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Project  48 A-I 

Rad ioaut ograph i c  St udle s 

BerEiece Jue and C. W. Asling 

\ -  
-\  

The radioautographs i n  The s e r i e s  of s tud ies  on the uptake of various 
elements by s k e l e t a l  t i s sues  of t he  rat at the  costochondral junction have just  
been completed, 
jection of s$ron+Jium calclum. element 61, americium and plutonium, Noteworthy 
differences ex i s t ,  pa r t i cu la r ly  with respeet t o  deposition of .the t r a c e r  elements 
i n  the ca l c i f i ed  ca r t l i age  region, Calcium and strontium were s imilar  i n  the i r  
loca l iza t ion  throug!!out t h i s  reglon, Element 6 1  and americium showed surface 
1ocalIzaTion only. 
sl:&hi as t o  necsss i ta te  unusually long exposures t o  the  film i n  order t o  ob- 
Tain any evidence of i t s  presence, 
pared t o  f ac i l i+ , a t e  t he  exact loca l iza t ion  of the varlous elements i n  t h e  bony, 
car t i laginous,  a d  anc i l l a ry  t i s s u e s  of  t h i s  s i te ,  and a full descr ipt ion and 
photographic presentat  ion w i l l  be included i n  the  next report, 

The seyles  now includes loca l iza t ion  1 and 24 hours a f t e r  in- 

The uTtake of pllitonlum i n  t h i s  ca l c i f i ed  car t i lage  was So 

Counterstains of t he  sections a re  being pre- 

Astatine (At2i*1)o 
A st.udv on the  effast iveness  of radioact ive A%"Al  i n  the d'estruction of thyroid 

Bernieee Tue, C .  1, &ling,  P a t r i c i a  Wallace, and K. Go Scott. 
" -  -_ - - 

t i s s u e  is being conducted using dose l eve l s  ranging from 1.2 microcuries t o  
157 microcuries wi th  post in jec t ion  i n t e T a l s  of 2 and 41 days. 
tops ies  w i l l  be mde on f ive  groups of rats. 
done on the  skin,  lach=ymal glaod, sa l ivary  gland, thyroid,  trachea,  muscle, 
gonads, cerv ica l  lymph node, adrenals,  kidney, spleen, pancreas, in tes t ine ,  stom- 
ach, l i v e r ,  bone marrow, lungs, brain,  p i tu i t a ry ,  thymus, and hear t ,  
w i l l  be compared with those a f t e r  in jec t ion  of radioact ive 11310 (See Table I )  
Red c e l l  counts, white c e l l  counts, and d i f f e r e n t i a l  white c e l l  counts w e r e  taken 
before in j ec t ion  as controls  and a t  various in te rva ls  u n t i l  autopsy of the ani- 
mals o r  unt i l  the animals showed suf f ic ien t  recovery ( t o  75 percent of normal 

Complete au- 
Routine h is to logica l  work w i l l  be 

The f indings 

C D U t  ! 0 

Charyes i n  t he  blood p ic ture  due t o  rad ia t ion  have been T i e l l  characterized 
and w6re used here as a criterioxi of t h e  extent of rad ia t ion  damage and t h e  
general  physical condition of t he  animals. 
of the  c i rcu la t ing  lymphocytes which is  noticeable in the  decrease i n  the white 
c e i l  count and the  apparent increase i n  the  percentage of poiymorphonuciear 
leukocytes i n  t he  d i f f e r e n t l a l  counto 

The major e f f ec t  is a destruct ion 

The anunals used f o r  t h i s  study were both  males and females of a C u r t i s -  
In a s e r i e s  of blood counts on 24 n o m 1  animals the following Dursing s t r a i n ,  
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TABLE I 

No, of 
Rats 

1 
A 

BISTOLOCXAL STUDIES IN PROGRESS OF At211 ON TIE RAT 

Dosage 

121 pc 

i.2 pc 

6 P C  

30 p c  

82 p3 

41.5 pc 

159 pc 

151 pc 

'18.5 pc 

Days In t e rva l  

3 

41 

41 

41 

2 

41 

3 

41 

41 

O r g a s  t o  be Studied 

Parotid, thyrold &rea of 
t rashsr stomach , small 
i n t s s t  ine large i n t e s t ine ,  
ca32m. 

ThTyroid and trachea 

Thyroid and trachea 

Complete autopsy 

C mp?-et e aut opay 

C cmr,lsx e autopsy 

I f  74687 
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values were established f o r  the  blood const i tuents ;  red blood c e l l s  averaged 
7,500,000 per cubic millimeter wi th  a range of from 6,000,000 t o  8,500,000, 
white blood cells average 13,000 per cublic millimeter with a range of from 
8,850 t o  17,800. 
stained wi th  Wright's s t a i n  and t he  following values were obtained; lymphocytes 
[these figures combine both aduit  forms and l a t e  juvenile forms) 74 percent; with 
a range of from 64 percent to 85 percent, polymorphonuclear leukocytes (neutro- 
p h i l s )  20 percent wi th  a range of from 11 percent t o  30 percent, monocytes 
averaged 2 percent, eosinophilic leukocytes 4 percent, no basophilic leukocytes 
were seen. 

In t he  d i f f e r e n t i a l  counts 100 c e l l s  were counted on slides 

At. t h e  lowest level of At211 i n  which blood counts were taken, dosage 
used (42 pc) t he  whit.e count b e g s  t o  f a l l  a t  48 hours t o  about 60 pexent,  of 
normal and recovery was complete a t  13 days, 
throughout t he  13 day period, and the  d i f f e r e n t i a l  counts a l s o  r emines  within 
normal limits, 

The red c e l l  count remained normal 

A t  the  next dogage l eve l  of 7 8  p c  t h e  white count f e l l  To nearly 25 
percent of normal i n  20 hours and remained at this low l eve l  f o r  8 days w i t h  
a moderate amount of recovery t o  the extent of 60 percent of normal at 10 days. 
Vithin the range,. giTen ab?se for t he  d i f f e r e n t i a l  counts an almost complete 
reversal of t he  percentages of lymphocytes and neutrophi l ic  leukocytes w a s  
seen which 1ast.d fc.r 48 hours at which t i m e  recovery started and t h e  picrure  
was completely normal a t  io days, The red count remained normal, 

A t  higher dosage levels t he  e f f ec t  i s  essen t i a l ly  the sane.as f o r  the  
78 p c  group except that: it is s l i g h t l y  more marked. 
d s p s 5 s 6 d  t o  23 percent of normal and r e tu rns  t o  50 peycent at 10 days, al- 
though the  d i f f e r a n r i a l  count re turns  t o  normal limits i n  8 days. Thue wi th  
higher dosage l e v e l  damage is more extensive and recovery i s  S l O W 6 2 ,  It is  too  
ea r ly  t o  t e l l  how completely these animals at higher dosage leve ls  w i 1 . i  recover. 
Data f o r  t h e  aboae c i t ed  dosages are given in Table IIo 

The white count is fur ther  

No notable change was seen in t h e  red cell picture.  Such a change may 
appear later i n  the higher dose l eve ls ,  

B e n  at the highest dosage level only an i n i t i a l l y  slight loss i n  w e i g h t  
was noted, and t h i s  may be a t t r ibu ted  t o  the  animal's loss of appet i te  follow- 
ing the severe trauma of an intravenous inject ion.  

Grossly w e  can say tha t  except for t h e  i n i t i a l  blood changes follawing 
in jec t ion  t h e  animals at  the  dosage levels here used were s t i l l  i n  good health. 
They were a ler t ,  showed no dehydration, and seemed t o  b e  eat ing normally, 

An invest igat ion is being conducted t o  show the e f f e c t s  of high dosage 
levels  of the rare earth elements on the  gas t ro in t e s t ina l  t r a c t ,  following 
stomach tube administration of 500-1000 microcuries of H&G9 Yb175, and Lu17'. 
The animals were sacr i f iced  at 8 days following i n j s c t i o m ,  and s e c t i m s  of 
, the stomach, small and large in t e s t ine  and caecum were t&en f o r  routine his to-  
l og ica l  work, 
damage e 

These sect ions w i l l  be studied t o  determine any possible t i s sue  

I I l 4 b 8 8  
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TABLE I1 

BLOOD STUDIES IN PROGRESS OF At211 ON THE RAT 

No . count D l t f e ren t l a l  White Count 
Dosage Animals Av.Wt I n t e r v a l  In t e rva l  RECx106 E Lymphocytes Neutrophils 

4L5pc 2 190 gm 40 days cont ro l  8.06 
46 hrs 7.54 

6 days 7.95 
13 days 8.51 

?8 pc 3 212 gtn 30 days control  7.12  
20 hrs 8.61  
44 hrs 7.88 
6 .7  days 8.22 
10 dayB 9.32 

83 +c! 1 20.i gn 2 days cont ro l  7 .34  
21.5 hrs 6 .63  
26 hrs 6.42 
46 hrs 7.42 

157 p2 2 23Q gia * cont ro l  8.80 
17 hrs 8.18 
44 h r s  7.87 

6.7 dags 7.72 
10 days 7.97 

3 days 7 .53  

*One anFmal autopsied at 3 days. 

10,000 
7,490 
5,800 
10,850 

16,700 
4,400 
4,350 
7,660 
9,900 

12,900 
6,850 
8,120 
5,600 

14,200 
5,800 
4,150 
3,050 
8,060 
7,700 

74  
64 
72  
66 

67 
43 
44 
81 
70 

76 
37 
46  
19 

77 
25 
17 

: 49 
79 
7 1  

20 
29 
25 
29 

26 
57 
54 
17 
30 

16 
56 
53 
5'6 

22 
74 
82 
43 
20 
2? 
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Tracer s tud ie s  * The Metabolism of the  Fiss ion Products 

Kenneth G. Scot t ,  Josephhs  Crowley, Harry Forman 

Holmium, 
has been studied i n  r a t s  following parenteral  and o r a l  administration. In 
addi t ion t o  t h i s ,  d i s t r ibu t ion  of hol&um complexed with c i t r a t e  was compared 
to the  uncomplexed element. The f a t e  of 50 micrograms of Ho following in t r a -  
muscular i n j ec t ion  is summarized i n  Table Io  Studies  were made a t  1 and 4 days 
a f t e r  administration wi th  both t h e  c i t r a t e  complexed and the  uncomplexed mater- 
ia l ,  
95 percent, and 95 percent of t he  mater ia l  administered in the uncomplexed s t a t e  
remained at t h e  in jec t ion  s i t e  1 and 4 days after i t s  administration. For simi- 
l a r  t h e  periods f o r  t he  c i t r a t e  eomp'lex. 36,4 and 34 percent rmained at the  
lnjecxion s i t e ,  
js ty-pjcal of t h a t  of the  lanthanide rare ear ths .  
were accumulated by the  l i v e r  1 day a f t e r  administration and it is presumed 
that t he  high a c t i v i t y  noted i n  the. large in t e s t ine  is indicat ive of l i v e r  ex- 
c re t ion  in to  the gas t ro in t e s t ina l  t r a c t ,  
',n the  other  so f t  t i s sues  of the  body" 
amount of the  holretum .retainsd by the animal, being i n  excess of 30 percent of 
the absorbed dose. The mater ia l  was excreted i n  t h e  ur ine  and feces .  Complex- 
ing of holmium with c i t r a t e  reduced the  accumulation in the  l i v e r  t o  some extent 
w i th  a la rge  increase of %he percent of the  dose deposited i n  the  skeleton, 
These l a t t e r  values were in excess of 50 percenf,, 1 and 4 days after intramuscular 
administration, In addi t ion t o  t h i s ,  appreciable amounts were fomd  In the  
kidney which were between LO and 20 times grea te r  than the  similar s tud ies  with 
the  uncomplexed holmium. 

Similar s tud ies  were conducted wi th  hohium, using Ho16C as a t r a c e r  

The metabolism of microgram quan t i t i e s  of holmium, tagged with Ho'~~, 

Complexixqg w i t h  c i t r a t e  increased the absorption from the  b j e c t i o n  s i t e  

The deposition of the imcomplexed Ho following i t s  absorption 
Large amounts of the mater ia l  

There were measurable mounts of Ho 
The skeleton accumulated the  greatest  

following intravenous administration, 
i n  Table 11. Twenty-one micrograms of Ho were administered with and without 
the c i t r a t e  complex, In a l l  of t t e s e  s tud ies ,  the  major organ of deposit ion 
was liver and skeleton. 
what f a c i l i t a t e s  both f e c a l  and ur inary excretion. This excretion, hwever ,  
stems f r o m t h e  deposit ion which o r ig ina l ly  occurred in the  s o f t  t i s sues  of the 
body r a the r  than from the skeleton s ince high s k e h t a l  deposit ion of Eo complexed 
with c i t r a t e  occurred i n  t he  4 day intravenous s tud ie s  and is  somewhat, compar- 
ab le  with the  4 day intramuscular s tudies .  

The r e s u l t s  of these studied a re  s7unmarized 

The complexed Ho when administered intravenously, some- 

. 

The f a t e  of Ho and Ho complexed w i t h  c i t r a t e  following oral administration 
has been studied in rats as shown in Table 111. The animals were sacr i f iced  4 
days a f t e r  stomach intubat ion-  
was,found in  any of the  t i s s u e s  assayedo 
accuracy of t h e  method r a the r  than a t r u e  index of the  Ho absorbed from the  
i n t e s t i n a l  tract;. 
t ion by the  feces  r a the r  than renal  excretion, 

Yttarbillm. 
been s tudied i n  r a t s ,  
following intramuscular i n j e s t ion  is presented i n  Table IV.  

Less than .01 percent of t he  mater ia l  administered 
T h i s  value represents  the  Unit of t he  

The a c t i v i t y  in t he  "mine presumably resu l ted  from contamina- 

The metabolism of ytterbium, by using t r a c e r  quant i t ies  of Ybi75 has 
The f a t e  of 33 micrDgrams of Yb w i t h  and without c i t r a t e ,  

As w i t h  holmium, 
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TABLE I 

DISllRIBUTION OF H O U W  IN TRE RAT AT 1 AND 4 DAYS FOLLO!TNG 
nWbUScuLfiR 1N.TECTION ilIW AND :'IITHOuT CITRATE COmLEXmG 
AG3lT. VALUES ZZFR3sSED AS PERCEm OF ABSORBED DOSE CORRECTID 

TO 100 PERCEl?r R3COVERY. Ho166 USED AS TRACER 

1 day a f t e r  4 days a f t e r  1 day a f t e r  4 days after -- 2 04 2.4 mg c it rat e -- 
pg . holmium 50 50 50 50 

Tis sues 
~- 

He a r t  
Lungs 
Spleen 
Blood 
Liver 
Kidney 
Mrena l s  
Thyroid 
Lymph G1, 
Pancreas 
Fat 
Stomach 
Sm. Into 
Lg. I n t o  
Skeleton 
Muscle 
Skin 
Eyes 
Pituitary 
Gonads 
Urine 
Feces 
B2ELin 

P Per P per  
organ &ran 

e 28 0 2 8  
0 2 8  . 20 
0 28 0 2 8  
28 e 03 

22,9 3,97 
85 .57 
.28 
.28 - - .85 
e 28 0 2 8  - .2% 
.28 25 

1.98 25 
15.5 1,90 
36.8 1.98 
1,98 .03 
1.13 . 06 
28 . 57 
.28 - 
w 28 .28 

11.0 - 
6.80 - 
<* 20 <. 28 

$ per  
organ 

31 . 31 
.31 
0 47 

1,87 
.31 
31 

.31 

.31 . 62 
0 93 

4.04 
1.87 

.31 

.31 

15.9 

- 
- 

3402 

12.1 
27.1 
4.31 

% Per 
gram 

31 
31 
31 
.03 

1.56 
.93 - - . 62 
31 
31 
06 

e 06 
.09 

1087 
04 
06 

- 
.31 - - 

4 .31  

Unabsorbed from l e f t  l e g  

95.2 95.0 

% Per  P Per 
organ gram 

.19 . 32 
-44 .25 
.30 0 53 
D 19 .02 

17.8 2.98 
8.81 6.78 
.04 - 
.02 - - .59 
04 0 02 - .08 
.65 .40 
0 95 17 

1.29 27 
51.3 2.75 
4.84 .06 
3.34 .19 

e 02 04 
.02 - 
002 .09 

7e05 , - 
2.72 - 

e o 4  0 02 

36.4 

P per B per 
organ gram ---- - - . - - - 

0 09 e 15 
.18 .13 
26 . 37 
.04 .004 

6.21 .88 
9.24 5.90 

07 

5 22 
* 53 
r 57 

5.23 
2.53 

- 

55.5 

06 
002 
.11 . c7 
e 07 

3.23 
0 O? 
0 2.3 

0 02 0 c4 
15,l - .  

a 07 a 06 
4.24 - 

3400 
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TABLE I1 

DISI1RIBUTION OF HOLIrINL; I N  THE RAT AT 1 and 4 DAYS FOLLOWING 
II~TI?NLV~~~!?CUS INJECTIGN XTH AND VITHOUT CITRATE COWLMING 

A G W .  VALVES XXPRESSED AS PERCENT OF ADMINISTEWXI DOSE 
CORRECTED TO 100% RECOVZRY. HO166 USED AS TRACER. 

1 day a f t e r  4 days a f t e r  1 day a f t e r  4 days a f t e r  
mg. c i t r a t e  -- -- 2.4 2.4 
pg. holmium 21 21 21 21 

Tissues 

Heart 
Lungs 
Spleen 
Blood 
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph GI. 
Pancreas 
Brain 
Fat 
Stomach 
Sm. I n t .  
Lg. In t .  
Skeleton 
Muscle 
Balance 
Skin 
Eye s 
P i t u i t a r y  
Gonads 
Urine 
Feces 

% Per 
organ 

.08 

.27 
1.10 . 97 
2.67 
.06 
.02 

33.2 

- 
0 10 
e02 - 
27 

1.97 
2.68 

1.18 
4.70 
3.46 
.01 
.01 
.10 

3.06 
2.51 

16.5 

P Per 

. 09 . 14 
1.47 . 07 
7.44 
1.35 

- 
.55 
.05 
.01 
.02 . 16 
0 3 0  
.69 
93 
.01 

.09 

.08 

.04 

- 

% Per 
organ 

. 05 . 34 
1.80 
.14 

2.72 

<.01 

.05 
<. 01 
. 20 

1.53 
1.34 

1.85 
1.64 
2.77 

52.9 

.os 
- 

- 

21.1 

<. 01 
.08 

2.37 
9.02 

05 
.17 
1.28 
.01 

4.87 
1.29 

- 
.19 
.11 
c 01 . 01 . c4 
.17 
.15 

1.12 
.02 

.10 
- 

% Per 
organ 

.19 . 24 
1.44 

4.35 . 06 
<. 01 
.10 

L O 1  

. a5 
43.2 

- 

.41 
1.94 
3.44 

2.09 
2.46 
4.50 
4.01 . 31 
.15 

6.52 

17.0 

11.1 

,3.1 
.u . 93 
11 

5.88 
2.22 

? 

.51 

.14 
<. 01 

. 25 

.26 
62 . 96 . 02 
.13 
.03 

.07 

- 

- 
- 

. 15 
26 

0 5 8  
.15 

2.43 
.09 

18.7 

<* 01 
. 12 
001 

.35 
1.27 
1.81 

1.75 
5 -74 
3.48 

- 

- 

34.5 

<.Ol 
4.01 . 12 
10.6 
17.9 

.16 

.17 

.72 

.01 
2.20 
1.16 

- . 54 . 10 
.01 
e.01 
.21 
.16 . 27 
2.09 
.02 

e 12 . 03 
.05 

- 

- 
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Tissues 

DISFRIBUTION OF HOLbZUM IN THE RAT AT FOUR DAYS FOLLOWING 
S T O W  TWE ADMINISTRATION J I T H  AND jiITH0uT 4.8 EIIJ.,IGRAMS 
CITRATE. VALUES EXPRjLSSZD AS PBCEW" OF ADKINISTERED DOSE, 
CORRECTED TO loo$ RECOg3IY. Holf i6  USED AS A TRACER. 

Heart 
W S  
Spleen 
Blood 
Liver  
Kidney 
Adrenals 
Thyroid 
Lymph G1. 
Pancreas 
Brain 
Fat 
Stomach 
Sm. Int. 
Lg. ut. 
Skeleton 
b4uscle 
Balance 
Skin 
Eyes 
Pituitary 
Gonads 
Urine 
Feces 

no added c i t ra te  
21 micrograms holrrdam 

d e  01 
< O O L  

<o 01 
6 01 

<. 01 
<" 01 
( 0  01 
<e 01 

<e 01 <. 01 
<.Ol 
< n o 1  

<o 01 
<e 01 

b 03 
p 07 

< e o 1  

<a 01 
< o O l  

P 01 

I 

0 

2,49 
97.4 

4.8 milligrams c i t r a t e  
100 micrograms holmium 

6 01 
6 01 
<. 01 
< a 0 1  
05 

4 01 
6 01 
GO1 

< D O 1  

6 01 

0 01 
0 01 

0 14 
<. Oi 
31 

6 01 
<* 01. 
c 93. 
9.88 

- 

o 04 

007 

89,5 

G 01 
601 
Go1 
6 01 

COl 
,005 

- - 
0 19 

C O l  
601 

004 
a 0 0 1  
.005 
008 

6 0 1  - 
0 002 

< e o 1  

6 01 
s 

- - 
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TABLE I V  

DISITRIBUTION OIF YTTZFBNM I N  TEE RAT AT 1, 

A G m .  

le DAYS FOUOXING 

VALUES EXPRESSED AS PEZCEKT OF ABSORBED WSE CORRECTED 
TO 100% RECOVXRY. 

IN-SCULAR INJECTION WI'M AND WITHOUT CITRfiTE COMPLF,XINC 

Yb175 USED AS A TRACER 

1 day a f t e r  

mg. ci t ra te  -_ 
pg. ytterbium 33 

Tissues 

<. 23 <. 23 . 23 
.46 

0 22. 
<. 23 
d 23 

4. 23 

13.4 

I 

( 0  23 
Y 

<, 23 
2,08 
8,33 
3.94 
1.39 
2.78 
<. 23 <. 23 
12.0 
55.1 

Unabsorbed from 
l e f t  leg. 95.c 

Heart 
Lungs 
Spleen 
Blood 
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph GI. 
Pancreas 
Brain 
Fat 
S t  amach 
Sm. I n t  . 
Ig. In t .  
Skeleton 
mmts c l  e 
Skin 
P i t u i t a r y  
Gonads 
Urine 
Fe ce s 

<o 23 
6 23 

e 46 
.05 

1.85 
0 12 - - 

<. 23 <. 23 
<e 23 
6 23 
4 23 

a 23 
2.78 

0 21 
e 02 
eo9 

<. 23 
u 

- - 

4 days a f t e r  

-- 
33 

organ gram 
P % Par 

<. 30 
C 30 

e 59 
0 30 

0 39 
4 30 <. 30 
<. 30 
6 30 

4.30 
0 30 
30 

1,78 
1.48 
<. 30 
<, 30 

l?, 0 2 

"a 

C. 

13,O 

36,1 
34,6 

96 .c) 

1 3ay af'ter 

4,a 
33 

$ per $ per 
o r g u  gram 

<. 30 
<. 39 

0 59 
e 03 
"89 
E 18 - - 
30 

639 
c 30 (. 30 <. 30 
03 
03 

.89 
* 02 
.06 

<e 30 
- 
- - 

6 35 
0 7? 

5.70 
0 45 

5.52 
3,52 

0 

0 27 
i3 

e o  02 
03 

u 59 
48 

e 56 
e 90 
03 

0 13 

. 03 I 

- - 

4 days af'ter 

4.8 
33 

organ gram 
k Per k Per 

-26 
.67 

2.61 
e 11 

5.15 . 08 
<,02 

.03 
4.02 

84 

22.8 

- 

- 
2.54 
1.35 

3.90 
2.76 
4.02 
.06 

7.81 

19.4 

29.6 

34.4 

e 28 
0 42 

3.37 
0 01 

2.56 
2.31 - - 

0 34 
08 

do 02 (. 02 
D 57 
23 
14 

e 04 
08 

03 

1,07 

- 

- 
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c i t r a t e  conplexing facil i tates the absorption from the i r j e c t i o n  s i t e ,  the  values 
being 34,7 and 34.4 percent respect ively a t  1 and 4 days a f t e r  intramuscular in- 
jection. Similar values f a r  t h e  uncomplexed mater ia l  were 95 and 9.5 percent 
respect ively after intramuscular in jec t ion .  pb is apparently exsreted i n  much 
larger quant it i e s  when uncmplexed than wknit is canplexed 
however, t h a t  because of t h e  la*? absorption from the  in j ec t ion  s i te ,  the  animal 
handles much more of the  cmplexed material if the  micrograms excreted are ccnpared. 
As with other  lmthenide r a r e  ea r ths ,  the majcr organs of deposit ion were l i v e r  and 
skeleton. Complesing with c i t r a t e  increases the  s k e l e t a l  deposit ion at 1 and 4 
dags a f t e r  intramuscular achin is t ra t ion  and i n  t h e  case of pb increased the  l i v e r  
deposit ion as well, 
the  a b i l i t y  of t he  l i v e r  t o  excrete  the  mater ia l  deposited. 
of uncomplexed Yb and Yb cornplexed w i t h  c i t r a t e  was administered t o  rats :n+,ra- 
venously, The deposi t ioc ir, t h e  ret obtained from these s tud ie s  is summarized i n  
Table V, 
than when complsxet! vrith c i t r a t e  whereas c i t r a t e  somplexing increases the deposit ion 
i n  the  kidney. This agrees with the  data obtained u p o ~  holmium. 
c i t r a t e  complexing increases the  deposit ion i n  the  musculature of the  r a t  f r o m  a 
f a c t o r  of 5 t o  10 a t  1 and 4 days a f t e r  administration, 

It must be pointed out ,  

This l a t t e r  e f fec t  appears t o  be a matter of a reduetion i n  
Ninety-two micrograms 

The uncomplexed mater ia l  i s  deposited i n  the  l i v e r  t o  a grea te r  extent 

In addi t ion,  

Studies following t h e  oral administration of ytterbiam i n  doses of 500 and 
50 microcuries a r e  summarized i n  Table VIn Less than .01 percent of t he  mater ia l  
administered cclild b e  i so l a t ed  from any of t he  tissues studied. The rad ia t ion  re-  
caived by t h e  ixt;estinal t r a c t  by t h e  509 micre@ur:’.e 3cse did  not a l t e r  the  abscrp- 
t i o n  i n  the  bod~7, 

Lutecium, The metabolism of microgram quant i t ies  cf I k t a c i m  following intramuscu- 
l a r  administration and ni?h c r  aithout, c i t r c t e  complexing, Ls summarized i n  Table 
VII, Ci t r a t e  eonplexing f a c i l i t a t e d  ahsorptio-o from the  in j ec t ion  s i t e ,  there  
remaining only 10,6 and 8.4 percent a t  1 and 4 days after administration, The 
major organ of dep%sition was t h e  skeleton. C i t r a t e  complexicg increased t h e  skele- 
t a l  deposit ion by a factor of two, However, it mst be remenbered t h a t  approxi- 
mately 10 times more lut.6cium was present i n  the  tissms with the complexed mater ia l  
because of t h e  g rea t e r  absorption from the  in jec t ion  si te.  
occurs i n  both -urine and feces ,  being much g rea t e r  in t h e  feces  4 clays a f t e r  ad- 
minis t ra t ion  of t he  unclsmplexed material, The reverse is  t r a e  of t h e  coml;lexed 
lutecium, the excret ion being alrnos% equal fmrn ur ine  and feces  4 days a f t e r  ad- 

‘minis t ra t ion.  

Excretion af lut,eciun 

The d e p o s i t i m  of 6 t o  15 micrograms of lutecium wi th  and without c i t r a t e  
complex following intravenous administration is s m a r i z e d  in Table VIIID Complex- 
ing  of t h e  mater ia l  reduced the  depamition i n  t h e  l i v e r  by a f a c t o r  of 3 t o  5, 1 
and 4 days a f t e r  administration, Eowever, as ?vith the intramuscular s tud ies ,  t he  
main organ of deposit ion was the  skeleton. 
increased the  s k e l e t a l  deposi t ion and i s  comparable t o  holmium and ytterbium, 
Consequently, less i a t e c i m  was excreted 4 days after administration when cmplexed 
than when not complexed. 

Lanthanum. 
surrmarized i n  Table IX. Asccrbic ac id ,  n i co t in i c  acid,  p ico l in ic  acid,  isothio-  
propionic acid,  and carboxylethyl su l f ide  were used as ?omplaxing agents and compared 

Complsxing of lutecium with c i t r a t e  

The e f f e c t  of various complexing agents upon car r ie r - f ree  La140 is 
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TABU V 

DISTRIEUTION OF YTTHiBmM I N  THE RAT AT 1. ANil 4 DAYS 
FMLOTJING INTRA~OUS INJECTION 5"H AND J ITHOUT 4.8 
E. CITRATE CObPLEXD?G AGENT. VAJXW EPFGSSED AS PER- 
CENT OF t;SMIMISTERED DOSE CORRECTED TO LOO$ RECOImY. 

Yt?175 USED AS A T ' i ' i C E Z  

1 day a f t e r  

mg, c i t r a t e  -- 
pg. ytterbiun 92 

Tissues 

Heart 
Lags  
Spleen 
Blood 
L i m r  
Kidney 
Adrenals 
Thyroid 
Lymph CI. 
Pancreas 
Brain 
Fat 
Stomach 
Sm, Int .  
Lg. In t .  
Skeleton 
Lbscle 
Balance 
Skin 
Eyes 
P i t  ul t ary 
Gonads 
Urine 
Feces 

p e s  per 
o r g m  gram 

000 
0 36 

2.29 
2,E2 

2"41 
:-IF, 

< * G l  

-13 
<,or 

0 25 
2,3; 
5.08 

io% 
2,3i 
3,?7 
<. 01 
< o O l  

20 
.85 
0 3'1 

58"4 

- 

Y 

15.9 

.09 

2 0 1.0 
* 20 

5,67 
1.19 

. 17 

- 
P 

" 43 
0 1.3 

<001 
,03 
.04 . 25 
,66 
0 91 
0 02 

a 12 
0 01 

08 

I 

- 
u 

I 

4 days a f t e r  

-- 
92 

e 03 
0 24 
.89 
0 22 

0 95 
0 07 

coo1 

e 03 
<a 01 

0 39 
1.09 

e 93 

1.16 
2,22 
2.85 
4.01 

., 17 

26.9 

I 

Y 

31-5 

<. 01 
5,89 
24.6 

e 05 
0 11 
0 79 
* 02 

2.49 
0 43 
Y 

0 

0 20 
08 

<o 0.1 
<.os 

0 09 
003 
0 10 

1.76 
0 01 

08 
01 

006 

- 

s 

- 

1 d6.y after 

4.8 
92 

P Per k wp 
organ gram 

0 33 
0 56 
0 '3 
0 41? 

6 0 94: 
0 05 

(,OX 

0 47 
<001 

210 4 

Y 

- 
1.42 
3, ,2 
5"10 
34.3 
13.4 

2-54 
3,30 

0 Ql 
< o O l  

0 05 
3,4i 
1.83 

0 4' 
0 $9 

1.22 
0 04 
2,84 
4.99 

Y 

'a 

e 28 
0 $5 

0 O? 
.?4 
0 4'? 
0 '70 

1,95 
e 17 

. L4 
03 

<e 0:. 

- 

0 

7 -  

n J.3 

v 

v 

4 days a f t e r  

4.8 
92 

16 
.35 
40 
05 

4,&8 
i0 

<. 01 
0 %  

<. Oi 
D 95 

2,76 
2.15 

l a  .? 

- 

- 

34"5 
11.3 

1.86 
3,38 
4. 01 
<o Oi 

* 03 
6 " 6 3  

1 E  "4 

0 22 
23 
68 

0 004 
1-68 
2.25 

Y 

- 
23 

0 2f- 
G O 1  

06 
F c i  

0 30 
108i 

0 14 

1.3 
* 03 

0 15 

v 

- 
I - 
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TABLE VI 

DISTRIBUTION OF YTTERBIUM IN THE RAT AT E I a T  DAYS BOLLOIYING 
STOMACH TUB2 ADMINI~TION OF TWO IEVELS OF Yb: 
50 XICROCURIES. VALUES HCPFBSSED AS CENT OF ADMINISTERED 
DOSE, CORREClED TO 100% RECOVERP. 375 USED AS A TRACER. 

500 AND 

Ti s sue s 

EIeart 
Lungs 
Spleen 
Blood 
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph G1. 
Pancreas 
Brain 
Fa3 
Stomach 
Sm. I n t .  
Lg. Int. 
Skeletcn 
Muscle 
Balance 
Skin 
Eses 
P i t u i t a r y  
Gonads 
Urine 
Feces 

509 microcuries Yb175 
1 m i l l i g r a m  ytterbium 

96 Per P Fer  
organ gram 

c 01 < 01 
G 01 < 01 
<. 01 c o 1  
<, 01 c 01 
c 01 c 01 
c 01 < 01 
G 01 - 
d o 1  - - (01 
c 01 < 01 
c 01 < 01 - GO1 
c o 1  4 01 
c 01 c o 1  
c 01 c 01 
c 01 c 01 
c 01 c 01 
< e o 1  - 
<e 01 GOi 
<. 01 <. 01 c 01 - 
G 01 <.01 
.19 - 

99.8 - 

50 microcurlea Yb175 
0.1 mill lgram :rt. t erb ium 

% Per P per  
organ lqx.m 

c 01 
<* 01 
<. 01 
G 0 1  
COl 
G 01 
G 01 
c 01 

G 01 
c 01 
c 01 
<c 01 
4 01 
c 01 
G O 1  
G 07 
c 01 
6 01. 
c 01 
c 01 
1.46 

- 

- 

98.5 

(001 
COl 
(. 01 
c 01 
6 01 
G O 1  - 
.. 

COl 
GO1 
c 01 
C Oi 
G 01 
6 01 
G 01 
c 01 
c 01 
< 01 
c. 01 
6 01 

- 

- 
- 
I 



TABLE VI1 

DISTRIBUTION OF LUTECIUM I N  “E3 RAT AT ONE AND FOUR DAYS FOLLOWING 
INTRAMUSCULAR INJECTION WITH AND WITHOUT CITRATE COMPLMING AGENT. 

VALUES EXPRESSED AS PERCENT OF ABSORBED DOSE CORFiTlC’JSII TO 100% 
RECOVEFiY. LU177 USED AS A TBACER. 

1 day af ter  4 days after 1 day after 4 days a f t e r  
-- 2.4 2.4 mg. c i t r a t e  -- 

pge lutecium 6 1 5  6 1 5  

% p e r  % wr P per % per  % per % per 5 per % psr 
T i  s sue s organ gram organ gram organ gram organ gram 

Heart 
Lungs 
Sp: e0n 
Bl*>od 
Li-Jsr  

Mrenals 
! rhpoid  
Igaph G1. 
Pancreas 
Brain 
Fat 
St mach 
Sm. I n t .  
Lg. I n t .  
Skeleton 
Musale 
Skin 

Pituitary 
Gonads 
Urine 
Feses 

Eaney 

By6 S 

0 10 
1.13 

82 
2.77 

20-7 
2.16 
4. 10 
<. 10 

0 10 
<. :0 
.62 

3.29 
9,04 

5.76 
3.39 
<. 10 
c 10 
.31 

9-87‘ 
4.73 

u 

35.3 

. 10 

.62 . 82 
26 

2.57 
1.34 

- 
<. 10 
-10 <* 10 
4 10 
.a . 51 

1.95 
2.26 
.07 . 21 
c 10 

.10 
- 
- 

<* 11 . 33 . 65 . 98 
11.5 
1.52 
<. 11 
<e 11 

4. 11 c 11 
. 54 
087 
.98 

2.29 
1.85 
e. 11 
c 11 
.11 

12.8 
37.8 

- 

27.7 

<. 11 
.11 
0 5 4  
.08 
e 98 
07 

- 
c 11 
<. 11 <. 11 
.10 
-08 
.10 

1.63 
.02 
.07 

<. 11 

29 
26 

o 25 
30 

7 .LO 
3.5i 
e. 01 
6 01 

06 
03 

* 99 
2041 
2.40 

3.41 
2,06 
<*01 
6 01 

03 
11.9 

2.f.5 

I 

Y 

62,3 

e 32 
0 19 
41  
03 

1.13 
2,29 

0 - 
17 
08 

0 01 
010 
.46 
.36 
.44 

3.89 
.05 
0 12 . 03 

08 
- 
- - 

.08 . 22 

.53 
0 21 

4.29 
1.13 
c.01 
001 

07 
.02 

. 57 

.73 
* 49 

5.94 
4.23 
<, 01 
<. 01 

e 13 

- 

- 

51,6 

16,9 
12.9 

Left Leg 89.4 89.3 10.6 8 04 

a 10 
23 

.37 
D 02 
e 50 
58 

- 
2.6 . 05 

0 01 
0 02 
0 22 
009 
07 

2.57 
.07 
16 

* 02 

e 05 
- 
- 
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TABLE VI11 

DISTRIBVITCE? OF LU!l!EXTw[ IN THE RAT AT ONl3 AND FOUR DAYS FOLLOWING 
INTRAVEZJOUS XNJECTIOS WITE AND WITHOUT CI- COhPLRCIXG ACENT. 

VALUES EXEESED AS FIRCENT OF p s % 6 I N I m  DOSE COFRECTED TO ZOO$ 
RECOVEiY. Lu177 USED As A !EWER. 

1 day after 
mgo c i t r a t e  U P  

pg. lutecium 6 

Tissues 

Heart 
LlUlgs 
SBieen 
Blood 
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph G1. 
Pansreas 
Brain 
Fat 
St oaach 
Sm. In t ,  
I& Int. 
Skeleton 
Muscle 
Balance 
Skin 
Eyes 
P i t u i t a r y  
Gonads 
Urine 
Feces 

6 01 
32 

0 77 
0 59 

10 2; 
0 03 

<, 01. 
0 0? 
0 22 

0 59 
2.73 
3.84 

3.43 
4.45 
4088 
c, 01 
Go1 . 10 
6.52 
5.89 

19,3 

- 

- 

44.4 

G 01 
l 15 
.77 
.05 

2.18 
* 74 - - 
e 20 
0 12 
* 01 
0 02 
o 29 
0 4 1  
80 

2.82 
o 04 - 
15 
*01 

0 0 4  
- 
- - 

4 days after 

15 
-_ 

% Per % Pep 
organ gram 

a 04 
23 

0 54 
0 19 

0 49 
08 

e. 01 
8 09 
0 01 

0 35 
68 
61 

2,56 
4,63 
2.99 

4 0  01 
c 01 
.12 

17.6 

- 

- 

31.1 

11.3 
26.4 

0 04 
13 . 61 

0 01: 
1.82 
26 - - 
23 . 06 

a 01 
.01 
0 12 
08 

.07 
l091 

a 03 - 
a 08 
e 02 - 
o 05 - - 

1 dry a f t e r  

6 
2.4 

011 
0 53 . 93 
.?9 

7.21 
l e € 9  
e 0 1  

4001 

0 0" 
0 02 

0 93 
3,?1 
4.74 

4.54 
7,14 
7,04 

e 01 
4 01 

0 30 

3.54 

- 

I 

44,o 

12.? 

0 11 
0 28 
s 74 
06 
86 

e 92 - - 
0 20 
a 16 
0 02 
0 02 
e 43 
e 5 8  

2.70 
005 

om 
03 

.a6 

- 

I 

0 11 - 
- 

4 days after 
2.4 
15 

% per % p e r  
organ gram 

a 04 
* 16 
8 41 
13 

4.26 
.88 

<o 01 
< 01 
07 . 03 
41 

.58 
28 

3.87 
5.34 
4.18 
<o 01 
4.01 . 12 
16.8 
11.6 

- 

D 

50.8 

0 O? 
13 
38 

0 01 
046 
55 - 

e i2 
08 

0 02 
<. 01 
17 

0 06 
0 05 

3.91 
035 

14 
.01 

05 

- 

- - 
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TABU IX 

msmmuTm OF CARRIER-FREE u140 IN THE RAT AT om DAY F O L L O ~ G  
IXl'UmOUS INJECTION OF La140 IRS'Dl AND WITHOUT COMPIEXING AfZXTS. 

VALUES EXPRESSED AS PERCENT O F  AUdINISTZRED D m ,  CORRECTED Iy) 100% RECOVERY, 

+25 ng. +25 mg. c15 mg. +15 ng. +15 mg. No 
Ascorbic Nicot inic  P ico l in i c  Isothioprop- CarboxylethL Ccmplexing 

Acid Acid Acid ionic  Acid Sulfide Agent 

$ per % per P per %per P per P per 4% per $ per per % per % per % per  
T:  s PW s organ gram organ gram organ gram organ R r a m  organ .gram organ gram 

. 08 . 27 
0 12 
03 

2.01 
.02 

e. 01 

. 37 . 52 
1.21 

2.83 
4.54 
2.06 
.03 
1.06 . 18 

58.3 

- 

26.3 

.lo .08 
-14 .64 . 12 -29 
e003 -11 

7.31 58.1 
1.12 2.80 
004 e06 

coo1 <.Ol 
(.01 - 

022 061 

.19 1.24 

.032 1.30 - 7,37 

.06 2.41 

.01 -07 - 2.88 - * 57 

e 08 53 

1,43 20.9 

.10 .lo 
-34 .25 
0 4 0  .11 
.007 .08 

5.81 64.9 
1.25 3.27 
.06 .03 

<.Ol .02 
<.01 - 
-29 .35 
.07 . 53 
,17 1.23 
-91 21.5 
-011 1.95 - 2.92 
.05 1.83 
.02 .06 . 70 - 25 

.10 012 
-13 7.47 
.12 6.81 
DO05 -52 

5.87 58.0 
1.75 1.96 
07 . 05 
002 - 
021 017 . 06 . 37 . 16 51 
074 20.0 
.015 1.80 - 0 
.04 1.70 
a 0 1  004 - . 45 
-c . 06 

D o 1  002 

.12 .07 
3.86 .41 
10.6 .79 
.03 .19 
5.16 82.8 

.77 1.81 

.06 .01 

.ow <,01 
006 - 
009 .15 
.05 .24 

.84 8.65 

.014 1.29 - 1.46 

.04 1.08 
-01 .05 - 20 - . 57 

-06 29 

. 08 0 19 

.23 3.97 
1.04 a 91 
.Oi 2.76 

7,79 56.6 
.80 2.29 
.02 .14 

< a 0 1  L O 1  
<.Ol - 

08 e 23 
.03 1.36 
e 0 5  2037 
e34 1407 
.011 2"20 - 5.2? 
.02 3.15 
.02 .16 
.. 3.52 
I 05 

15 
1,40 
96 

0 19 
6,78 
1.04 

.07 
<eo1 - 

0 13 
016 . 31. . 76 
e02 
Y 

* 09 
e 07 



UCRL 587 

-19- 

t o  t h e  data obtained when no complexing 
adAnis te red  simultaneously with the La” by intravenous inject ion.  The r a t s  
were k i l l e d  a t  1 day following inject ion.  
f i d e ,  the net r e s u l t  of the other  complexing agents appears t o  have been the same 
namely, re ten t ion  i n  t h e  l i v e r  as was observed wi th  the  uncomplexed lanthamm with 
a s l i g h t l y  increased skeletal deposition. 
r e t en t ion  by t h e  l i v e r  of t he  La complex was grea ter  w i t h  a parallel re tent ion of 
the  deposit ion in t h e  skeleton. 

Yttrium 91, 
thione, chol ic  acid,  p ico l in ic  acid and dithiocarbanyl, a lso  versene, versene and 
BAL, creat ine,  and crea t ine  and BAL. The animals were sacr i f iced  1 day f o l l o w i n g  
administration, The data i s  summarized in Table X and Table XI. 
of Ygl BO compI.exed is not e s sen t i a l ly  d i f f e ren t  from car r ie r - f ree  uncomplexed 
yttrium. 

w i t h  the subsequent re ten t ion  of l i v e r  deposition but not s k e l e t a l  deposition. These 
s tudies  a re  being continued. 

Cerium. 
t r icarboxyl ic  acid complex. This  was given both intramuscularly and intravenously, 
the animals being sacr i f iced  at 1 and 4 days after administration. With respect t o  
t h e  intramuscular s tudies ,  absorption was grea t ly  f a c i l i t a t e d  from the in jec t ion  
si te.  
able amounts f o m d  in spleen, kidney, and skeleton. 
20 percent of t he  dose was found i n  the musculature 4 days after administration, 
t h i s  sa lue  being 7 times higher than that  observed following intramuscular adminis- 
t r a t i o n .  T h i s  conplexing agent reduces the  depostion of cerium i n  t h e  skeleton 
and increases the deposit ion in the l i ve r .  However, very l i t t l e  of the  mater ia l  is 
excreted, being less than 10 percent, 4 days after intramuscular or intravenous 
adminis t ra t ion> Th i s  data is summarized i n  Table X I I .  

ent  was used. These materials were 

With the  exception of carboxylethyl sul-  

In t he  case of carboxylethyl s d f i d s ,  the  

These s tudies  are be ing  continued. 

Ygl has been administered t o  rats intravenously complexed with gluta- 

The d i s t r ibu t ioa  

It was feud primarily in the  l i v e r  and skeleton. Of the  complexing a en t s  
mentioned, versene w a s  capable of g rea t ly  increasing the urinary excre+,im of‘ Y 98 

Carrier-free Ce144 has been administered t o  the  ra t  as a trimethylamine 

Following absorption, t h e  primary organ of deposi t ion was liver with apprici-  
When administered intravenously, 



UCKL 587 

-20- 

DISTRfBUTfOm OF CARRIER-FREE Ygl IN TBE RAT AT ONE DAY 
FOLLCN?ING SNTEWEXCIOS INJECTIOm OF WITH CCMPI;EMNG 

ACIENTS. VALUES I R E S S E D  AS PElCENT OF UhIINiSTERH) DOSE 
CORRECTED TO 100s RECOVERY. 

Tissues 
~~ 

Heart 
2-s 
SDieen 
Bl cod 
LiTer  

Airenals 
Thyroid 
Lymph G1. 
Pan? reas 
Brain 
Far 
Stomach 
Sm. Int. 

I n t o  
Skel.eton 
Muscle 
Balance 
slr in 
Pituitary 
Gonads 
Urine 
Feces 

Kidney 

25 mg. 
G 1 m  at hione 

P Per k per 
crgaa gram 

007 . 69 
2,52 

0 21 
53 n 4 
40 91 
<.01 
< 0 0.1 

n $4 
<so1 

o 27 . 50 
8 57 

1.74 
5,23 
3,16 

4 , O l  
0 06 
5.41 

0 3 0  

Y 

w 

20,9 

.O? 
0 3 8  

2.20 
e 01 

6.52 
2.51 - - 
.O6 . 05 

L O 1  
.01 
18 

.07 

.14 
1.01 
02 

e 07 
- 
- 
02 - 

12.5 mg, 
Cholic acid 

.11 
6,59 
2.05 
36 

55.7 
2.23 

(bo1 
<. 01 
10 

<.Ol 

.24 . 39 
94 

1.49 
4.42 
2.34 
<.Ol . 05 
4.39 
26 

- 

18.3 

0 14 
2.92 
1.92 . 03 
6 -88 
1.34 - - . 1% 
07 

C O l  
<. 01 . 14 
07 . l? 

1.31 . 02 
* 07 

002 

- 
- 
- - 

15 
Piaol in ic  acid 

k Per k per 
organ gram 

15 mg. 
D i t  h iocarbarlyl 

e 0" 
0 20 
0 07 
04 

61,U 
LO4 

<o 01 
<.01 

p Oh <. 01 
0 25 
0 4: 
P 96 

0 30 
3,90 
1.52 

0 04 
6.76 
l"2S 

0 

Y 

21-5 

ox 

12 
.12 . 12 

8.95 
004 

69 - - 
.ll 
.06 

<. 01 
.01 
.13 
.06 . 12 
1.24 
.01 

07 
- 
- 
e 17 - - 

. 16 . 83 
1,25 
35 

2.23 
64.5 

<*ox 
<.Ol 

.15 
4.01 

33 
e 36 . 64 
l.8? 
4.21 
1.61 <. 01 
04 

. 3.34 . 37 

.. 

- 

17.8 

17 
.41 

1.50 
03 

8,?8 
1.34 
I 

. 24 
e 18 

<. 01 
0 02 
0 2c 
., OF. 
0 19 

1 , O J  
02 

0 06 

0 02 

I 

Y 

- - 
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TABLE M 

Tissues 

H e a r t  
LlEgS 
S? l e  en 
B b o d  
Liver 
Kidney 
Adrenals 
Thyroid 
Lymph GJ.. 
Pmcreas  
Brain 
F%t 
St,OIMCh 
Sa. Int. 
Lg, I n t .  
Ske let on 
IJiszle 
Baiance 
Skin 
P i t u i t a r y  
k n a d s  
Urine 
Feces 

DISTRIBUTION OF CARRIER-FREE Ygl IN TBE RAT AT ONE DAY 
FOLLOWING INTRAVENOUS INJECTION 03' Y91 WITE COMPUXING 

AGENTS. VALUES EXPRESSED AS PERCENT OF ADMZNISTERED 
DOSE, CORRECTED TO 100% RECOVERY. 

15 mg. 
Versen e 

0 01 
00s 
e02 
e 01 

3,92 

< a 0 1  
c. 01 

< .01 
(001 

,>!I5 
" 12 

1,45 

71 
1.18 
€6 

.c e o 1  

0 01 
68.7 
3,41 

073 

-. 

19°C 

. 01 
D 02 . 02 
e 001 
45 
038 
P - 
0 02 

<. 01 
<.01 

e 03 . 02 . 26 
67 . 007 

0 02 
- 
- 
003 - - 

15 mg. 
Versene and BAL 

96 per % Per organ gram 
03 
04 
002 
101 

3,58 
76 

< e o 1  

< e o 1  

<.Ol 
< e o 1  

05 
0 21 . 62 
-38 

2.53 
50 

<o 01 

- 

- 

19.8 

o 03 
69.9 
1.55 

' .02 
0 01 . 02 
0 001 . 35 . 30 - - 
002 
4 01 
<a 01 

<e 91 
0 02 
e03 
16 . 57 
-003 

02 

01 

- 
I 

- - 

25 mg. 
Creek In0 

% Per % Per organ gram 
0 11 . 31 
23 

p 15 

4.23 
4.01 
< S O 1  

e 03 
6 0 1  

e 44 
., 6? 
* 79 

2,04 
7,64 
2.?5 
c. 01 

e 08 
6.74 

48.4 

I 

- 

25,O 

a 36 

. 13 . 16 

.29 . 01 
5.69 
2.33 - - 
.13 . 04 

<. 01 
.01 
0 20 
.09 
17 

1.51 
0 02 

. 08 - 
- 
0 03 - - 

25 mgo 
Creatine and BAL 

P per P Per organ .gram . 14 
0 33 
.19 
23 

30.8 
3.58 
< e o 1  

< e o 1  

e 08 
<.01 

0 33 
69 

1.48 
25.8 
2.42 
22,3 
5.72 
4. 01 
.08 

5.51 
.33 

- 

- 

. 14 

.17 
e 27 
.01 

1.63 
3.34 

- 
0 20 
e 08 

<.!I1 . 04 
18 

0 10 
.29 

1,09 
0 02 

Y 13 

04 

- 
I 

- - 

I1 14'103 
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TABLE X I 1  

AYS FOLLOWING 

CERIUM C A R R I I B  WITH 2 W. NITRILOTRIACETIC ACID (TRIMETHyLAMIlE 
TRICARBOXYLIC ACID). VALUES EXPRESSED AS PERCXITl! OF A D E I N I m  

DOSE, CORRECTED TO 100% RECOVZZY. 

IN THE RAT AT ONE FTd &JD 0.2 mg, 
DISTRIBUTION OF Ce144 

IN!FRAU?SCULAR AND INTUVENOUS INJECTIOX GF Ce 

INTBAMJScuLAR STUDIES lmRAv-ENoUs STUDIES 

Trssues 

Heart 
L u s  
S$.sen 
BL7CJd 
Liver 
Kidney 
Adrenals 
Thyro 1 d 

Pancreas 
h a i n  
Fa? 
Sr o m c h  
Sa. Into 
L g e  Int. 
Ske l e t  m 
M2a >le 
Baiance 
Skin 
sjres 
Pitui tary  
Gonads 
Urine 
Feces 

Pjmph Gl" 

ITaabsorbed 
ir! left leg 

1 Day 

0 29 
2,91 
3,w 

0 22 
74,o 

3,:' 
< .C' 
<,01 

18 
0 C& 

079 
2.33 
2.19 
e.90 
10?0 

e 83 
< e o 1  
< a 0 1  
,03 

e03 

u 

1.39 

2;. 5 

.48 
1.?4 
4.38 

0 02 
12.6 
2.38 - - 
e 22 
26 
03 

0 10 
045 
0 35 
e 3 4  

e 02 

e05 
04 

0 11 

42 

- 
- - 

4 Days 

25 
2.31 
2,97 
.05 

68.4 
2.24 

0 10 
<.a 01 

. 17 
<. 01 
52 

1.39 
.?O 

8.48 
1.84 

- 

- 

0 34, 
1,67 
3.83 
005 

10.5 
1.59 - 
1.17 
.28 

& 01 
601 

0 22 
16 

e 10 
e 63 . 03 

1.33 0 05 
<e 01 03 
(e 01 - 
.04 e 04 

2.28 - 
6.97 - 

23. 3 

1 Day 

% P =  %per 
orgas gram 

0 35 0 33 
a ' 0  e 39 
1,8?. 1.81 
.f3 o 04 

59,3 7.06 
2.35, 1.35 

0 05 - 
a 01 - 
I 0 50 
0 56 .66 

40c: 4.01 - . 04 
10 2 1  e86 
2"44 0 37 
2,43 . 42 
'1,'72 .47 
5.02 .05 
8.3" - 
4*28 . 13 
0 01 04 

6 01 - 
.c3 

1,59 - 
lo07 - 
6': 

4 Days 

e19 
.67 

1.12 
.04 

3.39 
e 03 
0 02 

.50 
4.01 

e 84 

40.8 

- 

- 
2.61 
1.42 
12.5 
2000 
2.66 
5.32 
-03 

<0 01 . 02 
2.68 
5.13 

24 
0 39 

1.4? 

4.84 
2,41 

003 

- - 
0 70 
e 56 

6 01 
0 02 
0 56 
e 22 
0 18 
72 

c 23 

.19 
0 l a  

. 20 

- 

- 
- 
- 

1 1 1 4 7 0 4  
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Decontamination and Bone Metabolism Studies  

D. Harold Copp and Ruth Lerner. 

Effect of Immediate Treatment wi th  Sodium Citrate and Zirconium Citrate on Decon- 
tamination of Radio-Niobium and Plutonium. B. Kawin. It has been shown previous- 
lyl that. about 10 percent of t he  niobium (Cb) absorbed from t h e  s i t e  of intramuscular 
snject ion is excreted i n  t h e  urine.  
plutonium is  normally excreted i n  the  urine.  
both of these elements is deposited i n  the skeleton. 
elsments may cons t i tu te  a major rad ia t ion  hazard. 
excretion of both yttrium and plutonium may be increased by the  use or  massive doses 
of lnjected zirconi-an c i t r a t e .  Previous s tud ies  made i n  t h i s  laboratory have shown 
that .  prompt treatment of experimental animals with massive doses of sodium and z i r -  
conium, c i t r a t e  increased t h e  ur inary  excret ion of radio-yttrium and radio-cerium, 
The deposit ion of these  elements i n  the  skeleton and other  t i s s u e s  was corresyond- 
ingly decreased. 

Somewhat l e s s  than 10 percent of in jec ted  

It has been shown2 t h a t  the 

The major unexcreted proportion of 
The re ten t ion  of these radio- 

IE t h i s  study the  e f f e c t s  of sodium c i t r a t e  and zirconium c i t r a t e  upon t h e  
depcsl t ion and excretion of simultaneously administered Cbg5 and P J ~ ~ ~  have been 
atiadied. 

Methods. Fourteen young female rats,  ranging i n  weight from 150 t o  1?5 
grams, were in jec ted  by way of the great  saphenous vein w i t h  a mixture of 5 r~.c 
C3g5 and 8 pg of P U ~ ~ ~ ( V I . ) ,  contained i n  1/4 m l  of a 0.01 percent sodium c i t r a t e  
s d u t i o n .  The Cb95 was c a r r i e r  free. The pH of the  so lu t ion  was about 6.0. 

FiTie of these  rats received an in t raper i tonea l  in jec t ion  of 40 mg of zirccn- 
ium (1.6 ml as the  c i t r a t e )  pH 6.0, a t  t he  time of t h e  administration of t he  radio- 
isotopes, 

Four of t h e  animals received an in t raper i tonea l  i n j ec t ion  of 1.6 nil of 10 
p z x e c t  sodlum c i t r a t e  a t  the  time of t h e  administration of t h e  radioisotopes.  

The remaining 5 animals were not t r ea t ed ,  and served as controls ,  

The animls were placed in metabolism cages and f e d  a standard stock d ie t  
f o r  t h r e s  days. 
c r e t a  were assayed f o r  Cb95 and Pu239. 

A t  t h e  end of t h i s  time they  were sac r i f i ced  and t i s s u e s  and ex- 

Results. The r e s u l t s  of t h e  experiment a r e  shown i n  Tables I (Cbg5) and 

Table  I shows t h a t  ne i the r  zirconium c i t r a t e  nor  sodium c i t r a t e  had any 

I1 (Pu239), 

appreciable e f f ec t  upon the  d i s t r ibu t ion  of t h e  niobium i n  t h e  skeleton, soft. 
t i s sues ,  or excreta.  However, treatment w i t h  zirconium c i t r a t e  appeared t o  in- 
zrease the  amount of niobium deposited in  the  tee th .  

Table I1 inCicates t h a t  zirconium c i t r a t e  treatment has a d i s t i n c t  effect, 
i n  reducing the  amount of plutonium i n  the  skeleton and increasing the  ur inary 

I I74105 
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TABLE I 

EFF"CT OF SODIUU &ID ZIRCONmhi Cl ' l?IME UPON 
THE DEF'OSITION AID EX-ION OF Cbg5, VALUES 

EXPFGSSED AS PERCEXT OF ADMINISTERED D E 2  OF Cbg5.* 

Femur 
Csrcass 
Liver 
Kidneys 
Xoiars 
Ins  isors 
Vrine 
Frces 
Total Excretion 

Cont ro ls  

1.4 5 0.2 
42.6 5 4.6 

2.6 2 0.7 

0 2450.09 
36.5 4.9 

7.2 1.4 
43.7 5.6 

9.1 ,+ 0.9 

0.3 t 0.02 

Zirconium 
Ci t r a t e  
Treated 

1.8 5 0.4 
29.4 2 3.8 
12.4 t 2.4 
2.0 i 0.7 
1.8 2 Q,4 
0.7 2 0.1 

43.7 2 6.4 
8.2 f, 2.7 
51.9 ?.3 

t * Values given are averages - standard e r ror .  

Sodium 
Citrate 
Treated 

2.2 2 0.3 
36.1 2 0.8 
6.8 3.0 

0.142 0.09 
3.4 2 0.9 

0.19r 0.09 
41.8 3.9 

9.4 3.0 
51.2 2 5.8 
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TABLE I1 

EFFECT OF ZIRCONIUM CITRATE AND SODIUM CITRATE: 
UPON THE DEPOSITION AND EXCRETION OF Pu(V1:). 

VAXXJES EXPRESSED AS PERCENT OF ADMINISTERED DOSE 
OF P L U T O r n .  

C on t pols 

Zirconium 
C i t r a t e  
Treated 

Femur 
Carcass 
Liver 
Kidneys 
Molars 
Incisors 
Urine 
Feses 
T o t a l  Ekc re t im  

5.7 2 0.8 
70.8 2 3,O 
12.0 2 1.4 
0.9 ,+ 0.1 
0.112 0.03 
0.2 2 0.04 
4." 5 1.3 
5.6 2 0.4 
10.3 1.4 

Sodium 
Ci t r a t e  
Treated 

1.6 2 0.2 
32.9 2 2.3 
12.a 2.0 
0.6 2 0.1 
0.082 0,Ol 
001 2 0.03 
48,4 2 6.5 
4.2 0.8 
52.6 5 5.9 

4.9 2 0.7 
56.4 f13.0 
24.8 f 4.2 
1.0 0.1 
0.09+- 0.01 
0.212 0.04 
7.2 5 1.7 
5.4 0.5 
12.6 2 1.6 

+ *Values given a r e  averages - standard errcr. 
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excret ion of p lu ton im,  
t h 3  contyols t o  32.9 gsrcent f o r  the  zirconium-treatsd animls, 
waa a corresponding reduction of t h e  femur deposit ion from 5,7 t o  1.6 percent. 

Treatment with s o d i m  c i t r a t e  did not br ing about t h i s  marked reduction i n  
the  s k e l e t a l  deposit icn,  
ar;?oritit of  plutonium in t he  l i v e r ,  bringing about a r ise  f r o m  the  control  value of 
12,O t o  24,8 percent. 
as sonpared t o  the  controls.  

The s k e l e t a l  deposit ion was gecreased from 70.8 percent i n  
In addition, t he re  

Eiowever, t he  use of t h i s  treatment appeared t o  double the 

Treatment with zirconium c i t r a t e  had no e f fec t  upon the  l i v e r  

The zirconium c i t r a t e  t r ea t ed  animals excreted 48.4 as compared t o  4.7 percent 
of t he  injected plutonium, vlhile no e f f ec t  mas apparent i n  the  sodium c i t r a t e  t r ea t ed  
group, The f e c a l  excretion Bas e s s e n t i a l l y  unaffected by a l i  treatments. The en- 
hawed urinary exmetiofi of the  zirconium t r ea t ed  anuxals is d i r e c t l y  r e f l ec t ed  in  
t h e i r  t o t a l  excret ion of 52.6 as comTared t o  the 10.3 percent t o t a l  excretion of 
t he  controls.  

Summary, 
not, t o  have any s igni f icant  e f fec t  upon the d i s t r i b c t i o n  a d  excret ion of intra-  
seaously-injezted CbgsO 

1. Prompt treatment with zirconium c i t ra t s  o r  sodium c i t r a t e  appears 

2. Zirconium c i t r a t e  markedly decreased the s k e l e t a l  deposit ion,  
am3 increased the ur inary excret ion of plutonium, Sodirur, c i t r a t e  increases the  
l i n e r  plutonium, but had no s ign i f i can t  e f f ec t  on e i t h z r  the  s k e l e t a l  deposit ion 
c r  uiinEry excretion 

3,  Prompt treatment w i t h  zirconium c i t r a t e  appears t o  have 
d e f i n i t e  value f o r  the  decontamination of i n t e rna l ly  administered plutoniim, but 
appears t o  have no e f f e c t  on Cb95. 

S'Jiifiy of Rickets and Rachitogenic Diets. D. Thoason, Various modifications of 
t he  rachitogenic d i e t  were t e s t ed  i n  an e f f o r t  t o  produce a more consis tent  ex- 
per inenta i  r i c k e t s  i n  which bone mineral izat ion would be inhibi ted,  but body growth 
and heal th  would be improved. 
c a r t i l a g e  and osteoid which is cha rac t e r i s t i c  of c l i n i c a l  r icke ts .  
parat ion is of value i n  studying r i c k e t s ,  ca l c i f i ca t ion  and t h e  deposit ion of f is-  
s ion products In  bone. 

Growth is important f o r  t h e  production of t h e  r a c h i t i c  
Such a pre- 

In t h i s  laboratory,  r i c k e t s  has been produced by rear ing  r a t s  on a synthe t ic  
d i e t  r e r y  low in phosphorus. 
repc;-ts. 
t o  inprovhg the  condition of t h e  animals and the  seTrerify of t he  r i cke t s .  

The composition of t h i s  d i e t  has  been given i n  e a r l i e r  
The following modifications of t h i s  basic  d i e t  were studied with a view 

1. U s e  of unwashed powdered beef blood f i b r i n  as prc te in  source 
in place of the  water washed f i b r i n .  
r E s U l t 3 ,  and saved t h e  time and expense inrolved i n  :*;zshins t h e  f ib r in .  

This appeared t o  produce just as  sa t i s f ac to ry  

2, Increase of t he  protein coctent o f  t h e  die7 fro: 20 percent t o  
E percent f i b r i n -  This change appeared t o  be henif ic ia ; ,  
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3. 
double the  recommended level .  This supplement is  par t icu lar ly  important i n  the  
case of t h e  def ic ient  animals which consume l e s s  than half  t he  normal amount of 
d i e t .  

Increase i n  the amounts of water so luble  vitamins added, t o  

4, Pulverization of t h e  sugar i n  the  d i e t  and a l l  other  components. 
mis gives a d i e t  of much b e t t e r  consistency, and ensures complete mixing of a l l  
ingrediellt s e 

5 ,  Use of  Elvehjem's salt  mixture #4. 

5 ,  Addition of 1 percent aluminum ace ta te  t o  the  d i e t  i n  one se r i e s ,  
t o  increase the  severi ty  of t h e  phosphms  deficiency by combining w i t h  phosphate 
i n  The i o t e s t i n a l  t r a c t ,  

7, ikaning tha  r a t s  a t  21 days, and feeding them a complete d i e t  
f o r  4 days befsre transferring them t o  the  def ic ien t  d i e t  was found t o  prevent the 
i n i t i a l  weight l o s s  a f t e r  weaning. 
d i e t  appeared t o  give hea l th i e r  animals and more severe r icke ts .  

The improved grovrth even on the  def ic ien t  

8 ,  The def ic ient  animals were kept i n  individual cages, enstr ing 
men food consumpticn and preventing canniballism. 
w a p  also much be t t e r  than when severa l  animals were kept i n  the  same cage, 

The condition of the animzls 

The composition of the modified d i e t  is given i n  Table 111. 

The d e v e l c p ~ n t  of r i cke t s  i n  these animals was studied by t h e  following 
c r i t e r i a :  

1, Grcwth curves, 

2. X-ray of knee region t o  demonstrate width of t h e  unsalcif ied 
epiphyseal plate. 

3, Si lve r  l i n e  t e s t  (von Kossa) of upper end of t i b i a .  

4. Ratio o f  ash vreight/dry weight f o r  femur, 

5 .  Level of calcium and phosphorus i n  the serum, 

6 .  Level of a lka l ine  phosphatase i n  serum and bone. 

7. Distr ibut ion and excretion of injected radio-strontium, rad io-  
- calcium and radio-barium. 

8. Rsdioautographs of femur and t i b i a  from animals injected w i t h  
radioisotopes 

9 .  Histology of bones and t ee th ,  

Although t h e  evaluation of these s tudies  i s  far from complete, preliminary 
data indicate  that; the  grea tes t  sever i ty  of r i c k e t s  is obtained from 60-70 days 
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Itla . Percent - 
10 25 
2, 10 
3. , 1  

4, 
E. 
60 

1. 
2. 
3. 
4. 

6, 
7, 
8 ,  
9. 
10 0 

11 0 

50 

4 

60 
- 

6'7 
1.29 
(1.29 
( .30 

30 
1.20 

40 
0 11 
e 0032 
.c)o12 
0 9010 
c 0010 
00 08 

moo1 
moo1 
.oos 
0 001 
00055 
.OW5 
.005 
0 100 
.ow03 
* 020 
e 001 

TABU I11 

RACHITOGENIC DIET CF 25-1 

Component 

Crude powdered beef blood f i b r i n .  
Hydrogenated vegetable o i l  
Sardi lene,  f i s h  o i l ;  20 ma;. V i t .  E per gram, added 

3000 u n i t s  P i t .  A per gram 
400 units Pit. D per  gram. 

*Salt mixture, modif I ed Elveh jem #4. 
**B-Vitamins and P i t .  K. 

**Included i n  weight of sucroseo See below. 
Ground granulated sucrose. 

*Salt mixture modified Elveh jem #4. 
Sodium Chloride 
Potassium Chloride 
Potassium pnosphate dibasic  f o r  normal cont ro ls )  
Calcium phosphate d ibas ic  for normal cont ro ls )  
Calcium carbonate as subs t i t u t e  for w e i g h t  of above 4. 
Calcium carbonate 
Idagnesium Su l fa t e ,  anhydrous 
F e r i c  C i t r a t e  
Manganese Su l f a t e  
Copper Su l f a t e  
Zinc Su l f a t e  
Cobalt Ace t at e 
Potassium Iodide 

B-VITAMINS AND VIT- K 

Thiamine HC1 
Riboflavin (Add last ) 
Niacin 
Para Amino-Benzoic Acid 
F e l i c  Acid 

D-Calcium Pantothenate 
Choline (Add when mixing d i e t  i t s e l f )  
Biot in ,  c rys t  a l l b e  
Inos it 01 
Vitamin K 

Pyridoxine 
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of age i n  the  rat ,  and hence t h i s  appears t o  be the  bes t  perisd f o r  conducting 
s tudies  of the uptake of radioact ive metals by bone os tec id ,  

The Effec t  of Plutonium cn Alkaline Phosphatase of Bone and Serum. 
Fr& Uirich, One of t h e  important b io logica l  e f f e c t s  of rad ia t ion  is  t h e  cessa- 
tion of bone growth. Elucjdation of t h i s  mechanism w i l l ,  it is hoped, r e s u l t  i n  
a b e t t e r  understanding of t h e  physiological mechanism of the process of c a l c i f i -  
cat ion,  which is not as yet c l ea r ly  understood. 

S. Cohn and 

As an approach t o  the general problem of the  e f f e c t  of rad ia t ion  on bone, 
a study i s  being made of the e f f e c t  of r ad ia t ion  on a lka l ine  phosphatase, which 
most investiga*ors agree plays an important r o l e  i n  the process of ca l c i f i ca t ion ,  
although t h e  complete explanation of t h i s  ro l e  has not yet been achieved, 

alpha-emitter was shown by S. C0hn3,  
;f 1s m e  of t h e  group of a lka l ine  ear ths  which a re  knmm t o  deposit. almost ex- 
c lus ive ly  i n  bone, and more pa r t i cu la r ly ,  i n  the region of  ac t ive  ca l c i f i ca t ion ,  
$bus providing an intense concentration of ionizat ion i n  t h i s  region. 
demonstrated t h a t  a lka l ine  phosphatase is a l s o  present i n  i ts  largest quan t i t i e s  
i n  t h e  s i t e  of ac t ive  ca l c i f i ca t ion ,  and thus the  radium i s  deposited i n  the very 
resion where it :an exercise  a maximum e f f e c t  on the  a lka l ine  phosphatase, 

I n  a previous series of experiments, t he  influence of radium as an i n t e rna l  
Radium w a s  ehoseo for the  experiment because 

It has been 

It was f o w d  i n  t h i s  previous s e r i e s  of experlnents that  t h e  deposit ion of 
r a d i m  i n  bone raeul ted i n  a marked depression of a lka l ine  phosphatase a c t i v i t y  
of bom and serux, but d i d  not a f f ec t  t he  a lka l ine  phosphatase a c t i v i t y  of t h e  
s o f t  t i s s u e s  

A second s e r i e s  of experiments has been proposed in which Pu239 was chosen 
as t h s  in t e rna l  alpha-emitter. 
"bone seeker"; 3. i ts  
pa t te rn  of deposi t ion in bone has been shown t o  d i f f e r  f r D m  radium, and therefore  
i ts  e f f e c t s  as cornbared with those of radium may elucidate  some local ized bone. 
processeso p a r t i c u l a r l y  wi th  regard t o  a l k a l i r e  phosphatase, 

on alkaline phosphatase as a funct ion of dose and of time in order t o  determine 
t h e  optjnum values of these two var iab les  for maxinrum ef fec t  on a lka l ine  phosphatase. 
The first of these experiments is  reported below. 
.05 p./gn; was chosen, because t h i s  dose of radiuu o r  plutonium is known t o  produce 
h i s to log ica l  damage. A t i m s  of 48 hours bstween in jec t ion  and s a c r i f i c e  was chosen 
for t h i s  in i t ia l  experiment. 

PU was chosen because: 1. l i k e  r a d b ,  it is a 
2. 1t is an alpha-emitter, a highly local ized iohizat ion;  

It is proposed t o  run a s e r i e s  of experiments t o  study t h e  e f fec t  of F u ~ ~ ~  

As a starting point a dose of 

Ecperimental, 1. Determinations were made of the  phosphatase a c t i v i t y  i r z  
4 young r a t s  injected with approximately 0.05 p / g m  PJ IV, and i n  4 similar un- 
injected controls ,  

2, The animals were sac r i f i ced  48 hours a f t e r  in jec t ion ,  a f t e r  
a blood sample was first obtained by hear% puncture. 

3, Both femurs and t ibiae-f ibulae wsre carefu l ly  dissected and 
weighed, 
suspension cf t h e  bene in water was obtained. 

They were then ground wi th  water in  a s t e e l  homagenizer u n t i l  a f i n e  

1114111 
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4,, N i q u o t s  o f  t h i s  homogenate were malyzed  f o r  phosphatase ahng 
Values obtained are 

These f igures  represent mgms phenol l ibera ted  i n  30 mino from 
w:tb a l iquo t s  of serum, by t h s  nethod of King a d  kzrnstr-ong, 
given in Tabel IV, 
a sckstrate of disodium phenyl phosphate by the  enzyme at 37.5O. 
s e ? ~  dstermination was di-ethyl  barb i turb te ,  which ensbled *,he react ion t o  be 
c a r s l e i  CU+ at  a pH = 9.3. The bone phosphatase was detsr-dried i n  a buf fer  of 
scd+-sm? Zsrbonate-bicarbonate a t  a pH of  10.1. Theee ars the o p t i m a l  pH values f o r  
s e r m  &id b x e -  

The bufzer for 

5 .  Sss t ions  of the  control  and the  injertgd bones are being pre- 
pared f x  h i s t c l c g i c a l  exanintit ion by Gomori s ta in ing  f cr a lka l ine  phosphatase, 
e d  Pcr  radi3autographs t o  show the  s i t e  of deposited plntocium, 

Ciscassion. The i r r a d i a t i o n  of bones of rats by irijection of Pi (IP) i n  
t k e  ?:;E tirlministersd (0.05 p,?/gm) caused a s l i g h t  1oner;lcg rf the  a lka l ine  
Fhx&haT3Es ac.=,f i r i t les  of' the  bones invest igated,  and a more marked depression of 
6criun a lka l ine  phosphatase 

TLie l m e r i n g  of a lka l ina  j$~osphatase i n  bones was 2 onsiderably lsss than 
t h ~ t  ns-??-l with rats - h e n  radium was used as  the  i n t e r m i  alpha-emitter a t  COP- 
z5spcnding dose l e v e l s ,  

T h . s  .:an Frobabiy be a t t r i bu ted  t o  t h e  following: 

1. The average amount of l?u(IV) which was f o a d  by radioact ive assay 
+o have deposited i n  t h e  bone was 0.4 percent of t he  in jec ted  dose, o r  roughly 
0.032 
t he  alkali116 phosphatese, although an equivalent ano*m~ of radium has a marked 
€ffe:t 0 

It m:- be t h a t  t h i s  amount of Pu i s  i n s a f i c j e n t  t o  a f f ec t  se r ious ly  

2. There is a p o s s i b i l i t y  t ha t  48 hcms  Is not a s u f f i c i e n t l y  long 
f i . ~  P:r t h s  plutouium radia t ions  t o  a f f ec t  t he  bone r s l l s .  Radium is k&ov.a t o  
cause n ~ r e  rapid and s t r i k i n g  h i s to log ica l  changes i n  the  ea r ly  intervals* than 
%:es pi.irt0niur.i. 

?Le exreat of t h e  hisTologica1 damage t o  bone and t h i s  een be  compared with the  
chemical f i n r lkgs ,  Since r ad ia t ion  e f f e c t s  a r e  cumulative, g rea t e r  changes nay 
be expwted after l m g e r  in t e rva l s .  

2ist s i ag lca l  sec t ions  (not yet completed) which were prepared 
"onfro? an;ma?s and animals given t h e  same dose as them abope, shouid ind ice te  

3. Radlun is known t o  b e  deposited i n  the bone i n  the  region of 
ac t i r e  c a k i f l c a t i o n ;  t h a t  is, at  s i t e s  of grea tes t  pb js io lcg ica l  a c t i v i t y ,  Pu 
,511 t h e  other  hand has been shown, i n  the  ea r ly  F n t e n a l s  a f t e r  in jec t ion ,  t o  be 
depzai.+sd largely on t h e  endosteal sur facs  of t h e  sha f t ,  Staining of sect ions by 
the  Gcmcri lcethod along with radioautographs of t he  same ssc t ions  should show the 
r e i a t i z i s h i p  between t h e  s i t e  of Pu deposit ion in bcne and t he  a lka l ine  phosphatase 
Cone en+. ra t  i m $, 

Smmary. Y:(IV) as an in t e rna l  alpha emitter (9.05 i;c/gm) when intraven- 
cksfy h j e e t e d  i n t c  a number of young rats, prodused only s l i g h t  reduction i n  the 
%lka?ire phosphatase of bone, and a more marked reduction i n  a lka l ine  ph2sphatase 
of SBI"1n1 afWr 2 period of 48 hours, 
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TABLE IV 

SUMMARY OF DATA ON EFTXCTS OF PLUTONxTBI[ ON ALKALIhT PHOSPI-IATASE 

30 0 25 C , W  
35'00 1.2f 
26 .?O 1.10 
zo P 90 :,Fjl! 

27.5 G.45 
2 ~ 7  9-25 
2E 03 I? " 0 5  
2F,2 L.Q2 - 

Msaa 26.5 2 0.44 
Value 

34.9 2.c2 
39.9 1,8@ 
29.8 1 * l.0 
26,O 2.25 

31.4 
33.? 
27.5 
3Q,3 

45.0 

45,9 

45 .O 

25*5 
27 .O 

+ 30.5 

- 

26,O 

Indicated i n  the  abov2 table a re  the average a lka l ine  phosphatase 
values of y o u  rats (55 days) a f t e r  I.V, i n j ec t ion  of ~ u ( m )  at  
a dose of 0.05 p~/gm, 

These values a re  compared with the  average values of four  c o n t m l  
rats 

Each value represents t h e  mean value cf two h m e s ,  with duplicate 
determinations of each of the two. 

The mits of a lka l ine  phosphatase a c t i v i t y  a r e  sxpressed In Kir ig-  
Armtrcng u i t s  per  @I of bGne jvret, weight), at a FH of 10.1, and 
i n  t h e  case Gf serum i n  units/200 m l  a t  a pH cf 5l03, 
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As compared with previous experiments i n  which radium was used as the  in- 
t e r n a l  alpha-emitter i n  comparable doses, the Pu exhib i t s  a much smaller e f fec t  
which may be a t t r ibu ted  t o  (1) insu f f i c i en t  amount deposited i n  bone; (2 )  d i f -  
ferent regions of deposit ion; ( 3 )  insuf f ic ien t  time of i r r ad ia t ion .  I n  the next 
experiment of t h i s  s e r i e s  therefore  both t h e  var iabIs%,t ime and dose, w i l l  be 
increased. 
amounts i n  bone, espec ia l ly  i n  the  ea r ly  in te rva ls  a f t e r  inject ion.  

It may a l s o  be desirable  t o  use PuiVI), which is deposited i n  lzrge 
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Radiochemistry 

WaATen &rr i son ,  H. R .  Haymond, and Jeanne Gile 

One mi l l icur ie  9f xa22 was i so la ted  from a magnesiun; ta rge t .  
was dissolved i n  d i l u t e  €€NO3 and ILg was precipi ta ted wish NHqOH. Na''was 
quant i ta t ive ly  retained in t h s  superna tmt .  
natant was adjusted t o  pR 7 and passed through a column of D G m X  59. 
eluted with q N 0 3  at pH 5 

e taxget  

To remne t r a c e s  of Ng, t h e  super- 
Na22 w a s  

Mil l icur ie  mounts c.f ~ i ? ? ,  ~1'75, and ~ 0 1 6 6   VET^ prc,pared foT in jec t ion  
i n  i so toa ic  sal.fne an8 isotonic  c i t r a t e  soliltions, 
from a 9 5  - 2 9 5  mixture using a previously rcpcrted prwedure,  
was sewra ted  from Ba140 mirg a f e ry i c  hydroxide scavenger with Ba hoid-Sack a t  

Carrier-free Cb95 was separated 
Carrier-free ~a140 

PH a. 

Xork continued on t h e  development of productjsn, i so l a t ion ,  and ana ly t i ca l  
procedures f o r  At211L ILillicwAe q u a t  it i e s  of A t z A  were prepared f o r  i n  'ect ion 
using procedures prer iously reported,  Approximately 200 microcuries of Ak"'/p a 
hr. is obtained with present t a rge t  designs 
through 68 mg of aluminum, 
be approximately 4, 

usin.. 40 I 3 n  alpha p a r t i c l e s  degraded 
The y i e l d  of AtS10/At,211 ai; f u l l  energy was found t o  

The ex t rac t  ion of car r ie r - f ree  elemental 1131 i n t o  benzene, carbon tetra- 
chlor ide and carkcn b i su l f ide  has been s tudied,  
organic phase f r o m  6N HNO3,  washed with water, and reextracted with 0.lN EaE'sO3. 
&proximately 50 percen? of t h e  car r ie r - f ree  1131, independen? of t he  solvent,  is 
retained i n  the organic phase. Car r ie r  amounts of icjdine a r e  completely removed 
m d e r  these  conditions 
i n  organic solvents  are being s tudied .  

At2l0 w i l l  be produced f o r  radioa5t;graphic s tud i s s ,  

I131 TEW ex t rac ted  in to  the  

Factors  influencing t h e  re ten t  ion Df' car r ie r - f ree  1131 

I f 7 4 1 1 5  



-33- 

I1 BIOLOGICAL STUDIES OF RADIATION EFFECTS 

J. H. Lawrence - i n  charge 
Project, 4EA-1 

Plasm and Red Cell I ron Turnover Studies  i n  Normal Subjects and i n  
Pa t ien ts  having Various Hemtop9iet ic  Disorders. 

R.L. Huff, T.G, Kennessey, R O E ,  Austin, JoF.  Garcia, Be?,;. Roberts, J.H. Lawrence 

Iron tagged with i r cn  59 was in jec tsd  intravencusly into norma?. human sub- 
j e c t s  and pstierts hantng t h e  f o l l m i n g  disorders:  polyr;rt.hemia vera, secondary 
polycythemia, lymghatic l eukamia ,  myelogenow leukemia, pernicious animia, hemo- 
l y t i c  anemia, a d  re f rac tory  anemia. The concentration of the  i ron 59 i n  the  
plasma and t h e  red miis was determiged a s  a funeticn of time. 
clasma i ron analyssa were nade on each subject ,  C i r c u l e t i n g  r e d  c e l l  mass and 
plasma v o l w s  were determined on each sxbjerr,, I n  addition, c i i n i c a l  and labora- 
t o r y  s tudies  were car r ied  .cut. 

One o r  mcre t o t a l  

The purpc;se of t he  atuCi!eq WZS t o  deta-mine the rafes of turnover of plasma 
i ron  m d  red c e l l  i rc ln  i2 o r d e r  that c o n p a r i s o ~ s  mlgli: be made of the va lms  in 
diseased subjec ts  with those of normal subjects, Th:s report concerm t h e  com- 
parison of t he  plhsna i rcn  and rad  c e l l  i r o n  turr :wer  constants with t h e  c l i n i c a l  
diagnosis 

&:&hods. The ra? $ 3  iron wILs ?rzparsd fraa a dsu tewn bmberded c o b g t  target i n  
t he  cyclotron o r  r : ' a  obtained from t h e  AECo 
bombardment of enrishsd IroT 58. The czbalt  taPget:s rirere dissolyed i n  hydrochloric 
acid and extracted w i t h  isopropl ether.  Th3 stock preparation was f e r r i c  chlor ide 
i n  d i l u t e  hyriru.;h.h:Lii: a c i d  ~ , c~ l l~ t im , ,  
made up on t h e  day of t he  study i n  t h s  followicg rnm-m: 
of t h e  stock e c l u t i c ~  was buffered t.o a pi3 of approxLmte1.y 6 ~ i t t h  sc,di.m cicr-ate, 
and this was su tmlaved .  
specimen all.owe8 t o  stand st mom temperatxre for: at: l e a s t  IO minutes before 
intravenous in jec t ion ,  The amount of r ad ioac t iv i ty  inje,zted was approximtely lo6 
counts/min. (4 microcuries) 

The le t ter  was prepared by neutroc 

The finti1 preparation f o r  i n j a t l c r ,  vias 
an appropriate a l iquot  

The 10-30 ml of the  subjects p1aslr.a was addsd and thg 

The i ron in jec ted  varied from 4 t o  80 microSrms, A l l  blood s m p l e s  were 
drawn i n  heparinized s-yringes and t r a r s f e r r e d  t o  15 m.1 graduated centrifuge cones. 
A t  least  f i v e  blood samples were taken during the f i rs t  f i v e  hours after injec- 
t ion .  The in t e rva l s  d i f fe red  i n  the  rrarious subjects ,  Fo r  example: if a f a s t  
plasma turnover were expected, most of the  first day empLes mould be taken i n  
the  f i r s t  hour; hDwever, i f  t he  turnover were expected t .o be s1c,v2 sampling mizht 
be spread over sn eight h o u r  period, 
were taken f o r  a peripd of  two weeks i n  some cases,  
or two samples were taken at. the  end of two weeks. The packed c e l l  volume was 
recorded from the  greduated. centr i fuge Cone a f t e r  spinning f a r  one-half hour a t  
3000 rpm in an In temat i .x ia1  centr i fuge,  s i ze  2, Pl.a:ma a l iquots  were pipetted 
from a l l  samples cn t h s  first day, and i n  some cases throughcut the s+,udy, on which 
total i ron and rad io  iron det:erminatioiis werz m d 6 .  The rernairiug pa r t s  of the  
saiple, containing all t he  red c e l l s  a d  a n  a l i q m t  cf plasma, were analyzed f o r  

Af t e r  the first day, near ly  da i ly  samples 
Ln other  instances only one 
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rad io  iron. If t he  correspcndbng plasma sample con+,ained a s igni f icant  amclunt of 
rad ioac t iv i ty  t h e  values f o r  t h e  c e l l  samples were correoted. 
p e r  packed volume of red c e l l s  were taken a s  1 m g / d  unless t h e  c e l l s  were pa r t i -  
cu la r ly  abnormal with respect t o  volume, shapeo o r  hemoglobin content, In  t h e  
l a t t e r  case, t he  t o t a l  i ron  value was calculated from a colorimetric hemoglobin 
det erminat ion. 

The amounts of i ron  

Tota l  plasma i ron  determinations were by t h e  method of Kie tzes l  e t  ale 
If rad io  iron analvses were t o  be car r ied  out on samples which had t o  be  run f o r  
t o t a l  plasma iron, ceyr ie r  i ron  was added t o  t h e  llnal colorimetric solut ion,  then 
t h i s  was su3jected t o  t h e  usual  procedure f o r  r a d i o  analysis, a m d i f i c a t i m  of t h e  
method described by Pea?ock2 and is  as f o l l m a :  

To each sampie? io an Erlenmeyer f l a s k ,  su f f i s i en t  2 a r r i e r  i ron  was added 
In  the  form of f e r r i c  chloride t o  assure t h e  presence of 19 ng Fe, 
samples had been d r i e d  a t  70 degrees C , ,  3-10 ml of concentrated n i t r i c  ac id  were 
added t o  each and t h i s  allowed t o  evaporate a t  a teinperature of 900 - 100°C. Then 
1-3 ml of  concentrated s u l f u r i c  acid was added and the mixture brought t o  fuming. 
If any blackening occurred t h e  mixture was cooled and 30 percent hydrogen peroxide 
or perchlor ic  acid (3-10 g t t s . )  were added and the  mixture again heated. 
ashed samples were t r a s f e r r a d  t o  100 m l  centrif'uge canes by repeated washing with 
.1 Iu' hydrochloric acid.  
droxide. 
had been added. - m e r  15 hours the  samples were centrifuged, the  supernatant de- 
2anted, and the  p rec ip i t a t e  dissolved i n  l m l  o f  concentrated hydrochloric acid.  
The prec ip i ta t ion  and centr i fugat ion wwe repeated ana the  f e r r i c  hydroxide was 
then dissolved in  "1 m l  concentrated hydrochloric as id ,  The f e r r i c  chloride solu- 
Tion was t ransfer red  t o  e lectrodeposi t ion cells with 35 mL of pla t tng  solut ion (one 
par t  saturated sc lu t ion  of oxal ic  acid and f i n  par ts  of saturated solut ion of 
ammonium oxala te ) .  Electrodeposit ion v?as car r ied  cut at, .8 amperes on 2,7 cm 
copper pl.anchets, After 20 min, 3 ml of saturated oxalic acid solut ion were added 
and the  electrodepcsi t ion cont.inued f o r  40 t o  60 min. more, a t  which time the 
samples were spot t e s t ed  wi%h ammonium polysulfide.  
negative at t h i s  time; if they  were not ,  p la t ing  was continued, 

After t h e  

The 

The i ron was prec ip i ta ted  with Concentrated s o d f m  hy- 
Phenoi red was used t o  ind ica te  that, a su f f i c i en t  amount of  hydroxide 

Usually the  spot t e s t s  mere 

Red cell mass and plasma volume mere determined by one o r  more of th ree  

Red c e l l  mass was measured i n  
I n  most instances? the  concentrstion of 

methods. I n  a few subjects ,  ircn tagged c e l l s  were used according t o  methods 
previously described by both Hahn3 and Gibson4. 
most subjects  with P32 tagged cel ls5,  
r ad io  i ron  f m d  by extrapolat ing the  curve of plasma clearance of t he  injected 
radio i ron  t o  zero time, when used t o  ca lcu la te  a plasma volume gave a value which 
agreed well with the  plasma volume calculated from the  P32 red c e l l  mass deterrnina- 
t i on .  In t h e  event t h e  values were d i f f e ren t ,  the latter was used i n  t he  turrover  
-comput a t  ions 

Analysis of' Data. Radio i r c n  plasma concentration was p lc t t ed  on semi-logaritkinis 
paper as a funct ion of time (Fig, l), I n  general. t h i s  plot  was a s t r a igh t  l i ne .  
It w a s  expected t h a t  t he  zoncentration 3f r ad ioa t t i v i ry ,  a: wotrld eventually reach 
some constant value, ka,, where t h e  value of k would be determined by the  r a t i c  of 
iron in plasma Fe 
zontal  component gas obsemed. 
cf l c ) - 3  and the  vd.ue, Q- (radioai?tivity/ml of plasma) was approximately 103; 

t o  the  amount of  i ron  i n  the  bcdy, Fe+.* Usually no such hor i -  
The r a t i o ,  Fep/Fet, is  kno-m t o  be of t h 6  order 

f 114711 
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thcs it: I s  obpious t h a t  i t  would be impossible t o  detect  t h i s  component by sampling 
a f . jw m i l l i l i t e r s  of plasma. 
rime might be given as: 

Symbolically the concent#ration of t r a c e r  a s  a function of 

Idore precisely it might ba expected t h a t  t h e  function would be more complicated than 
above s ince there  i s  no assuranze tha t  the  feed-back from other  systems couid be con- 
sidered as a single e n t i t y ,  
small as  t o  be  neglected in  the analys:~. Likewise there  was no evidence of any sig- 
n i f i can t  feedback. 

Actually, a s  mentioned above, the value of aok was so 

Thus the  equatioE becomes: 

a t  - a,e-Kt 

The solut ion f c r  R, t h a  quact i ty  of b io logica l  i n t e re s t  is as  follows: 

K -  -in (at/%) 
t 

This constant repmsent.s t h e  f r ac t ion  of i ron i n  plasma, Fcp, turned over per uniz time. 
Th.is K was considered as r/Fep, where r is  given in  milligrams/day, 
t he  m ~ i o u s  subje t te  are  sol=un;ll 5, Table I. 
'=@nzfif-ste zc&xna 7 ,  Table I, while column 2, Table I i s  rnilligrams/day/kg body weight. 
The v a l u a t i o n  cf r is made as follms: 

The K values f o r  
The ualuea f o r  r f o r  t he  various subjects 

-In (at/a,l 
r =  $ FeP 

Zxprimental ly  Fe, is determined by t h e  uroduct of Vp, plasma ~olume .and F6t;Dp the  
.-cn-mitration cdf f m n  ia plasma, 
In scme subjects  was determined each t u e  a p l t i s ~ ~ i l  ssmple mas analyzed f o r  rad ioaz t iv i ty ;  
hcwe~er ,  ir; b e x n e  a2parent t ha t  t h i s  was unnecessary since the value w a s  near ly  con- 
s*~J ' ,z  f c r  ths gericd cf study. 
t i c s  was made, 

The value for p l a s m  i r cn  zonsentration 

This in most instanses  only one plasma i ron determina- 
The methods f o r  determining plasma volume have been discussed, 

The t h i r d  c o l m  of Table I contains the  values,  r(At/Ao),where is the  t o t a l  
amxnt of rad ioaz t iv i ty  injected and 4 i s  the  amount of rad ioac t iv i ty  i n  the circu- 
l a t i n g  red c e l l  mass when equilibrium of the radio i ron i n  the red c e l l s  had been 
reached, This e q u i l i b r i m  state appears in many cases but not a l l .  
instance, the  highest  conzentration achieved was t h e  one used, 
product of the c i r cu la t ing  red c e l l  mass and the  rad ioac t iv i ty  p6r unit of red c e l l  
mess, Is is not thonght t h a t  t h e  value, r(+/&),is a precise  measure of red c e l l  
ir;u $urnover, but r a t h e r  it. is a good approximation. 
and v a l i d i t y  as an iridicator c~f red c e l l  i ron turnover involves t r a c e r  theory tha t  is 
beyond t h e  scclpe of t h i s  paper. 
of b3dy weight. 

In t h e  l a t t e r  
The value,  4, is  the  

A discirssicn of i ts  r e l i a b i l i t y  

The four th  cchmn i n  TtibIc I i s  the  same v a h s  per kg 

The s i x t h  e o l w  of Table I is: 

where, r, is i n  mg/day md, Fe c e l l a ,  is the  amount of I r a n  i n  the, cirr;.ulat.fng red 
cell. mass. 
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S - m a r ~  of' Symbols: 

quant i ty  of r ad ioac t iv i ty  in jec ted ,  
quantity of r ad ioac t iv i ty  present at any time t a f t e r  in jec t ion ,  
soncentrat  icn rad ioac t iv i ty /n l  p l a s m  (extrapolated value t o  t SO). 
concentration of radioact ivi ty/& plasna at any time t a f t e r  
in j es?t :an 
plasma iron concentration (micrograms,/d) 
c i r cu la t ing  plasma i ron.  
.: i r ca ln t  i-?g r e d  c e l l  iron. 
f.xncm5r r a t e  of plasma i ron  ( i n  Table I, mg/day), 
pl ~~siria v o i - x a  e 

So?ai Tron in t h e  body. 

ee3??Lts v l d  Disoxsslm, Cases 1-5 normal male subjects: -- 
Al.1 noma1 siiofects w r e  males over t h e  age of 40 except for one who was 

32. This age g r m p  was :.hCS6n because it most nearly mat.ched t h e  avemge age of 
t h e  pa t ien ts ,  
Ooup m;gh-:?/day, .?Xth 9 r a g a  of .3:-,39 o r  27 &?ay2 r a g e  21-37, The average 
values frJr the re: c ~ l - 1  i r m  turnmer was .26 =/kg  bod.^ neigh$/day o r  20 rng/day 
iA;:+!1 raigcs of 15.3; an6 .22-.28 respect ively.  The I( values ranged from .27-,48 
w%th 9tl arerags of .41 fhour s ' l ) ,  
f'zr thv? f r a c t i o n  a? re3 c e l l  i ron renewed/day was .0985, 
mentd data  o r  d?.;s:uss,ion indicat ing what might be expected insofar  as the  quant i ty  
J? i ron  enter icg m d  :saving the  p l a s m  per  un i t  t h e  might, be,, 
hy Hahu no ade uate  s tud ies  of t h e  t r u e  d i s t r ibu t ion  cf i r o n  i n  the  human body 
hzve 3ee.n made?. ' d s t i za t e s  of 60-75 percent of t he  body i r cn  being presect in red 
-.ells are  probably not g rea t ly  in e r ro r ,  and erythrocy-be longevity s tud ies  indicate  
that, .85 percent of t h e  red c e l l s  a r e  removed from t h e  c i rcu la t ion  per day?. Other 
s tud ies  hare sh3v.a tliat, t h e  iron i n  red c e l l s  does not exchange exclusive of cell 
d.estruction8 ex=eI;t II? the  case of re t iculocytes9.  
? s l L  mass dsterni.qsd by cell isGtope d i l u t i o n  ,techaiquesl i n  normal human rrales 
dre  approximately 30 @./kg Scdy weight4> lo* lA4 There i s  about 1 mg of i r a c  p e r  
K!L of packed red ce1 . l~ .  It m i g h t  be expetxed then t h a t  .26 W/kg body weigtf/day 
would enter and leave t h e  plasma f o r  t h e  destruct ion and preparation of red c61isc 
It. vrculd appear that, at, least i n  normal subjezts:  , the .method used here jn .  estirnat- 
ing the r ed  c e l l  f ren turnsver  is valid.  
This is .about 75 percent cf the t o t a l  p1as.a i ron  turnaver; of .35 mg/Lg b3dy wigfit;/ 
dzy and ind ica tss  t h a t  t h e  to t , a l  remaining irori i n  the 1,ody has almost t h a  same 
turco-cer r a t e  as the  r6d c e l l s ,  although it does not preclude t h e  7 o s s i b i l i t y  .that 
& m e  p r t i c ~ l a r  chsmical ent i t .y  containing a snal.1 amout .  of iron may turc c w r  
alt.h ai a l tcge ther  d i f f e ren t  rate, 

So far ac i s  known the re  is no dh'a 
ca the  IZ+E o f  1.:ver irca turnover k human  subject.^, I f  i ts  rate i s  propcr%iooai 
t~ i h e  f r cc t im  @f t h e  t c t a i  body i ron present thers ,  then it. might be exp??t..-d t o  
IT cne ten+.h of ihtj t?f-al plasma turnover or aboLit 2.? ng/day. 
i n  this l a b r a t o r y  1 ~ 2 t h  normil foodstuffs  labeZed vrith rad io  iron and fed to nor- 
ne1 subjects indi:nte + h s t  probably l e s s  than  1 percent o f  the  total plasma ir2,r 
t u r n c i c r  is $oncexed v i t h  absorption. These result,c are, i n  general, i n  agree- 
msnt. with the  hyFcthssized system of i ron  metabolism af :;core, Doan, and A p r o ~ s n l t h l ~ ,  
ezzzpt I t  v w l d  seen t ha t  Fe should be returning from cy%o,?hrome t o  t h e  p.Lasma. 

The averraze pissma i ron  turnover i n  the  f i v e  subjects  was .35 mg/kg 

See Table I and F ig0  la, The average v a h e  
There is l i t t l e  experi- 

As pointed out 

Values f o r  c i r c u l a t i x  r e d  

(Table I, cal.llol11 6 and 4, normal subjec ts ) .  

I ron  urnover in .  ths c-ytochromes has been s h a m  
t:: o",-;~.z* b7j.t t h e  r a t e  was mt. determined 12 

Feeding experiments 
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Since t h e i r  descr iFt ion,  more has been learned about the mechanism of' carr iage of 
i r c n  i n  t h e  plasma, 
presence of what he bel ieves  a re  at least four  types of i ron c i r cu la t ing  i n  the  
~ l a ~ m a ~ ~ ~  By h i s  method of determination t h e  t o t a l  plasma i ron  is from 2-3 times 
t h e  a m o u t  got ten bg methods l i k e  t h a t  of Kietzes e t  a2l0 
V a r i n ~ t t :  t h a t  the  "biological ly  act ive"  plasma i ron is  the par t  corresponding t o  
%he f r s z t i c n s  which he has ca l led  A and B o  The method f o r  plasma i ron  used i n  
these exper1ment.s fnsludes only the  i r o n  f r ac t ions  re fer red  t o  as A and B by 
V a n n D t t i ,  I n  some of the cases here reported,  recoveqr experiments f o r  t r a c e r  
LI samples which had been subjected t o  the usual  ana lys i s  f o r  plasma i ron  were 
car r ied  ouf, 
and read, and the  prec ip i ta ted  residue were analyzed separately f o r  rad ioac t iv i ty .  
Ns s i s i f i c a n t  amuct of rad io  i ron was ever found i n  the residue, This ind ica tes  
Tka* +he turnover of the  tra:er, as manifest i n  these expe rhen t s ,  is  t h e  sane 
83 the  i r c n  in  t h s  pLsna  classed by Vannotti as A and Bo 
the piasna g lob - i l l r  ivhizh c a r r i e s  i ronl5,  following t h e  work of Schade16.17 and 
L a c e :  1 arld Eolmberg18?199 addi t iona l  cor re la t ive  work was car r ied  out by Rath 
mi Fir:h20J md Carbvright and dintrobe21 who confirmed the  f a c t  t h a t  c l i n i c a l l y  
* L i s  p ra te in  was normilly only about me- th i rd  sa tura te2  with i ron ,  
f ; r  plasna i ro3  used by these i n w s t i g a t o r s  corresponds t o  the  one used i n  these 
exeerimec?s, 
w i P h  zorrespoc2s t o  t h e  Vann3,tC,i p a r t s  A and B of t he  Dlasma i ron ,  

:t aypears tha: a t  l e a s t  the i ron  from such a prc te in  i ron  compound is  
susf2epTible t o  removal by t h e  bone marrow without f u r t h e r  react ion,  smce the  
-tifie c o n s a c t r a t l x  r e l a t ionsh ip  of t he  radic i ron i n  the marrow when com>ared t o  
c he plasma is f o r  a l l  p rac t i ca l  purposes inversely iden t i ca l ,  
an i n  v i r o  study cf a polycythemic pa t i en t ,  No. 12 ,  
radirt iron EO That an externa l  counter placed over t he  p r c x h a l  end of the fsmur 
and pornted toward the  d i s t a l  end gaye the  simple growth fu-e of Fig. 2. 
- aeousLy  the  piasma concentration of r ad ioac t iv i ty  was determined and is  a l s o  
plot ted on the  graph, 
quired any time, it woiiLd be expected t h a t  t he  rise i n  concentrztion i n  the marrow 
wou'd be iafluensed sa t h a t  it would not be a sFmple growth curve (f (t) = l - ~ ~ ~ ) ~  
Th;s same phenomenon has been observed i n  s e r i a l  s tud ies  on the  concentration of 
rad ioac t iv iqr  in t he  bone marrow of animals following a single intravenous in- 
ject ion of irun 59. I n  t h e  case of t h e  animals, tha  marrcw was ac tua l ly  removed. 
Fig,  3 shows t h e  t i m e  coccentration r e l a t ionsh ip  of rad io  iron i n  the plasma and 
bone marrow of r abb i t s  k i l i e d  s e r i a l l y  following s ingle  intravenous in j ec t ions  of 
rad io  i ron ,  

Vannotti has demonstrated by various chemical methods the 

It i s  suggested by 

In  such an instance the  colorimetric so lu t ion  as f i n a l l y  dereloped 

J i t h  t h s  i so l a t ion  of 

The method 

I+ is a?parsnt t h a t  t h i s  protein irm complex furnishes  the  iron 

Fig, 2 demonstrates 
This subject was given enmgh 

Simul- 

If the re  were an interposed metabolic reac t ion  whish E- 

Polycythemia V e r a  (non-treated o r  t r ea t ed  with radio isotopes and having an un- 
sat i s f aa to ry  remission) : Studies  6-24: 

Su3jecr;s having an a s t e r i s k  before the  name in Table I were not kreated 
p r i o r  t o  the  expeziment. 
were t-eated a t  same t i r n e  p r i o r  t o  t h e  experiment, Such slibjects w r e  i n  c l i n i c a l  
ie lapae a't the  time ;f she study. 
average because t h e l r  plasma i ron  l e v e l  was so  law tha t  tiirnover r a t e s  are l imited 
5y circrt lotory r a t e s  t o  the  various removing t i s s i les  and are not purely a funct ion 
of' she anaxinrim removal rate of the a reas  u t i l i z i a g  irm. 

Those having no a s t e r i s k  i n  t h i s  group a re  cases which 

Cases 23 and 24 a r e  excluded from the  gro:ip 

I f 1 4 1 2 0  
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The average value of plasma i ron turnover i n  17 s tudies  on 13 zases was 
This is  approximately 5 times the  normal value of L81 w/kg body weight/day. 

.35. 
cythemic subjects  a s  a function of time after intravenous inject ion.  
with Fig. l a  shows the  rap id i ty  of i ron turnover in the plasma of polycythemic 
subjects. T h i s  
subject had extracrdinary splenomegaly, s o  much so ,  t h a t  she f e l t  it necessary t o  
wear a maternity gzrment t o  appear presentable After the first three determina- 
t i ons  of  plasma iron turnorer  it was thought possible t k a t  the  subjezts  marro':; 
mas not responsibie f o r  the  very rapid r a t e  but t h a t  spleen might be playing a 
s igni f icant  role  i n  iroc removal. 
t h i s  pat ient .  
r o v ~  is  not q u m t i t a t i v e ,  t he  f ac t  that  t h e  usual a n o u t  of tracer appeared ir, 
the r e d  c e l l s  i n  the subsequent days is h ighly  indicat ive of an extrenely avid 
u t i l i z a t i o n  of i ron k j  the  mrrot'l f o r  red c e l l s .  
t he  spleen during the study showed no a c c m l a t  ion of radioact ivi ty .  

Fig. l b  I l l u s t r a t e s  t h e  concentration of radio i ron in  plasma of poly- 
Comparism 

Some of the IC values were extremely high, f o r  example, Study 15, 

The i n  vivo stud7 presented i n  Fig, 2 i s  fron 
Although t h i s  evidence of the accumulation of t r a c e r  i ron i n  mar- 

A counter which was placed over 

Nearly a l l  t h e  high values f o r  plasma i ron turnover were associated w i t h  
s a lues  for red cell i ron  turnover which were high. This was t o  be expected since 
the subjects  have a g rea t e r  than normal red c e l l  mass; however, the red cell iron 
turnover values were often inordinately high. 
:ells wsre normal, t he  sa lues  f o r  red c e l l  i ron  turnover would ba expected t o  be 
i n  accordance with t h e  red c e l l  mass providing t h e  pz t i en t s  red c e l l  mass were in 
a steady state. The usxal  increase i n  the  c e l l  mass is these subjects  is by a 
factcrr of 1.5 - 3,Q of nom& yet some of them showed red c e l l  irm turnover 
values as great as 19 times normal. 
= e l l s  i n  polycythemia vera is s ign i f i can t ly  shortened, - perhaps by virtcre CZ 
malformation or simply by increase in  the number of  col l is ions.  
increases as t h e  square of t he  concentration it could play a s igni f icant  ro le .  
On t h e  other  hand, nc analyses were done t o  show tha t  the  iron in  the s e l i s  was 
present in t he  f o r m  of hemoglobin, thus  it is  possible tha t  t h i s  ra2id turno-irer 
rate does not involve c e l l  l o n g e ~ i t y  but only the  c e l l u l a r  function of hemoglobin 
synthesis  o r  a pecul iar  exchange reaction. Other invesf igators  have s t d d i e d  s too l  
urobilinogen excretion in  polycythemia vera subjects  and found t he  value lower; 
however, as was poiuted ogt ,  the  low excreLion can be explained without the  im- 
p l i ca t ion  of decreased c e l l  destruction22. 

That is, i f  the longevity of red 

This may indicate  t h a t  t he  longevity of red 

Since the  l a t t e r  

Several cases of polycythemia vera have been referred t o  t h i s  c l i n i c ,  having 
a serious complaint of generalized prur i tus .  These subje2ts of ten have a h i s to ry  
of treatment by venesection. Their red c e l l s  are hypochromic, the plasna i ron  i s  
very low, and the K values for the  radio i ron turnover are extremely high. Study 
24 was a case of t h i s  type. The pruritus may disappear with only the i n s t i t u t i o n  
of radio isotope therapy; but if t h e  i ron deficiency remains too  great ,  iron mas.- 
need be administered. These findings raise the  question of whether it is  not 
possible for t he  hematopoietic system t o  rob other systems of ircm whish may be 
necessary for important metabolic processes. 
mssed by Darby23 and by Vannotti14 in r e l a t i o n  t o  i r o n  deficiency i n  anemia, 

This tolsic has already been d i s -  

Polycythemia Vera (Treated w i t h  radio isotopes and h m i n g  a sa t i s fn - i c ry  remission 
a t  the time of study) Studies 25-30: 

The range of plasrra i ron  turnover i n  these subjects  i s  s m e  grsater than 
$he normals, 14-41 mg/day, Likewise t h e  red c e l l  i r o n  turnover shows a mcre marked 
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Tar ia t ion  than the  normal, 
values i n  the  group, e i t h e r  of plasma o r  ce l l s .  
28 and 29 (Table I, column 6 )  t he  f r a c t i o n  of the  red c e l l  iron which is  being 
renewed per day is qui te  low and indica tes  tha t  i f  t h i s  condition continues t o  
p reva i l ,  t he  red c e l l  mass w i l l  gradually diminish. 
before treatment were repeated a f t e r  treatment when the  pa t i en t s  were i n  remission, 
23 and 24 and 25 and 28 respectively.  Fig. IC demonstrates the change i n  K values 
f o r  these pa t i en t s  following treatment 

Ths important point is  the absence of any high turnover 
It is t o  be noted t h a t  i n  Studies  

Tvro of t h e  subjec ts  studied 

It is  believed tha t  thi-s s o r t  of determination i s  of value i n  the  control  of 
such pa t i en t s  because of t he  grea t  changes which can occur i n  red c e l l  production 
before the re  is  s l i n i c a l  o r  rout ine laboratory evidience of an increase i n  red 
c e l l  mass. Moreover there  is  a tendency because cf the  slow e f f ec t  of radiophos- 
phorus t o  over t r e a t .  If therapy appears t o  be unsa t i s fac tory  but it is  thought 
t h a t  further e f f e c t s  nay be seen l a t e r ,  then a r ad io  iron study of t h i s  type c a n  
be exhaord ina r i ly  he lpfu l ,  
-1 in i ca l  and laboratory data were co t  decisive.  Refezence t o  Table I s h m s  tha t  
radicphosphoms therapy a+ t h i s  time would have been i3advi;able. 
t i o n  of t h i s  pa t ien t  over severa l  months sustained t h i s  contentien; for there  vias 
nc. increase i n  red c e l l  mass, - r a the r ,  a s l ight  decrease, 

In Study 29 prec ise ly  t h i s  question aroseo The usual  

T-uther  okssrva- 

Pat Lent P re fer red  with presmpt  ive diagnosis of polycythemia vera.  StuOies 31-33: 

Rcutineiy polycyt,henia vera is suspected when the re  fs a high hematocrit,  
hemoglobin, o r  red c e l l  co1mt. In most c l i n i c s ,  t h e  diagnosis is  considered made 
if i n  addi t ion t o  t h i s  f ind ing  a red c e l l  mass determination gives a value i n  ex- 
x s s  of normal, and a l l  evidence of secondary polycythemia has been r d e d  out. 
In  t h i s  laboratcry t h i s  s i t - i a t ion  has been observed on oc:asion, when t h z  plasma 
i r x  turnover a c l  red c e l l  i ron  turnover values hav6 been normal. It i s  believed 
that t r a n s i t o r y  rises in red csll mass mag occur "normall.yw. 
'cecause 2 produFt lx  rare cf 10 percent above ncrnal  had prevailed for a year 3r 
sa f o r  s m e  unknown reason and then  had become normal. A hypothetical  s i t u a t i o n  
m i g h t  be as follcws: a pa t ien t  may have been having chronic hemorrhage - ecough 
t o  Zause a higher production of red c e l l s ,  then the  hmerrhage stops wi th  a con- 
sequent transient r i s e  i n  red c e l l  mass. Succinctly, it is thought t h a t  t h e  nme  
polycythemia vera  is a descr ip t ive  term and not a disease.  
not be given as a d i w o s i s  nor should it be used 3s an excuse f o r  treatment with 
rad io  isotopes,  
believe that t h e  most near ly  fmmediate manifestation of its presence i s  given by 
abnomal ion turnover data as described above. 
at exzessive prodtlction ra te  and not excessive re9 cell mass. The la t te r  is e a s i l y  
renoved by venevect ion,  

This might occur 

The symptom should 

The underlying abnormality of t h i s  disease is unknown but we 

Iso%ope therapy should be directed 

Cases 31-33 were re fer red  wi th  a presumptive diagnosis of polycythemi2 vera ;  
ye t  the i ron  turnover data indicated no excessive u t i l i z a t i o n  of i ron  (Table I )  

Secondary Polycythemia 
S tad ies  34-99,, 

As in t h e  stadies of polycythemia vera ,  the  plasma iron turnover a 3  t h e  
red c s l l  turnover are above normal. 
plasma i r o n  turnover .68 mg/kg body weight/day is  only approximately twice  norm1 

In these  cases,  however, the  mean value of the 
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and the va r i a t ion  of t h e  h d i v i d u a l  values a r e  not markedly g rea t ,  i n  contrast  
t o  t he  cases of polycflhenia vera where there  may be a qu i t e  marked difference,  
The red c e l l  i r c n  turnover values a re  a l s o  l e s s  var iab le  than in  the polycythemia 
mra subjects  and are ce r t a in ly  not as high, It appears t ha t  i n  such a subject 
t he  turnover of i ron  is  regulated so  t h a t  it qu i t e  c losely approximates a near ly  
cormal turnover r a t e  for c i r cu la t ing  red cell mass, 
t he  mea value of f r ac t ion  cjf red c e l l  i ron  renewed per day f o r  t he  f i v e  s tud ies  
w a 5  oOUlo 
the separation of secondary polycythemih and polycythemia vera where t h e  d i f fe ren t -  
l a1  diagnosis might. be d i f f i c u l t ,  

N G t e  column 6, Table I,  where 

It is hoped tha t  st.udies of t h i s  nature  m y  be used d iagnos t ica l ly  i n  

The data cn polycythemia br ings i n  contrast  t he  apparent. complete lack of 
fiont?o1 of reg?llsSion of i ron  turncver and possibly ? d l  production i n  polyc;.themia 
ne?a mrl. emphasizes t h e  s j m i l a r i t y  of t he  disease to necylast ic  d i sorders ,  I+, a l s o  
is  an argument agains5 t h e  type of pathogenesis f o r  pzlyqthernia vera suggested 
hy Re of b m e  rnarrow anoxia subsequefit t.0 a r r e r io sc l e ros i s ,  

XyefQgenous LeuJcemfa, Stddies  40-46 

These subjec ts  were sfudlcd without se lec t ion  fcr any pa r t i cu la r  reason 
except the c l i n i c a l  diagnasis  of leukemia. They m r e  in varying s t a t e s  of re- 
missLon and reLapse, although a l l  of them were ambulaTo,ry. It should be n x e d  
That only one of the group has a normal plasma iron turnover value (Study 44) 
and tha t  t h e  gro'ip average, .84 q / k g  body wt/day is higher than even the second- 
ary polycythemias. Same of t h e  cases, f o r  example, Study 40, had an almost normal 
zptake of rad io  iron i n  red c e l l s  so t h a t  t he  value f o r  h i s  red c e l l  i ron  turnover 
was pa r t i cu la r ly  high. I n  s p i t e  of t h i s  the pat ient  was s l i g h t l y  anemic, had been 
so for severa lmomhs  before,  and is  now - one year l a t e r ,  developing a more severe 
Einemia , The tendency here f o r  i ron  turnover t o  be accelerated is  apparent and ai- 
'hxgh it i s  not as excessive as i n  polycjrthemia vera, t he  s imi l a r i t y  is s t r ik ing .  

it is not ce f i a in  tfiat. t he  excessive rate indicates  that  c e l l  des t ruc t ion  is 
go:ng on at a g rea t e r  than normal pace o r  t h a t  a pecul iar  c e l l u l a r  i ron exchange 
i s  occurring. I n  addi t ion,  there  is t he  p o s s i b i l i t y  t ha t  abnormal white c e l l  pro- 
dupt.im in such subjeZ+,s is  conserned per  se with excessive iron turnover. No c e l l  
separations were made, thus it i s  possible  that, radio i ron  was associated with 
white c e l l s  Urobilinogen exeret ion s tud ie s  were not car r ied  out simultaneously. 
N.e~ertbeless ,  these  data suggest t h e  p o s s i b i l i t y  t h s t  in  leukemia, red c e l l  pro- 
duction may be adequate but abnormsl. 

Lymphatic Leukemia, Studies  47-65 

These cases were a l s o  u s e l e c t e d  arid are similar t o  t he  myelogenous leukemia 
subjec ts  insofar  as irm turnover is concerned, Ir general  the accelerat ion of 
iron turnover is not as grea t  as i n  the  l a t t e r ,  
times on t h e  same subjec?, is of i n t e r e s t  from t he  standpoint of prognosis, The 
firs? arudy showed a qui te  high turnover value i n  plasma a d  a s igni f icant  c e l l  
: i t i l i za t ion  s o  t h a t  t h e  f r a c t i o 9  of red c e l l  iron renew& per day was hie!,  .0220. 
The study was repeated seueral  months l a t e r  and +ha plasma i ron  turnover remained 
p rac t i ca l ly  the  same; hDwever the  amount of t r a c e r  2ppsaring i n  red c e l l s  was 
low, 
and died, 
appears that  i n  5ofh ? o l y c y t l e q l L  vera m d  t h e  le&m:as,  The red c e l l s  heve a 

Study 56 ani! 57 ,  at. two d i f f e ren t  

Shortly a f t e r  the  las t  t e s t  was performed, t h e  pa+ient became severely anemic 
Although eorroboratiye s tud ies  f o r  c e l i  lcJcgf?rity are not avs i lab ie ,  it 

1 I 1 4 7 2 3  
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2.dk of s taying power and t h a t  a s  the c l i n i c a l  condizion besoms worse, t he  a b i l i t y  
of t he  ~ e d  c e l l s  t o  sus ta in  themselves becomes negl igible ,  One of t h e  polycythemia 
cases fa l l s  i n t o  t h i s  category, Study 9, 
t ime, t he  data f o r  which does not a?pear i n  the  tab le ;  but. at t h a t  time he had an 
ex.?essive turnover and a r a t h e r  high r ed  c e l l  mass, Two years elapsed and t h e  t e s t  
was repeated, and a t  t h i s  time the pat ient  was s l i g h t l y  amnia, w i t h  turnover data 
which cmt inues  t o  be high, It is  r a the r  ce r t a in  that. t h e  anemia did not appear i n  
r e l a t i o n  t o  isetope therapy; f o r  b l e e d h g  had c m a t i t u t e d  the  m a j o r  form of therapy, 
The r a t e  of venesection had not been increased, 

This subject was s tudied a t  an e a r l i e r  

Pernicious Anemia (without therapy) ,  Studies 66-67, 
PernicioGs Anemia (with therapy) ,  Study 68. 

The plasma i ron  tilrnover values in th2  two umrea ted  cases were as great a s  
sane cf the  most seveie polycy-thenics, 1.89 and 2,70 mg/kg body wt/day. The red 
%:ell upteke of radio i ron  was low; but the red c e l l  i r m  twnover  was excessively 
high ia r e l a t i o n  t o  the c i r cu la t ing  red cell mass, t he  f r a c t i o n  of r ed  c e l l  i ror ,  
zenewed per day being .0340 and .065C). I n  pernicious anmia t h e  corroborative 
evideni.e f o r  erythropoiet ic  hyperplasia 
la:k of stayiilg power of the red cells2'. and excessive urobilinogen excret ion is 

the format i.:a of abnormal e r y t h r o q t e s  

goodW 

The t remer:  pernicious anerr;& pat ient  shuwe9 a d e f i n i t e  tendency t o  re turn  

UorTho- 
t o  ncrma.--. hmeTer9 there  remains e tendency f a r  accelerated i ron  turnover, The 
sub;ezt was studied about three months a f t e r  t h e  i n s t i t u t i c n  of therapy, 
12gf: c e l l u l a r  s tud ies  and o ther  c l i n i c a l  stQdies ahowec! him t o  be .in a sa t i s f ac to ry  
remission, 

Rsfia:*o:ry Anemia, Studies 69-?4. 

These zases f a l l  i n t o  two categories  so  far as plssna i ron  turnover is con- 
-oncerned, 
polycythemia vera;  whereas Cases 70, '71: and 73 we =early normal o r  below normal. 
(Table I? column 2) 
excessive c e l l  d e s t r x t i o n  such as ret icu locytmfs ,  splenomegaly and hy-perplast i c  
marrow; but, t he  f irst  showed no re t icu locytes  and a marrow which avoided c l a s s i f i -  
cation in  the usual senseo The cha rac t e r i s t i c  find,ng of t he  marrow was nunerous 
young sells which appeared t o  be of t h e  red c e l l  series, 
ana biopsy were u n s u x e s s f u l  in Case 70, 
hypoplastic while t h a t  of Case 73 was s i m i l h r  t o  t h a t  of 69, 
turncmer differed markedly among t he  members of t h e  g rmp  also.  
1.51 mg/kg body wt/day, and compare t o  Cases 69 and 73,  which a r e  .05 and .13 mg/ 
kg/bodg wt/day. In  cases where extremely rapid d e a t n c t i o n  of marrow cellular out- 
put o c c u ~ s  the method of computation of red c e l l  iron tarnover previously described 
breaks dmn and a more complicated analysis  must be used. Some of these  sasss, f o r  
exmple 69, where t h e  marrow was questionably hypol;lastic and a t  the  same time pre- 
sented a great  plasma iron turnover. probably f a l l  into t h i s  c lass ,  The accuracy 
c ~ f  The computation of red c e l l  iron turnover i n  Case 73 is questionable besause 
t h e m  appeared t o  be  no smooth func*ion of ac.=umula.t.ion of plasma i ron in  the circu-  
l a t i n g  red cells; instead t h e  funcCYion was very i r r egu la r  and compared t o  thGse cases  
of hemolytic anemia studied by Moorez6. 
i r cn  turnover ir these cases a r s  also not va l id  wben it is  impossible t o  determine 

Cases 69, 72 and 74 show excessively high values which correspcnd t o  

O f  t h e  first group9 the last two had outr ight  indicat ions of . 

Both marrow asp i ra t ion  
The marrow of Case 71 was described as 

The red cell .  iron 
Note Case 74, 

Calctilations ;of' t h e  f r ac t ion  of red c e l l  

I l l 4 7 2 4  
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the  Slrouct of z:.riula+ing red c e 2 l s  whizh h a m  besn transfused, 

Lc some of the refractory anemia 3ases t h e  lcss cf radio i ron  frcm the 
plasm was not a simple exponential but was complicated by a rapid early .loss which 
aczounted f o r  approximately 60 percent of t he  t r a c e r ,  
con.g:senf was a?xct g hours-I while the  slow zcmponent, isn whith the  ca i cu la t i cm 
w s m  made whea such a s i tua t ion  arose)  was frcn!  .1-.2 - hours-*. 
t h a t  since these pa t ien ts  had high plasma iron v a l x s ,  t he re  m i g h t  be insufficlert 
p r c t e k  f z r  t i nd i l i g  sr that  the  protein was ahnormi ,  and the fast- compczient 
merely represented diffusion i n t o  the  ex t raze l lu iap  f1ul .d .  
?scu?xting the  radi; iron, not with the s u b j e z t r s  plasma, but wi th  a norm3 indivi-  
d~aL's pl.asrmg hmJaTsr, the  r e s u l t  vas the  same, 
S + ~ : ~ I ~ S  we.Ld k e  very  help?ul i n  such cases,  

The IC value of the  rapid 

It was thou&!& 

Case 7 1  WBS repeated 

Simltaneoas in viva m c r . m  

ThE data on t h i s  subject was include2 ' c e c E i 3 t '  It i a  felt tha t  it d e r x s t r a t s s  
?he sersi7iv:ty of %he mthod.  H6 was chosen osiginall;. as a normal s.J'o;act; 
-asc7r - +  mas learned t h a t  he s o l d  a p a t ;  o? blcod a h c s t  regularly every +.v;; morths. 
&+h L s  plasma i r x  turnever and red c e l l  IrJn ac:wxlzt im are above normal 
l a t t e r  m x e  th% the forrrer, 
'enesa :: t i cn 

The 
The t e s t  vres  perf 'zms3 & o i t  3ile week a f r c r  the last 

S~~x~ary. 
iver  rat8 L;prcxima?q? h seventy-five su3$er2tso 
ma'Ls2 ic r.:hl?C t h o  aweree turnoaer r a t s  S A ?  piiisma i r o n  wxl red  cell f I o n  viere 
scspezt5uely aZ~,/'mg.,'icg bcdy- xt/dsg m d  .ZC rr,n,lke ' tcey r.;t/2ay, mess valses a r e  
d',scuszsd i n  t e rns  cf what, m i g h t  be expected f r c m  1L_~rv:~ r a h s  of r6d c e l l  dc.s t ruc-  
tioc fi-gm arid qumt iT ies  of i r s n  i.n the  bcdy mc? i3 .:ells, The data iEd;zhte t h a t  
if i x n  frzm a l l  Sj7ste.m nhen turaed over en te r s  t h c  plasma a t  one time o r  ancther 
that ?k? rate c o n z t a i t  cf i ron other  than tha?. i n  Z T A ~  c e l l s  is approximately equal 
f:l that, of  the r8Ct c e l l s .  
t i e s  cf i r a  i _ r ,  S C G ; ~  systen may have ra te  ccns+;cl;ts ahl :h  

The plasm i ron t u r n m e r  r a t e  has been ,dtFtemimd and r e d  c e l l  i x n  tu rn -  
Fii-€. of the  subjec.t;:: wsre n.:rnal 

This dGes not prsclcde t h e  ~ o s s i b f l i t y  tha$ srrall quanti- 
are altoge2he.r different. 

Elnetem of t he  subjec ts  studied were golgcyt&mia vera subjects  which had 
sither nc$ been treated o r  had Sean t r ea t ed  a d  weze i n  relapse.  
fsr theae patien+;s was invariably high and the  aw:Fagf, value, 1.81 mg/kg bady &/dag 
m s  approxhately five times the  normal value,  Tne red c e l l  i ron  turnover value 
was al.-co high. It appearsd tha t  t h e  r a t e  cf rsnem'. of re3 c e l l  i ron wag out; o f  
p x p c r t i o n  t o  the  amount of c i r cu la t ing  red c e l l  mas5 a d  tha t  e i t h e r  a f a s t e r  r a t e  
of des t rus t ion  of red c e l l s  o r  a p e m l i a r  e x o h a g e  of irm occurred. 

The turncver rate 

S ix  studie,s were made on secondary polycythemia eu5Jects. Again t h e  plasma 
and red cell i r c n  turnover calues  were abGve norma: but in t h i s  instance the  red 
ssl l  i r c n  turnover approached very c l o s e l y  the  expe?Zed vahe  for the  increased 
red cell mass, 

The e f f e o i  of r ad io  isotope therapy 0'1 i x ; ~  t u n o v e r  i n  polycythn:? vera 
mhjjests  is dernons%ra*ed in .two cases which wcre ~t i l .3Led ceiora m d  after therapy. 
The i m n  turnover da?a am presenfed in six SBSBR zf p~:-?yz:dhemls verz whieh a re  
in eatisfaztcry clinf.:al remissior; f-ollmim therapy, 

lasra iroa twn9TeT values fcllaving themyj,  
These is  a maTke3 differense 

They mey be res t .xad  t o  rrnrmal 
ia 'i f 1 4  7 2 5  
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c r  nag be even b e l -  normale 
laver than normal following therapy. 

The red cell iron turnover values may a l s o  become 

The use of i ron  turnover da t a  in the  management and diagnosis of polycythemia 
vera  i s  discussed. 

Plasma i ron turnover was found t o  be cons is t sn t ly  high i n  seven cases of 
myelogenous leukemia but not as great  as in polycythsmia verao 
c e l l  iron turnover was increased i n  some instance2 indicat ing again t h e  poss ib i l i t y  
of rapid c e l l  des t ruc t  ion. 

Likewise the  red 

- 
Io nineteen cases of lymphatic leukemia the p l ama  i ron turnover was often 

above normal. 
polycythemia vera. 

I n  general t h i s  increase was mild when compared t o  t h e  cases of 

I n  two cases of pernicious anemia i n  re lapse values f o r  plasma irm turnover 
were as high as some of the most severe polycythernics. Likewise the  r ed  2611  iron 
t.urnoTer was f a r  above t h e  amount needed t o  replace the i ron in  the c i rcu la t ing  
red ce l l  mass a t  a r a t e  corresponding t o  a cell l i f e  of 125 days. 

The s e n s i t i v i t y  of the method is demonstrated ia a blood donor vrho shows 
a s l i g h t l y  increased turnover r a t e  of plasma and r ed  c e l l  iron. 

Cwxlusfons. 1. Plasma i ron  turnover in normal men is approximately one and one- 
ha1X times t h e  amount required f o r  t he  renewal of Fed c a l l  iron at  a r a t e  of .85 
Fercent per day, 

2. Plasma i ron  turnover is  increased in t h e  polycythemias, in t h e  
leukemias, in  pernicious anemia, and in hemolytic: anemia, 

3. Radio isotope therapy reduces the  excessive plasma iron turnover 
rates in polycythemia vera. 

4. In  some cases of re f rac tory  anemia the  plasma i ron  turnover rate 
is  reduced. 

5. Iron turnover da t a  are usef’ul i n  the management and diagnosis 
of polycythemia vera. 

6. The excessive plasma i ron turnover rate of a pernicious anemia 
pat ient  in  relapse re turns  t o  near normal with therapy, 

7. The turnover r a t e  of plasma i ron is a much more sens i t ive  in- 
d i ca to r  of abnormalities o f ’  iron metabolism than a plasma iron determination alone. 
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Plasma Iron Red Cell  I r o n  Fraction of Frastion of 

@/Day Mg/Kg/Day @/MY &3/U/DaY Bemoved/Hour Reneaed/))ay Turnover Turnover P L m m  Iron Red Cell  Iron 
SOWECT 

C O l ? r n  5 ,  6. 3. 4. 1. 2. 

POLYCYTHEMIA VERA I 

Non treated Cases* O r  treated cases with msatisfa;??:ory remission 

26 D .x 'j 85 0070 3.13 .0370 

0 33 1.03 0427 

2.9? 06 95 
3.15 
2,30 

4.15 e 0352 
.87 1,65 .0213 

57 e 58 0 93 0 118 
47 0 63 1.21 .0142 

E.*  41 .82 
7"* 245 3.70 165 2.40 
8, * 65 83 

1c.* 85 1.46 

12. * 1C)4 1.62 
13. 175 2.71 

57 72 a 84 oi70 

i .8? 0 0273 

1.79 3.15 .. 0202 

9. lil 1.40 74 

12 0 24 6 4.19 20 9 3.58 

14 148 2.28 70 

16.* 61 1.19 45 

21"* 44 61 41 

22. * 33 51 21 

1.34 77 

- -., - - - - 

1%. 182 2.88 113 2,71 
17.* 67 .72 
18. * 88 1.24 
19, * 107 1.55 
20. * 68 . 93 61 

22 D 62 .84 
112 1.81 80 

24. * 19 0 36 i5 

- 2e7? - - 
84 1.04 . CZZO 

0 57 1.26 .0120 

L 33 1,71 Y 0100 
a 30 3.64 0 0097 

- 1.73 - - 
1.34 2000 .3233 

I 1 7 4 7 2 7  PRIVACY ACT MATERIAL REMOVED 
' i, 
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, 

Bed Cell I ron  Fraction of Fraz t ion  of Plasma I rcn  

@/Day W/&Z@Y u / D a Y  &/U/DaY Removed/Hour Renewed/my 
Turnover Turnover Plasma Iron Red Cell  Iron SUBJECT 

c 3 l u  . 5. 6. 

POLYCYPIEMIA VERA 
Treated: and having s a t i s f a c t o r y  remission 

.36 - Y 25 0 ' 2 8  41 - 
26 (I 41 .55 25 

29 .39 22 
16 .30 *I 

29, 14 .16 11 

avg Y 26 .39 19 

0 93 0 74 0115 
0 2': "69 0104 
0 2G .20 .0031 
"12 14 .0039 
0 39 .f9 I 0130 
0 2E " 47 0082 

27 " 
28 

30 0 

1 1  

30 .44 25 --_ 

PATIENTS REFERRED IIITTH PRE-Im DIAGNOSIS OF POLYCXTHEXIA VERA 

22 0 22 .28 ,%S ., 70 .0073 

kTg. 22 28 0 2: 0 60 .O064 

31 0 29 .33 -25 .?3 0 0084 

32 0 15 .15 010 38 e 0034 

25 
20 
9 
18 

POLE- SECONDARY 

0 56 .59 0074 
e 25 1.31 0086 
.5? 1.98 .0159 

3 4 0  27 .82 19 
35. 26 36 18 
36 D 60 .82 42 

59 rn 88 46 3? 0 

-38 e 38 .70 26 - 39. 
arrg ., 41 68 29 

0 70 e 35 .OlOl 

e 33 e 56 0 Ol07 
48 089 D 01.11 

48 0 5? a 0140 
35 .50 24 - - 

E 
~ 0 ~ ~ s  PRIVACY ACT MATERIAL REMOVED 

00 . 3s .?3 0342 40. 94 1.46 63 

29 .40 15 42 1 
43 " 
44. 

., 40 . 8? 0 '3120 
e 25 0 35 .13;2a 
0 39 * 54 e 0150 

0 33 0 36 .0089 

41 a 75 1.13 27 

53 94 22 
21 35 54 

45, . 49 .95 17 - 46 0 36 62 30 
avg . 51 .84 33 

0 10 40 0033 

04.') 038 0180 
D 42 62 .0149 
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TABU I 
(Continued) . 

Plasma Iron Bed Cell Iron Fract ion of Fract ion of 
mnST Turncver Turnover Plasma Iron Red Cell  I ron 

W/Day U/U/Day @/Day ?@/@/Day Removed/Hour Renewed/Day 
Collrmn 4 - e  2. 3. 40  5. G. 

LYhlPHATIC - 
36 
37 
50 
13 
30 
39 
39 
19 
35 
46 
4% 
31 
24 
27 
73 
59 
30 
45 

. 52 

.42 

.80 

.17 . 39 
66 

e 4 4  
0 3 3  
.49 . 49 
.47 . 40 
a 33 
.38 
.76 
.85 . 53 
.64 

34 
31 
40 
11 
26 
33 
37 
1.9 
31 
28 
12 
12 
8 

23 
73 
43 
27 

.49 
0 35 
64 

e 33 

0 4z 
* 35 
0 44 
e 3c 
0 I.?. 
0 1€ 
a 02 . 26 
e 74 . 63 
.49 

1 2  
0 - c l  

6a 

I 

. 41 
e 5 4  
.53 
-27 
40 

e 45 
.32 
30 

* 53 
.44 
0 2 0  
24 
.26 
.39 
.61 
.69 
.44 
0 4 4  

.0150 
e 0134 
.0304 
e 0101 
.0113 
0 0190 
.0171 . 00 98 
e 0220 
.0182 . 0087 
0 0994 
.0013 
., 0113 
.0270 
0300 

,0226 - 
6 5 ,  I 32 0 4 3  27 0 36 56 .0150 

arzg. 37 0 5 0  30 . L33 .42 -0162 

66. B r t  78 1.89 ll . 26 a 94 0340 
67. Hrsl i37 2.70 27 * 53 1.65 .065c) 

PRIVACY ACT MATERIAL REMOVED 
PERNICIOUS ANEXIA * T€?.E4m - - Ee0 z l r ~ 2  50 . 84 35 D 63 . 74 * 0138 

d 
e 
2 REFBACTORY ANENIA 
rn 

63. 127 1.74 4 0 95 .63 0040 
70 95 .42 11 o 13 a 22 0132 
7 1  13 .26 1 eo; . 10 . 0001 
72 220 3.89 17 0 22 . 73 0 0 110 
73. 43 . 52 36 e F 4  .20 D 0340 
?4 0 158 2.14 112 l a 5 1  1.66 0 1270 

75 A v y  30 a42 25 e 36 . 60 . 0126 
Blood Donor 

I .  
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I11 €EAErH c H E M I r n Y  UND PHYSICS 

Health Chemistry 

N. B. Garden 

, 

Monitoring. 
Research Laborakories. 
tongs, manipulators, p ipe t tes ,  and other  instruments have been stocked. A labora- 
t o r y  has been established in Room 106, O R L ,  for t he  analysis  by members of the 
Health Chemistry Group of contaminated objects  such as filters and pipes  found i n  
*he course of monitoring. This will assist in pinning down the sources of contamina- 
tion, 
Developnent work is being done on improved scrubbing of ac t ive  corrosive fumes 
psesent i n  the  chemists' hoods 

Chemists using radioact ive materials have moved in to  the  new Central 
Monitoring f a c i l i t i e s  have been set up and survey meters, 

The analy t ica l  equipment will include a c o m t e r  f o r  plated disk analysis.  

Trar;sprta+;ion, Decontamination, Disposal and Storage, The operation of the 
?nematic system whish w i l l  b r i n g  t a r g e t s  from the  184-inch cyclotron t o  a labora- 
t o ry  i n  Building 5 i n  a matter of seconds has been delayed because of f a u l t y  
spec i f ica t ions  by t h e  manufacturer for the  compressor motor. 
sub3equen-t use of t h i s  system should take place i n  the very near future .  
+.hie q7;/arter the ta rge t  holders used by the  chemists have been standardized. Hold- 
ers have bee2 created for foil, powder and miscellaneous types of targets, 
men5 for disassembling targets has been b u i l t  t o  improve speed and se fe ty  of t a rge t  
handling. 
radtoactive mater ia ls  not being used eventually i n  H6alth Chemistry's Central 
Research F a c i l i t i e s  i n  Building 5 rather than i n  individual lead caves and boxes 
in ea<:h Laboratory- This program w i l l  lead t o  more space in the labora tor ies  and 
less a c t i v i t y  background. 
Laborat cries has necessi ta ted those t ransport  of quan t i t i e s  of rad ioas t ivs  materi- 
als, gloved boxes and other equipment t o  the  new s i te .  
sh:pen%s from Oak Ridge and o ther  i n s t a l l a t ions  ane t he  quant i ty  of radioact ive 
waste dumped at sea has increased t o  a new peak during this period. 

The completion and 
During 

Equip- 

A dr ive  has been made during t h i s  period t o  encourage the  storage of 

The movement of chemists t o  the new Central  Research 

The handling of isotope 

Research and Development. 
handling of rad1oact.ive materials in both the strai*t-type cave and the 2-in. 
lead-shieldebmanipulator box has been completed and w i l l  be used in connection 
wi th  special slugs and bambardments. A modified glove pox-% for use on Berkeley 
Boxes, modified f o r  accomplishment of more safe and e f f i c i e n t  change of gloves, 
has been used successfully.  
Modified examples have been produced f o r  spec ia l  purposes, such as a box wi th  a 10- 
s t e p  ex t rac t icn  mit and a box with a spec ia l  t op  for fou r  ex t rac t ion  columns. 

Improvements i n  the eqaipnent used for remote control  

Standard Berkeley Boxes have been produced as usual. 
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Health Physics 

B. J. Yoyer . 

Cyclotron Radiation Field.  The i n s t a l l a t i o n  of a new beam def lec t ing  system i n  t h e  
l.84-inch cyclotron has produced an increased in t ens i ty  in high-energy neutrons pro- 
jected in t h e  general d i rec t ion  of t h e  control  room, Measurements indicated up t o  
300 Mev/cm2sec, i n  the  form of f a s t  neutrons between 0.5 and 15 MeV, outside the 
shielding on the  west side near the south-west corser ;  and in the control  room the  
somesponding figure was as high as 100. 

As a temporary measure, a wall  of ccncrete ba l l a s t  blocks, 3 f e e t  i n  thickness,  
has been erected t o  augment t h e  shielding on th i s  s ide .  
3f penetration of 270 MeV neutrons i n  concrete, t h i s  increment should reduce t h e  
h t e n s i t y  by about a f a s t z  cf foxr .  
In s fa l l a t ion  of the  blocks, and the results appear t o  be about as predicted. 

shielcfhg blwks  w l l l  be i n s t a l l e d  i n  t h i s  region, Sri-wing the t o t a l  thickness 
here t o  15 feet. 

According t o  measurements 

Avery br ie f  t e a t  has bsen possible s ince the  

As a permanent protect ion from t h i s  oeutron f i e l d  a 5 foot l aye r  of concrete 

The decision has a l s o  been made t o  constrrrrt a pernaaent deflected beam cave 
wi5h a roof, for work w i t h  t he  ex terca l  proton beam. 

Nectroc f i e l d  of the Linear Aseelerator. 
tubes i n  the l i n e a r  acce lera tor  providing graphi te  a+ t h e  points  where the protons 

The recent modifications of the  d z i f t  

might impinge, and the  realignment of the system has lowered the  f a s t  neutron out- 
put by a f a c t o r  of 4. 

A t  present in the  u p s t a i r s  o f f i ze ,  the energy f i x  car r ied  by f a s t  neutrons, 
per 
beam has a t ta ined  a maximum of as much a s  5 x 10-8 amps in steady operation over 
U n i t e d  periods. Consequently, t he re  is s t i l l  need of e i t h e r  f u r t h e r  shielding or  
of moving t h e  o f f i c e  a rea  if t h e r e  is p o s s i b i l i t y  of operating the  machine for ex- 
tended periods at t h i s  level .  

S t d y  of Higk'ltnergy Neutron Fie lds  by Films. Heretofore hformation concerning 
the  f1.u densitp of high energy neutrons outside the shielding of the  i84-inch 
cyclotron har@beea obtained by use of a bismuth f i s s i o n  counter which is sens i t ive  
t o  neutrons over 50 Mev and whose f i s s i o n  c ross  sec t ion  f o r  the high energy neutrons 
f r o m  the cyclotron is approximately known. As an a l t e rna t ive  method, a program has 
been s t a f i ed  t o  estimate the  i n t e n s i t y  of these  neur;rona by counting t h e  s t a r s  they 
grcduce i n  I l f o r d  C-2 p l a t e s  exposed on t he  outs ide surface of t he  cyclotron shield- 
ing. information has been acquired t o  indicate  tha t  i n  a cyclotron 
clperating time of 75 hours, for which o a l y  40 hours employed 350 MeT protons, t he  
number of stars  produced by fast neutrons per cubic millimeter of emulsion ranged 
from 1 t o  13 depending upop posi t ion.  

amps of proton beam a t  t h e  t a r g e t ,  is from 40-50 Mev/cm2sec. The proton 

One or t he  o ther  of these measures w i l l  be accomplished. 

Thus far enough 

F w t h e r  Developments i n  the Survey of Fast  Neutron F i e l d s .  
are in process toward t h e  end of making more accurate the estimation of the  energy 
flux delivered by f a s t  neutrons as measured by the proton r e c o i l  method. 

Calculations and designs 

The points 

C 1 1 4 1 3 1  
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of' improvement concern deal ing more accurately with the problem of the  minimum 
pulse s i z e  detected,  and wi th  the problem of ob l iqui ty  of path i n  the hydrogenous 

I mater ia l  which is of necessi ty  curved i n t o  the  contour of the  counter wall. 

S t a t i s t i c a l  Summary of hionitoring Program. Survey instruments maintained: * 

B-V Ionizat ion Chambers 28 
Victoreen 263 Portable Survey Meters 1 9  
I.D.L. Portable  Surrreg Meters 18 
Cutie Pies  2 
Recording Area Survey meters 11 
Victoreen Proteximeters 3 
Fas'; neutron proportional count era 5 
Slow neutron proportional counters 5 
Balanced chamber (slow neutron survey instrument ) 2 
Special. t i s s u e  wall survey instrument 1 

Personnel meters in use: 

Number of people wearing film badges 1,360 
2,250 T Q t a l  man days ewerage with pocket chambers 

Total man days coverage with pocket chambers,(S.R.) 3,076 
Total man days coverage with pocket dosimeters 4,164 

8 Cases of weekly exposure above 0.3 r : 

I Weekly Film Linear 
Exposures Above 184" Area 60" Area Accelerator Synchrotron Chemistry Total  - 

0.3 r 9 10 11 0 a 38 

1.0 r 2 2 1 0 0 5 
1.5 r 1 1 0 0 0 2 
2.0 r 1* 0 0 0 0 1 

0.5 r 2 2 4 0 0 8 

*!Phis exposure was received while undergoing a dental x-ray examination that was 
in no way connected with the  project.  

1 
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