t e r e s t i n g  aspect  of t h i s  s tudy is t h e  , , l o  . - 
observation t h a t  only c e r t a i n  hydrocarbons exer t  t h i s  v i r u s  i n -  

h i b i t i o n ,  p r i n a r i l y  those  which a r e  kno;.m carcinogens. Tie 

c o r r e l a t i o n  betpreen carcinogenic a c t i v i t y  i n  higher anifi:als and 

v i r u s  i n h i b i t i o n  i n  b a c t e r i a l  protoplas ts  i s  r a t h e r  riarked, 

Although ?re cannot s a y  t'nat t h e  hydrocarbon ac t ion  is  t n e  same 

f o r  both phenomena, we thin!: t h a t  t h i s  s i n p l e  system w i l l  lend 

i t s e l f  toyards  e luc ida t ing  the  rrechanisn by which v i r a l  growth . 

i s  a i r  lPreliminsly r e s u l t s  shov t h a t  ',the "act ive" hydro- 

carbons do not  impair the host  c e l l s  ( b a c t e r i a l  p ro top ies t s )  .from . . 
Z 

. . 
synthesizing DNA, RPA o r  p ro te in  even thcugh v i rus  repl ica t ior?  i s  

k 

* 

inh ib i t ed ,  It may be t h a t  v i r a l  nu.cleic a c i d  and v i r a l  p ro te in  

can be made i n  t h e  presence of hydrocarbon but that solnewhere 

a1on.g t h e  pa.th-i.rajr fo r  tra,nsmiss ion of genetic i.nf crma%t ion  a 

t r a n s c r i p t i o n  o r  t r a n s l a t i o n  e r r o r  i n  the '  synthes is  of v i . ra l  

" nucle ic  a c i d  and/or v i r a l  p o t e i n  has been nade, This e r r o r  nay 
. . 

be l e t h a l  s ince  it could result i n  abor t ive  phage.prduct i .on ,  

Our current  s t u d i e s  a r e  concerned wi th  t h e  mechanism by wnich 

hydrocarbons a c t  i n  t h i s  syst&i The p o s s i b i l i t y  t h a t  these  

'agents  may a c t  as mutagens would be novel and i s  c u r r e n t l y  under 

study.,  



~~ ~-CL-J~.~~-~S- OF CELL - - DlFFERENTIATION - 
-a 

Physiological Studies of Primitive Hemopoietic Cells 

C, W. Gurney, D. Hofatra and A. hlangalik 

. . 
The action of erybhropoietin on primitive . . .  hemopoietic cells 

... " 

is to induce differentiation into the red celf series. Thfs pro- . . -  ....... 

cess can be measured quantitatively, and therefore may be 

employed . . . .  in an inqdry into the nature and proliferative potential 

of these ceUs, . -  Three. separate experiments are presented which 
. . .  

suggest the multipotential nature of the primitive cell upon which 
, .. - , - 

erythropoietin acts, First, when erythropoiesis has been 

eliminated by transfusion, the pool of primitive cells which is 

potentially reapongive to erythropoietin is not dormant, but 

reather is a dynamic pml, as demonstrated by the incorporation of 

tritiated thpldine into proerythroblasts induced by erythropoie- 

tin, even when the tritiated thymidine is administered before the 

erythropoietin, Second, the pool of erythropoietin-responsive 

cells in the sub-lethally irradiated plethoric mouse recovers in 

the absence of any red cell production. Third,. the recovery of 

the pool of erythropoietin-responsive cells is retarded when 
- .  . . .  . . .  

irradiated anlmPilo are subjected to an inflammatory process 

characterized ..... by a messs&ve polyaeaorphonuclear infiltration (and . . . . . . . . . . . . . .  . . 

presumably,. .. .- increased &. leukocyte production). 
. . . . . . . . .  - z - ,. 

. The pattern of proliferation of a small group of protected ' .... .. - - . , ,  -- ... +- . .% . . . . . . . .  - .. - .. . . , .  ... .,.. 

erythr~poietin-responsive cells was follnred by shielding the 



- _. - _. .: ?.. . . . . . .  L . .  . . .  . . - ._ .- - ....... i ,-.. 

spleens of p1ethoric.mice subsequently given large doses of irrad- 
. . .  . . . . . . .  . . . . . . .  .. - . .. _ . :  _ _ .  . 

iation, m d  observing the. response. t o  ,a challenging dose of 
\ . . i ,  . . . . . . . . .  - . .  - . . . . . . . . .  . . . . .  

erythropoietin administered t o  different groups of animals at  
. . . .  ..... . . . . .  -. - < .  . .. ~. :- ;... ........ -. 

.different times. Proliferation of these cel ls  was . . .  rapid, with an . . . . .  .. " . ... . . . . 

overshoot t o  140 per cent of normal on the eighth day. Organ up- 
. . . .  , . .  $ . . . . 

take of mdiofron .... indicated that  the proliferation took place 
. . .  . . .  . . . . .  

i n i t i a l l y  i n  the Bpleen, but i n  a few days '&er irradiation the 
...... ... . . .  . . - 

erythropoietin sensitive ce l l s  had migrated out t o  the bone 

These result8 enable u t o  present formulations a$ t o  the 
. . 

regulatory processes governing the size of the pool of ce l l s  

responsive t o  erythropoietin, and the techniques ut i l ized i n  

these studies, i n  conjunction with methods employed by other 

participants of this conference, should ultimately lead t o  an 

elucidation of these regulatory processes. 

Relationship Between Duration and Intensity of 

Hypaxia 'and ~rythropoiet  i c -  Response 

,C. We Gurney 

Mice are rendered plethoric a f t e r  3 weeks of hy-poxia, hem- 

tocr i t s  exceeding 70 per cent, After 5 days a t  ambient 
' 

conditions, erythropoiesis as  determined by morphology, reticu- 
. . 

locyte count, or 5 9 ~ e  uptake, i s  v l ~ t u k l y  eliminated. ~ s&min~  
. . . .  . , 

that :krythrop'&esis i's c&itro3i& bjr erythropoietik, ~k can 
. . . .  : .. 



. . , ... ... . ..... 

determine' the duration or intensity of hypoxia necessary for ery- 

thropoietin elaboration-by measuring erythropoietic response.in 

such mice after brief returns to a hypmic environment. This 

response is quantitated by the 78-hour incorporation of an intra- 

venous tracer dose of 59~e. One hour at 0.5 atmosphere produces 

progressively increasing responses in all animals. If duration 

of hypmia . is . .  constant, the response increases rapidly as pressure 

decreases belm 0.5 a~mosphe~es~. A small erythropofetic reepcnse 

can be observed after exposureg of only 15 minutes to the'maximal 

hypaxia compatible with Iff e. in these. animals (0.25 atmospheres). 

The study dem~nstrates the precision with which an erythropoietic 

response may be eqwted with the duration and intensity of 

hypoxia. It also indicates the sensitivity of the blood-forming 

system to hypcawia, the stimulus which acts through erythropoietin 

production to regulate the rate of erythropofesis. This mechan- 

ism is sufficient to account for continuous blood production in 

normal ("functionally anemic") animals and man. 

CJuantitation of Erythroid Hypophsia in Nice 

Following Irradiation 

C. W. Gurney, Do Hofstra, E. Simmons and C, Newton 

The erythropoietin tolerance test has given reliable data 

' 

in the plethoric mouse, - It has been employed in the present study 

to compre radiation damage of the primitive erythropoietin- 



sens i t ive  c e l l  in .10,  s t ra ins  of mice. - The resul t s  have been com- 
- . .  - .... 

pared with radiation sens i t iv i ty  a s  determined by LD i n  the 
50 

same strains. 

Young adult  virgin female mice were hypertransfused. After 

erytlaropoiesis had ceased, different groups were given different 

doses of whole body radiation, immediately followed by a standard 

subcutaneous challenge of 3 units of erythropoietin. Marrow 

responsiveness Lo t h i s  stimulus was determined by incorporation of 

a t racer  dose of 5 9 ~ e  given 2 days a f t e r  erythropoietin. C f  No. 1 

mice served a s  a standard. In 15 experiments the response 

following 150 r i n  t h i s  s t r a in  was 28 per cent ( 1  S.D. = 4.1 per 

cent) of the response i n  non-irradiated controls. The radiation 

doses which reduced the response t o  10 per cent of the  non- 

i rradiated control i n  10 s t ra ins  varied from l l 0  r i n  the DBA/~ 

mouse t o  225 r i n  the ( C ~ H  x 1 0 1 ) ~ ~  hybrid. The slopes of the 

dose-response cunres could not be related t o  the  p f o r  the 
50s 

various s t r a ins  studied. It is' concluded tha t  erythropoietin 

responsiveness following irradiat ion measures a different aspect 

of radiation damage than does LD 
50' 

This may be useful i n  
. . 

quantitating radiation' damage, part icular ly i n  the dose range 
, I . . . . 

from 0 t o  300 r. 
. . . . . - 



The Erythropoietic Effect of Testosterone 

in the Plethoric Mouse 

C. W. Gurney and W. Fried 

!Ehe sex difference in red cell values, and an unpredictable 

response . . to androgen therapy in patients with refractory anemias . .. ,.. ... .. . .. 

led' us to initiate quantitative studies into the effect of 

androgens on erythropoiesis. 
. - 

A single injection of 1.0 mg of testosterone intramuscularly 

exerts an erythropoietic effect in the transfusion-induced 

plethoric mouse, as tndfcated by an 8-fold increase in the 72-hour 

incorporation of radioiron by newly formed red cells in 

testosLerone treated animals. Urger single doses of testosterone 

fail to give responses greater thanthose obtained with 1.0 mg 

and a single injectf on of less than 0.5 mg is ineffective. 

Red cell fornaation cannot be suppressed as completely in 

male mice by hypertransfusion, as it can be in the female. In 

such plethoric mice, the female is more sensitive to testosterone: 

Following two 2.5 mg injections of testosterone, 59~e incorporation 

by newly formed red cells increases fr& 1.1 per cent to 21.9 per 
, . ... 

cent in females, from 4.7 per cent to only 7.8 per cent in males. 
: 

This difference in response is not a' function of sex-determined 

chetracteristics of the mrrew cells, since the re'spense to 

testosterone is independent of the sex of the donor supplying the 

marrow cells used to save leihaXly irradiated polycythemfc mice. 



A synergistic effect  of ' testosterone and small doses'of erythro- ... ..-..... - .-. . . . . . . . . . .  . . . .  . . 

poietin _ _  i s  _. observed, _ . .  i,e., 0.15 units  of erythropoietin produces . . .  . .  . . . . .  . . .  - .  - .. 
6.3 per cent i ron incorporation, two, successive 2.5. m g  doses. of 
.. , -. . . . . . .  - .  . -  

testosterone lead t o  u . 6  per cent iron incorporation, and the 
... . . 

combination of erythropoietin and tes.t;osterone i n  these doses 

leads t o  25.5 per cent incorporation. A similar synergistic effect  

~f testosterone and short periods of hypaxia is  also,noted. 

For demonstration sf an erythropoietic stimulating effect,  

the  optimal time of radioiron injection i n  the polycythemic mouse 

i s  2 day8 a f t e r  administration of erythropoietin, but 4 days a f t e r  

testosterone. Hence, it i s  concluded tha t  testosterone does not 

exert a direct  erythrspoietin-like effect  on primitive marrow 

c e l l s  susceptible t o  the stimulus f o r  different iat ion i n t o  the 

red c e l l  series,  Four days a f t e r  a single injection of 5 m g  of 

testosterone t o  normal mice, plasma shows a demonstrable t i t e r  of 

erythropoietin on b i~assay ,  hence it may be concluded t h a t  one 

mechanism of testosterone action i s  v ia  stimulation of erythro- 

poietin production. 

The demonstration and quantitation of the androgenic effect  

i n  plethoric mice provides a model in which the influence of these, 

, substances and t h e i r  mechanism of action on erythropoiesis may be 

investigated; . . . 
. . .  



An Erythropoietic Defect in a Congenitally Anemic Mouse 

. . A. Kales,. W. Fried and C.. FJ. Gurney 
,.. . . . 

Anemia occurring in . .  . dce by mutation at the w-locus has 

been the subject of several reports. The present abstract is 
. . .  . . 
concerned with an anemia occurring in the C57 Black . . mouse that 

differs in several characteristics from those previously described. 
. . 

The heterozygote mutant is bhck with a grayish tinge on 

the' Gentral surface and a, white patch on the head. It has a 

normal blood count. 

The homozygote mutant is a slaw-grming white mouse with 

bGck eyes. ' It 'has 'a macrocytic anemia associated with a mildly 

elekted reticulocyte count and a normally cellular marfm. This 

condition, obtaining in the presence of anemia, suggests relative 

insufficiency of, erythropoiesis. Survival of the homozygote 

erythrocytes in Black hosts, and of Black erythrocytes in homo- 

zygote hosts is normal. 

The anemic (homozygote mutant) mouse loses 3 per cent of 

its blood volume from the gastrointestikl. tract daily, although 
. . . , . . 

a gross lesion has not been found. This blood loss is not due to 
I . . .  . . 

iron deficiency, since the system does not respond to iron therapy. 
. . . . . .  . 

. Following transfision, the mutant mouse is less responsive to 

hypaxia than is the Black mouse, and responds to injections of 
. , . . 

erythropoietin only,when these are given in large doses. Endo- 
. . . . - .  

genous erythropoietin titers are extremely high in the mutant and 



. .. * .  . . . 

are elevated proportionally higher by a hypoxic . . .  . .stress than are 
. .. 

the titers in the parent (heterozygote) strain. This condition - .  

suggests that the stem cells are defective in tie ability to 
.. . - . .. ... 

respond to erythropoietin. We must emphasize here that the data 
. . . .  . 

do not suggest that erythropoiesis is regulated otherwise than by 
.. . 

.erythropoietin, since administration of the hormone in high titer 

is effective. The observation that narrow cells from mutant mice 

are poor colony formers when transfused into x-irradiated Blacks 

provides additional support for the existence of a stem cell 

defect . 
In summary, we are describing a mutation that manifests 

itself by occult; gastrointestinal bleeding and defects of the 

hematopoietic stem cell. 

Aut oradiographic Studies of Human Chromosomes 

J, Rowley 

3 Labeling of chromosomes with H thymidine during the DNA 

synthetic period has yielded significaat information regarding the 

sequence of chromosome replication in animals and man. In studies 

of aut oradiographs of thymidine-labeled normal human f emaie 

chromosomes, it has become apparent that one of the two X 
. . 

chromosomes replicates its DNA later than its hoxnol6g and later 
than almost all the autosomes. This late synthesizing X chromosome 

. , . . . 0 .  , . . .  . .  
is not present in the normal h-n male, nor is it present in 

, , . . . 



abnormal females' . with Turner's syndrome .. . -  .. who have .only. . . one X 

chromosome, (and therefore. only 45 . instead . . . of the normal 46 

chromosomes). In  . - collaboratidn .. with D r s .  h j t h a ,  Muldal and 

Gilbert of ~ c h e s t e r ,  England, and D r r  Lindsten of Stockholm, 

Sweden, similar studies . _ ,  on a boy with 49 chromosomes and an XXXXY 

sex complement ( ioe . ,  3 extra X chromosomes) have revealed the 

presence of 3 U t e  Pabeling X chromosomes. Some females with 

Turnero s syndrme have 46 chromosomes including 2 X chromosomes, 

one of which is structural ly abnormal, We have studied three 

such structural ly abnormal X 6 s :  1 )  a presumptive isochromosome 

f o r  the long arm of X; 2) a deletion of the short arm of the X; 

and 3)  a ring X chromosome. I n  each case, the morphologically 

abnormal X i s  late-labeling. Correlating t h i s  finding with 

measurements of the DNA content of the sex chromatin mass found 

i n  the  nuclei of these patients, we can say tha t  the l a t e  synthe- 

sizing X .chromosome' forms the ' sex chromatin mass i n  the interphase 

nucleus, It i s  interesting t o  speculate on the significance of 

these findings i n  relat ion t o  the  Lyon hypothesis 0f.X-inactivation. 

Results of Chromosome Analysis i n  Fatientsl with 

Primary Refractory Anemia 

J. Rowley and R. K. Blaisdell  

A notable contribution t o  leukemia research was the des- 

cr ipt ion by Nowell and Hungerford of the minute (~h') chromosome 

i n  rnetaphases of cultured blood c e l l s  of patients with chronic 



. . . . . . . .  . . . . . . .  . . . . . I . . .  ..- . . . .  . . .  

myeloid.leukemia. The fairly consistent occurrence of the Ph 1 ... . -  . . .  

chromosome in blood or bone marrow cells,from patients with.. 
.. , . . . . . . . . .  , . . . 

chronic rqyeloid leukemia has been confirmed by ma-y investigators. 
. -  . . . .  - . - -  .. - . . . . . .  - I . . .  , . 

No consistent kcaryotypfc pattern has emerged from studies of acute . . . . . . .  - .  . .  

and other forms of chronic leukemia, treated or untreated. How- 

ever, approximately one-half of aU. cases of acute myelogenous 

leukemia have abnormalities in chrmosome number or morphology. 

Since cases of refractory anemia or pancytopenia may ter- 
0 

&ate with acute leukemia, study of chromosomes in such cases 

throughout the course of the illness should be helpful in under- 

standing its pathogenesis. Three questions may be asked: 

1) While no consistent chromosome abnomlity has yet 

been found in acute myelogenous leukemia, is s consistent ab- 

normality in number or morphology present in a specific clinical 

sub-group, such as the patients with primary refractory anemia? 

2 )  If a, chromosome abnomlity does occur, when does it 

appear in relation to the clinical course and specific features 

of the diskase? -. 

3 )  If there is a chromosome abnormality in same patients 

with refractory anemia, does the absence of the chromosome 

aberration in other patients have any clinical value in distin- 

guishing those who are not pre-leukemic? . 
I .  

Results Lo date reveal that of the 9 patients whose bone 

mrr& contained sufficient metaphsses 'suitable' for analysis, 4 
. . . .  . . .  . . 



- .... _ . ., ... ._ . %.. . . - .  . 

were normal, 2 were . . clearly ... . abnormal, and . . 3 contained . . . . . 
. 

. cells . . shuwing 
... - 

inconsistent . , .. .. abnormalities of uncertain significance. One of the 
.? " . . ... , , . . . . .. . - 

patients has died, of pneumonia; . .  . analysis of his ., . chromosomes .. . re- 

waled that 10 per cent of tne cells showed inconsistent 

abnormalities and 10 per cent were tetraploid. Autopsy failed to 

disclose evidence of leukemic transformation. None of the sur- 

viving patients have shown clinical signs of leukemia. 

On the basis of these early findings it appears that the 

answer to the first question is no. The answer to questions 2 

and 3 must await a longer period of study. 



STUDIES - OD TKE BMOD - 
The Kidney . . .and ~rythro~o~etf n Production ' ' 

L. 0.' ~acbb&i, E; K. . Marks .and E. O.  ast ton. 

. ,  . 
A number of investigators . . . . have . . demonstrated that erythio- 

. . < . .  

poietin is produced by the kidney of mice, rats, rabbits and dogs. . ., . . . . . . 
Studies of patients with severe renal disease and anemia suggest 

that the human kidney is likewise invowed in erythropoietin pro- 

duction. 

Some observers have raised questions sf relevance: Does 
. . 

the kidney normally f'unction as the primary site 'of the erythro- 

poietin production nedessary for the maintenance of the steady 

state of the erythron; or are the kidneys of only secondary 

impoz%ance to some other site or sites in the body responsible for 

production of the hormone under physiological conditions. The 

evidence to answer either of these questions is not available. 

m e  plasma of bilaterally nephrectomized rodents (mice, rats, 

rabbits) subjected to hypwic anoxia (simulated altitude of 

21,500 f't . ) for 12 hours regularly contains about one-tenth the 
emhropoieti c activity (assayed in a transfusion-induced poly- 

cythan3.c mouse) obsemed in non-nephractomized controls similarly 

stressed, This reproducible observation clearly shows ,that bi- 

laterally nephrectomized rodents subjected to this 'degree of 

anoxia have the capacity to produce more erythropoietin than is 

normally found in intact rodents in a steady state, but under . 



. . .  
\ 

. . . . . . . * .>. ... 

these conditions obviously maintain only a fraction of the erythro- 

poietin production capacity observed in the intact controls. 

Earlier experimer$s in this laboratory indicated that re- 

moval of a number of organs and tissues (including pituitary, 
.... . , 

adrenal, thyroid, . . stomach, spleen, etc. ) did not appreciably re- 

. duce erythropoietin production in rodents with intact kidneys in 

response to anemic anoxia or cobaltous chloride administration. 

In retrospect, these extirpation studies did not preclude 
. . 

'the possibility that one or more of these organs or tissues . . .. . might 

.- . contribute minimally to erythropoietin production, and. ~~ould 

:not have been detected in the presence of an intact major pro- 
s*- + 

* * 

ducer, namely the kidney. We have accordingly begun a systematic 

re-examination of this problem, utilizing a variety of techniques 

including extirpation of organs and tissues and/or irradiation. 

We have observed that the administration of 5000 r of 

x-irradiation to both kidneys of the mouse, using a columnated 

beam immediately prior to placing the animal in a simulated 

altitude of 21,500 f't. for 12 to 16 hours, is as effective in re- 

ducing the response to hypoxic anoxia measured in erythropoietin 

plasm titer as is bilateral nephrectoqy. Under these conditions 

it is of significance that the minimalpl.asma erythropoietin titer 

observed is conrparable to that of the bihterally nephrectomized 

animals subjected to hypoxic anoxia. 



. . . . 

, . We have also observed that the .adminfstra%ion of 6,00Q7 r 
, - ... 

whole-body irradiation reduces erythropoietin production in the .. . . . . . . . 

mouse in response to hypoxic anoxia (simulated altitude 21,500 f%) 

to levels significantly below that observed in bilaterally 

nephrectomized animals subjected t~ this hypoxic anoxic stimulus 

and significantly below that observed in mice given 5000 r to 

the kidneys and subjected to hypoxfc anoxia. 

The technique of selective irradiati~n of parts of the body 

combined with extirpation s h ~ d d  assist us in delineating the 

extra renal site: or sites of erythropoietin production. 

Effects of Long-Term High Pressure Oxygen in Animslls 

E. L. Simmons, J. Dsull, L. 8. Jacobson and E. K. Marks 

. . 
Despite the bodyss need for oxygen to sustafn life, the 

toxicity. of pure oxygen under pressure is well eskblished. The 

use of hyperbaric oxygen has assumed increasing medical importance 

in recent years in such diverse fields as tumor treatment, 

surgi.ca1 procedqes, the control of gas gangrene, revival of 

stillbirths, etc. - A  better understanding of oxygen metabolism is 

.essential in space medicine, since our astronauts breathe pure . . 

.oxygen under positive presswe in the capsules, and for research 

in improved submarine and diving procedures. 
. . 

At the Argonne Cancer Research Hospital, in addition to 
8 .  . . .  

A . .  

using high altitide chambers to produce polycythemia in animls, 



and as a tool to study the effect of reduced oxygen tension on 

blood formstion, we are also subjecting animals to long-term 

treatment with high pressure oxygen. It has been reported that 

short-term exposure of.mice to O2 at 90 lbs. pressure results in 

hemolytic anemia, and we have observed that this can be produced 

by chronic exposure at 15 lbs. We have also determined that 

continued exposure to oxygen will saturate the blood and result 

in a reticulocyte-free state. This effect was achieved in some 

young CF No. lmice after exposure for 5 days to a cycle of 

15 lbs. of O2 for 5 hours followed by 1 hour in normal atmospheric 

air. Such treatment proved to be extremely toxic and most of the 
. . 

mice usually died before these blood changes occurred. It there- 

fore became necessary to explore ways of keeping animals alive 

for longer periods in oxygen. 

It is not considered safe to expose human patients to 

hyperbaric O2 for longer than 2 hours during every 8-hour period. 

In our long-term animal exposures it proved possible to shorten 

considerably the rest period in air between successive oxygen 

exposures. Interestingly enough, hawever, 2 hours was still 

about the longest period for continuous exposure to hyperbaric 

oxygen before fatal damage occurred. Rats and mice lived many 

months in pure.02 at normal atmospheric pressure, and also in a 

2 hours O2 at 15 lbs. pressure: 1 hour air cycle. Hawever, a 

cycle ' of 3 hours O2 at 15 lbs. : 1 hour air was . quickly fatal. 



Oxygen-air ra t ios  such a s  2:1/2, 2-1/2:1, 2-1/2:1/2, etc. a re  

being run t o  ascertain whether survival is  dete-ned by the expo- 

sure time O2 or the recovery time in air. To date we have been 

unable t o  "condition" mice t o  an increased period of axygen by 

gradually lengthening exposure time. Chemical treatment with 

Vitamin E, mercaptoethylamine, Tris buffer, etc., is being ex- 

plored fo r  possible protective action. Tests with rabbits, rats, 

and mice have shown tha t  animals with larger bodies a re  more 

sensit ive t o  oxygen effect  than are  smaller-bodied species. 

Strain and sex differences, and effects  of age versus body weight 

are a lso  under,study. 

THE REGUZATION OF IRON ABSORPTION: 

Hepatic Regeneration a s  a Stimulus t o  Increased 

Iron Absomtion 

It is clear tha t  because of Ineffective excretory mechanisms, 

body i ron content i n  man i s  largely determined by the quantity of 

i ron absorbed from the gastrointestinal t rac t .  When physiologic 

amounts of iron are  involved, our studies have indicated that  the 

quantity of iron absorbed varies direct ly  with the r a t e  of e d h r o -  

poiesis and inversely with the hemoglobin levei  and body iron 

content, and that these factors have additive effects  on the 

mucosal transport of iron. Unexplainable by these regulatory 



factors are the increased iron absorption that occurs in hemo- 

chromatosis, in some cases of hepatic cirrhosis, and during 

periods of rapid growth and pregnancy. To determine whether in- 
.. . . 

creased proliferation of some tissue other than the erythroid 

marrow would influence iron absorption, and because hepatic 

regeneration is a prominent feature of hemochromatosis and 

hepatic cirrhosis, studies of iron absorption have been under- 

taken during the period of rapid liver regeneration that follaws 

partial hepatectomy in the mouse. 

These studies have demonstrated the following: There is a 
- .  

transient 2- to 3-fold increase in iron absorption following 

partial hepatectorqy. This increase in absorption is not ex- 

plainable on the basis of the anemia, increase in'erythropoiesis, 

or reduction in body iron content inherent in the operative 

procedure. The increase occurs in'the face ' of some degree of 

iron overload. In animals subjected to fractional hepatectomies, 

the increase in absorption varies with the amount of liver re- 

moved and thus with the magnitude of the regenerative response. 

The increase in iron absorption occurs as a wave and is 

detectable for a period of only 8 to 10 hours, taking place 

approximately 24 hours prior to the onset of the maxiam1 wave of 

mitotic activity, at a time when there is an influx of the 

materials required for DNA synthesis and cellular division into 

the remaining hepatocytes. 



These s t u d i e s  demonstrate that ,  increased p r o l i f e r a t i o n  of , 
, . 

hepatoeytes can. s e r v e ' a s  a s t i ~ u l u s  t o  inc reased . i ron  absorption, . . 

a-nd suggest t h a t  t h i s  phenom.enon i s  r e l a t e d  t o  t h e  c e l l  cycl-e. 

Fur ther  s t u d i e s  or' t h e  s p e c i f i c i t y  cf  t h i s  response, i n  terms of 

o ther  p r o l i f e r a t i n g  t i s s u e s  and other  nutriments, a s  w e l l  as 

experimenks t o  support t h e  t h e s i s  tha% the' .observed increase  i n  

i r o n  absorption i s  r e l a t e d  t o  D1JA r e p l i c a t i o n  and c e l l  cycle a r e  
8 

planned o r  i n  progress. 

Biochsmistry of Eiologi  c a i  14embranes ! Studies 
--.----+- -. 

on Red Blood Ce l l s  

A. Tarlov 

The problen of ac t i ,ve  t r anspor t  of metaboli tes  ac ross  c e l l u -  

lar membranes i s  being approached by an  a n a l y t i c a l  s tudy of 

membrane components, t h e i r  r a t e s  of turnover, and poss ib le  changes 

during a c t i v e  t ranspor t .  , 

The rxammalian red  c e l l ,  lacking a ~ u c l e u s ,  i s  not capable of 

assembling complex molecules from t h e i r  small  precursors.  O n  the  

o the r  hand, it i s  known t h a t  t h e  complex l i p i d s  i n  t h e  red  c e l l  

membrane do t u r n  over a t  a. s i g n i f i c a n t  r a t e .  Not only do t h e  

i n t a c t  complex l i p i d s  t u r n  over but  i n  addit ion,  t h e r e  i s  s i g n i f i -  

cant  turnover of t h e  f a t t y  a c i d  cons t i tuen t s  alone,  This -tctrnover, 

it appears, ,occers by t h e  exchange o f .  complex l i p i d s  or  f a t t y  

a c i d s  between t h e  red  c e l l  and t h e  plasma.lipoproteinso J~luch 



information must be obtained before the significance of this ex- 

change process to cell viability and human disease can be 
. . . . . ,.. ... . . .  

evaluated. We propose to study the kinetics of the exchange 
. . 

process, the cellular enzymes which effect this exchange, the 

source of energy required, and the factors in the plasma which 

are necessary to support this exchange. It is anticipated that 

the presence in the plasma of inhibitors of the exchange rate, or 

the absence of certain molecules which are necessary for the 

support of the exchange may be responsible for any anemias commonly 

seen in medicine dueto such factors as bacterial or viral in- 

fections, liver disease, renal disease and others. 

Recent studies suggest that the complex lipids are not 

distributed evenly throughout the entire red cell membrane, but 

that certain classes of lipids may be restricted in their 

location to one area, i.e,, concave central area, whereas other . 

classes may be restricted in their location to the curved 

equatorial areas. Perhaps membrane functions, such as active 

transport, immunologic properties, etc., are similarly localized. 

An approach to this problem will be made using tritium-labeled 

lipids, and tritium-labeled transportable or immunologically re- 

active substances with radioautography on preparations for light 

and electronmicroscopy. 



In Vitro Studies'of E ~ m n  Blood Lymphoey%es i n  - -- 
P --.- 

~ p ~ o ~ r o l i f e r a - t ; i v e  -- - Disorders 

. . 

me precise nature of the a b n o k  proliferation which 

charckterizen lymphocytib levkemia and ~ h o s a r c o m a ,  and the 

relationship of the kinetics and functions of the involved 

inf i l t ra t ion of nsn-hempoletic Cissues, anemia, fever, super- 

imposed infections, wastifig, and r e ~ s s i o n s ,  are  problems largely 
. . 

unresol.wed, 
. . 

The avslilsbhility of patients ~d.th"these 'disorders fo r  long- 

term observation, the reedy accessibi l i ty of the blood for re- 

peated s%mpling, and the application of newer me"r,ods fo r  c e l l  

culture, have prov3ded the oppofimity t o  deterinine what 

r e l a t i o~sh ips  blood Pynphocyte behavior in -- vi t ro  might have t o  the 
. .  . . . 

cl in ical  f esl&es of ihese. i l lnesses .' 

Methods fob rapid separation and -- i n  v i t ro  'culture of blood 

lymphocytes hare been 4evised., Follcwing the addition of phybo- 

hemagglutinin (PHA) to c.~LLtmes of cells from io1~?1ml subjects, 
. , 

the f o l l o ~ ~ i n g  b m e  beer! observed: t 'mae f smt ion  sf some -pho- 

cytes in to  larger c e l l s  with basophiUc cfioblasm resembling blasts 

3 and plasma cells;  mitoris and uptoke of t r i t i a t e d  thymidine ( H-T) 
-. 

by smU, as we= as larger, lymphocytes, denonstrated by auto- 



, .globulin from ce l l s ,  and the  cu l ture  medim, determined by 

diethylaminoethyl-cellulose sepa,r&tion, electro2horesis,  and 
. . -.. 

carbon-14-lysine incorporation experinents. 

These r e su l t s  suggest that under appropriate conditions, 

some normal circulat ing lymphocytes &re capable of prol i ferat ion 

and antibody formation; t h a t  i n  these processes, lymphocytes 

reveal t h e i r  relationship t o  plasma ce l l s ,  formed elements that 

have previously been considered t o  belong.to a .separate c e l l  

lineage; and tha t  -- i n  v i t r o  c e l l  kinet ic  p t t e m s  may lesd  t o  basic 

understanding of the nature of the lyinpho~roliferative disorders. 

Studies t o  date of b l o d  from 2 pati.ents h-if;h act ive 

chronic lynphocytic l e ~ l e m i a  and 2 out of 4 pakients with lympho- 

sarcoma reveal a considerably smaller proportior1 of c e l l s  

3 undergoing t ransf  ormatian and exhibiting H-T &take and mitosis 

a f t e r  YHA stimulation. 

Additional experiments, using imunoelectrophoresis f o r  

determikt ion of the types of imvne globulins synthesized, and 

imtnunofluorescenee t o  ident i fy  the c e l l  types responsi.'ole, a r e  i n  

progress. 

i 

Studies of Mouse Leukemia Viruses 

G. B. Humphrey and E. Goldwasser 

Two mouse leukemias previously not known t o  be induced..by 

viruses have been studied. The P-1534. leukemia of ~ ~ 4 1 2  mice can 



.. . .. 
f ram leukebi'a - . c j ?dkg  I . M ~ ~ P ,  " . ~ ~ ~ k . e n ? ' t j ; ~ e n i c ~  act,&v&'$y .of 'this .pre- 

. . .  . . < I  . , . .:. . . . ... . ' .  . . ' .  . . . .  . . . . .  . .  . 
.:.. . . _ . * ... ' . paratiori seenis.'.t'o .be .a'ss.(>.c~,a~i?d 7 , r i t h  the large ,particulate'. . 

fraction' of t h e  re&&,., and;. 3a:'S"s' Yf siit.e.3 ,ataCenpts a t  pwif  icetion. 
. - 

. . 

.. The L-4946 le&ii&&&. ria;&ged '.c$' Bb; 1. mi'ce is  freed from c e u s  by 
. :.:. 

supernatant . .  . f r&&i&.;> , .  . ~h$s."l&&G,a . . virus has been pufif ied about 
. . . .  . ,  .. . 

80-f old, and b$@ia~s' .Q& b;&: $l?- . '.B@' . .  . k,brit&ining niaterial., 
. . 

. . . . 

Effect 6f 5.':,. 51';; , ~ l ) - ~ . ~ & ~ f ; ~ ~ , ~ < ~ ~ ~ i x c $ n e .  on T.fan$plan.t;.ed -l-.l..v--.---- 
. . 

. 
. , ~b,$:&: $&&i&&& , . . ---.- . . 

Experiments by ~nlrgr- '&$d' R.gnnert hBve shown that the leucine 

analog 5 , 5 i, 5' i t r i f l u ~ . g . ~ - ~ ,  ' L-leucine (PC) .. can;; without 
. . 

adaptation, replace a t  leasf. .half the leucine residues i n  the 

badt er- proteins o f  1 , ~ u c ~ ~ e .  aaotsophl . . bf . - E$ch=rtchia - coli  . 
. . 

When mice inodula;ted.with Ehrl$i5h .&skitee 'tumok were treated with 

TFL, such animals lived :a f evi days longer than controls ., It 
seemed desirable, the.r@for,q:,, t.6 ejrglcjre ' tht  effect df TFL on a 

. . . _  , ' ,  

variety of traniiplanted mo,iae. lg~eaas. . . , ' 

The following na6ionally known t'umo~s were selected for  
. . 

.: testing: ~-4946.asc$.tic ieukemia i n  AKR a&% CF No. 1 mi$', P-1534 

lymphatic leukemi'a t o  ~ & / 2 .  and. also t o  ,500 r-weakened . CF .No. 1,. 



.... - . . .. . . . .. 

L-1210 i n  D B A / ~  and ,. . its hybrid . .  . o f f s p r i n g , ~ 6 ~ 2 F ~ ,  . , . ,. and l~mphosarcoms . - .  

~ C ~ H E D  i n  ~ 3 ~ / A n f .  I n  addition, several new tumor passages were - .. . - ... . 

s t a r t ed  i n  our laboratory from AKR mice i n  which the onset of . . . .. 

spontaneous leukemia w a s  evident. These were transferred several 
. .. . . ,  ... . 

times t o  ... young .. healthy AKR mice t o  be sure of t h e i r  v i a b i l i t y  

before inoculation .. . of mice . t o  . be t rea ted  with TFL. .. Cell . suspen- 

sions were prepared by gentle grinding of spleen lymph nodes and 

2 thymus i n  isotonic saline, and al iquots  containing 10 t o  10 6 

cells/zl. were injected intraperitoneally.  The lymphosarcoma was 

injected intramuscularly i n  the hind l eg  a f t e r  dissociation of 

the tumor t i s sue  i n  saline. 

Many variations i n  TFL treatment were t r ied ,  Including 

s t a r t ing  time of treatment following inoculation, frequency of 

treatment, por ta l  of administration, and dosages ranging between 

0.5 a& 2.0 mg/g of body weight. 

I n  several of the combina,tions (see Table l ) ,  TFL was found 

t o  prolong the survival of mice with a number of different  leu- 

kemias. With very invasive tumors t h a t  k i l l  rapidly, survival was 

l e s s  s igni f icant ly  prolonged, the  increase i n  survival time of 

t rea ted  animals being apparently inversely proportional t o  the  

malignancy of the  lel~kemira. 

The hematologic observations i n  AKR and CF No. 1 inoculated 
%. 

w i t F ~ - 4 9 4 6  were of in t e re s t  since animals t reated with TFL did 

not show the  marked terminal anemia present in the  controls: the 



Table.1. . Effect of WL on Survival. with Various Transplanted , . 

. . a Mouse. Leukemias 

No. Mean' 
Type of of survival 
leukemia mice Strain TFL ( ~ Y S  PW 

--- - . ,  

AlQ?. 16 AKR o 8.5 * 0.2 

passage 7 AKR + 14 i 2 . 0  0.3 

AKR 16 AKR 0 9 k 0 . l  , . 
passage 7 AKR Methotrexate 9.5 0..2 0.9 

8 AKR + 10.5 + 1.0 ,0.75 

8 AKR T F L + 2 0 0 r  12 f 1 , O  0.55 

* 
By difference of means on - t t e s t .  

, - 

hemtbtdcrik value i n  leukemic AKR was 20, while t h a t  i n  the  T F E  

injected group was 41. Cellular examination of control bldoa 

showed anisocytosis and 'mrked hypo'dhromia, changes that. were not 

present . . i6  TFL-irijected mice. 

I n  additional p i l o t  experiments, TFL was found t o  have no 
' 

beneficial e'ffe'ct's' on W r y '  carcin6rna i n  C3H mice, o r  on trans- 

' planted myeloma X-5563 'olso i n  C3H mice. Blood serum from the  

M k e r  ;$ice showed a 'makked gamrha globulin peak, the  presence or 



size of which was not affected by daily treatment with TFL. TFL 
. .. 

treatment exerted no beneficial effect on normsl onset and 

severity of spontaneous leukemia in the AKR colony. 

Survival of leukemic mice was not improved when trifluoro- 

valine was substituted for TFL. This compound Is far more toxic 

than TFL and leukemic mice are especially sensitive to it, so that 

additional exploration of method of administration is needed. 



GENERAL 'METABOLIC STUDIES.. . . : . . . - A 

- - - ,  .. . 

uric ~ c i d  ~etsbolism in wilsbn'l s ' Disease 

L. B. Sorensen, 'R. ~eilly ' &d 'A. Kap$s 
, - -  . . .. ., 

' , 

Hypouricemia represents one of the biochemical manifestations 
. . .. . .. s .  . . ". . 

of Wilson1 s disease. In this study uric acid-2-14C yas inte- 
. . .  , . . 

venously administered to 2 patients with this metabolic disorder 
. . -  . . 

in order to study pool size and turnover of this purine and 

cumulative urinary recovery of injected material before and after 

therapy with peniciMne, hetreatment d u e s  in 1 patient 

were: pool, 217 mg; plasma uric acid, 0.9 mg per cent; turnover, 

477 mg/day; uric acid clearance, average 32.6 mllminute; and 

cumulative recovery 95.9 per cent (recovery of injected dose in 

normals is about 213). After 5 months therapy with clinical im- 

provement values were: pool, 300 mg; plasma uric acid, 2.7 mg 

per cent; turnover, 426 %/day; clearance, average 9.5 allminute; 

and cumulative recovery, 89.9 per cent. In the second patient, 

pretreatment d u e s  were: poo1,'370 mg; pIa~11~b wit acid, 2.0 mg 

per cent; turnover, 720 %/day; uric acid clearance, 

24.0 mllminute; and cumulative recovery, 86.8 per cent. After 19 

months treatment with marked clinical improvement values were: 

pool, 486 mg; plasma uric acid, 3,O mg per cent; turnwer, 

734 mg/day; clemce, average 14.1 mllminute; and cumulative re- 

covery 72.6 per cent, pool size, renal clearance, cumulative 

I 



.re.covery of injected.dose, and plasma uric . .  acid were markedly . . . .  
... + . . . . .  .- . . . - . .  -. 

. ,  abnormal in both patients before . . .  therapy; follaring treatment 
. . .  . . . . . . . . . . . . . . .  . . . . . . . . . .  . . - 

.. and subsequent clinical j..mprovernent; these . . .  chemical and physiolo- . . . .  . . 

. . . .  .gical . . . .  indices reverted towards nopal.. These parameters of uric 
. , ". . . . .  . , - . .  _ ._ 
acid metabolism provide useful objective measures of the . . . .  
_. . - -  . . . . . . .  . . -. 

beneficial effects of penicilhmine therapy in Wilson's disease 

9associated with renal-tubular dysfunction; they may also serve 

#as important adjuncts . . . . .  to direct . . . . .  estimation of liver copper in 

... evaluating clinical'status in general in this disorder. 

. . . . . .  

Molybdenum- 99, A M& '1sotope for Scintillation 
. . 

I.: Scanning of the Liver 
* 
x, 

L. B, Sorensen 

Recent studies have shown that molybdenum-99 injected in a 
" 

single tracer dose as ammonium molybdate disappears rapidly from 

the circulation of,man. Six hours after'injection of carrier- 

free material into normal subjects, the blood level of 99~o 

falls to less than 11300 of the initial concentration. By use of 

collimated probes, as well as by postmortem radioassay of tissues, 

this rapid clearance has been shown to be due to a selective con- 

centration of molybdenum in the liver. 

From excretion data it is estimted that the uptake of 

by the normal liver is about 80 per cent when carrier-free material 

is injected. The biological half-life of 99~o determined from 



whole-body counts i s  about 20 days. Studies i n  rats have shown 
... - . . ..., .- 

that  labeled molybdenum is incorporated 8 s . a  non-dialyzable tom- 
e .. .... . ... .. . 

ponent of the x~bnthine oxichse molecule. I n  han, this enzyme 
:- .....- ... . 

is chiefly -- perhaps exclmively -- located in the. l iver.  . 

The specificity of the l iver  for  molybdate permits 

scanning of the organ' fo r  which purpose the 0.140 MeV y radiation 

of the daughter technetium-9% is particularly suitable. Good 

v i s ~ z a t i o n  of the l iver  is obtained when scans are done 24 

hours a f t e r  injection of 40 pc of 99Mo. A t  t h i s  time, maximum 
- .. . . 

build-up of technetium-9% has taken place i n  the liver. Space- 

occupying lesions are  readily visualized. I n  diffuse hepato- 

cel lular  diseases, the l iver  accumuaabtes less  of the administered 

dose of 99Mo, leaving more of the isotope available for urinary 

excretion. 

Molybdenum-99 has several advantages over colloidal gold and 

? C - l a b e l e d  rose bengal: 1) it accumulates i n  the hepatic 

par6ncbpna.l ce- and its uptake portmis effectively diseaee 

s ta tes  of parenchymsl cells; 2) the concentration of the tracer 

does nab change during &he interval of the. sc& since the' isotope 

has a long biological half-lllf e; and 3) there is stlperior 

s c ~ n g  resolution due t o  the sof%er y-radiation of technetium-ggm. 



Steroid Studies --- 
A. Kappas, F. Katz and R. H. Palmer 

The major research in t e res t s  of t h i s  program center on 

s te ro id  metabolism and pharmacology, with ,mr t i cuhr  empnasis on 

study of the biological properties .... of metabolites derive6 from 

the -- i n  vivo degradation of adrenal and gonadal hormones -- a l i n e  

of investigation which has demonstrated tha t  the extensive chemf- 

c a l  transformations wnich s te ro id  hormones undergo -- i n  -- vi.vo 

(including con jugat ion) do not necessarily "inactivate" them but 

may lead t o  the  formation of new com_~ounds having cove1 and 

potent biological ac t iv i t i e s ,  cer ta in  of which have relevance t o  

c l i n i c a l  medicine, A new c lass  of fever-producing agents ?:as 

been described. Tkiese pyrogens a r e  s teroid metabolites of Vne 

33-H (A:B - c i s )  c lass  and a r e  derived from t'ne endogenous t rans-  

fomatio:is of precursor hormones, none of which display t h i s  

biological effect.  Extensive s tudies  of these 5f3-H corapounds 

. (previously considered "inert" ) have dea l t  with tbe  character is t ics  

of the f eb r i l e  reaction which they induce i n  man; the  species 

spec i f ic i ty  ~f t h i s  action; and its s t ruc tura l  determinants. The 

mechazism by wnich 5p-H steroids  produce fever i s  not yet c lear ;  

no evidesce nas been 'adduced t o  implicate the "leukocyte pyrogen" 

i n  the  process of thermogeriesis. Participation of s teroid pyrogen 

i n  the  mechanism of c l i n i c a l  fever has been demonstrated i n  

Studies 'by others (bond., Yale ~ n l v e r s i t y )  i n  periodic fever; 



steroid ppogen action has been related t o  the mechanism of fever 

in certain patients with the adreno-genita.1 syndrome and l iver  

disease. In  addition, fh-ther studies on steroid fever a re  being 

conducted i n  leukopenic patients, and the species specif ici ty and 
. . 

characteristics of the inflammtLtory reaction induced by these 
, . 

compounds are  being examined i n  experimerltal animals; the hemolytic . .. . ..... 

properties of these neutral 543-H steroids have also been studied. 

Among s t r u c t u r w  related derivatives of cholesterol, certain C24 
.... 

steroid (bile) acids a lso  have feirer-producing and hemolytic pro- 

perties. Lithocholic acid, the most pokent of these breakdown 

products of cholesterol, has been of particular interest  t o  us and 

studies are  being conducted on i t s  metabolic degradation; i ts 

cirrhosis-producing activ%ty; and its ,newly discovered role i n  

the experimental production of gallstones i n  animals. 

Estriol,  a major metabolite of natural estrogen, is a proto- 

type of another class of substances ( ~ 1 8  phenolic steroids) which 

has~previously unsuspected biological properties . . which we have 

found i n  the course of our studies. These include potent 

suppressive action on certain dehyed-type immunologic responses 

such a s  those represented by the skin reaction t o  tuberculin and 

: thyroglobulin; as well a s  those organ responses i n  which delayed- 

type sensi t ivi ty is considered t o  play a prominent role, such a s  

auto-immune thyroidit is  and adjuvant-induced immune golyarthritis.  

The close morpholcgic and histologic resemblance of immune . 



(adjuvant) polyar thr i t i s  i n  r a t s  t o  human r h e ~ m t o i d  dfsease, and 

the  marked suppressive act ion of e s t r i o l  on the former, have 

prompted i t s  use i n  large aaounts i n  therapy ~f rheumatoid 

pat ients  and the resul t s  a re  clear ly beceficial;  an  extens5,v-e 

cl in3cal  t r ia l  appears desirable, Es t r io l  a ~ d  i t s  :mtccraJ. and 

synthetic congeners have a l so  been shown bo r:lar;ke&ly impair the 

capacity :of the l i v e r  t o  excrete sulfobromoph'chalefn (BSF) i n to  

the  b i le ,  The mechbmism.of t h i s  s teroid action has been ex- 

.mined i n  d e t a i l  i n  man and experim4ntsl' anfnals; i t s  s t ruc tura l  

basis  has a lso  been established, This estrogen ef fec t  %pplies 

equally t o  hepatic disposal of bi l i rubin and probably a l so  t o  

drugs such as tetracycline, forwhich the l i v e r  represents a major 

excretory pathway, An estrogen aktion $of t h i s  type undoubteday. . 

accounts i n  large par t  f o r  cer tain hepatic a c r e t o n  inpairments 

which characterize pregnant women, neonatal infants,  and of 

par t icu lar  in teres t ,  women who use the  new contraceptive p i l l s  

containing, synthetic hormones, 

A variety of other. studies,, princl.pa1ly metabolic i n  type, 

i s  a l so  i n  progress, !J!he'se inclv.de hves t iga t ions  on the .cqpadity 

of estrogens t.0 counteract. tbe chemical derangement's accompanying 

hyperparathyroidism i n  man;'the ef fec ts  of e s t k 6 d i ~ l  and e s t r i o l  

0n.hydr~xyproline metabolism i n  humans; the ef fec ts  of these 

s teroids on secretory r a t e s  of co r t i so l  and aldosterone and on 

production of co r t i so l  and thyroxine-binding g l o b d i n  (wf t h  



p a r t i c u l a r  exphasis on -the p r inc ipa l  bas i s  of these  ac t ions  ) and 

t h e  nature, source and r o l e  of hormona,l substarices in paro t id  

gland secret.ions, 

Ra.dictt ion  I n j  t r y  -----*.--- 

G. V, LeRojr, d'& H, i i u s t  and G,  B, KO 

It is known that; radiatj.on i n j w j ;  i s  assocl.a%ed i ~ i t h  a:t.e:ra..- 

t iorls  i n  a nwnber of biochemical processes, scch as biosynthesis  

of nu.cleic ac ids ,  meta.bolisrn of sulfh@r;~-1-containirg compou~.ds, 

b i o s ~ p t h e s i s  of choles terol ,  increased glycogenesis, -- e t  --- ce te ra ,  

None of t.hese cI?a.nges, hoiqever, seems d r a s t i c  enough .to be l e t h a l  

e i t h e r  ind iv id?~ .a l ly  o r  in concert,  Seeking a biochemi.ca1 l e s i o ~  

caused by a l e t h a l  dose cf radia t ion,  Tie i i~vesti iga 'f ;e~ some aspzc.ts 

of t h e  inVtermediar;r nletabolism of sirnple carbon compounds t h a t  

a.re oxidized for  energy produc t i~ i l ,  Yhen rh?e ioolred f o r  evidence 

of inRctiva"ci.on of enzymes i i l  i n t a c t  anima,ls we stuSiieC t ne  t;irr:e- 

14 course of CO, i n  expired a i r  a f t e r  e.drninis"c&ioz cl' c e r l e i n  
C. 

substra.tes (bicarbofiate, f or;rlate, ace ta te ,  pentose ecd hexoses 

labeled w i t h  radiocarbon,. I n  z d d i . t i n ,  we examined i n  a pre-  

1 imina . r~  fashion t h e  f i x a t i o n  of CO i n  l i v e r  glycogen, and t h e  2 

t ra ,nsfer  of carbon from various sources icko I2rez.. 

The results  of t he  first s e r i e s  of' exseriments - -  using near ly  

1,000 rats - -  ca,= be, s~nrfiarized: 



(1) There is  a significant decrease in the output of Cog 

i n  expired a i r :  the respiratory quotient becomes l e s s  than 0.7. 

( 2 )  The 8pparent rate of oxidation of pentosa, hexose, 

and acetate, a s  measured by the appearance o f  "C02 i n  expired 

air, decreases t o  about 3/4 of the value i n  controls: t n i s  

ca;inot be a t t r ibuted  t o  injury t o  i n t r a c e l l u h r  oxidative enzyme 

system. 

( 3 )  The metabolic pathymy f o r  the t ransfer  of carbon from 

akanine (pyrumte) ts urea was not sensitive t o  radiation, 

vhereas tntat for  glucose carbon tias seriously im~aired,  

( k  ) Glycogenesis by the l i v e r  was signif icant ly increased. 

( 5 )  Fixation of CO, i r r  l iver glycogen i.ms mor'e than 70 
L b 

times greater i n  the i rradiated r a t s  Ylan i n  the controls. 
. '4 

.It seems .that r;adia.tioii may have a greater e f fec t  on anabolic 

processeso-- which it appears t o  enhance -- then on catabolic or  

@:'ichtive reactions. Furt'ner studies of the enhanced glycogenesis 

are i n  progress, 

Respiration Tattern A~aLysis ------ 

G, V. LeRoy 

Eespimtioa pattern analysis 2s o. re la t ive ly  new technique 

fo r  the  -- i n  vivo study of biological systems. Analysis of the  ra te  

of expiration of 14c02 foU.osring edministration of an appro- 

pr ia te ly  labeled substrate provides a powerful t o o l  f o r  the study 



of' metabolic pathways and for  examination of individual variations 

in different  metabolic s t a t e s  and disorders k t h  l i t t l e  or no 

disturbance of the subject. The early work i n  this f i e l d  began 

independent3.y about L2 years ago a t  the Donner Laboratory 

(university of ~ a ~ f o r n i a )  and here a t  the Argonne Cancer Kesearch 

Hospital, Ve use a GM detector i n  our instrument, while most 

other . woikersuse . ;an .ionization c-mbe'r; system. 'Our i n s t m e p t  

w a s  the first t o  incorpbrate a complete infbnnation-logging and 

processing system, thus. per@&tting' machhe analysjb's of data. 

kie have devoted' a great deal . .  of* . e f f o r t  . t o  stuclies of the  C02 

pool i n  man since it is' the f i n a l  .iommon. pathway th.rough which 

14c02 o f  rnet.abcLic brigin'.ml.& pass. . Although dimensions can be 
0 

assigned t o  the pool.there sre.good reasons t o  question the i r  

validity. ~ o u b t  a r i i e s  because of the,need t o  assm-e the exis- 

tence of a steady-state durfng:an isotope dilutgon experiment. 

It i s  debatable..if t h i s  is a ?l id assumpticn f o r  short-term 

.periods of obseryation i n  man. 

,It appears that. it' not. be ,naces;Faary. t o  know the dimen- 
. . 

sions of the' C02pooJ f o r  many applications of ' respiration 

. . pattern analysis. . . ' . . . 

. . , . 

Tne Argonne Cancer Research Iiospitali Total-~ody Counter ---.- -----.- --- 

R. 3. Hasterlik, G. V. LeRoy and. C.. M. Newton 

1:Ietabolic studies wing calciui-47, as a t racer  of calcium 

metcbolism have been completed on 16 hospitalized patients.  In 



addition, studies of the metabolism of real and simulated fission 
. . . . . . . .  . . 

products have been carried out on 102 healthy volunteers. . . . . . . .  
. . . . .  . . . . . . .  . . . .  . - 

In order to quantitate changes in body content of a . . .  radio- 
-. . - . . ., - ; . .  

isotope with the greatest precision, ... it is necessary to design 
. . . . .  ..... 

the facility with maximum flexibility for crystal arrangement and 

then to arrange the crystals in their optimally determined 

positions. Studies carried out in the past 2 years have been con- . . 

cerned specifically with 2 factors c~ntr3.buting to the insensitivity 

of the counters to redistribution of an isotope in the body. 

(1) The crystal array may count an isolated source with an 

efficiency sensitive to source position. (2) Distortion of the 

observed y spectrum by Comp'ton and other absorptive effects is 

sensitive to body build and isotope distribution. 

Ne have written a computer program for the University's IBM 

'70% which expedites determination of the optimal 2-, 3-, and 

4-crystal linear arrays for any specified Ifnear source locus 

parallel to the array axis. Degree of optimization for any 

crystal array is estimated by an error function, and the calculated 

emor is printed for crystal positions near the optimal. 

A method has been developed for approximate correction for 

counting efficiency shifts resulting from distortion of the y 

spectrum within bodies of varying size and shape. A standard 

radioactive source was taped to selected points on the surface of 

rr subject's body and the subject counted prone and supine. 



. . . . . .  . . . . .  

Averaged prone and supine'spectra provided data for  a regression 

calculation of constant' caefficients. . Using these coefficients, 
. . .  . . . . .  . .- 

the formula's ab i l i t y  t o  correct fo r  sh i f t s  in photopeak counts 

was'then tested by counting the same patient a t  certain times . -. 

a f t e r  ingestion of a nonabsorbable capsule. c0ntaiining.a known 

quantity of the same isotope. 

Inspection of data derived by these methods leads t o  the 

conclusion that the described methods do indeed provide a desired 

correction, These studies are preliminary t o  the development of 

methods for  the derivation of corrections fo r  accurate quanti- 

tation of two y-emitting radioisotopes counted simultaneously i n  

i n d i ~ d u a l s  of differing size and shape and which may translocate 

during the course of the studies. 

Studies of Real and Simulated Fallout 

'G. V. LeRoy, J. H, Rust and R. J. Iiasterlik 

Real, and simulated particulate f&out ~ n d  solutions of 

strontium-85. chloride and cesium-134 chloride were fed t o  102 . . . . 

healthy v~lunteers ,  Absorption and retention of ingested n~@o- 
. . 

ac t iv i ty  were measured by tihole-body c p t i n g  using the gamma-ray 

spectrometer t h a t  was constructed for  the Argonne.Cancer Research 

Hospital.. . 
. An average of 3'per.cent of the y-radioactivity of 

week-old local  fall&t was absorbed. The doses fed were te small 

t o  permit estimates of ra te  . of . elimination or identificatiqn of 



. . -  . ., . . ... . . 

part icular  nuclides. Using simuhnts &d solutions of 8 5 ~ r  and 

134~s, useful information was obtained on the  dis tr ibut ion of 

values f o r  absorption and retention, 

The average absorption of strontium was 16 per cent, and 

the range was 8 t o  34 per cent, Excretion of strontium varied 

considerably: the median value f o r  retention a t  one year was 

estimated as about 16 per cent, and the range was from none de- 

tectable t o  about 25 per cent. The metabolism of strontium was . 

the same when it was given a s  a solution of chloride, or  leached 

slarrly from simulated fallout,  
. .. 

The biological half-time f o r  excretion of cesium was 

91 + 18 days, Abbut 90 per cent of the  material was absorbed when 

it was fed as a solution of cesium-I34 chloride. 

Absorption and retention of barium was as variable a s  that 

of strontium. When 133Ba0 was fed, absorption ranged from 1 t o  

15 per cent. 

Studies on the  Metabolism of Magnesium i n  the Rat 

J. G. Chutkow 

Previous work on the  absorption, excretion and t i s sue  distri- 

bution of magnesium i n  normal animals using 28Mg has been extended 

t o  young r a t s  fed a d ie t  law i n  magnesium. Symptomertic magnesium 

deficiency was accompanied by hypomagnesemia; hypophosphatemia 

that could be corrected by realimentation with ~nagnesium; continued 



fecal  a id  negligible urinary excretion of 28Mg; and an increased 
. . . . . . .  . . . . . . . .  . . .  - . . . . . .  . . . . . .  " .  

absorption which rms not due either t o  hfiomgnesemia per se or 
" . . . . . . . . . . . . .  -.... . . . . . .  . . . . . . .  -- 

t o  a selective increase i n  uptake of magnesium i n  any one segment 
. . .  ... . . . . . . . .  . . -  . . . . . . . . .  ." . .  

of barel. These absorptive changes could be ~ever,sed i n i t i a l l y  
. . . . . .  . . .  . ,  . .  . " 

but not l a t e r  by. h r g e  amounts of magnesium administered . . by g m g e .  

In . . . . . .  normal bone, kidney, heart, and l iver , ,  exchaxgeable 

magnesium appeared t o  be i n  a t  leas t  2 fopns, one of which turned 
. . 

over more mpidly.than the other, Brain, muscle, and t e s t i c l e  

took up 28Mg slowly and lacked the'  more labi le  phase. The radio- 

isotope was diverted from bone t o  the ,soft t issues i n  hypomagne- 
. . . . .  

semic rats, 

Experiments on the central nervou$ system, .renal. and 

cutaneous effects of magnesium deficiency are under design at pre- 

sent. These w i l l  include t issue electrolyt'e and l ight  microscopy 

studies. The kidneys wiU.be examined by electron microscopy. In 

addition t o  the electroencephalographic changes accompanying the 

development of the sudiogenic seizures in magnesium deficiency, 

possible alterations i n  the content and' distribution of serotonfn 

and norepinephrine i n  the brain . \Jill . be studied. Similar chemical 

determinations will be *de ori the skin during the phase of 

-intense vasodilatation. 



Specific Metabolic Processes in Skin 

A. L. Lorincz 
. .  . . . .  .-. -. - 

It was recently demonstrated in this laboratory that normal 
. . . ... .. . 

appearing skin . .. surfaces in psoriatic . . patients have only one-tenth . .. 
- .  

the cholesterol esterifying ability sham by skin surfaces of non- 
... , 

psoriatic persons. There is reason to believe that this epidermal 

biochemical. deficiency related to disturbed keratinizition may 

represent the basic, genetically determined, defect underlying 
. . 

susceptibility to psoriasis. Ekperiments are currently' underway 

using 14c acetate incubated with epidermal sheets' to show by means 
. . 

of thin layer chromatographic techniques the precise ways in which 

cholesterol producing metabolic pathfays differ in normal- 

appearing skin of psoriatic subjects from such pathways in skin of 
' .  

normal subjects. Further studies on skin surface cholesterol 

esterifying ability in the kindred of psoriatic patients are also 

being initiated to determine the mode of inheritance of the defi- 
. . 

ciency shown by psoriatfcs, and to see whether latent suscepti- 
I. , 

bility to psoriasis can be detected. 
. . 

Additional studies to develop a means for q&tit.tstively 

measuring the rate of physiological desq-tion under normal and 
. . '  

various disease conditions using radiosulfur-labeled cysteine tracer 
. . 

techniques are being pursued. The rate of physiological despuamation 
. . .  . t .  

, . . , 

is believed to have critical bearing on susceptibility'to a number 
. . 

uf skLu itloeases axid infections. 



PROBLEfris. m SCANNING 
. ... ... , 

A Theory of Radioisotope Scanning Systems 

R. N. Beck 
. . .. 

. . ~. , . 

The principal goal of a general theory of scanning systems 

is t o  enable one t o  predict and evaluate the perfomance of 
.. . . ... ... - 

hypothetical system, optimally designed for  specific scanning 

applications; e.g., brain tumor detection. Such a theory should 
. . ... 

. . 

provide quantitative answers t o  such questions as  "How does a 

scanning system designed for  u l ~  radiation compare with one de- 

signed for  *O3IIg i n  detecting brain tumors of a certain size, 

depth, etc. ?"  

This paper attempts t o  organize the various components of 

such a theory, and t o  derive equations which re la te  the biologi- 

c a l  and physical parameters that  must be considered. These 

include tumor size, depth, uptake ratio, collimator sensitivity, 

resolution, focal length, scan area, time, re l iabi l i ty ,  etc. 
. . 

Central t o  such a theory is a cri terion or figure of merit 

which can be computed for  any system and used t o  compare different . 

systems. Criteria based on s t a t i s t i c a l  considerations and 
. . 

information theory are  derived. I n  both cases, these are functions 

of the sensi t ivi ty and spat ia l  resolution of the collimated scin- 
1 .  . . .  

t i l h t i o n  detector. Collimator resolution, as  defined by some 

fraction of the width of the point source response curve, is 



.: .. . - . . 

inadequate for predicting the response to a distributed source. 

.An analogous situation exists in optics where 'lit has been in- 

:'creasingly realized .that the advantages of resolrLng power.as a 
.. ? 

 criterion .of quality are largely illusory. " Borsowing from, that 

field, . . .- the concept of "sine wave response" is introduced to .. . 

.generalize the definition of resolution of collimated scintillation 

detectors for astributed sources. The system figure of merit is 
', _ 

then expressed in terms of detector sensitivity and sine mve 

response. 

Collimator response to point, plane, and volume distributions 

. of radioactivity is discussed in detail. The total response 

' pt = ~ ( 1  + P + S) of a collimated detector viewing a large dis- I 
trlbuted souree.consist8 of 3 components produced by gasrmas which 

'enter the collimator 1) "geometrically" or properly (E), 2) by 

penetrating the c o ~ t o r  septa (EP), and 3) . by scattering in 

the source or collimator (ES). Exact equat9ons for these compo- 

nents are very complex for multichannel collimators. Useful 

approximate .expressions. .are derived for E, P, and .S, and the 

limitations of these expressions are discussed. 

. . 

Collimators for Radioisotope Scanning Systems 

R. N. Beck 

The total response of a collimator viewing a.hrge distri- 

bution gamma ray source consists of 3 components produced by 



. . .  . . , . . .  

gammas which enter . . the , .. collimator- .. .. .l) - "geometrically'! or properly, 

2) by penetrating .. . the collimator septa, and 3) by scattering 
. . . .. . . - . .? . . - . . 

'in the source or collimator. -This paper describes procedures for .... . . . .. 

the: design', construction . .. and testing of focused collimators based 

on equations.for these'components. Since no single design proce- 
.. .. . , 

dure is appropriate for the entire range of gamma energies, the 
.. > . I  

problei 'is considered in three parts. ' ' 

.1)   el ow' approxi~tely 0.150 ,MeV, 'few gammas can penetrate . . 

the thinnest lead septa which can be conveniently cast. Here the 
.. . 

design procedure maximizes geometrical response for specified focal 
. - . .. 

length, radius of view, septum thickness, and crystal diameter 

(or "shape factor," which determines. the divergence of the colli- 

mator field of view, and can be used as an independent variable in , 

place of crystal diameter.) .. 
2) ' In the .energy range fron! approximately 0.150 to 1 MeV 

the response to gammas which'penetrate the' collimtor septa .is not 

negligible 'and must ,be controlled. In this case, .geometrical re- 

sponse 5s maximizeti for sp&c,lfied gamma energy, collimator 

material, focal length5 . ' radibs bf view, ..penetration fraction and 

crystal diameter (or shape factor'). 

3 )  Above approximatl2.y 1 M=V it is 'not always possible to 

design a multichannel collimator having acceptably small penet'rati&n. 

In this case, a single hole having a taper which maximizes geometri- 
. . 

cal response is used.' 



. . . . . .  i >__  : .' . . . . . .  . . . . .. . .  . . . . _  . . .  

Techniques for  casting . . .  and:"facing,off" . . . . . . . . .  multichannel . . . . . . . . . . . . .  co l l i -  .... 
. . .  . . . . .  " .. . .  

mators having . . . . .  very th in  septa- (approximately 0.007 inches), a re  
Z' . - .  - .  . 

br ie f ly  describ.ed, . . . . .  - . . . . . . . .  . . . . . . . . .  - .  : . . .  . . .  ., .: 
, . 

Following modern . . .  practice i n  optics, . . . . . . .  a procedure-is described . . . . . . . .  . . . . . .  . . -  " . - - 

f o r  . . . .  measuring .collimator . . .  resolution. i n  . . . . .  terms:. of "sine . . . .  wave response" . . . . . .  

using ... a "sunburst." t e s t  pattern, It is .  suggested that t h i s  pattern . . .  

be .adopted as  a standard f o r  measur%ng.,overall system resolution 

fo r  dis tr ibuted sources. . . 
,' : 

Techniques Which Aid in  Quantitative Interpretation 
. . 

of Scan Data 

D. B, Charleston, R. N. Beck, P. Eidelberg 

and M. W. Schuh 
. . .  , . 

This paper discusses a range of techniques which a s s i s t  i n  

. . . . .  the evaluation and interpretation of scanning readout display. 
. . .  . . 

The range extends from simple in terva l  calibration fo r  photographic 

readout, t o  f a i r l y  elaborate auxiliary equipment f o r  presentation 

of accumulated d i g i t a l  scan information t o  a computer program. 
. . . . . . 

. . The d i rec t  and remarkably useful'method of using a random 

pulse generator t o  produce a calibrated step-wedge of spots which 

i s  projected onto a fi lm by the same projection l igh t  source as 

. . i s  used during the  scan, allows the viewer t o  compare exposure 

densi t ies  of regions of in teres t  on. the  scan t o  similar regions on 

the  wedge which a re  calibrated d i rec t ly  i n  count r a t e  units.  



.,. .. .  . . . .. ... . . . . . 

Auxiliary equipment, such as a multichannel analyzer used 

in the multiscaling mode, permits the accumulation of digital in- 
. . 

formation for a totab "count per scan-line" display for.each, 

'index ' step . .. .. 

Small.anima1 scans have been made which accumulate and dis- 

play "counts per line scan" for each index step. This produces 

an accurate quantitative measur.e of the distribution of activity 

over the animal, and a profile display of activity similar to,the 

slit scan display of a linear scanning system. 

The same multiscaling technique is carried further by 

accumulating digital information for a "countaper unit area" 'dis- 

play. A profile curve is obtained for each scan line of each 

index step. From this it is possible to visualize or construct 

an area profile of count rate. 

Precise .position information must be included with the data 

record. 

dompAtations of per cent dif f ererice of activity in. regions 

of interest on opposite sides of the head, are made from data 

accumulated by multiscal.jng, for use with the, Argonne Cancer 

~esearch Hospital's brain scanning system, 



. . Coilirmtors - Por G a m  Ray..Cqneras : , 

- . .  R. .N, Beck., .P. .V, Harper, &. Schmidt .and L.. T, Zimmer. . 
- ,  . 

, . 
' An imege of 'distfibll t idn of . ' radioact ivi ty  can be produced 

rzot ' only by scanning systems, but a l so  by fixed. devices called 

g m a  ray cameras, Recent acquisit ion by the Radi.ology ~epa . r t -  

ment of a.n -4riger-type camera has stimulated in t e res t  i n  the design 

of collimators of ,h igh  Z p a t e r i a l  . which . perform the, function of a 
. :  . . , .  . 

lens f o r  such devices. The collimator nay be a "pin hole" (for  

r e l a t ive ly  t h i n  sources, e. g. ,  the thyroid) o r  an array of " 

. , 

holes covering the  en t i r e  c rys ta l  face (for large thick sources, 
. . 

e ,  g., the brain). 

The goal of multichannel collimator design i s  t o  m i m i z e  
. , . . . . . . 

the c o l l i m t o r  sens i t iv i ty  fo r  a specified gama energy resolution 
. . . . . . 

and negligible penetration. The appropriate design procedure is  
. , 

deter-ained 5y the proposed method of construction.  itio ions have 

been formulated a.cd a design procedure developed f o r  collima.tors 
. . 

. . 

consisting of cyl indrical  holes t o  be made from extruded lead 

tubing or tubing ro l led  f ron  lead f o i l .  An a l te rna t ive  s e t  of 

equations and desigs procedure applies t o  collimators consisting 
' . 

of tapered holes v i t h  pa ra l l e l  axes, t o  be cas t  i n  lead. The I 3 d  
, . , -  . I . .  . . . . . .  . ... . . . . . . .  

7094 coxputer has been progremed t o  carry but ' the design proce- 
. . . . . . , . .  . . . . .  

dures ' for both types of multichannel collimators f o r  any specified 
z . .  . . 

gamma knergy, c rys t a l  diameter, resolution and 
. . 

fract ion.  



. ... 

Equations k%ve a l so  been formulated f o r  pin hole col l instors ,  

showing tha t  geometrical efficiency can always be made comparable 

with multichannel col lhmtors ,  f o r  the  sane c rys t a l  d-iameter 2nd 

resolution. Haerever, these equations ' also '  show tha t  pin hole 
, . 

collimation w i l l  be most effect ive i n  scanning slllcall sources or 

with small detectors. 

. . 
Response of Sc in t i l la t ion  Detectors t o  --- --- - 

Scattered Radiation -- ---.- 

. R ,  M. Beck and M. Y. Schuh 

P.n adequate theory of scanning sys tem must enable one t o  

c ~ n p u t e  the to ta>l  response of coliislateii s c i n t i l l a t i o n  detector 

t o  a volume d is t r ibut ion  of rsdioact ivi ty .  This consists of the 

sun cf responses t o  those gammas which enter the c o l ~ m a t o r  

"properly," %hose which enter the detector a f t e r  penetrating the 

collimator or  shielding r a t e r i a l ,  and those which enter as 

scat tered radiation. Previous papers have dea l t  trith the f i r s t  

ttro components, 

To cvaluate the sca t t e r  co~po~en l ;  i t  i s  necessary t o  cle'ter- 

mine the  ?raction of counts within the photopeak due t o  g8,ma rays 
. . 

which &ve been scat tered i n  the  source c;r c o l l i m t o r .  To sccon- 

p l l sh  t h i s  i% i s  necessary t o  know the  shape of the sca t t e r  
. 

. .  
spec"uwn i-rid;'nln the photopeak. This c8n be d-etermined by properly 

. . 

smearing the Klein-Rishj-nct equaticn f o r  the scat tered T;hcton energy 



spectrum. ' The I B M  7094 computer has been programmed to carry out 

this procedure and to compute the scatter fraction.as a function 

of base line setting,. 

A2.though pulse . .. . height analyzers are ordinarily used to re- 

duce . the . deleterious effects of scattered .... radiation, the problem 

of 'selecting a base line setting which achieves an' "optimum" 
B 

compromise between the recording of scattered and unscattered 

radiation has' not been adequately discussed, Treating scattered 

radiation as "noise" or "background," an optimum'base line setting 
. . 

can be found for which the error in measuring the number of. 

pulses due to unscattered gammas' is minim. This procedure has 

been carried dut for several gamma emitters in a brain phantom 

for the energy range commonly used in brain scaxurir~g, 140 to 510 

. . keV. 

A Precision Scanning System Employing Digital Drive 

and Digital Control Techniques 
. . 

D. B. Charleston, R. N. Beck and J. C. Wood 

Careful analysis of medical isotope scanning system readout 

presents1;ions . (usually photographic) has indicated that even . . small 

irregularities in the mechanical scanning motions can cause dis- 

tortion (mechanical modulation) of detected information which will 

be superimposed upon the readout.. These irregularities .en@ance 

or obscure regions of interest within a readout and can contribute 



. . . . . . . . . .. .. . 

to .. a . visual misinterpretation of the actual isotope distribution. 
* - .  . . . . 

Kith the advent of fast scanning techniques with -. . . inherently ,good 

spatial resolution capability, it becomes increasingly important 
. . . . .  . 

to eliminate . . degradation of the readout by mechanically produced 

artifacts. 

A mechanical scanning system incorporating pulsed stepping 
. . . .. . . .  . ,, . . ... . . " 

drive motors for both the sweep and index motions presents scan 

data accurately, without distort ion due to mechanical rnodulertion. 

The sweep speed can be controlled 5y the drive pulse rate. A 

stable multi-range pulse generator assures a wide range of p,recise 

sweep speeds. Two manual digital numeric settings on a "foreward- 
a\ 

reverse" preset counter establish the scan sweep limit. . .A pre- 

selected digital setting also selects the scan index-step increment. 

It is possible to use a digital drive scanner in a fixed- 
.. . 

count-per-unit-area mode of data presentation as opposed to the 

conventional fixed-time-per-unit-area mode. Conventional scanners 

operate in the constant time-per-unit-area and record detected 

events as a variable. With digital scanning, the detected events 

may be used to drive the scan motor (speed dependent, upon count 

rate) which assures a fixed number of counts per unit of scanned 

area wMle time is recorded as a clock pulse. This novel technique 

offers the advantage of presenting uniform counting statistics 

over the entire scan area. 



. - . . . . . . . - . . . . 

A digitally co&rolled systh has ' advantages over ' other 

scanning systems in that'all . ... drive pulses can be utilized exter- 

nally as time and . position . -  signals for data ~ t o m e  or direct 
. .. . . .  

computer use; remote or parallel readout system can be 

synchronized precisely with the basic drive.pulse; operation and 
.. . ,. ... . - 

set-up of . , the . scanning . . . . system is considerably simplified, and the 

internal electrical noise generation usually present.in most 
. . .. . .. . 

mechanically switched devices is eliminated. 

Resolution Versus Sensitivity in Scanning 

P. V. Harper and R. N. Beck 

In an effort to develop a method for optimizing scanning 

parameters, and particularly to find a rational way 03 coxyomising 

between sensitivity and resolution, a series of Brownell's syn- 

thetic scans was shmm to 10 individuals who were instructed to 

score as 100 per cent the picture which best represented the 

object, and to rate the other pictures between 100 per cent and 0 

per cent according to their best judgment. The object chosen was 

a square field containing at its center a disc one-half the dia- 

meter of the field with a 5 to l concentration of activity over 

the surrounding area. As expected,' the scores were low at very 

,fine resolution where thei-e .weie 'very 'few counts and much statis- 

tical fluctu&tion, and kt -very cbarse resolution where ,the .edges 

of the disc were poorly .dePb"ed;.. '' :~~nce:the object contained a 



single sharp contour, it seemed-appropriate t o  xmyimize the slope 

of the gradient of the information density across this contour. 

In crossing the  contok,  i f  there.were in f in i t e  time t o  count, the 
. . . . .  - .  

average t rue  means count ra tes  t~ould be known and the difference of 
.... . . .  

the  average counts per resolution area on both sides of the con- .... .... . . .  , .- 

tour would be N ~ ( R - ~ )  where NOR = counts/resolution area i n  the 

disc, No the counts/resolution area i n  the  surrounding region, R 

i n  t h i s  case being equal t o  5. The uncertainty removed by making 
. . . . . .  

t h i s  measurement would thus be No(R-l), and the infomation gained 

i n  natural units I = I n  N ~ ( R - ~ ) .  since howeverthe scanning time 

is  limited, there is a residual uncertainty due t o  s t a t i s t i c a l  
' ,h 

fluctuation whose 0 i s  &o(~. The information associated 

with t h i s  uncertainty is l n J S m ~  + 1) and thus the information 

gained i n  moving the  detector across the c 0 n t o u r . i ~  

Since .the length of the gradient across the contour i s  approxi- 

mately'the resolution length, d, the information gradient 

it i s  necessary t o  express N i n  terms of d, For a moving co l l i -  
0 

mator system with a focused collimator and constant c rys ta l  dia- 

meter the  sens i t iv i ty  i s  proportioned t o  the  area of view. 

S i m i l a r l y  the time spent looking . a t  any one area i s  proportioned 



to the area of view, scanning times being equal. . . No therefore 
..... . ... 

4 1 K~~(R-1)2' = Kd where.K is a constant. I' then = - In '- 2d 2+ R + 1  

Differentiating Iq with respect to d and equating to zero gives 

5 No (optimal) equal to 2ne x 318 or 349 counts/resolution area. 

This differs radically . . from the experimental situation where 
. . 

No opt 18. This divkrgence disappears however when one con- , 

. . 

siders that in viewing a contour the eye does not look at a 

single pair of resolution areas on opposite sides of the contoG 

but at a number of these distributed along each side of the con- 

tour. The number of counts/resolution area thus becomes 

averaged over a number of resolution areas and if we choose this 
. . 

. . 

number, b, as % = 19 it does not appear unreasonable. Thus 
. . 

. . 
we obtain an expression that 'describes the experimental results 

1 in .NO 
, rather closely, i.e., I' = -i;i - + 2) , when I,' is 

2ne (R - 1) . .  

normalized against the "optimal" picture 'scan as judged by 

observers. 

A hn Animal Counter Using Plastic Scintillators 

D. B. Charleston and N. J. Yasillo 

.The need for a rapid counter for in vivo measurement of 

radioactivity in animls which,is independent of both the activity 

distribution wtthin the animal and the animal size' (rabbits and 

smaller animals), led to the design of an approximate kn counter. 



Unique features of t h i s  design are  found i n  the well  configuration, 
.... 

the  two-piece p la s t i c  sc in t i l l a to r ;  the photomultiplier tube place- 

ment, the animal loading method and the lead shot shielding. 

The detector consists of two ident ica l  NE-102 sc in t i l l a t ing  

p l a s t i c  cylinders 17 inches i n  diameter,, 14 inches long, each with 

a six-inch diameter well. The wells a re  . designed . t o  have a s t ra ight  

cylindrica.1 section six inches deep with a hemispherical bottom of 
. . .  

a. three-inch ra,dius . The two sections of s c i n t i l l a t o r  close 

aechanically, v i t h  the wells facing, , t o  form a well  "capsule" 18 

inches long and s i x  inches i n  diameter. The aniinal i s  placed i n  a 

container of the  same shape as the :fell capsule which i s  inserted 

i n t o  one par t  of the s p l i t  counter; the other counter section 

closes to envelop the  container. The animal i s  thus surrounded 

with a minimum of four inches of p l a s t i c  sc in t iUa t ing  material. 
. . 

The opposite f l a t  surfaces of the s c i n t i l l a t o r s  have 7 
. . 

five-inch photomultiplier tabes attached, one centered and six 

equally spaced around kt. The shielding consists of welded hollow-.' 

s t e e l  conta,iners. Fine lead shot i s  poured in to  the containers t o  

complete the shielding a f t e r  the  uni t  i s  ins ta l led .  The lead shot 

offers approximately 85 per cent a s  much shieldi-np; a s  so l id  lead 

and can be drained from the containers i f  the unit  i s  t o  be moved. 
. < 

With the  s p l i t  s c i n t i l l a t o r  design it i s  possible t o  con- 

s t ruc t  a counter with optimum geometry (4n). Conventional annulus 

counters not only'have a lower geometry fac tor  but reduce the . 

. . .  . . . 
" , 



possible light collection efficiency.   ewer tubes can be 
. . .. . . 

utilized at the light collection surface due to the concentric 

opening. ) 

The' spherical shape of the well ends allows 'each photo- 

multiplier tube to "see" more of the total scintillator volume 

than is possible in the more conventional right-cylinder well 

shapes. The individual sections of the split scintillator present 

a better aspect ratio (ratio of length to diameter) to the light 

collection surface. Both features contribute to better spectrum 

resolution. 

Modification of the ACRH Brain Scanner . 

R. M. Beck, D. B. Charleston, P. Eidelberg 

. and P. V. Harper . 

The ACRH brain scanning system consists of.four scintillation' 

detectors, arranged in opposing pairs, which scan both sides of the 

patient's head simultaneously. These detectors are housed in'lead 

shields which accept interchangeable focused collimators designed 

to give maximum counting,efficiency for..specific gamma energies. 

Detected gammi pulses are fed to a transistorized electronics unit 
. . 

consisting of four height analyzers together with pulse 

forming circuits for photographic recording on two sheets of film, 

one for each side of the patient's head. Photopeak gamma pulses 

from each channel produce bell-shaped spots on film by means of 

pulsed light projectors . 



For each channel, e, calibrs.tion s tep wecige i s  produced on 

t'ne f i lm record by a random pulse generator which produces count 
.. . 

r a t e s  of 100 t o  9500 counts per minute i n  twenty-six steps of 20 

2er  cent increase. This j ? e r ~ i t s  a quantitative measure of the 

count r a t e  a t  any point on the pa t ien t ' s  head. 

Small Lights i n  the center holes of collimators on one s ide 

a r e  focused on photodio2.e~ i n  the ogposite collimators, Signals 

produce@ by t h i s  system outline the pa t i en t ' s  head on the film 

record and reverse the scan directiofi t o  ninimize the  time spent 

i n  scannifig beyond the head. A dual channel opt ica l  system re-  

ccrds data r e l a t ing  t o  the scan (pa t ien t ' s  naxe, isotope injected, 

scan speed, etc.  ) on each' filnl record toget'ner with an a,gpropriate 

LEF!! o r  RIGHT mark f o r  unanbiguous identificatiofi  of the f i l m .  

Using 99nkc and a scan speed of 2.5 cm/sec., this system 

produces pictures of conventional qu.ality of both sides of the  

pa t ien t ' s  head i n  90 seconds. I f  the scan time i s  extended t o  

15 minutes, the scan pictures a r e  decidely improved. 

.As'originally designed, these detec'cors were shielded by 2" 

th ick  lead, adequate f o r  gamma energies up t o  tha t  of 1311 (364 k e ~ ) .  

The weight of these shields (approxip,tely 275 lbs .  each) l imited . . 

the  m a x i m u m  safe  scanning speed t o  1" per.second, while t h e i r  

physical s i ze  l imited the brain area which could be conveniently 

scanned i n  patients.  wikh short  necks. 



For gamma energies below 200,keV, adequate detector shielding . . 

i s  obtained with much l e s s  lead. Shields, consisting of 1/2" thick 

lead have been constructed t o  .replace .the more massive shields. 

These a re  mounted so tha.t the separat.ibn can be conveniently t%rieZ 

from 8" - to  14-1/2". Thus the device .can be used :iith low energy 

g s m . r a y  emitters for  l iver ,  lung, kidney and thyroid. scanning, 

i n  addition t o  brain scanning. Collimators have been designed for 

each of these procedures. 

h5odificetioc of the patient cot has been undertaken t c  

f a c i l i t a t e  ra t ien t  handling. The scan. n o t o r . i s - t o  be replace2 

with an inpulse motor t o  achieve a wider range, of s table  scan speeds. 

Modification .- of the Picker Magr~ascanner 

R. N. Beck, D. B. Charleston and P. V. Harper 

The collimator-detector asseubly of the Picker Wignascsnner 

was designed f o r  use primarily with gamma ercitters i n  the energy 

".range betveen 200 - 500 keV. To'hprove the  sensitivity* and re- 

so lu t i  or? st Lfver' e ~ e r g i e s ,  a*n auxiliary,  l i gh t  rTeight, low 'energy 

pzobe has been.attache8 t o  the .Pickek dztector ciirriage. Tnis Ce- 

t ec tor  consists of a 1.75" diameter X 0.25" thick Nal (TI) c rys ta l  

with a beryllium wind0r.r and an EM1 2" photonultiplier tube. 'l'l~rec 

interchangeable collimators having 253 tapered holes provide r e -  

so1utiat.i~ of 0.156", 0.218" and 0.314". To 'maximize collimator 

efficiency, septum thickness has been .reduc;ed t o  approximately 0.310", 

whick is adequate f o r  gamma energies up t o  approximately 140 keV. 



Pulees. from t h i s  detector  can be routed. through t!ze Picker 

e lec t ronic8 c i r cu i t 8  and recording Systeai, o r  through 8.r' a~.!xi.lia-.r 

ampliffer-pulse height analyzer and l i g h t  projector  \.riiic:~ o2crst;c 

independently of t h e  Picke'r system. The auxiliar;? ligi!i; lira- 

j ec to r  produces a bell-rhaped spot  on filrn f o r  each 3t:tectect 

gamma. .These spots  overlap t o  form a smooth $mace of t i h  d i s t r i  - 

bution of r a c l i oac t i v i~y  with a minimua of "spot ctruct.v.t.e,!' In 

addit ion,  t he  scanning speed has been increased t o  3" per second 

s o  t h a t  t h e  space-between scan l i n e s  can be reduced. T::is has 

t he  e f fec t  of reducing the  recorded' " l ine  s t r uc tu r e ,  !' The 

ove ra l l  e f f e c t  is  a s i gn i f i c an t  improvement i n  p ic tu re  qua l i ty  f o r  

a given scanning time and rad ia t ion  dosage t o  the ~ a t i e c t .  

Modification of a Laminated Iron Room by the  Addition --.- --- - - 
of a "Drawbridge" Type Patient  Transfer IZSse?bllr J 

f o r  Whole-Body S c a n n i a  

D, B. Chsrleston, E, Mason and J. J. Stupka 

. A s a f e  t r anspor t  device f o r  posit ioning rion-ambu1ator:r 

pa t i en t s  i n  a whole-body counting c e l l  is  a. neceaeity f o r  bioio.. 

g i c a l  and medical reeearch i n  a ,hospi ta l .  A mechanical S : ~ S ~ ~ C I  

has been designed t o  serve as a pa t i en t  t r an s f e r  2ot sri.'i/or t h e  

t r anspor t  mechanism f o r  a whole-body l i nea r  scanner. 

In the scanning mode of' ogera.t;icin, $ s~1bJect is  :;XI-.red. 

slowly i n t o  t he  i ron  .room past f i ~ e d ' t ~ u l t i p i e  de t i ? c to~s  :.~::icYi 



... have s l i t  or focused collimators; In t h i s  way a plot  or  data record 
. . . . . . . . .  

of the radioactivity dis tr ibut ion over the 'length of the subject 
. . . . . , . . . . .  

is, produced. . . .  

The 'drawbridge" system design lowers the por ta l  shielding 
. , . . 

(lead) through a 90' arc,  from the upri$ht o r  por ta l  shield position 

over the opening i n  *he face of the iron room, t o  a horizontal 
. . . . 

position. The shield then becomes part  of a support tab le  f o r  the 

patient t ransfer  cot,  After the subject i s  moved in to  place within 

the c e l l  fo r  whole-body counting (no scan), the "drawbridge" shield 

is  raised back in to  the por ta l  shield position u n t i l  the count i s  

completed. Since the detector within the c e l l  w i l l  have additional 

shielding and coU.imation when operating i n  the scan mode, the  

shield can remain 'in the open position '(horizontal) .during the scan. 

Negligible background contributio'n , i s  noted i n  the  scanning con- 

figuration. 

The "drawbridge" ,design was selected because. it has the 

following advantages: - . 

Safety: No hinged or  s l iding doors in ter fere  in the patient 

handling area. The shield mass is  positioned .under the 

,patient cot. , . 

Siz,e :. When not - i n  use, , the device is i n  the upright, positipn . 

: a t  the  face.of the.cel1.  The .external drive. mechanism 
." - - - . . .  . . .  . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . . . . . , .  

. . 
occupies minimal f loor  space'outside the ce l l .  The . - - . . . .  . . . . . . . . . .  - . - . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

system does' not in ter fere  with the  in te r io r  placement _ . , .  _.-._ . . .  _ .,._ ^.. . 

of crystals  or  equipment. 



. . .. + . \. . . . . . . . . . . . .* , . . , . .  . ,. . , . .  . ". 

Versatility: The transport . . mechanism doubles as a patient .. . trans- 

fer cot and a scan drive he'chanism. The addition ' 
. . . . - .  . 

of the "drawbridge" . .  , .  system does not alter the whole'- 

body counting capability of the iron room. 

Economy : The portal shield becomes a support table and part 

of the drive mechanism (reducing the amount of 
. . 

construction and structure). The same instrumentation 

and equipment (including detectors) can be used to 

perform both the scanning function and the whole- 

body measurements; additional electronic equipment 

is not necessary. Additional space and work area 
. . 

are not required. 

. . Behavioral Indicators of Smll or Transient 

Lesions in the Nervous Svstem 

Routine methods of pathology do-not show changes in.the adult 

central nervous system (CNS) at radiation levels which: induce. , 

easily detectable changes in other cell systems, Furthermore, . 

morphological or chemical changes in individual cells of the CNS, 

due to normal plasticity in behavior of the whole organism, are 

exceedingly difficult to find even though these behavioral changes 

may be massive and obvious on a macroscopic level. These facts 

suggest that organism (system) behavior may be a more. sensitive 



detector of the effects of low radiation levels than individual 
. '  . . . . . .  . 

. . 

cell behavior, sndrecent dvidence from both Amerzcan and Russian 
. . .  

. . .  . . .  

sources tends to confirm this. Altered macroscopic behavior of 

an organism may be regarded as a sensitive biological.'amplifier 

of subtle CNS change; it also indicates how those CNS changes are 

important to the organism in relation to.its external environment. 

An a?alogous situation exists . . in neur,ophysiology: appli-. 

catiBn of a? appropriate stimulus to the .brains of lissencephalic 
.. . 

animals induces . a . transient loss of CNS function known as . . 

"spreading depression. " Several measurable quantities (electrical, 

vascular, ,metab,olic, etc . ) disclose the. temporary effect, though 
none indicate a permanent change. At the. same time, by mani- 

pulation of environmental factors, relatively permanent 

modifications of behavior may be induced,. characteristic of the 

state of the CNS during the reversible lesion.. Such behavioral 6 . . .  

modif.ications, when corre,lated with altered functional, properties, 

of the. CNS as deduced from the measured .physiological.changes, . . 

provide information about the . neural . basis of beha<vior. ' In 

addition, the feasibility of behavioral methods for indicating, . : .  

small. CNS changes is, demonstrated.. . . . . . .. ' '. . . 

.Work is in. progress, . . using .chronic rat preparatisns, 1) to 

develop behaviora1,situations ~. . . with optimum.sensitivity . . .. . . . to the . . . . ,. 

effects.. of cortical . .  , spreading depression and, . '2) , using a ,.tech- . ,  . ' .  . . 

nique developed,here which continually monitors brain electrical 



activity in an unanesthetized and unrestrained rat, to measure 
. .  . 

detailed .- .- electrical changes resulting from spreading depression . . 

simultaneously with measurement of behavioral responses. 

Technetiwn-99m as a Scanning Agent 

P. V. Harper and K. bthrop 

The physical characteristics of '%c -- its 6-hour half- 
life, clean 140 keV gamma, and absence of particle radiation 

(except for conversion electrons) make it ideal for clinical use 

from a dosimetric point of view since it is available as the 

daughter of the 2.8 day molybdenum-99. brge doses of the isotope 
. . .;+ ... :... give trivial radist ion dosage (1 me .e*knly.1 di.~$~~buted.i gives . 

approximately LO m rad total-body dosage). Since up to 2 per cent 

of the injected dose is trapped in the gland in euthyroid 
- 

patients, the localization of Tc04 in the thyroid gland permits 

scaJlning when 1 to 2 mc'are administerea. This trapping is in- 

creased by a large factor in hyperthyroidi'sm, so that hot nodules 

are particularly well demonstrated by this technique. Pertech- 

netate also pedts visualization of the salivary glands and 

stomach although no great clinical use has been made of this. 

- 
Intrathecal Tc04 disappears with great rapidity (TlI2 , 2 minutes), 

- 
but after pretreatment with C104 , which paralyzes the concen- 
trating (deconcentrating ) mechanism of the choroid plexus, the 

activity stays in the subarachnoid space fok hours ,and may be used 



. . 
f o r  cysternography or  myelography. Plasma albumin tagged with 

9%c may . . be used f o r  blood pool scanning, and, when . aggregated, . 

fo r  lung scanning. Technetium sulf ide carried on sulfur  colloid 
. , . 

behaves l i k e  col loidal  , gold, . and may be used f o r  l iver ,  spleen, 
, 

and bone marrow scanning. A s  the thiocyanate dissolved i n  f a t  

emulsion, 9%c is localized i n  the polygonal c e l l s  of the l iver .  

A s  the  glycine complex and f e r r i c  hydroxide complex, it i s  ex- 
, .  . . 

creted rapidly by the kidney andmay be useful for . rena1 scans. 

The very high a c t i v i t i e s  which may be used resul t  i n  great ly i m -  

. proved collimator resolution and scanning speed. The moderate 

energy of the  gamma permits very ef f ic ient  shielding, collimation, 

and detection with l i g h t  weight probes. The cost and avai labi l i ty  

a re  reasonable., . . 

The Phamcodynamics of ~echneiium. pert  echnktate ( ? % c 0 d '  
. , 

P. V. Harper and K. "Lathrop . . 

Pertechnetate behaves i n  the  body i n  a manner . :  similar t o  
. . - - - 

iodide, C104 , Re04 , BF4 , ~ t -  and, t o  a lesser  extent, a number 

of si,milar ions. I n i t i a l  dis t r ibut ion i s  i n  the extracellular 
" . .  

spaces with trapping by the stomach, thyroid, and salivary glands, 

and exclusion from the  spinal f l u i d  by.the choroid plexus. This 

t local izat ion can be prevented by administration of suff icient  

amounts. of perchlorate,  or iodide, presumably, by c.ompetitive in- 

hibi t ion or saturation 'of the local%aing mechanism. 



%he blood tii8appearance curve faUodng icL1na:-rar,c~us adminis- 

t r a t ion  rer%?m$le8 that of iodide, e6l~LoIigk" a s O X L ~ F J : ~ ~  /;~3.&+& 

f&setion of the injected doae is carried i n  the phrsma'due t o  loose 

pr&tein binding, wMch i s  amarhbtt gGea.f,er then wf-kh iodide. .As 

time goes on, the Tc ersth%ity i s  locaL.Lzed t o  an ?:LACP~ELY$~~ &e,nt 

i n  the l ive r  =d in tes t ina l  +,rack presumably due ' t o  redl.acPuS:3n of" 

- 
the TcQ4 . This i s  reflec3ed in the excretion pattern. l3-1 human 

beings, about ha33 of the Tc is excreted in the muat of 6% 

on the f i r a t  day, and abouk, one-third i s  ,excreted in ,t%e feces 

during the second and third days a f t e r  etdlrriSnistx&tfon. 

In mice the i n i t i a l  $ocaLSzatfon of 30 per  ee*t of the  in-  

jected dose i n  the etmach makes this t h e  c r i l i ca~b  organ from the 

point of v iew  of. dosimetry. The thyroid locaLizatf on in miace 1.s 

reduced by adminflstration of t w o i d  hormone, mid no% 

increased by TSH or g ~ o p y l t ~ o w a e f l .  '231s T/S ratis i s  about the 
- 

same a s  for icdidle., so that TcOk i s  a f a i r  Fndicator for $he 

ac t iv i ty  cf the thyrof d trapping mecbrt~ism. 2n kumn studies 

netate whlch f a  'essily washed a% with perchlorate. 
' .  . . 

P. V, Harper and X. S p r .  

We have been working i n  collabo~atlean w 5 - h  B a l k  and Spar 'of 

131.. the University of Rocheater on %he use of 1-antifibrinogen a s  



a diagnostic and possibly therapeutic agent. This material pre- 
. . 

sumably combines with circulating fibrinogen and is carried dukn 

in regions of the body where fibrin is being deposited, as in a 

tumor causing.a reactive inflatmation in its stroma or the 

surrounding tissue. In approximately half of a wide variety of 

tumors, localization was sufficient to permit clear visualization 

on scanning, and in several of these was sufficient to justify 

. .,administration of a therapeutic dose. One method of' enhancing the 

localization is by administration of epsilon-amino-caproic-acid to 

inhibit fibrinolysis and prevent mobilization of deposited activity. 

Another.method fs to irritate the .tumor to increase 'fibrin de- 

posit ion. . -/ 

Removal of the residual cir,c+ting activity to reduce the 

background in the 'case of scanning, or the total-body radiation 

in the therapeutic situation, is possible by administration of an 

antibody 'to the antibody. An amount of goat anti-rabbit gamma 

globulin equivalent to the amount of rabbit anti-human fibrinogen 

(about 0.1 mg) is administered intravenously. The antibody anti- 

gen reaction. takes place in the circulating plasma, and the anti- 

bodyantigen complex is removed from the circula;tion in the liver 

with. a half time of approximately '6 hours, metabolized, and. the 

iodine-I31 excreted, This procedure has been carried out in 2 

patients, of whom one, having only a suspected tumor, ,=meted 

the iodine rapidly in 48 hours, . . In the other, who had an extensive 
. . . . 



tumor, there was a rapid disappearance of the  act'Svity: from the  

c i r c u h t i n g  plasma but the total-bow ac t iv i ty  disappeared much 

more slawly, approximately 20 per cent per .day, suggesting tha t  

the  t h o r  was holding antibody t o  fibrinogen. 

It i s  our feeling a t  the present time that this study, while 

of in teres t ,  i s  not a subsbnt ' ial  help i n  the  management of 

malignant disease, because of the rather  unpredictable uptake and 

because the  .therapeutic poss ib i l i t f  e s  seem .too meager t o  j ~ s t i ' f y  

'broad screening. 

ShortiLived Ibotopes 

.Po.  V, Harper, K,. Fa;throp apd E; Sehniidt 

Short-lived isotopes a re  'a3ailable: t o  us from 1 )  a, longer- 

l ived  parent, 2) reac tor  3)  cyclotron or 4).  li near acceleration 

(y-n). Although these a r e  .the most common and f lex ib le  sources, 

reactor- or .cyclotron-produced isotopes must have half-livea of 

several hours t o  be of much ,use a t  t h i s  . Ins t i tu t ion  because of 

transportation problems. 

~brusa l  of the  existing '&rent-daughter p a i r s  reveals two 

vhose p.6s$ible medical uses have not beenexplofed, 144ce ' ' 

. . 

(280 d )  - 1441?r (4 min, 98 per cent. 3.5. MeV f3) and U 3 ~ n  ( l l 2  d) 

- lU% (1.7 hr, 390 keV y ) ,  Attempts a r e  currently i n  progresi 

t o  devise methods of separating these daughter.isotopes in to  forms 

t h a t  might be useible m e d i c i u .  The 17-min ~ i w o u ~  be most' 

sui table  f o r  flow studies using an intravascular detector. In 



such.studies that use phosphorus for instance, ,prohibitively . . . . . .  .... . . . . . . . . .  -,.- " . ,  - .  . . 

large mounts of isotope must be given, Another possible use 
" - ." - .  - - 

might be therapeutic 
. . . . . . . . . . . .  . . .  

irradiation . - the gastric mucosa, 
" . . . . . . . . . . . . . . .  perhaps 

. . . .  - -  . 

even withcut enclosing th; isotope, since with carrier there is .,.. - .. * .  . * .  . . . , . ,. . 

little absorpt%on and thus little distant and no long-term 

radiation. The Sn-Ln pa,fr has also been separated, though not 

completely, in a resin column and its chemical parameters are 

being exp+6ked. Thepossible uses of the indium are completely 
*'(p 

unknoivn, The early localization has not been studied, 

Accelerator-produced isotopes exist in wider variety. As 

an exmple, the present Argonne Cancer Research Hospital linear 

accelerator, using-25 MeV electrons with a beam current of 0.02 

@;and a one-eighth inch converte~ plate of lead, produced 

200 pc/gm of 7-minute potassium-38. With the beam current and 

energy increased, the field may be improved by a factor of 100 

or more. 3 8 ~  should be an ideal agent for coronary flow measure- 

ments. Since it is a positron emitter, detectors c m  be designed 

to give &ost complletely uniform sensitivity in the region of 

the heart without absorption or collimation effect. The sensi- 

tivity can thus be calfbrated directly, and the fmctfon of 

activity remaining in the myocardium after the,first recirculation 

should approximate the fraction of the cardiac output going . . 

though the coronaries. In such a system, accelerator-produced 

124* chlorine-34 would be used to measure extracellular space, and 



albumin to measure the intravascular spaces. Such possibilities 
. . . . . .  . __ . - . . I  " .  . . . . . . . . .  - . . . . . .  . . . . . .  

give glimpses of vistas which.support the consideration of a small ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cyclotron and/or reect or for t'ne Argonne Cancer Research Hospital 
. . . . . . . . . . . . . . . .  

progrm . 
. . . . 

The Mapping and Display of 3-Dimensional Isotope - - 
Distributions 

. . .  -- 
P. V. Harper, R. N. Beck and A. Gottschlk 

- .  
The development of scanning techniques during the past 

. . . .  . . ,. . . . < .  

several years has teen a number of directions. Theoretical pro- 
. . . . .  . . 

gress in comparison criteria including the statistical figure of 
. . 

merit, modulation transfer function, and information theory 

farmulation, has led to deeper insight into some of.the problems . 

and has permitted optinization of collLmator and dekector design. 

The development of superior scanning agents such as '%c md 

scaxming modes ~rhich rap the activity in a plane, as in tomography, 

together with the recent availability of camera-type devices, has 

focused our attention on approaches which were inconceivable until 

recently. FOP instance, by scanning with a camera in.the trans- . . -  .- . 

verse section mode, the entire isotope distribution in the field . . 
of .vie?r' of .the' detector is mapped in a series: of slices, giving . . . . . .  . . .  

a' . . . . - .  complete . . . . . . . .  3-dimensional representation. We are enga.ged currently 
. . . . 

in a study of the most efficient and economical approach to the 
-,.. l . . . ,  . - . . .  C . . . . . . .  . . . . . . . . .  . . . . . . . .  , "  

reduction of this date. By replicating equipment, the mrLous . ' 



levels can be presented simultaneously as an array of section scans. 
.- .. .,._ .*.., , . ..... ...- ̂ ....... . . .- . .  .̂. . .> . . . _  . ^  . - . . . . . . . .  - . I . .  * . . 

It would seem more 'fl~ible however, if any a plane at any angle 
- " " -  " , . .  . . . . . . . . . . . . . .  " . -... ^ i ... _.. " . .  " .. .- .. ).,_,. .. -.- _ , , . .  . . . . .  . . 

, . 
through the object could be presented. The digital approach to this 
. . . . . . . . . . . . . . . . . .  i . . ,  . "." _ . , . /  "*.. . . .  . -  - _ . . . . .  - . - .. 
problem . .-<. # involves immense and expensive . .  (or i31uinsy) memory equip- ..... _,  _.. . .  ,.. ........ . *  ̂  . . -  . .__ - ^ _ .,_. _ .. _ _ _ . " . .  % . . . . . . . . .  

ment. An alternative apptoach wbuld be to reconstruct an image - - - . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . .  .. ................... . . . . . . . .  

by ..* - -  - projection - . . of pencils -.. - o f  . *  parallel light from the same angles 

8s the original scans through photographic . . . .  records of scans done 
. . . . . .  - .. . * .  . . . .  , . 

from many angles. Intersection of the pencils of light would now - . . -  . .  - 

produce an image by reinforcement, as is done in . . . . .  the 2-dimensional . . .  
. . .  . . . . . . .  ....... - . . . . . . . .  * . . 

display, and any plane could be read out by inserting a sheet of 

fluorescent material into the image space in the desired location 

and orientation. 'bhether images produced by this technique would 
. . .  

be of adequate quality is not immediately evident,'but the likeli- 

hood seems to us at this point great enough to be worth a trial. 



, CLINICAL AND EXPERIMEMTAL Sm.IES ON. THE 
. . 

EFFECTS . OF RADIATION - 
Impairment inDelayed Response Following Bilateral 

~estruction of the Dorsomedial Nucleus of the - " - - - -  

!lkalamus in Rhesus IJIonkeys 

Although the,cortical connections of the association nuclei, . .  . .  - .  " . "  . ~ . .> ,. . . . 

of the thalamus suggest .that these nuclei are closely linked 
.... . . . .  ........ .... . . . . . . . . . . . . . . . . .  . ..... .. ^ - *  _ . . . . . . . . . . .  

functionally with the cortex, the nature of the thalamic contri- 
. . . I . . . , .  . . " . ) _  . . 

bution to corticai function is not understood. It has long been . . . . . . . .  

known that bilateral lesions .of the frontal association cortex 

in monkeys consistently result in impaired dehyed response per- . ,. 

formance.. Attempts to induce similar deficits by lesions in + 

the dorsomedial nuclei of the thalamus have previously been re- 

ported by other workers, a d  with negative results. The present 
' $, 

experiments were undertaken to determine whether the lack of 

effect of dorsomedial lesions, which has heretofore been found, 

may be a consequence of incomplete destruction of these nuclei. 

In the present study the lesions were. made, by, stereotaxic im- . . . . . . . . . . .  . , .  . . . . . . . .  

plantation of; small @?ray sources in the th~lamus, rather than ........... _I . . . . ._.  U - . -  . . . . . . . .  . . .  . . t ,  

by the customary electrolytic technique. The sources consisted 
.. . .  C -  .-.-. ...... * -  A . . .  <...&..I + b  ..... * .  

v .. 

of pellets of yttrium oxiae, .containing yttrium-90. .... " ... I . . . . - C . . "  .......... :.-I f .  .I...I ,... - . . . . . . . . . . . . . . . . . . . . . . . . . .  .- 

Pre- and postoperative"training * . . .  in delayed response and in 
... --. .,........ --. . . . .  -.- .,-.-. ....... - -  .,." . . . . . . . . . _ . . . . . I , . .  . , .. ,.' . - - 

a conditional visual discrimfmtion test IJE~S given to 9 rhesus 



I monkeys. The dorsomedial nuclei were completely, or nearly com- - - -  - .  - . .  . - 

pletely destroyed in 3 subjects. Among the others, the degree of ..... . . . . . . . . . . . . . . . .  ...." - . *  .., . "  . . _ . .  . .  - 

' i  destruction of the nucleus ranged from approximately 50 per cent - . . . . .  . .  * "  . . . , .  . . 

1: bilaterally in the animal with the smallest subtotal lesions, to 

, 98 per cent on one side and 90 per cent on the other in the .. " .  

, animal with the Largest subtotal lesions. 

All of the subjects with complete, or virtually complete, a 

. .H 

.f, bilateral destruction of the dorsomedial nuclei showed severe and 
'!: . . , . . 

s.;!. . . enduring impairment in delayed response performance . Among the . . . . . - 
; e . , 

:'r6 subjects with subtotal lesions, 5 showed either postoperative 
! $ 

$Qavings or slight impairment, and one showed marked impairment, , 
t 

. . 
* 

Collowed by improvement with prolonged postoperative retraining. 

The relation between the extent of the subtotal lesions and the 

postoperative performance in delayed response was not a consistent . 

one. Thus, the animal with the largest subtotal lesions showed 

essentially no impairment in delayed . response. 

All but 1 of the 9 subjects showed postoperative impair- 

ment in the visual discrimination problem. This was much less 

severe than that in delayed respon~e,~an,d all of the animals 
. . , , .  , 

eventually established criterion postoperatively. 
. . .  . ,.- - , ... 

It was concluded that the dorsomedial nucleus is an essential . . . . . . .  . n ^ . *  C <  .... e" . .  .(. . . . . . . . . . . . . . . . . _ . . . . . . . . . . _ . . .  "... 

component of the mechanism requfred for the central. retention of . . . . . . . . . . . . . . . . . . . . . . .  . _ . /  ..... * . .  . . . .  " . _ . . . . . . . . . . . . . . . . .  . , , "  . . .  . "  . . ,. 
I 

transient events, that the nucleus exhibits a high degree of equi- . . . . . . . .  - -  *.-a - . " ,, 

potentiality in regard to this function, and that only a small 



remnant may suffice for normal performance. The individual . . . . . . . . . . . .  ,.." .. ...*.-.... . .  - . . .  ~ - "  ....... . . . . . . . . . . . .  . . . . . .  

variation - . in . . , -  vulnerability to subtotal lesions reniains unexplained. . - . . . . .  - . . .  - . .  . ~ . , .. 

It ... is believed that the nature of the impairment in the visual - - . . . . . . . . . . . . . . . . . . . . . .  . . . .  

discrimination task was ndt primtbri l y  'an interference with the . . . . . . . .  . . P .  . . .  . . 

general set to respond differentially. There was some evidence . . . . . .  . . -  . . . . . . . . . . . .  . . 

suggestive of posterior localization within the dorsomedial - - , -  . .- 

nucleus in regard to the visual discrimimtion problem. 

. The Destruction of S m a l l .  Volumes .of Tiskue 

. . 
with Beta,Sources 

P, V. Hrtrper and K. Iathrop 

A study that started out over ten years ago as an effort to 

achieve hypophysectomy without major surgery has blossomed into 

a nwnber of experimental and clinical projects. Destruction of 

the hy-pophysis with fmplanted yttrium-90 sources has become a 

, rather widely used procedure. Recently the technique was modified 

by the use of a strong strontium-90-yttrium-90 source applied for 

a short time. This was attended by considerably fewer compli- 

cations and produced equally good results. The same 'source has 

been used extensively by the neurosurgeons for interruption of the . . .  

pain tracts in the spinal . .  cord (at . . . _ .  C-2) without open .operation. ..& ... . . .  . . " _ _ .  .* . . . . *  _ . . . . . . .  - .  

Yttrium sources have also been used most successfully.by 
- .  . . . . .  s.. "...* . - -  ............... . . . . . . . . . . . . . . . . . . . . . . .  " "  

the ne"&ologist s to produce , experimental lesions of the thalamus -.. *.i .... . ...... ,. . . . . ._.. . .  "..d . . . . _  . . - -  . . -  . . . . . .  I . . . . . . . . . . . . . .  

in monkeys. The cardiovascular group has used them fnattempts .to 



. . _  . " . _  . . _ _ < , _ _  . . . .  ̂ < .  .. ._  . . . . . . . . . . .  . . . . . _ . _  . . . . .  _ . . .  

produce . . . . . .  , experimental coronary damage, and to produce myocardial . .  . -  . . . .... 

infarcts.and conduction defects. Smaller lesions . . . .  have been pro- 
" .  . . . . . . .  - .  - . . .  .... 

duced with palladium-109 sources in the globus pallidus for the 

control of Parkinsonism, and the auditory physiologists . . . .  have pro- 
. . *. 

duced medulLary lesions . . .  in cats with similar sources. . . .  The . . . . . .  

opthalmologists , . have . . .  studied the effect of intense B radiation . . . . . . .  ... 

dosage to the sclera using yttrium-90 sources. 

The characteristic which makes these sources so favorable 

for the above studies is the very sharp localization of a very 

intense radiation field, producing destructive radiation a 

millimeter or less away from trivial radiation, s0.tha.t the 

lesions are very discrete, well controlled, and circumscribed. 

The original photographic dosimetry using the method of Tochilin 

and Golden, appears to be satisfactory. 

Strontium Cordot omy Report 1964 

J. F. Mullan 

One hundred and thirty-six percutaneous strontium 

cordotomies have now been performed for 89 patients suffering from 

intractable pain, mostly due to terminal cancer. There has been - . . . . . . . . . .  

no mortality in the series and 80 per cent . . . . . .  have had satisfactory . . . . .  . . . . . . . . . . . .  - ..-- ...... + . - - . . . . . . . . . .  * . .  
. , 

relief from their pain, Failures due to inadequate . . . . .  dose occurred . . . . . . . . . . . . . . . . . . .  . . . .  . . . . .  _ (  I .-- . .  ,,. 

in 10 per cent while subtdtal relief of pain, unpleasant . . .  ... .- .*-. ............. .," . . . . . . . . . . .  .* . . . . . . .  - .. _ ' '  I . . . . .  

paresthesias, or some degree of weakness provided less ,than 



optimum resul t s  i n  another 10  per cent. This high incidence of . . . . . . . . . . . . . .  _ _ _  ..._,..+.. < -._. _ . . * _ "  ....., _.., ._-.,I.- . . . . . . .  ." . _ . , . _  ._  

sat isfactory resul t s  together with the complete absence of . . . . . . . _  . . .  . . _ *  . - _ . _  . . . . . . ._.. . .  _&C _.... - . .  _ *  ......--. . _ . . . . . .  " 

mortality indicates the  def in i te  superiority of percutaneous . . . . . . . . . . . . . .  .< ..... - .  - . . - . .  . . - . . .  - ......- . . . . . .  < - . . -  .. ...-. - .  

strontium cordotoqy over c lass ica l  surgi'cal cordotow. 
. . . . . . . . .  .< . . . . . .  . .  . . .  - . . . . . . .  .... 

The long-term resu l t s  of any form of i r radiat ion a re  always 
- . , ,  . . . .  * *  . . . . .  . . .  . . . . . .  

a.source of concern and since most o f ' ou r  pa t ien ts  have had .. .. . -  . . . . . . . . . . .  . .  * . . .  - .  . . 

terminal cancer, there has not been a good opportunity t o  evaluate 
. . .  ,* .... - . . .  . . . .  . . . . ... 

t h i s  aspect. - - ." - ., . v , . .  - .  
Iqe do, however, have 8 pat ients  who have l ived more 

than 1 year a f t e r  the  procedure. Three of these developed symptoms - -  . . . . . .  . . . . .  . . . . . . . . . . . . .  . . 

of motor impairment and 2 developed abnormal motor signs without 
k .  . . .  + . .  . . .  . . , .  . , 

any subjective o r  objective weakness. The 2 with the  most marked 

symptoms had two cordotomies each as the  first one had not pro- 

duced a lesion. The t o t a l  periods of i r radiat ion were 50 minutes 

i n  one and 60 minutes i n  another. The other 3 had periods of 

i r radia t ion  of 30, 30 and 25 minutes. With experience we f e e l  

t h a t  the  period of i r radia t ion  should not exceed 20 minutes when 

the  needle is  i n  apposition with the  cord. A s  some of t h i s  evi- 

dence of motor impairment did not appear f o r  6 months o r  more 

a f t e r  the cordotomy, the  resul t s  of an even longer follow-up period . . ., . 

w i l l  be of special  in teres t .  . . . . . . . .  * , ,  . . . . .  

In the  last year Mr. Grotenhuis of the Minnesota and ....,.. ....-.. % .-.-.-..* - . , . -  . " - -  % . . . . . . . . . . . . .  .-...... . . .  . . - . , . . 

Manufacturing Company, has succeeded i n  duplicating Dr .  Harper's 
..& -. .- ., . - .- . " . - - . n .  . . . - . . . . . . . . . .  - -  - * - 

e . ,  . . . . .  
or ig ina l  strontium needle i n  a very sat isfactory manner so tha t .  . . . . . . . . . . . . .  _ _ &  --._ 3 . - , .  . .  _ .............._.. % .  . - . . I .  

it may now be obtained on a commercial basis. 



This work . . . .  was reported t o  the Harvey Cushing Ne&surgical . . .  
. . . . .  . . .  

Society a t  its annual meeting i n  Ins Angeles i n  - . . .  April 1964; a s  a . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . 

sc ient i f ic  exhibit and i n  papers a t  the VII International Neuro- 
. . . . . .  . . .  . .  . . .  . , 

radiologicum Symposium i n  Mew ~ o r k  i n  September 1964, and a t  the 

International Symposium on Pain in  Detroit, October ,1964. 

The Use of Law Energy F%oton Emitters f o r  

I n t e r s t i t i a l  Therapy 

P, V. Harper and K. Irrthrop 

I m  energy photon emitters may produce gamma radiations, or 

fluorescent x-ray, following internal  conversion or electron cap- 

ture.  . . To be useRtlj they should have suitable penetration and a 
. . 

reasonably long h a l f  - l i f e  t o  preclude the handling of Large m i l l i -  

curie quantit ies f o r  the production of therapeutic radiation 

f ie lds ,  and production methods and costs must be within reach. 

The chemical form of the isotope poses some limitations. Ten-day 

cesium-131, which emits 30 keV fluorescent x-rays,' must be used 

i n  sealed applicators as must 60-day iodine-125 which emits 

princip'slly 27.3 keV x-rays, a s  does 58-day tellurium-125m 

(daughter . . . . . . . . . . . . . .  of 2.7 year .* antimony-125). The great advantages of the 
. . . . . . . . . . .  

low energy.emitters a re  the ease of handling . . . . . . . .  and shielding, and . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  w . .  

the local izat ion,of  the . . . . . . . . . .  radiation - - f ie ld .  The penetration of the . . . . . . .  . , - . . . . . .  . ., . . ,  . .  ... 

low :*.. _ . _  energy photons through .t issue, even when the half-value layer . . . . . . .  + . . . . . . . . . . . .  ." ., - . . . . . . . . . . . . . . . . . . . .  - . . . . _ . . . . . . . . . . . . . . .  " . 

i s  a s  low a s  one cm, i s  suff icient  t o  give a relat ively uniform . . . . 
.. - 



radiation f i e l d  i n  the region of the implant, O u r  c l in ica l  experi- 

ence has been limited t o  this energy using paUUum-103 a s  the 

radiation source. The material i s  produced ei ther  by proton ac t i -  

vation of rhodium-103 or neutron activation of lo2pd. Twenty-five 

patbents with a variety of inoperable lesionsj have been treated 

with various forms of implants during the past 5 years, and signi- 

f icant  pa l l ia t ion  has been achieved i n  many caserile 

A General Method f o r  Internal  Dosimetry of 

Objects of Arbitrary Shape 

P. Tb, Harper and E, Schmidt 

Analytic expressions f o r  the  average radiation dose t o  an 

obdect containing a uniform distr ibut ion of a gmtm emitter exist  

only f o r  a few sfmple shapes, and then only when attenuation is 

neglected, i.e,, when sca t ter  compensates fo r  absorption. For l o w  

energy emiL%ers where attenuation becomes significant, and f o r  

odd-shaped volumes, nwnesical integration must be carried out. 

A simple program has been devised b which the volume is 

made up of sqmre rod-shaped elements of awslsw lengths,* A 

library i s  constmeted of the interactions of such elements of 

* I 

This allows any shape t o  be reproduced with the desired degree 
. . 

of accuracy, and includes most c l in ica l  situations . 



various lengths a t  various distances. Using such a l ibrary,  t he  

desired shape may be constructed of rod elements, and the pre- 

viously determined interact ions  summed, thus carrying but .  the  

double integration.  The interact ions  between the rods a r e  s e t  

up f o r  a given gamma energy using the observed goint source dose 

gradient i n  the  absorbing medium. The resul t ing number contains 

0 . a ~  the e r ror  of assuming tha t  t he  phantom is  immersed i n  an 

absorbing, scat ter ing medium. Calculations a r e  grea t ly  simplified 

by assuming b i l a t e r a l  symmetry. 

Dose build-up curves f o r  a number of gamma energi, "S a r e  

a l a i l ab l e  i n  the  l i t e r a tu re ,  and neasurementsare i n  progress 

f o r  loif energy sources such a s  iodine-125, using the LiF dosi- 

meter. This approach should be par t icu la r ly  su i tab le  f o r  organ 

dosimetry since the organ i s  immersed i n  the  body, and the  method 

my be applied t o  such problems a s  the  p dosimetry of the  mouse 

thyroid u t i l i z i n g  the  f3 dose gradient around a point source of 

1311. It should be of i n t e r e s t  t o  compare t h i s  approach t o  the  

c l a s s i ca l  approach using peff, and t o  the  r e su l t s  using the  

absorbed f rac t ion  of El le t ,  Calahan and Brownell. 

. . 

The Late Effects of the  De~os i t i on  of Radium i n  Man 

R. J. Hasterl ik 
. . . . 

. , .  . The . .  jo in t  . Argonne . . National Laboratory - Argonne Cancer Re- 

search Hospital Radium Program has carr ied out s tudies  since 



1348 01: e r s o n s  carrying a s ignif icant  how burclen of radiwn. The 

current s e t  of observations, uadertray s icce 1957, has resnlted 

i n  the  neasurement and study of an addi t ional  250 persozs. These 

a r e  former d i s l  peinters  (82 per cent) ,  persons give3 radium as 

a zelllicament b y  physicians ( 9  per cent) ,  psychotics a t  the  E l g i n  

S ta te  Hospital (7 per cent) ,  and former radium chenists (2 per 

cent ) . 
The appended tab les  sunrmarize these findings. Of i n t e r e s t  

i s  the  increasing incidence of e p i t h e l i a l  tumors i n  our ser ies .  

These a r i s e  i n  those e p i t h e l i a l  s t ructures  which l i e  d i r e c t l y  OL 

bone. %TO other generalizations 'are a l s o  pertinent-the re la t ion-  

shig between increasing radiun content and t h e  number end sever i ty  

of bone les ions observed radiographically and between radiwn 

cont.ent an6 the  incidence of tumors. 



I SUvbIARY C!F LONG TEFM EFFECTS OF RADIUIil DEPOSITIOIi I N  .MI; 

Correlat ion of Clinic3.', acd Radi~gra;hh$~Finilirg;s 
with Current Body Bur(i=;?s of P,e. " 

---.. .. ---- -- 
Radiograp3ic changes i n  skeleton a t t r i b u t a b l e  t o  

- - 

Bc -!y Conterlt b e  Mwnjer radium deposit ion 
I-pI _I__--- 

(PC ) Xeasured X-ray - None Minimal -- Mild Moderate Advanced (PJalignantT - ------ - ---- -- 

. 0.032 -0.099 3 5 
0.10 -0.316 3 2 

.0 .32 -0.99 33 
. l . o  -3.16 34 

3.2 -5.5 - 1-1 

Tota l  287 
* Further s tud ies  pending Asher 6. Finkel ,  M.D., Health . 

* MsTh present  i n  each case . , Division, ANL 
* Severe too th  changes only i n  one csse  Charles E. Ivliller, Ph.D., Health ' 

. . 

+we-!+ Bserl on filn?s taken elsewhere i n  two cases Division, ANL 
. . Robert J. Haster l ik ,  M.D., Argonne 
JV.ly L,, 1964 - _____.^_^______ _. _ .̂. , . ...- " .-....-... . .. - .- 2 . .  --- Cancer Research Hospital  - 



Table 2 
ANALYSIS -OF MALIGNANCIES ATTRIBUTABLE TO RADIUM DEPOSITION 

Current or Terminal Source of. Living 
Case 110. . Radium Burden . (PC) Radium Type of Malignancy or Dead 

03-685 0.167 occup. Carcinoma of maxilla Living 
03 - 216 0'. 49 med. OsteobLastic osteogenic sarcoma, l e f t  . dead 

femur 
03-455 0.81 occup. Fibrosarcoma, l e f t  radius l iving 
03-141 0.88 raed . Epidermoid carcinoma, l e f t  mastoid dead 
03-417 0.89 occup. Squamous c e l l  carcinoma, r ight  maxillary l iv ing  , 

antrum 
03-402 1.2 occup. ~ibrosarcoma, proximal l e f t  femur l iving 

Epidermoid carcinoma, r ight  mastoid 
03-209 1.2 med. Fibrosarcoma, r ight  scapula dead I-' C, 

03-649 1.3 occup. Osteosarcoma of l e f t  ischium dead 4= 

03 -212 1.3 med. Osteosarcoma of l e f t  foot dead 
03 -210 1-35 med . Osteogenic sarcoma, l e f t  calcaneus dead 
03 -407 1.4 occup. Epidermoid carcinoma, r ight  mastoid dead 
03-214 1.44 med. Carcinoma of l e f t  mastoid l iving 
03-619 1.6 occup. Osteosarcoma, l e f t  l eg  dead 
03-401 2.45 occup. Pleomorphic sarcoma, l e f t  leg dead 
03-648 2.5 occup. Mixed carcinosarcoma of r ight  lrastoid dead 

Osteosarcomas of femur and humerus 
03 - 105 2.6 med. Carcinoma of ethmoid or sphenoid sinuses dead 
03 -201 3.2 med. Osteosa.rcoma, r ight  humerus dead 
03-l2Q 4.. 7 med. Carcinona of mastoid dead 
03 -584 6.0 occup. Osteogenic sarcoma, r ight  pelvis dead 
03 -213 6.8 med. Fibrosarcoma of lumbosacral spine dead 
03 -675 - occup. Rhabdomyosercoxm, r ight  maxillary sinus ' dead 

--- 



The Effect of Bone Nrrow Protection on Response 

t o  Irradiat ion 

L." 0. Jacobson, E. L. Simmons, E. K. Marks 

and E. 0. Gaston 

I.le have seen tha t  lead protection of lymphoid c e l l s  i n  the 

small intest ine of the mouse resu l t s  i n  nraintenance of the homo- 

graf t  reaction when the reminder of the body is given 950 r. I f  

homologous or  heterologous bone marrow ce l l s  a re  injected in to  

such mice, rejection occurs and a s  a resu l t  of the ensuing imune I 

interaction, death follows more rapidly than i n  the i r rad ia t ion  

controls. In a ser ies  of comparison experiments we studied the 

e f fec ts  of protecting the marrow contained within an ll-mm segment 

of the t a i l  i n  (C H x 1 0 1 ) ~ ~  mice i r radiated with 950 r, and found 3 
t ha t  it resulted i n  drulvrtic enhancement of survival. A t  950 r, 

<-.  

60 per cent of the mice survived a t  30 days, and even a t  doses 

a s  high as  ll5O r, 28 per cent ourvlved. M.ny of these mice a re  

s t i l l  l iving a f t e r  six 'months and appear healthy. ?*en 100 million 

r a t  bone marrow c e l l s  were injected in to  (C H x 1 0 1 ) ~ ~  mice i r rad-  3 
i a ted  with 950 r, two-thirds of the mice survived whether the t a i l  

marrow was protected or not, and alkaline phosphatase studies on 

the 8 out of 12 mice tha t  survived the tail-shielding procedure 

showed that neither granulocytes nor erythrocytes of rat origin 

were present a t  20 days. One must therefore conclude tha t  the 

injected rat c e l l s  were rejected, since le thal ly- i rradiated mice 



with unshielded tails shaw the presence of rat granulocytes and 

erythrocytes. 

To test the effect of homologous marrow on tsil-shielded 

mice, a variety of combinations of genotypes differing at the H - 2  

locus, as well as combinations of identical genotypes were used. 

Survival was 100 per cent in pair combinations genetically 

identica1,at the H-2 locus, Unlike the effect produced by 

Peyer's .patch shielding, no fm~sne interaction leading to acute 

mortality resulted, even when homologous cornbinations differing 

at their H - 2  loci were ,used. On the contrary, when the experi- 

k mental combination (C H x 101)~~ mice (8-2 ) was irradiated with 
3 

950 r (either with or yithout tail shielding) followed by ten 

million strain A/T~X (H-2a) bone marrow, there was enhanced 

survival in the'group with shielded tails. In confirmatory 

experiments, 80 to 90 per cent survived consistently, developing 

no symptoms of'secondary disease. Survival was also enhanced 

when mice with shielded tails were given x ray doses as high as 

1050 r followed by homologous nuarrow. Sublethal doses as low 

as 600 r had no adverse effect o n  (C H x 101)~~ mice treated with 3 
A/T~X marrow after shielding of the tail during Irradiation. 

- Hematologic studies on ( C ~ H  x 101)~~ mice showed that a 

profound anemia and leukopenia were the immediate result of irrad- 

iation at 950.r regardless of,.subsequent.treatment. All tail- 

shielded mice recovered from+this anemia by 3 to. 4 weeks and 



remained normal thereafter. Mice given strain A / T ~ X  marrow but 

no tail-shielding recovered most rapidly of all, but normal 

levels were maintained only until secondary disease appeared. 

This experimental approach provides a tool for..studying the 

regenerative ability of the tail marrow under stress. Under 

normal conditions bone marrow in the mouse tail is relatively 

inactive and probably contributes minimally to the steady state 

of the circulating hematopoietic cells. Following shielding of 

an 11-mm segment of the mouse tail and exposure of the body to 

950 r, hematopoiesis is greatly intensified in the shielded 

segment. Thus it is obvious from these experiments that a 
. . 

relatively inactive segment of bone marrow can be made to pro- 
. . 

liferate kder stress in situations such as total-body 

x irradiation. It is equally obvious that the hematopoietic 

cells in an 11-mm segment of the tail (estimated to be fewer 

than 700,000) are capable 'of effectively repopulating the bone 

narrow and spleen so that survival from otherwise lethal dosages 

of x irradiation is greatly enhanced. 

Following exposure to 950 r and whole-body x irradiation with 

11 mm of the tail shielded, colonization of the spleen is micro- 

scopically apparent at 4 days and macroscopically apparent by 6 

days as the clones increase in size. 
I ... . 

It is interesting but not surprising that complete recovery 

of the blood-forming tissue, as judged by histologic study or the 



hematological studies of the peripheral blood, is  l e s s  rapid than 
, . 

i n  spleen-shielded exposed t o  950 r whole-body x 
' . . 

i r radiat icn,  or 'than i n  mice exposed t o  950 r x i r rad ia t ion  and 
. . 

6.. . ' 

. . 

then given 10 i s o l o g o . ~ ~  bone marrow cel ls .  s!xi.elded segment 

of the tail provides a smaller nunher of stem c e l l s  f o r  repopu- 

6 la t ion  or proiii'emtion than the s'hLel.3ed spleen UP 10 injected 

isologous bone marrow ce l l s .  

No attempts have yet been made t o  ascer tain whether the  c e l l  

population i n  thelymph nodes or .femoral mrxw af s 7 m i v i n g  mice 

which received ta i l -shielding followed b.j homologous marrow i s  

of host oregraft origin,  Emever, i n  view s f  the ab~ence  of 

secondary disease, the aseump%ion tha t  the dos?br c e l l s  have been 

rejected and that final. repopulation has  bee^ accomglished by the 

shkelded t a i l  segment, seems plausible. 

Dr.  Charles Huggins made t"?e observation t h a t  the t a i l  of 

. the r a t ,  which normally hers an i.mct;ive f a t t y  marrow, w i i l  become 

an active hematapoietic t i ssue  when inserted bnto the body cavity. 

This transformtftion of a fatty yellow marrow to a red mrrm was 

considered t o  be related t o  the increased tempezalnxe within the 

body cavity as compared t o  t h e  n o m l  ~ o n d i t ~ o n .  

In vim of the f a c t  t h a t  the  hemertopoie%l@ t i ssue  of a 

shielded ll-m segment of the t a i l  of a mouse exposed t o  a l e t h a l  

dose of x i r rad ia t ion  was great ly  intensified, we studied this 

same phenomenon i n  ra t s .  Adult Sprague-Dawley rats normally have 



a f a t t y  marrow i n  the  tai l ,  conservatively estimated a s  99 per . . . . . .  . . . . . . . . . .  . . . . : .. _ _ . . . , .  ._  . . . .  . . . . 

cent f a t  and 1 per cent .cells. Hematopoietic ce l l s ,  though . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . 
sparse, a re  present and a l l  c e l l  types are  represented. Shielding. 

. . . . . . . . .  . . . . . . . .  . . ?  : . .- , . . 

of the  en t i r e  t a i l  of the  rat during . . .  exposure of . . . .  t he  body t o  . . . . .  ~, . . , 

750 r x irradiat ion resulted i n  ,33 per cent survival., . . .  
. . 

Histologically no intensif icat ion of hematopoiesis is  
. . . . . . . .  . . ,  . , . - .  

apparent i n  the shielded rat t a i l  marrow. 

Since a f t e r  t a i l  shielding 33 per cent survive an otherwise 

l e t h a l  dose of x irr'adiati'on one must assume that effect ive re- . . .  - .  . . . , . 

population occurred i n  s i t e s  peripheral t o  the tai l .  

Control of Infection i n  ' hd ia t ion  Death 

Eb L. ~ i k o n s ,  C. Pierce and N. Larkin 

In recent years radiatikn research in  many laboratories has 

been ... .hampered because of a high incidence of Pseudomonas 
. . .  . . . . . . 

aerugindsa i n  mice. Such &ce appear t o  be healthy i n  the  stock 
. . 

colony, but even low doses of radiation w i l l  weaken t h e i r  immune ' 

defenses, a massive overwhelming invasion fol lo~rs ,  and death en- - - 

sues as early a s  the  fourth or  f i f t h  day. In  experiments 

involving supra-lethal radiation doses, it i s  impossible t o  save 

such infected mice with spleen shielding, inject ion of bone 

marrow cel l s ,  or  by chemical protection. 

The mistake is  often made of tes t ing  f o r  this infection by 

f e c a l  cultures. Because Pseudomonas more often appears as an 

upper-respiratory infection, it i s  transmitted by mouth t o  the  



water bdt t le ,  and  is spread thence t o  other animals i n  the  . . .  cage. . . . . . . .  - . . . . . . . . . . . . .  . . . . . . . . . . . . .  - .. 
, . - -1 

7 * 

It is very simple t o  screen colonies of mice by sampling the - .  - . - . " . . 

water bot t les  and culturing these samples i n  glycerol broth. 
+ * 

Furthermore, it i s  possible t o  prevent Pseudomonas growth i n  the  
. -  . . . . . 

bo t t l e  (and hence i t s  spread) by acidifying the water t o  pH 2 
, 

. . .  

by .- HC1, . or by chlorinating it a t  20 PPf4. Chlorinated bot t les  
. . .  . . . . . . .  . . 

must be changed every other day, but acidif ied prater prevents 
. . . ,, - 

the growth of Pseudomonas for  over a week. No ant ib io t ic  tha t  
. . 

. . 
we k v e  t r i e d  w i l l  cure the mice, but survival a f t e r  i r radia t ion  :f 

j 
is  best when the animals a re  given streptomycin su l fa te  i n  t h e i r  

water f o r  a t  l e a s t  2 weeks a f t e r  i r radiat ion.  
* 

.I 

Another organism tha t  has been implicated i n  ear ly radiation: 
.r * * 
x 
!7 

death is  Citrobacter freundii, the presence of which can be , J  
,: 

t e s t ed  fo r  by making smears of the colon l ining on MacConkey1s 

medium. Fortunately t h i s  organism can be controlled by ant i -  

biot ics ,  and we have found both streptomycin su l fa te  and rleom~rcin 

t o  be extremely effective.  



STUDIES WITH HIGH ENERGY RADIATIONS - -  -- 
->-- -- - *,a - ?T. 

High Energy Radiation Sources, Their Development 

and Maintenance 

High Energy Radiation Therapy Sources. . Three high 'energy 

radiation sources were ins ta l led  i n  the  Argonne Cancer Research 

Hospital fo r  research i n  radiation therapy., These, i n  the order 

i n  which they became available f o r  therapy, a re  the 2-MeV Van de 

.Graaf f x ray generator, t he  rotat ional  cobalt -60 therapy machine, 

and the 50-MeV elec'tiori l i nea r  accelerator. 

Van de Graaff X'ray Generator. The Van de Graaff is  .a 

commercial machine and became operational i n  1953. A few minor 

improvements have been made, including a correction f o r  output 

variation with angle of incl inat ion of the generator. An exten- 

sive s e t  of isodose curves i n  wetter was developed. 

. - -  Cobalt-60 Therapy Machine. The cobalt-60 therapy machine 

is  an original  design, b u i l t  i n  the Argonne Cancer Research 
* .  

Hospital . ~. shop, f ncorporating several unique features . . The cobalt 

source is 3/4 cm diameter by 3 cm long and features the  smallest . 

effect ive s o k c e  s i ze  of any kilocurie uni t  yet  available. A new. 
' .  

source, soon t o  be instal led,  w i l l  have an act i i r i ty  of 4000 . 

curies, or  350 curies per gram, and w i l l  be, as fa;r as we can 

learn, the  highest specif ic  ' ac t iv i ty  kilocurie source i n  use. 



The shield is of uranium, resulting in considerable reduction in . . . . . . . . . . . . .  .? . . . . . . . . . . .  . . . . . . .  " "  * . . . . . . . .  -. -* . . . . 

size and a factor of &'in weight over the conventional lead. The - - .  - . . -  -.-. .. . . . . . .  . * . .  . . . . . .  " . . . >  - . . .  

shutter mechanism is positive and reliable and does not invdlve 
_.,- i .......... . ._..- . - "  ...,.- .. . . . .  -..- . . . -  . . _ . . . . . . . . . . . . . . . . _ .  , _ J _ _ l . . .  

movement of the source. The source relkding scheme is fast and .-. " -  - ... 2 - . .." . - ......... -. . . . . . .  - .- ,* .... - . . . . . . . . . . . . . . . .  

safe and does not disturb adjustment of ' the machine ., . . . . . .  * . * . . . . .  . . . . . . .  - . . . .  

Linear Accelerator. The linear accelerator was built by - . . . . . . . . . . . . . .  . . .... 

commercial contract following the design of the Stanford accelera- 
....... ... . . . . . .  - . .  . . " .  - . "  . . . . -  " . . . . . . .  

tor. During construction and for a short time after installration . . . . .  . . . . . .  < . . . .  . . 

of the accelerator proper, a' study was made of various schemes 
. . . .  . . 

for electron beam application. The final design of an offset and . . .-. . . . . . .  . . 

w0 deflected beam with a scanning mechanism for covering' the - . . . . . . . . .  

tumor area was chosen and a commercial contract negotiated for . ".. .:. 

detailed engineering design and construction. Rather extensive . . . .  

improvements to the accelerator were undertaken to increase beam 
. " 

stability and reliability of the machine. Aftep installation of 

the beam deflecting system, some mechanical modifications were . . . . .  

necessary to increase the rigidity of the third magnet and to .-. - ,, . . " 

maintain proper electron beam position for all orientations of 
. . , -  . . 

the deflecting system. The macbe b e b e  operational for patient -. ......... 

therapy in 1959. A number of dose distribution studies have been 

mde and a careful determination of absolute dose in rad'units 

was made. A program is being developed to calculate the dose at 

various depths for any size or shape of field and is being under- . . .  

taken using digital computer methods. A new high current electron 



gun is also'being installed .in.the linear accelerator. This will 

permit 'additional use of the 'accelerator for production of short- 

lived isotopes, such as' oxygen-15, f dr diagnostic 

The Analog Computer 
. . 

^ . .  

L. S. Skaggs 

An analog computer, purchased and supported largely by 
. . .  

Public Health Service funds, is installed in the Argonne Cancer 
.. . . .  . . . 

Research Hospital and has been used on several Argonne Cancer Re- 

search Hospital projects. The computer is a general purpose 

iterative and real-time Beckman instrument incorporating 68 

ogerational mplif iers usable as integrators (361, summers and 

inverters. It also has 28 multipliers (6 programmable as 

dividers), 3 sine-cosine generators, 8 arbitrary function genera- 
. . 

.tors,.llO coefficient potentiometers, a noise generator and an 

%channel display oscilloscope. Terms of the grant provide corn- 

puter service for all departments of the Division of Biological 

Sciences. 

Problems of interest to the Argonne Hospital that have 
3 , ,  

been done or. are under investigation include the following: , 

. .  . 

1. Determination of useful compartment model for respire- 
, . 

tory gases (~r. Paul V. Harper, Jr. ) . Dr. Harper is trying to 

construct a virtual compartment model for respiratory gases by 

fitting the solutions of simultaneous differential equations 



d e s c r i b i ~ g  the  nodel t o  h i s  experimental curves, Di f f icu l t ies  

have been encountered, but a new approacn.using a method of , . , . . . . .  . . .  

Fourier transformers i s  being . t r ied.  .: , - . . 
.. - . . . . 

2, Solution of Modified Lmn Equation. Solution of the  
. . . .  . . . . 

p a r t i a l  d.ifferent.ia1 equation describing t h e  lnolecular trei.ght 
. . . . . .  . . .  . . . . 

d i ~ t ~ r i b u t i o n  i n  the u.ltracentrifuge a s  a fu:cc.tion of r ad ia l  dis- . . . . .  
I . i.. - . 

tance and t h e   as. gerf o.rmed by a separatioa . of variables and . . .  

so l~ t t ion  . . of the ei.genv.alue problem. This _orc;?~ided solutions ' 

, .  . 
sa?;isfachory fc r '  I ~ : c g e ,  . va luks  cif i;ime. A solutj.on b;jr f i,r;it'e 

differences a,ppsare'd fo be b e t t e r  fo r  . h e  valces of time en- 

countered i n  the experiment& and is now bc+ing imes t iga ted  f o r  
. . . ' .  I 

. .  1a.rge qalues of molecular weight. 

3. Calculation of . rad ia t ion  therapy dose. A bivetriant 

function generator gives the value of dose h a beam of radiation 

as a funct ion  of depth within t h e  t i s sue  and &crogs the 
. . .  . . 

width of ' t he  f i e ld .  ~ i s t r i b u t i o n s  f o r  any' s i ze  of f i e l d  can be  
.. . 

. t 

generated from s e t s  of isodose curves determined from jus t  3 . . . . . . . . . . . . .  

f i e l d  s izes  of the  par t icu lar  qual i ty  of radiation t o  be used. ..... , " . . .  . 
. . ,  

The computer enables the  resul t ing dose i n  the  .patient t o ' b e  

s-ed and determined for a s  many a; 4 fixed f i e lds ,  A 'method '. 

i s  under development t o  extend t h i s  t o  ro ta t iona l  therapy. 



The Therapeutic Application of High Energy Sources -- 
J. W. J. Carpender 

. . . . . . . . . . .  . . . . . . . .  -.. . .  

. Intercom?arison . . . .  of orthovoltage and supervoltage radiation 
. . . . . . , , .. 

i n  the  mamgement of malignant disease . . . . . .  has . . . . . . . .  continued . . .  since the  
. ... . . . . . . . : . . . . . .  

opening of the Argonne Cancer . . . . . . . .  Research Hospital. The devices . . .  
. . _ . . . . . . . . . . . . .  .... . . . . . . . . . . . . . . . . . . . . .  , ' 1 

, ,-,. ..+ 

available a r e  the 50-MeV Linear Electron . . . . .  Accelerator, the  2-MeV . . . . . . . . . . .  ".. . + . . . . . . .  . . 

Van de Graaff Generator and . . .  the large cobalt-60 . . . . .  rotator .  . Re- 
, ...... - . . "  . . . .  . ,. . - L., . . .., 

Cent17 a-small  30-curie cobalt-60 uni t  has been added t o  the t3r0 

orthovoltage machines i n  . . .  the  Chicago Twnm ~ n s t i t u t e .  Enough . 
. . . . . . . . . . . . . .  . > 

pat ien ts  have not yet been accumulated i n  the  various categories 
. . . .  

t o  assess  resul ts .  . . 

A cooperative study with the Ear, Nose and Throat Service 

of Bill ings Hospital, has been s e t  ug where cer tain tumors . . . .  a re  
... 

randomly selected f o r  treatment with pre- or post-surgical . . radlia- 

t ion.  Tumors such a s  those of the hypopharynx have a very poor 

prognosis with any method of treatment and it i s  hoped t h a t  one 

o r  the  other of the  combined treatment plans w i l l  show in- 

creased survival. 

Preoperative radiation f o r  carcinoma of the oesophagus i s  

being studied with a hope of increasing the  survival r a t e  . in  tliis 

condition. 

I n  cooperation with the Department, of Surgery, we a re  ' 

pr t ic ipa t i rxg  i n  the  natgonal evaluation of the' management of 'lung 

malignancy. 



Patients having inoperable or  recurrent carcinoma of the 
. . . .  . . . . . . . . .  - .  . - . . . . . . .  - . .  .-. .-~- . . . . . . . . . . . . . . . . . . . . . _ . . I  

stomach or large bowel have been t rea ted  with radiation cornbined 
. .  . .*  . . . . . . .  . . <  . - -.. . . . . . .  .- . . . . . . .  . . . .  " - . . .  * . . .  - .  * - , * . . .  * 

with intravenous colchicine. This seems t o  hold some promise of 
- - - - - - .  -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . - .  * I  

be t t e r  pa l l ia t ion  than radiation alone offers.  In  the same l ine ,  . . . . . . .  . -  . . .  . . . . . . . . . . . .  . . . . .  

actinomycin D has been used i n  some of the radioresistant . - . .  .....-.... " .  . 

sarcomas. 
.. - .. - . . . . . . .  . ' . . . . . . . . . . . . . .  . . .  . . 

Within the  last few months, a l t e ra t ion  i n  the time dose 
" " . . . . . .  . . .  . . . . . .  ... . . 

schedule used i n  'treating painful.bony netastases has been made 
. . . . . .  . . . . . .  ... 

i n  an e f fo r t  t o  f ind  a schedule which w i l l  more quickly give re- 
. . . . . . . . . . .  

l i e f  of pain. 

Effects on Mouse Hair Roots Produced by X Ray 
. . . . .  

Irradiat ion Combined with Radiopotentfating 

or  Radioprotective Compounds - 
F. D. Malkinson and M. L. Griem 

A method of microscopic examination of plucked mouse anagen . . . . . . . .  . . 

hairs has been used t o  study the radiosensit izing ef fec ts  of . - . . . . .  , ' .  

colchicine, actinomycin D, and triiodothy-ro~ine. For colchfcine -. , .  

and actinomycin D quantitative studies have demonstrated a d i s -  

t i n c t  s ~ ~ ~ e r g i s t f c  e f fec t  on ha i r  damage produced by isradiation. 

C r i t i c a l  fac tors  a r e  the administration sequence of drug-radiation 

and the  time periods separating drug inject ion and x-ray exposure 

(16 hours f o r  colchicine, 4 and 16 tom.s f o r  actinomycin D)  . The 

8ignificant increase i n  ha i r  matrix damage induCed b y t h e ,  ' 

. . 



combination of these agents has led to current evaluation of . . . . . . .  their 
_ . .  .:_.. : .  . . .  . . . . . . . . . . . . .  . . . .  . 

usefulness for treating malignant lesions in experimental animals . . . . 

and in hmnms. . . . .  . . .  . . . . . .  . , . . 
Triiodothyronine . . . . . .  was found to enhance radiation damage . . uni- . . 

formly . . .  at varying x ray dosage . . .  levels, . . .  while hy-potmoid 'animais 
-., ..... . .  , , , . 

showed less radiation effects than control animals. . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  - .  

The same mouse hair indicator system has been employed for . . . . . . . . . . . . . . . . . .  -. -.. . _.. . . . . . . . .  i.._ _ . . . . . .  _ - .  

a quantitative investigation . . .  of the protective effects of 
. . . . . . . . . .  . .  , . . ~ .  ... . . 

2-mercaptoethylamine on x ray induced dysplasia. Studies in a 

dosage range of 400 to 1000 r revealed a dose reduction factor of . . . . . . . . . .  . .  " . . . . . . . .  ,-., . . . . . . . .  
I 

1.5, with less . . protection afforded at the high dosage levels. 

Enhanced damage to hair matrices was found when administration of 

2-mercaptoethylamine immediately followed, rather than preceded, 

radiation. 

The technique offers a rapid, quantitative, reproducible 

and non-destructive method for. evaluating agents or factors which 
. . 

predispose to, induce, or protect against ceUular damage. 

Currently . . . .  a method is being devised to measure directly the incor- 

poration of isotope-labeled amino acids into anagen hairs so that 

damaging effects of radiation a d  chemotherapeutic agents can be 

detected by a reduction in radioactivity of examined hairs. 



Modification of Radiation Response of Tissue 
.. - . - 

by Actinomycin -- Preliminary Clinical Evaluation . . 

M. L. Griem and K. Ranrliger 

Preliminary experimental studies on the effects of combining . . . . . . . . . .  

parenteral actinomycin D and irradiation were conducted on mice, . . . .  - .-  - . - .  * . - . -  . . ,- - -  . -. 

using a microscopic hair indicator system to evaluate the extent . . . . . . . .  

of cellular damage to the anagen hair matrix induced by the com- 
. . . . .  . . . . . . . .  

bined use of actinomycin D and irradiation. These experimental 

studies showed that an interval of 3 to 4 hours between drug ad- 

ministration and irradiation produced the maximum degree of 

dysplasia in the hair. Similar experiments were conducted using 

solid transplantable Walker 256 rat tumors, and solid transplant- 

able myeloma tumor in the C3H mouse. Again the phases of 

increased radiosensitivity and radioresistance were distinguish- 

able as the parameters of time interval yas varied.between 

injection of drug and radiation. Subsequently, patiefits with ad- 
. .- . . .  

vanced malignancies were studied employing usual palliative doses 
. . .  

of radiation therapy up to a total of between 2000 and 3000 rads. . . 

Patients were given intravenous injections of 0.5 rng of 

actinomycin D followed after 3 to 4 hours by ee 500-rad minimum 

dose delivered to the tumor. This sequence was repeated twice 

weekly for 2 to 3 weeks. Patients with a number of unusual 

tumors, usually considered radioresistant, were treated. 



Modification of Radiation Response of Tissue by 
.. . 

Colchicine -- clinical Evaluation of Twnor Response 
. . 

M. L. Griem and F. D. Malkinson 

Before clinical trials were initiated an experimental study 

was carried out to evaluate the combined effects of irradiation 

and intravellous colchicine on animal tumors, and on anagen hair 

in the mouse. These experiments showed that an interval of 16 

hours between drug administration and irradiation produced the " 

maxim response in tumors and the maximum injury to the hair. 

Subsequently, the parameter of time interval between parenteral 

administration of colchicine and radiation was evaluated in 

patients with the cutaneous tumor rqycosis fungoides, and here 

again, a 16-how interval produced maximum response. Patients 

with advanced malignancies were then studied employing usual 

palliative . . .~ , doses of radiation therapy up to a total of 4,000 . . 

rads. Subjects were given intravenous injections of 4 rng to 5 mg - -  . -  . . .  . 

of colchicine and 16 hours later a 500 rad minimum dose was de- . .. 

livered to the tumor. 'I'lxis sequence was repeated every 5 days 

for 8 treatments. 

Over 100 patients with advanced malignancies have been 

treated. The most favorable response was obtained in cases of 

adenocarcinoma. of the stomach, colon, pancreas and lung. Ekcellent 

response has also been seen in patients with mycosis fungoides and 

certain squamous cell carcinomas of the skin. No significant 



response ........... was obtained in patients with renal cell carcinoma of . . . . . . . . . . . . . .  - -. - . *  . . . . . . . . . . . .  --.., . . . . . . . . . . . . . . .  *.,.. 

the kidney. Similar results have been obtained by Bonomtni.and 
. "  - .....- ..... . *  ... . . . . . . . .  a " .  * . . -  ..., -....... *,. 

Fiorentino, and confirm our observations. 
. . . . . . . . . . . . .  -... . . . . . . .  "..,.. . . . . . . . . .  . , -- 

Objective response has been demonstrated by long-term .... . . . . . .  . . . . . . . . . . . . . .  - ~ , . ,  -.., * ... . .  L .  - - .  . . . . . . .  . . . . . . . . . . .  

survival without recurrence of the primary lesion OP metastases, 
. . . . . .  . - .. - ....... ..- . . . . . . . . . . , . . . . . . .  ," . . . . . . . . .  . . . . . . .  

or by dramatic shrinkage of the tumor in comparison to areas . . . . . . . . . . . . . .  , -  . . . . . . . . . .  , . ., . . , . . .  . . 
treated with colchicine alone or radiation alone in the same 

. . . . . .  , . , " .  - .. . . .  . . 

fractionation and sequence. Toxic manifestations of colchicine consisting . . . . . . . . . .  + .  - . .  . "  . . . . . . . . . . .  . , 

of diarrhea and transitory leukopenia have been seen in several - - .  .... . . . .  . . . .  . * .  . 

cases. Hair loss 'has not been observed. 
. -  ., . . . . 

Studies by Walaszek.and co-workers on the parentera1 dis- 

tribution of radioactive colchicine show that this drug is 

retained preferentially in tumors and in the gastrointestinal 
. . 

tract. This may explain the observed response of adenocarcinoma 

of the gastrointestinal region. 

Chemical Modification of" Radiation Effect in Mice 

E. L. Simmons 

.. , . . *  
It is well established that mice can be protected against 

x rays or gamma rays by pretreatment with S,2-aminoethyliso- 

thiuronium (AET) or with p-aminopropiophenone (PAPP) , but the com- 

parative protection against high energy electrons afforded by such 

'substances has never been explored. In addition to its basic 

radiobiologic importance;. such a study is of increasing interest 
. . . , . . 



i n  . . . . . . . . . . . .  ,space medi,c.ine because of the poss.ible exposure of astrodayts 
" . . . . .  - . . . . .  . . . . . . .  

' ' I  " ' . '  

t o  radiation from the  Van Allen Belts, I n  our studies, w e  have 

compared .the e f fec ts  of 30 MeV eleck.rons *om t,he.Argonne Cancer 
. . . . .  . . . . .  , .. - . . . . 

Research .Hosgital Linear Ac~celeratqr" ~ i i t h  ccnveritio1a.1 250 kvp . . . . . .  

x rays from a G. ES  PIaxit.ron. 
. . . .  . . .  

Mice were confined in  lusteroid L ~ b e s  suspended in  a trs'ter 
, - 

phantom, . . . .  and' were . . .  i r radiated e i  t.hler: awa.ke. 02 . under., IYqfibuk.@l 
. . .  

anesthesia,: Xeglbutal exerted no effect. on. su'5vlval a,fte.r, i r r a d  
. . . .  . . .. , 

. . 

iati.on .with electrons, bu t  ' wa.s s l igh t ly  . . pro$e~ t ive  . . .  aga'4nst. . .  x. rayso. , 

Our experhefit s indi,cate;l t h a t  pre- i rradiat  ion treatments with . 

AET or with PAPP were able td.o reduce 30-day l e t h a l i t y  i n  pice 

exposed t o  high energy electrons. AET sfforded be t te r  protection 

than did PAPP against electrons as well as against x rays, The 

30-day LD, value f o r  mice exp.osed t o  30 MeV electrons was 
/ 0 

954 + 20 rads; pr0-trestrnent with PAPS increased the  LD tb 
50 

1323 . . t 28 reds, and ni%h AET t o  1528 i 85 radds, The 304ay LD50,. 
. . 

value f o r  anesthetized x-rayed mice 'was 826 "0 rads; pre- 

inject ion of PAPP increasedl6his t o  985 2 25 rads, and of mT t o  

ear lie^: exper?.mknt& s?ioyed . . that  pre-trea,lmerit o f  &$,c,&wi%h . ' . . I  ' . 

es t rad io l  bsnz6ate .lo days before x i . r radWion r e s u ~ t e d  in .in- 

creased survivalg We have pow tes ted  < estradiol ,  estrone, and' . , .  
. . 

. . 
e s t r i o l  and have obtained protecti,9n with a l ~ '  three::! Th'e, doses . 

required, kiowever, were 5 tihies grea ter '  than was .needed ~ r i t h  



the benzoate ester. Unlike other classes of chemical protectors . . . . . . . . . . . . . . . . . . . . . . . . . .  ............... ...-.. ...- ...... ............ <...- > - ,  . - 
such as. AET and PAPP, which must be given shortly before irradia- 

.. . . . .  . . . . . . . . .  . . .  ... .... . . . .  - -.-. ..* _,.. - ._ .- .....- ^ .  .- - ..- .- ..- - _ - - -  - .  

tion, maximum sumrSval with alP the steroids.tested occurred when . . . . . . . . . . . . .  1 . 1 -  ........ " " . ,  . . . . . . . .  .., . . . . . .  . . * . "  . _ .  . i . . . -  

they were given 10 days before, and' not immediately before . . . .  the 
. ......... * .  ............-.... < ,  .....- - .  *.% . . . > .  .... " % . "  ........ - .  - . ~  

time of irradiation, when they .would be present in the body in . 
. . . . . . . . . . . . . . . . . .  ....... . -  ........................... ,.-. . . . . . . . . . . . .  <. . . . .  

greatest concentrations. Thus; in some fashion the estrogens ........ ..... ....... - .  .. - .  ..*... . . . . . . . . . . . . . . . . . . .  . . - -  " . ,  . . "  < 

trigger a bfological reaction that has its maximum effect 10 days' 
. . . .  ... ... . . . . . . . . . . . . . . .  . . .  .... -. ... - . . . . . . . . .  * .* .-- ," ,> - .  . . . . . . . . .  " * ..* . . . .  .. - .... 

Later, and we are re-exaslining this interesting phenomenon. Peri- 
- - . .  "-.. ..... " . .  . *  0. , , .  " . . . . . . . . . . . . . . . . . . . . .  . . 

pheral blood counts made 10 days after estradiol and estriol . . . . . . . . . . . . . .  - . .  . "  - - . , . - .  

administration did not show any changes from initial control . . . . . . . . . . . . .  . . , . . . . . . . . . .  . . . . .  ..A . , . -. . . . . . . . .  - .  - - _ - _  . . . .  

levels. Followfng ........ .. 500 r, however, 'although white cell counts ...... . . . . . . . . .  .................. - - - .... .- - - . . . . .  

diminished precipitously, they recovered more rapidly in the - . " .  . . .  ..,:, . . . . .  

groups treated with estrogen, while platelets and hematocrit 
, " .  . , . . .  , .  

values did not fall as markedly and recovered earlier. It has . . . .  

not been determined whether estrogens prevent damage to stem-cell 
. . . . .  . . " .  

precursors, or stimulate mitosis in hardy cells that were not . 

killed by the irradiation. 

FimUy, in experhents to test the protective action of 

dfme+hyl sulfoxi de (DMSO), the LD for CF No. 1 female mice ex- 
50 

posed to x rays was increased from the .control value of 630 r to . . .  

780 r when they were treated with DMSO. Combined pre-treatment .... ...... ......I.._ ..> - ,-. ......... - . . . . . .  . , . . .  * - 
with estrogen and DMSO, and also with DMSO and AET, proved to be . . . . _ . . . . . . . . . . _ .  . . . . . .  "*." i.. ._.. . . . . . _ . . . . _ . . . . . . . . . . . .  . _  

more effective than any of' these substances alone. 



Physical and Biological Investigations with 

High ~ n e r k ,  Radiations . . . . . .  

L. H. Lanzl 
. .  _ _ .. . . .  . . . . . . . . . . . . . . . . . . . .  . .  . . .  . . . . . . . . . . . . .  

, . 
Rather e a r l y  i n  the  his tory of the  Argonne Cancer . ~ e s e a r c h  

" *. ... " - .- .- ..A - " _ ^ ... . . . . _ . . . . .  . . . .  . . . . . . . . . . . . . .  . . . .  . . . _ . . L . . . . . . .  . . . . . . . . . . .  

Hospital, a decision was made t o  include i n  the  hospi tal  high ... . . . . . . . .  " ..... .- _ ..... " ......... -. ._ I . . . . . \ . . .  - -.._. - - - .-,_I .. " ... - -  .. - .... -. .. .." .... - - . -. . 

energy radiation equipment, principally f o r  .... cancer - . . .  therapy. A s  a . - .  - .  - - . * . - . - -  . - .  - 
resul t  of t h i s  'decision, a 2-MeV Van de Graaff generator . . . . . . . . .  was . . . . .  pw-  . . . . .  ........ - . - . . . . . . . . . . . . . . .  > .  . . r . ~ -  ,, - 
chased .and instal led,  a moving-field cobalt-60 therapy unit  was . . . . .  ..... : _ . . "  ..I * _  . I n . . , , .  . I / . * ,  . . . . ,  . . "  * ,-.- ..- - . . . . * . . . .  - .  . . . . .  

designed and manufabtured a t  the  Argonne Hospital, and a unique . . . . . . . . .  . . . . . . .  . . . . . . . . . .  ., . . . - * - .  . , 

5 t o  50 MeV travel l ing wave electron l inea r  accelerator, together 

. with _ . / . .  a .beam . . .  deflecting and scanning unit ,  were specified ,and . . .  ' . :  

.r 

acquired through a se r i e s  of contracts. me l inear  accelerator 

program presented the greatest  challenge because very many new 
.: : 

concepts were employed. , 

.. " 
Following the ins ta l la t ion  . . .  and operation of the  above 

. - .  

equipment, a separate project was formed to,  carry out a program 

of physical and biological research emphasizing the- ' i t i l i z a t  ion 

of the  high-.energy equipment f o r  radiation therapy. 

Patient Treatment Planning. Among the  i n i t i a l  steps i n  

using a new machine f o r  radiation therapy i s  thedetermination of .................. .... .. -._ L,. . _ . I > ,-.* -1" .  .... - . . _ _ . . . . .  - . . . . . . .  .- ... - . . . . . . . . . . . . .  

i ts.  output under various conditions of operation, together . . . . .  with . .  
- . * . . " . i 1 _ . i ^ . .  . - . .  i _ . _ ( . _ . _ . ^ r . . .  ....... " . . . . .  " .... ..... C .... -...- , . - .  .._ . . - . . . .  ...- 

isodose dis tr ibut ions and animal i r radia t ion  checks. ,The purpose -.. ..-". -.,..: ...-..... ...... .-".. .., .. . . . . . - a  .. .... ..-.- l . . . . . . . . . . . . . . . . . .  ..... 

~f our present program is  t o  improve radiation treatment by . . . . .  in-  
<, -  " _-....* __...- ..-- . -  . ...... ...... , .  .. . . - . .  

creasing the  accuracy, speed and automation of treatment p lann iq .  



To t h i s  end, several new instruments and techniques have been . . . .  - . . . . . . . . . . . .  . - . . . . . .  - ." -... ........ * . - ~ .  . . . . . . .  -. . . . . . . .  . . !  

designed m d  a re  being put in to  service. To see how they a re  . . . . . .  " .,-,. " "  . . . . . .  - * . - -  ..... . . . . . .  . . . . . . . .  . . .  

ut i l ized ,  consider the  steps that might be taken i n  planning the  . . . . . . . . . . .  ... A, *" , . .  . . . . . . . . . . . .  " - - . . - .  .. . . . . .  %.. ............ . -  

treatment f o r  a typica l  pat ient  f o r  rotat ion therapy. ............ . . . . . . . . . . . . . . . . . . .  - . . . . . . . . .  " .  . . . . . . . .  

Fi r s t  an Automatic Patient Contour Plotting..Device i s  used 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . - . . . . .  - . " .* .. 

f o r  raptd and accurate measurement of the  patient q s  contour (see . . - , . .  . . . . . .  . . . . . . _ .  . . . . . . . . . . . .  - ... > .  ........ " .  + * . .  

abstract) .  . . . . . . . . .  - .  Then . a f i e l d  size,, center of rotation, and limits of 
. +  . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . .  

t he  sector of rotation, i f  any, a re  chosen. ' This information i s  - . , . . - . . . . . . .  . . . -  . .  . . . . . . . .  . . . .  

u t i l i z e d  i n  the, Analog Computer Calculation o f -  Rotation Isodose' . . . . . . . . . . . . . . .  . . .  

Distributions (see abstract) .  
-..--.. ....-.............- ... - . . ,  . . . .  

If experimental verif icat ion of the calculation i s  required, . - - "  . %  . . 

measurements of the  dis tr ibut ion can be made by film, ion cham- . - . . . .  

bers, o r  thermoluminescent dosimeters i n  a heterogeneous phantom. 

To obtain the  dose dis tr ibut ion quickly i n  those cases where fi lm 

dosimetry i s  employed, A Semiautomatic Isodose Curve Plo t te r  has 

been designed and' put in to  service. This unft has built-in 

e l e c t ~ o n i c  dose l inearizing c i r cu i t s  t o  simplify analysis of 

opt ica l  density measurements (see abstract) .  A s  a further  a i d  i n  

checking the a c c k c y  of the  calculated and measured dis tr ibut ions 

the  - transmission dose i s  detected by an ion chamber mounted on . . . . .  - .  . . .  . ........ -. - 
t he  cobalt -60 therapy unit .  . "  - .  

Although the  Van de Graaff generator can be used f o r  
. . . . . . . . .  . . . . . . . . . .  - . . .  , . .- . . . . . . . .  , . ... 

~ o t a t i o n  - -  . . . . . . .  therapy, -,.... - . - .  the  .. cobalt-60 . ... unit has been found most sui table  
:.. , . . .  " .  . . .  - . -  .... . > * .  . . . .  - . 

f o r  thds f o m  of treatment. One: of the more &usual features . of 



, t h i s  par t icu lar  uni t  i s  the  high specif ic  .... ac t iv i ty ,  over 300 
.... . .  . " _ _  C .+ . *  " .  2 - ........ . . . _ _ . .  ..... . " .  . . . . . . . . . .  

curies per gram, of the source. ... < . . . . _ .  _ / _  ..-.... . .. . .  -._ "... .... This permits high t o t a l  a c t i v i t y  . . . . . . .  . . . .  . . .  -. . . . . . . . . . . .  2 .  

in , ,& - . . . , , ,  
small s ize.and reduces treatment time without sacr i f ic ing  ...-- -. "...". .......... . .  

sharp beam definit ion. . . . .  - . . . . . . . . . . . . .  .- - . . . . . .  .* . . . ,  . 
. . . .  

Scanning Electron Beam. The uniqueness of the  electron .... . . . . . . . . . . . . . . . . .  .- . . . . . . .  . .  

bean deflection and scanning..device which operates i n  conjunction . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . - .-  .. ." " . . , . -  . 

with the  l inea r  accelerator requires techniques of treatment . . . . . . . . . .  . . . . . . . . . . . . . . . .  . - .  . . . . . .  " _  . . . . . . . .  _ .  , . "  . " 

planning and dose calculation quite different  from . . . . .  those used i n  
. . ....... * .  - . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A ,  

~. . 

fixed f i e l d 4 0 r  rotat ion with gamma- or  x-ray beams. 
, . . . . . . . .  . . .  . . . + .  

This has l ed  t o  a number of studies requiring the use of 
_ ,  ../.. / . . . . . . . . . . . .  

d i g i t a l  computers: . . . . . .  - . . . . .  . . b 

1 )  A funda.menta1 study of the deposition of . . . . . . . . . . . .  energy from 
. . . . . . . . .  . . . . . .  - . . . . . . . . . . . . . . . . . . . .  .... 

high energy electrons i n  water-like media. . . . . .  The necessary cal-  . . . . . . . . . . . . . . . . . . . . .  < . . 

culations start from the basic physical formulations of co l l i s ion  . . .  . . . . . . . . .  - . . . .  .. - .  - . . 

and radiation loss  by.electrons and of multiple scat ter ing of . . . . . .  

electrons. 

2) . A calculation of the  saturation of an electron beam 

monitor chmber under pulsed and scanning conditions. 

3)  A d i g i t a l  computer calculation of dose dis t r ibut ions 

f o r  ,- 
pat ient  treatment, including electron energy, depth, f i e l d  ..... . -  . . . . . .  * . . . . . . .  . . . . . . . . .  

s izes  and shapes. The distrfbuti,on i n  a plane a t  the  . . . . . .  depth under . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . - .  

consideration i s  determined f o r  the 5,-mm diameter elemental . . .  . . . . . . . .  beam, . . . . . . . . . .  . . . . . .  ._ . . ._.  ..... _ _ . . . . . . . . . . . . . .  . . 
. . . . . .  * ,.,. 

using . , photographic f i b , .  fiumerical values of the dose at  one-half . . .  . - 
cm intervals  i n  each direction within the plane a r e  fed t o  the  



computer. A point is nuw chosen, e i the r  within or  outside the  ........... . . . . . . . . . . . .  . -  . . "  . . . . . .  

i r rad ia ted  f i e l d  at  which it is .desire'd t o  know the  dose, and the 
* - _ . . . . . ._..  - . . . . _ . . . . . _ I . . . . _ .  : . . . .  . . . . .  

coniputer i s  programmed t o  sum all the  contributions from the 
........... -. .. . . . . . . . . . . . .  .> . . . . . . . . . . . . . . . .  < . . . .  . . . . - . .  

elemental beam a s  f t s  motion i s  simulated i n  one-half cm steps . . " *  - . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . .  

over the  en t i r e  f i e l d  (with L. S. Skaggs) . 
Radiation Hazard. Awareness of the potent ial  danger of the 

hazardous amounts of radiation used has prompted two projects i n  

heal th  physics during t h i s  past  year: 

1 )  A multidiscipUnary symposium w a s  held i n  Chicago, the 

proceedings of which are  now being published under the t i t l e  

RADIATION ACCDEN"GS AND EMJ~RGENCIES ' I N  MEDICINE, RESEARCH, AND 

INDUSTRY (edited by L. H. Lanzl, J. H. Pingel, Argonne National 
A - .  ..*-.a__ _, . . . . .  _ _  -, ^ -  - .  

Laboratory, and J, H, Rust, Department of Pharmacology, The - .  

University of Chicago) . 
- - - - .  2) The use of radium i n  a department car r ies  with it the . . . - 

poss ib i l i t y  of radium contamination should a tube or needle rupture. ... . . - *  . . . . . . .  .* . . . . . . . . . . . . . . . . . .  . . . . . . . . .  

A Radium Leak Detector has been designed and i s  being bu i l t  f o r  
" A .  + . - .  

the  da i ly  monitoring .. . of a l l  the . . radium i n  storage (see abstract) .  . . 

Bone Mineral Studyo Other work has a l so  been undertaken 

u t i l i z i n g  cer ta in  radioactive materials. The low energy gamma 

radiat ion i s  used i n  the  &leasurement of Bone Mineral Using a Radfo- 

isotopic' Device consisting of .a. small source of iodine-125 and a 

s c i n t i l l a t i o n  detector (see abstract) .  Those measurements a re  use- 

f u l  i n  detecting bone mineral changes and following the course of 

any prescribed therapy. 



. . .  . . . .  . . . .  - .  - . .  . . . 

Automatic Patient Contour Plot t ing Device -- . . . 

L. H, Lanzl, L. Bess and M. L. Rozenfeld 
. . . .  . . .  - " . . . . . .  . . . . . . .  

During radiat ion therapy planning, . . .  a . . .  contour of the  pat ient  
, . . . . . . .  . . . . . .  

a t  t he  tumor l e v e l  i s  often needed. . . .  The exis t ing methods f o r  
. . . . . . .  - . . .  . ... - . . . .  . . . . . . 

obtaining such contours a r e  somewhat . . .  ted2ous and . . .  time-consuming. . 
. . . . .  . ,  . . 

Therefore, a. device has been constructed which is cepable,of . . _  . . . . . . . .  . . . . . . . .  . . 

carrying out t h i s  function acc.urately and quickly. . . .  

. - . . .  The device has been mounted on the  Argonne Hospital 's  . . . . . . . . .  
. . 

cobalt-60 therapy machine i n  such a way t h a t  it ro t a t e s  . . .  about the  
. . . . 

pat ien t .  The device detects  the  distance from i t s  surface . . . .  t o  
. . .  , . 

t h a t  of the  pat ient .  . . .  The contour i s  then produced by sub- 
. . . . 

t r ac t ing  t h i s  distance from the constant distance t o  the  center 

of ro ta t ion  over the  en t i r e  c i r cu l a r  path. 

The distance measurement i s  performed by means of an opt ical-  

e lectronic  system composed of two s l i g h t l y  convergent l i g h t  beams 

directed toward the  subject .  The separation of the two beam 

imges  on the  pa t ien t  surface thus depends on i t s  distance. from 

the device, A lens  system focuses l i g h t  images re f lec ted  from 

the  surface on a shut te r  wheel, which ro t a t e s  a t  a constant angular 

velocity,  so  t h a t  the  time in t e rva l  between' the  passage of t he  . . 

two ' l i gh t  , . beams through a given shut te r  . . . . . .  s l i t  i s  a measure of the  . . . . . .  . . 

distance t o  the  surface, The l i g h t  . . . . .  pulses a r e  . . .  converted i n t o  . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  

e l e c t r i c a l  'impulies . . . . .  whose time separation i s  made proportional . . . .  t o  
. . .  " .  . . . . . . . .  ~ . ,  . . ... 

the  distance by an optical-geometrical compensating feature.  This 



time separation i s  converted t o  a direct-current signal fed t o  the . . . . . . . . . . . . . . . . . . . . .  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. 

r ad ia l  coordinate of a recorder. The angular coordinate i s  deter- . . . . . .  . . . . . . . . . . . . .  . . - .  .- . . .  . - .  .... "., 

mined by the angular location of the  contour device. ".- . . . . . . . . .  .. . . - .  . . .  - .  . .  -"  . . .  - . . . . . . . . . . . . .  > "  . . .  

The unit has been tes ted  successfully on mechanical objects. 

Analog Computer Calculation of Rotation 
. . 

Isodose Distribution 
. - 

M. Lo Rozenfeld 
. -^  . , ^ ,  C . . .  U "  ... . . . . . . . _ . .  . .  . . . . . . .  . * 

. " .  .~ 
One method commonly used t o  calculate the dose dis tr ibut ion 

. . .  . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . .  - .  

due t o  rotation therapy u t i l i z e s  the  central  axis  depth dose . . . . . . . . . . . . . . . . . .  . . 

corrected f o r  inverse square law only. These central  ax is  data 

a re  used t o  determine the  dose ..... a t  a point of in teres t  i n  the  . . . . . . .  

pat ient  a s  the  beam revolves around the center i n  increments of 

15", The dose a t  t h i s  point, due t o  the rotation, is  then the 
... . . 

average of doses from each angle of entrance. This process is  

repeated f o r  new points u n t i l  sufficient data a re  available t o  

interpolate the  resul tant  isodose curves. 

An analog computer program h's been developed t o  automate 

t h i s  L * .  . process, Most of the  approximations made i n  the procedure 
:I ' ' 

outlined above a re  s t i l l  required, except that continuous inte- 
, , G . - - L -  - .  - A -  " .  -- " "  . , " 7  

grat ion.  -.-., .* I f s performed Sns.tead of summing .the resul t s  . . . .  at 15O steps. . . _ . . . .  _ _ _ _ . - ,  .._. . . .  - .  . .  . -  ̂  . . . . . . . . . . . _ . _  _ - .  . . .  -. 

Since the computer w i l l  integrate the  dose a t  any point, due t o  a 
. C _ . _  ...... .. -.. . ^  .... ......... . -  . . . . . .  I- - _  _ . . -  ... _ . ... . .  - .  . .:,. 

complete rotation, i n  1ess . than a second, it is possible t o  program . . . . . . . . . .  %._.I . .. .... I .e ... ., ..._._ - _  ... _ -  I. . .... . . ^  . . . , . . .  - . . . .  

a feedback system t o  search out the  isod'ose l ines.  Thus the  



output of the  program is  the  complete s e t  of isodose curves instead . . . . . . .  . . . . .  . . . . . . . . . . . . . . .  -. ............. - .  . . . . .  . "  

of a tab le  of values from which the  curves will have t o  be drawn by 
.,..* ............ 

, . .  . - . . . .  . .  , 
interpolation .' 

A Semi-Automatic Isodose Curve Plo t te r  

.Me L. Rozenfeld, H. Vetter and L. H. Ianzl  . . .  . . .  . . . .  ..: . . . . .  .......... ., . . . . . . .  . " ,  . . . . .  > . . ... 

A device f o r  plott ing' isodose . curves from film has beepcon- . . . . . . . . . .  . . . . . . . . .  . d... . . . . . . . . . . .  . - - - .  . . , . I ,  - ......... 

structed and u s e d f o r  several months. A c i r c u i t ' i s  incorpo-rated- . . . . . .  - .  

which corrects f o r  any nonlinearit ies i n  both the..densitometer-and . . . . . . . . . . . . . . .  . . . . .  . - . . . . . . . . .  _ . . . < . .  

the' film, so  tha t  the f i n a l  r e su l t s  represent the t rue  isodose and . . . . . . . . . .  

not mer.ely, isodensity curves. . ; . . _ . . . . .  I' 

. . .  . . . . . . . . . . . . . . . .  . . . . . .  . . 0 " 

. . .  . 
+ - . .  ' .,The . p l o t t e r  u t i l i zes .  twelve independent, gate circY$tsj . : ,ea~h:  

. . . . . . .  . . 

one.:opening when the l inearized densitometer output is, equal $0 a,. 
. . . . . .  , . . . 

di f ferent  reference level.  . Pulses with.  a .  2 kilocycle repet i t ion : 
. -. . . . . . . .  - . . . . . .  . . . . .  

r a t e  pass through any of .  the gate c i r cu i t s  which. a r e  open, and 
. . . . . .  . . . . . .  

write  on the spark-sensitive paper. Optimization of w r i t i n g  versus 

searching time is achieved by the  use of manual scanning i n . f u l l  

view of t h e  spark-sensitive paper.. The r e su l t s  f o r  a single,.film 

a r e  obtained i n  10 .or 15 minutes with an accuracy of 2 2 .per cent. 

The deyi'ce was constructed f o r  measuring and plot t ing iso- . 

dose .. - contour l ines .  from films embedded within a. phantom exposed t o  . . . . . . . .  . . . . . . . . . . . . . . . .  . - .  . 
' , 

external, therapeutic beams of radiation, but was a l so  found 
" a 4  ..- ...... . . 

useful i n  a scawing : ,  system f o r  pat ients  with in te rna l  radioactive 
",,. . . . .  ....... ........ .... . . . . . . . . . . . . . . . . . . . . . . . . . . .  

depos.itions. whe~e  f ih; is. used i n ,  the f i n a l  output stage. 



. . Radium Leak Detector . . . .  

M. L. ~ozenfe ld  and E. W. Mason 

A system f o r  the da i ly  checking of leaks . . . .  i n  the  en t i r e  stock 
. . . . . . .  . . . . . . . . . . .  , 

of radium contained i n  a safe  i s  being developed. . . .  This i s  t o  be 

accomplished by monitoring the a i r  i n  a sealed housing containing 

the radium safe. The.air  i n  the housing w i l l  be recirculated, . . . . .  . . .  by . . . . . . . . . . . .  . . . . . .  . . . . -  . . . . 

a pump, through a membrane f i l t e r  w h i c h i s  facing a so l id  s t a t e  ,. . , .  .. - . . . - . . . . . . .  . . ,  . . . 

alpha 'detector ,  The detector i s  connected t o  a log count r a t e  
. . . . .  . . .  . . . . . . . .  . - " .  

meter, alarm c i rcu i t s ,  and s t r i p  chart  recorder.' . . . . . .  . . 

An alpha detector was ch'osen f o r  t h i s  purpose f o r  several 
. . . . .  . . .  . . . . 

reasons. Suitable discr iminator 'c i rcui ts  can make the detector : 
- ~ . . . . .  

insensi t ive t o  gamma rays, thereby allowing it t o . b e  s i tuated near 
. . . . . . .  . - 

t he  safe  without affect ing the background alpha count. . The back- 

graund.count i s - f u r t h e r  reduced by recirculat ing the  air i n  the  
. -. . . . . 

sealed housing and thereby eliminating the natural  radon i n  room 

air. 

The pump w i l l b e  operated f o r  1' hour a day which i s  about 
, . 

3 times the ha l f - l i f e  of the .radon daughters. .The detector , c i r c u i t  

w i l l  be turned on with the  pump but . w i l l  be operated f o r  'a period 

of 2 hours. :?!he . . .  1-hour . . . . .  pumping . . .  time i s  suf'ficient'for,the a c t i v i t y  

of the radon daughters collected on the f i l t e r  t o  approach within 
. . . .  . . . .  . . . . . . . 

about % ,  85 per 'cent  of equilibriwn with the a c t i v i t y  of the radon . .  
.gas i n ' t h e  housing. The. addi t ional  hour of- detection a f t e r  the  

. . . . . .  " .  . . .  . . . ,. . . .  

pump is  shut .off w i l l  s h o ~ ~ . . a  decay with a 20-minute ha l f - l i f e  i n  

the  event of a radon leak, or no decay i n  the  event of a radium leak. 



Among the. advantages . .  ,of . . . . . . . . . . . . . .  this system.are its .,high ...sensitfvit Y, . . . . . . .  . .  . * . . . .  . . . .  . .  "_ - .-. ? - '  ' . . '  '. ' 

its ability.to distinguish between,radon and radium . . . . . . . . . . _ . _  leaks, the - . . . . . . . . . . . . . .  " . . . . .  ,- . "  . . . . . . . . . . . . .  - . '  . " 

complete elimination of personnel dose . . . . . . . . .  involved in.the . . . . .  testing . . . . . . . . . .  pro- 
" " .... - . . . . . . . . .  :_.. - . . . . . . . . .  . . 

cedure, aqd the assurance of prompt detection after a leak,develops. . . . . . . 

Measurement of Bone Mineral Content Using a 

. . . . .  . . . . . .  . . .  , ,  . . .  ' 6 .  
I . .  

L. H. Ianzl and N. Me Strandjord 
. . .  . . . . . . .  . . . . . . . . : . . . . . . . . .  , a. .. . . - .  . . ::. 

. An accurate measurement of the mineral content of bone in - A, _- .  .< . . . . .  . . . .  . .  ... :. . . . . .  . /  . . . . . . .  : , . . - ... 
vivo has. long been a medical problem. . . . . . . . . . . . . . . . . . . . .  +. ".( . , .  . .  .,. 

An instrument, . .  . _  . . . . .  using radio- . 
. . . . . . . . . . .  - ...,... ..... 

active - . - . . . . .  iodine-l25,has been,de$sed for non-destructive testing to . . . . . .  , . , .  . . . .  . . . . . .  . . , .  ., . .  _. . I, ' .  . ,' .,. 

determine .mineral .changes in the skeleton, , This is. accomplished . . . .  .by . . .  . . .  . - _ , . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  : . . ~. 

measuring the transmi~sion~of . . .  a smpll.beam . . .  of radiation . . . .  ema+mting . , .  , .  . , .  . . . .  . . . . . . . . . .  ... 

from .io.dine-125 through a. single h- finger bone. . . . . .   or small 
" . . _ . . . . . . _  . . I  . . . .  . . # .  . . 

animal work, the rear leg is used,. ) ..*. . ... . . 
. I .  . . .  

Radiographs must be used for accurate positioning of the 

organ under consideration, Built into the unit is an isutomatic 

repositioning feature coupled with an automatic print-out device. 

An error analysis indicates that the absorption coefficients of 
. . .  

bone in vivo can be determined to an accuracy of + lper cent. 
-_._-a ... . , 

. . .  With Drs. Edward Davis and Edward Person, we have undertaken - . . . . .  - - - . . . . .  ..... ., . . . . .  , . . .  . , .  . 

the study of possible beneficial effects .... of . . . . . .  estrogen . . . . . .  therapy in - , .., . .  ..>.... . L . . . . . . . . . . . . .  . ., " "  
1 '  " 

the postmenopausal female. We are measuring the mineral content 
...*...- ... + . . . .  . . .  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . .  

of B g ~ ~ d p  of patients who have had bilateral oophorectomy and 



who a r e  endogenously estrogen deficient.  Those pat ients  who have . . . . . . . .  - . . . . .  . . . . .  . . .  A . . . . . . . . . . . . . . . . . .  - - 
0 .  

received exogenous hormone"therapy i'n t h e  postoperative period 
A .  

a r e  . . . . . . . . . . .  being compared with ~ o s t r n e n ~ ~ a u s ~ l ' f e m a l e s  who have not had 
. . . . .  

. . . . . . 

t h e i r  ovaries removed and a r e  not .  on hormone therapy. Measure- 
. . .  - . . . .  . . .  

ments on the  bones of females i n  the  premenopausal e ra  serve a s  . . . .  . . 

controls. The r e su l t s  thus f a r ,  which are  based on one hundred 
. . 

pat ients ,  ' show tha t  the group receiving hormone therapy appears t o  

have a l inea r  absorption coefficient halfway between the  o t h e r ,  
. . 

f 

two, indicating a ' bene f i c i a l  e f f ec t ' on  the bone mineral content. 

I n  another study which we .are irndertaking with Drs.. Paul V. 

Harper and Edward Paloyan, we a re  measuring the l inea r  absorption 

coefficient i n  the leg  of a rabbi t  on an enriched cholesterol 

d ie t .  ' I n  a f i r s t  run c?f three  t e s t  and three control rabbits,  

one of the t e s t  r a b b i t s '  exhibited a . r isLng co r t i ca l  bone coeffi-  

c ient ,  although the  bone had not increased i n  s i ze  more,rapidly 

than those of the control rabbits: . 
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