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I THE METABOLIC PROPERTIES OF VARIOUS MATERIALS 

J. G. Hamilton 

Project 48A 

Radioautography 

C. W. A s l i n g  and Gretchen T h i l o  

- 

The program t o  improve the technfque of double radioautographs using 
as ta t ine  and radio-iodine has been continued, The radio-iodine was produced 
by cyclotron bombardment because in t e re s t ,  i n  the case of the  monkey, was i n  
doing i n  vivo simultaneous iodine-astatine uptake experiment. The radio- 
iodine was produced by alpha-particle bombardment o f  antimony from which the  
predominant a c t i v i t y  i s  the four-day positron 1124, 
of View of the radioautographic studies,  this type of radio-iodine production 
is  no different  i n  its prepmation from e i the r  the deuteron bombardment of 
tellurium or from the pi le .  In any event, the i n  vivo studies on t h e  monkey 
were a fa i lure  due t o  some unforeseen d i f f i c u l t y  with the equipment employed. 

O f  course, from the point 

In  the case o f  t h e  radloautographs, it w a s  found that by using a some- 
what larger dose of radio-iodine, NTA stripping film gave qui te  good radioauto- 
graphs o f  the radio-iodine deposition and, of coursep far superior alpha t racks 
f r o m  the astat ine,  

Another fac tor  i s  that the NTA emulsion is far less sensi t ive t o  l i g h t  
than the NTB and it permi ts  much easier  handLing of the material  because more 
l i g h t  can be employed, 
par t ic les  as contrast  t o  NTB a t  the time in te rva ls  employed it w a s  considered 
that no s ignif icant  radiat ion damage t o  the thyroid would take place from the 
radio-iodine. 

Wen with the decreased sens i t i v i ty  of HTA t o  beta 

It has been discussed ea r l i e r  t h a t  a s ignif icant  f rac t ion  of as ta t ine  
i s  leached f r o m  the thyroid when the t i s sue  is fixed. 
of experiments were set up using guinea pigs, given both as ta t ine  and carr ier-  
f ree  radio-iodine and a comparison was made between the re la t ive  degree o f  
leaching that  takes place when the thyroid i s  fixed i n  e i ther  80 percent 
alcohol or Bow3n's fl i ijd.  It was an a~reaable s i irnrise  that not onlv d i d  

Accordingly, a se r i e s  

2 1 7 4 7 5 7  
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only a few tenths of a percent. 
f a c t  that these animals had been fed on a d i e t  re la t ive ly  high i n  iodine 
and were i n  iodine block. 

This i t  was presumed arose from the 

The double radioautographic e riment was repeated with a young 
rhesus monkey; 165 microcuries of A t  2 r  and 35 microcuries of radio-iodine 
yere em loyed. By the t i m e  this experiment w a s  done, a large f rac t ion  of 
the Id had decayed away and a s ignif icant  f rac t ion  of the  radioact ivi ty  
present w a s  due t o  1126 which i s  concomitantly produced by the  alpha 
particle bombasdment of antimony. Also present was a small amount of 53- 
day 1125 which decays by o r b i t a l  electron capture. In  view of the snnill 
percentage of this radioisotope present and its character is t ic  of  radio- 
ac t ive  decay, it i s  presumed that it did not contribute any perceptible 
e f f ec t  upon the photographic emulsion. 

Fig. 1 presents a representative radioautograph obtained i n  this 
part icular  experiment, the monkey being sacrificed 18 hours following 
the  administration of the two radiohalogens. 

Cu i n  Mouse Uver.  
radioautographs were made f o r  Drs. John Weaver and E. Bennett fo r  t he i r  s tudies  
of the metabolism of stiltamidine. 
ges t  that this C u  Labeled compound was retained by the mitochondria of the 
l i v e r  cells. 
firm this by the radioautographic technique. 
those that a re  employed with thyroid t issue.  

At t h e  request of th? Dormer Laboratory a ser ies  of 

They have.histochemica1 evidence t o  sug- 

By the use of NTB st r ipping f i l m  an attempt was made t o  con- 
The procedures employed were 

After development of the NTB st r ipping film, the sections uere stained 
i n  order t o  make vis ib le  these cytoplesmic structures.  
encountered a t  first, as the emulsion tended t o  s t a i n  more deeply than the  
t i s sue ,  
wolframic acid hematoxylin s t a i n  instead of one freshly prepared. Also, the 
preparation was stained only f o r  30 minutes i n  contrast  t o  the  24 t o  @-hour 
in t e rva l  recommended i n  a number of  t e x t  books on his tological  techniques. 
The radioautograph indicated that the  ac t iv i ty  was concentrated i n  the mito- 
chondria with re la t ive ly  l i t t l e  i n  the structure of the e d l  nucleus. 

P i f f i cu l t i e s  were 

This w a s  overcome by using a well-aged solution of MalloryTs phospho- 

Caution should be exercised i n  interpret ing these r e su l t s  inasmuch 
as there  i n i t i a l l y  may have been as great,  or higher, a concentration of 
stilbamadine i n  other c e l l  constituents held more loosely which may have been 
leached out. 
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interest in t he  pa r t i c l e  problem i n  t h e  l a s t  f e w  months we have begun t o  
a t tack  this problem more intensively,  placing par t icular  emphasis on a more 
p rec i sebca l i za t ion  of the plutonium pa r t i c l e s  and a careful study of the  
local histological  changes which the  preliminary studies i n  the  past indicated 
were present. 

a def in i t i ve  report on the  a s t a t ine  experiments. 
or color, whichever was most appropriate for t he  material. 
pictures  were made as follows: 

A ser iee  of photomicrographs has been made for  possible inclusion in 
They were black and w h i t e ,  

Four groups of' 

1. Photomicrograph at  low magnification of  en t i r e  sections of rat  
thyroid glands a f t e r  varying doses of At211 and of radioautographic image 
of 1131 f ixa t ion  by these same glands. 

2. Photomicrograph at high magnification of the histopathology of' 

Photomicrograph of the h is to logica l  changes i n  the lacrimal glands, 

rat  and monkey thyroid glands subjected t o  a s t a t ine  i r rad ia t ion .  

3. 
lymph nodes and spleen o f  rats subjected to as t a t ine  i r rad ia t ion ,  

4- fiotodcrograph of nuclear track emulsion radioautographs of iodlne 
and as t a t ine  loca l iza t ion  i n  rat and monkey thyroids a f t e r  both separate and 
concurrent injection. 





Tracer Studies 

K. G. Scott and J. Crowley 

The f a t e  of' Carrie-free Ptlq1P193 has been studied i n  the 
rat a t  various time periods up t o  7 days after intravenous injection. Four 
hours after the parenteral  administration of these isotopes, Uver  and kidney 
contained by far the la rges t  amounts on a per gram wet weight basis. Measur- 
able amounts were observed t o  be dis t r ibuted i n  the other soft tissues and 
skeleton. 
Seven days after i ts  administration over 70 percent was found i n  the excreta. 
The in i t ia l  kidney concentration, which a t  4 hours through 4 days was of the  
order of 5 percent of the dose per gram of kidney, contimed t o  remafn 
re la t ive ly  hlgh and was over 2 percent of  t h e  dose per gram of Hdney 7 days 
a f t e r  administration of the platinum. 
a reticulo-endothelial function, such as spleen and l iver ,  had the next Ugh- 
e s t  concentrations of platinum and when compared t o  kidney were 2 t o  3 times 
higher than the other s o f t  t issues  which were measured. 
summarized i n  Table I. 

Platinum is eliminated from the body i n  both urine and feces. 

At the  7-day time period, organs havfng 

These d a t a  axe 

Similar studies were conducted with carrier-free platinum f n  the r a t  
a f t e r  intramuscular administration. These s tudies  were terminated a t  4 days, 
7 days, 16 days and 32 days after the platfnum was injected. 
readi ly  absorbed from the inject ion s i t e ,  there  remaining but ll.50 9-5, 9,8 
and 5.4 percent of the injected dose i n  the l e f t  leg at 4, 7, 16 and 32 days, 
respectively. Studies of the d is t r ibu t ion  of the platinum after i t s  absorp 
t i on  from the  inject ion s i te  are essent ia l ly  the same as those dfscussed i n  
which the material was given by intravenous injection, the data  being snmm~r- 
ized i n  Table I. 
over 90 percent of the material absorbed fiom the inject ion s i t e  was excreted, 
However, measurable mounts of  platinum were found remaining in the  soft 
t i s sues  such a s  l iver ,  spleen and blood. 

Platimm was 

A t  the end of 32 days a f t e r  intramuscular administration 

These data  are summariz;ed i n  Table 11, 

Iridium192, The f a t e  of carrier-free iridium using has been studied 
i n  the rat following intravenous in jec t ion  and studied up t o  33 days a f t e r  
i t s  administration. A t  the ear ly  time periods i r i d i u m  was primarily found in 
the  l iver ,  kidney and blood with measurable amounts i n  other soft t issue8 
and a t  2 hours a f t e r  inject ion,  18 percent of the administered dose was found 
i n  the urine., 
a f t e r  administration, additional i r i d i u m  was excreted both i n  t h e  urine and 
feces, but the excretion r a t e  as compared t o  that a t  2 hours after admfnistra- 

I n  the succeeding time periods studied, namely, 7 and 33 days 
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TABLE I 

TEE DEPOSITION OF CARRIERFREE Pt191~193 IN THE RAT 4 H O W  
1, 4 AND 7 DAYS AFTER INTRBVENOUS INJECTION. 
CORRECTEZI FOR RECOVERY AND EXPRESSED IN PERCENT OF ADMINIS!ERED 
DOSE. 
0.53,  0.53, 2.2 and 6.7 MICROCURIES RESPECTIVELY. 

V A L m  ARE, 

EACH RAT IN THE 4 HOUR, 1, 4 ,  AND 7 DAY GROUPS RECEIVED 

Oman 

Heart 

Spleen 
Blood 
Liver 
Kidney 
Stomach 
st, Cont . 
Sm. Int . 
S.I.Cont. 
Ig.Int. 
L. I, Cont. 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
Brain 
Eses 
Pi tu i ta ry  
Gonads 
Thyroid 
Adrenal 
Lym. G. 
Urine 
Feces 

w 034 033 
1.18 -75 
.66 .42 

10.9 . 66 
13.8 1.10 
10.9 5.18 

(001 - 
2.55 . 58 
3.51 - 
1-75 .58 
8.30 - 
.29 .36 
8.08 .U 
u. 5 0 12 
u. 0 30 - 31 
002 .01 
.09 .25 

.16 .06 

eo2 (001 

-34 0 3 1  

(.01 - 
(001 - 
4.01 - 
8.62 - 

1 d a p . 5 3 ~  
% per k per 
oruan gram 

034 032 
1.51 .87 

6.61 -45 
12.9 1.33 
9.85 4.93 
-23 .26 
<.01 - 
1.09 .37 

-66 - 
080 0 4 4  
1.29 - 
.26 .27 
5.79 .3A 

U-6 . 11 
1G. 0 32 - . 25 
c.01 - 

.62 .61 

4 d a y - 2 . 2 ~  
% per k per 
organ gram 

.01 .02 
-4.3 -28 
-37 038 
4-01 -32 
5.24 -62 
7.26 5.64 
-11 .15 
003 - 
094 020 .u - 
.5? -31 
.60 - 
-20 .38 

9.36 .64 
10.1 -13 
7.74 .28 - . 27 
.11 -08 
003 e l l  

<.Ol - 
-25 - 
003 - 

<.01 - - <e 01 
25.2 

7 day-6.W 
% per % per 
organ gram 

.09 . 41 
52 

2.11 
4.44 
4.95 . 16 
.02 
41 . 10 . 35 
.10 . 18 

2.91 
5.28 
4.81 

03 
D 02 
.01 
e 08 <. 01 
a 02 

- 

- 
39.6 

<.Ol - 19-4 - 27.3 - 33.3 
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TABU I1 

TBE DEPOSITION OF CBEiRIEIGFREE Pt191s193 IN TH% RAl' 4, 7, 16 AND 
32 DAYS AFT= INTRAMUSCULAR INnCTION. VALUES ARE CORRECTED FOR 
REcovERp AND ARE ExpRessH) IN PERCENT OF ABSORBED DOSE. 
I N  THE 4 ,  7, 16 AND 32 DAY GROUPS REZEIVED 2.2, 2.2, 6.7, AND 14 
MICROCURIES RESPECTIVELY. 

EACH RAT 

Organ 

Heart 
L w 3  
Spleen 
Blood 
Liver 
Kidney 
Stomach 
St. Cont 
Sm. Int . 
S. I . Cont . 
Ig. Int. 
L. I. Cont . 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
Brain 
mes 
Pituitary 
Gonads 
Thyroid 
Adrenal 
K p .  GI. 
Urine 
Feces 

4 daY-2.2yc 
% per Z per 
organ gram 

L o 1  - 
020 '12 
-43 .38 

3.29 -25 
3.A6 -42 
7.13 4.36 
-45 .69 

<.01 - 
-61 -13 
-51 - 
-35 .17 
*13 - 
009 011 
2.67 .20 
6.52 .08 
5.73 -23 - <. 01 
<.01 - 
(001 - 
(001 - 
(001 - 
(001 - 
012 - 
- <.01 

3907 - 
28.7 

7 day-2.21.l~ 16 day-6.7~ 32 h y - w  
% per k per f per % per k per % per 
organ gram organ gram organ gram 

12 
31 . 72 

3.50 
2.76 
4.92 . 21 

0 0 6  
045 . 19 
34 . 45 . 26 

2.93 
5.33 
3.37 

< -01 
03 

<.Ol 
COO1 
(-01 . 17 

- 

19.8 
54.1 

15 
22 . 68 
31 

3.18 
.24 

. 15 
19 

. 20 . 21 . 06 
0 12 
.11 

. 01 

. 26 

- 
- 
- 

- 
- - - 

< 001 - - 

007 . 13 
26 

1.17 
1.20 
2.53 . 10 
17 

17 

009 
2.02 
2.41 
2.72 

0 0 7  . 08 . 04 
07 
05 
-05 

- 

- 

- 

- 
55.1 
31.5 

.O? <.01 

.18 18 

.23 32 
-07 . 59 . 10 .69 
1.U. 2.13 
.02 .05 

.02 . 17 
. 08 . 03 

0 0 7  - 
-13 1.07 
.03 1.86 
06 099 

009 - 
04 .10 
.26 - 
. 04 - 

- - 
- - 

- - 

- 
- - - . 2.4 -1 - 36.2 - 55.5 
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TABLE I11 

' THE DEPOSITION OF ClRKER-FREE 
33 DAYS AF!l'EZ IMTRAVENOUS INJECTION. 

EACH RAT IN 'FHE 2 HOUR, 7 BM] 33 DAY GROUPS BEcllrIvED 1.7, 3.4 
AM) 5.1 MICBDCUhIES RESPECTIVELY. 

I N  TIIE RAT 2 H O W ,  7 AND 
VALm bRE CORRECTED FOR 

mcoywy m ABE HPBESSH) IN PERCENT OF mrmsTeRs) DOSH 

organ 
Heart 
I;ung 
Spleen 
Blood 
Liver 
Kidney 
Stomach 
St. Cont . 
Sm. I n t  . 
S. I. Cont. 
Ig.Int. 
L. I . Cont . 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
Brain 
Eses 
Pituitary 
Conads 
Thyroid 
Adrenal 
Lym. G1. 
Urine 
Feces 

.33 
4.07 . 98 

17.1 
25.6 
4.16 

.23 

.05 
2.41 
1.77 

044 
-13 . 1 5  

6.66 
9.74 
7.76 

. 07 . 02 

.01 . 03 . 01 . 02 

- 

- 
18.1 . 20 

. 48 
2.71 
1.20 
1.36 
3.41 
2.97 . 25 

A3 

23 

. 22 

.4A 
0 1 2  
-26 . 04 
04 . 08 
. 26 <. 01  

. 17 

- 
- 
- 

- 

- 

- 
- 

7 aay - 3 . e  33 day - 5.w 
% per % per % per % per 
organ ar am organ gram 

e l 2  
5 1  

2.08 
1.21 

4.40 .u . 02 . 66 
0 0 9  
.36 
32 
.10 

2.36 
5.25 
7.45 

. 08 . 01 
(-01 . 04 
c.01 . 02 

37.8 
13.7 

23.3 

- 

- 

. 17 . 36 
2.16. 

0 0 9  
2.91 
3-12 

.17 

.l2 

19 

. 17 

.u. . 07 

.23 . 06 . 01 

.06 

. 36 

.18 

- 
- 
- 

- 
- 
c 

- - 

. 04 
32 

1.61 . 22 
6.52 
2.22 

.08 

. 31 

19 

. 03 
1.53 
3.26 
2.36 

. 01 . 01 <. 01 

.02 
(001 . 01 

43.5 
35.7 

- 
- 
- 

- 

- 

.M . 28 
1.87 . 01 

0 8 7  
1.66 . 02 
.O3 

.O3 

.04 . 10 

.03 
0 0 9  . 02 

(001 
.02 

17 

- 
- 
- 

- 
- - 
.08 - - 
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appreciable amounts were found i n  kidney, l iver ,  lungs and spleen, These 
data a re  summarized i n  Table IV.  From t h i s  data the fract ion absorbed 
from the digestive t r a c t  i s  estimated t o  be of the order o f  10 percent of 
the administered Ir19*. 

Merc~r$9~,19 .  
rat up t o  8 days after intravenous administration. These studies have 
shown that mercury is not excreted i n  the urine, but t ha t  appreciable 
excretion i n  the feces occurs and w a s  between 40 and 50 percent o f  the 
t o t a l  amount of  material administered 5 days and 8 days a f t e r  it was given, 
Kidney contained the highest concentration of mercury of any t i ssue  i n  the 
body f o r  the time period studied, being between 10 and 200 times greater than 
the other t issues  of the body,, 
days a f t e r  i t s  intravenous administration approximately one-half of the radio- 
mercury so administered w a s  found i n  the  kidneys. Owing t o  the f a c t  that about 
40 percent of the mercury administered was excreted, the balance of the tissues 
except f o r  the kidneys contained approximately 10 percent of the  administered 
dose. On a per gram wet weight basis, l iver ,  spleen and lungs contained 
several  times more mercury than other s o f t  t issues  such as heart, muscle, 
pancreas, skin, and bone. These da ta  a re  summarized i n  Table V. 

The fate of carrier-free mercury has been studied i n  the 

O f  the mercury retained i n  the t i s sues  8 

Attempts t o  increase the excretion of mercury using a complexing 
agent such as ftVersenen were disappointfng. 
excreted approximately 55 percent of the  mercury administered, th5.s being 
o n l y  10 percent higher than the control group. The r e l a t ive  d is t r ibu t ion  
o f  mercury i n  the body a f t e r  fWersenett administration agrees w i t h  that ob- 
served i n  the control group with the exception t h a t  the t o t a l  amount con- 
tained i n  the kidneys of nVersenelt-treated animals was s l igh t ly  less than the 
control group. 
group, thus making the percent per organ higher i n  the control group and the 
percent per g ~ a m  wet weight higher i n  the "Versene"-treated group, 
data are  summarized i n  Table VI .  

Bismuth2°6. 
the rats have been completed up t o  17 days after administration of Biao6. 
Ninety-five percent of the material s o  administered was excreted predominantly 
i n  the urine. Measurable amounts of bismuth remained i n  the l i ye r9  kidney and 
spleen, suggesting that this element has been taken up by the reticulo- 
endothelial system of  the body. 
the skeleton i s  not a retent ion depot f o r  this t i m e  interval .  
a re  summarized i n  Table V I I .  

The Versenett- treated animals 

However, these animals had smaller kidneys than  the control 

These 

Studies on carrier-free bismuth a f t e r  intravenous inject ion o f  

Attention should be drawn t o  the f a c t  that 
These data 
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TABLE IV 

THE DEPOSITION OF CARRIER-= 1~192 IN THE RAT 7 DAYS AFTER 
ORAL ADMINISTRATION. 
ExpREssplD IN PeRCENT OF BDMIIiISTERFD DOSE. EACH RAT RECEIVED 
5.0 MICROCURIES. 

VAL4JES BBE CORRECTED FOR RECOVEZiY AND ARE 

Organ 

Heart 

Spleen 
Blood 
Liver 
Kidney 
Stomach 
Sm, Int. 
Lg. Int. 
Pancr ea8 
Skeleton 
Muscle 
Skin 
Fat 
Brain 

- 
Lung 

we8 
Pituitary 
Gonads 
"hp-oid 
Adrenal 
Lym. G1. 
Urine 
Feces 

<.01 
.O3 
03 
01 
-17 
22 . 01 

0 0 6  
*07 < .01 
29 . 56 . 58 

c.01 
< *01 
<.01 
<* 01 
(-01 
<. 01 
c.01 
c.01 
3 -61 

94.4 

.01 . 03 . 03 . 01 

.03 
4 017 ' 

d. 01 
<.01 
<. 01 
d. 01 
<* 01 . 03 

- 

- 
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THE DKPOSITIOB OF (XRRIEL= Hg1963197 IH THE RAT 4 HOURS, 
1, 5 BRD 8 DAYS AZTE23 IER6I7EFlOUS IHdECTIOE. 
RECTES FOR RECOVERT AND ARE KXPBBSSED IN PERCENT Uf ADMINIS- 
TE3ED DOSE. EACH EAT IN THE 4 HOUR, 1, 5 AND 8 DAY GROUPS 
RECEIVED 3.2, 6.4, 16.1 AHD 167 MICROCrrmES RESPECTIVFU. 

V W S  ARE COR- 

Heart 

Spleen 
Blood 
Elver 
Kidney 
Stomach 
st. Cont . 
Sm. I n t  . 
S.I.Cont, 
Q. Inti . 
L.I.Cont. 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
Brain 
wes  
Pituitary 
Gonads 
Thyroid 
Adrenal 
Ism. G1. 
Urine 
Feces 

Luag 
-32 -33 .20 -26 .09 

1.23 .72 1.19 -70 .43 
1-54 1-03 1.55 1.31 . 66 
'7.44 -53 3.62 .27 044 

29.7 2.91 17.5 1-74 8.24 
24.1 13.1 35.3 22.3 26.6 

.42 

2.31 
2.81 
2.42 
2.62 

043 
4; 37 
8.47 

03 
0 02 

<.Ol 
.08 

c.01 
04 

.78 

.05 

o 13 

10.7 - 

- 

39 048 

.63 2.55 - 2.61 
-96 2.62 - 4.95 
0 2 9  -69 
.29 3-92 
-09 9.19 
-32 11.8 . 04 - . 01 . 97 
0 0 7  . 02 - <.01 
* 49 -07 - <.01 - .04 
0 38 - 

- 04 

:830 - - 

. 37 .11 - 52 . 56 .82 - 52 
087 .45 - . 76 . 29 . 08 
-27 1.29 
.09 3.03 

. 16 - 
04 .07 

-07 <.01 
- <. 01 
-46 .02 - e 01 - .01 . 57 - 
- 1.87 - 49.3 

.3a 4.62 

.16 .04 -05 . 28 -15 -10 

.47 .18 .I8 . 03 -32 .03 
-71 2.19 *23 

U.1 L7.9 26.7 . -  
0 0 9  ' -04 - . 01 
009 23 - . 22 . 15 . 17 - . 62 
e l l  .05 
08 . 58 

-03 1.49 
-11 3.00 . 03 - 
04 04 - .01 - . 4.01 
-11 <.01 - . 01 - .01 
.ll - 
- 4.52 - 38.2 
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TABLE VI 

CT OF A COMPLEXIPSG AGmT ON THE DEPOSITION OF CBRRIE&FREE 
Hg19 F ,197 I N  THE RAT 8 DAYS AFTHI IlUTRAVENOUS INJECTION. VALUES ARE 
CORRECTED FOR BEcovwp BEnl ARE EXPRESSED IN E R C E N T  OF ADMINISTEE3 
DOSE. 
TIIgEE RATS ECEIVED 0.5 MIUILXTEBS OF A 10 PEZCENT SOLUTION OF THE 
CALCIUW-SODIUM SALT OF ETHY- DIAMIIE TETRABCETIC ACID (e) 
ADMINISTERED INTRAMUSCULARLY, DAILY FOR 7 DAYS. 

EBCH RAT RECEIVED 167 MICROCURES OF Hg1963l97 AHD EACH OF 

8 day tVersene 
% per P per 
organ gram 

Organ 

Heart 03 
h n g  13 
Spleen .20 
Blood . 26 
Liver 3.03 
Kidney 34. 2 
Stomach . 04 
Stomach Cont. .U 
Sm. Int. 
S. I. C o n t .  
Lg. Int. 
L, In. Cont. 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
&ai n 
we8 
Pi tu i ta ry  
Gonads 
Thyroid 
A d r e n a l  
Igm. G1. 
Urine 

.27 
0 2 4  
15 
.61 . 03 . 62 
1.73 
4.01 

. 04 
d.01 
c. 01 
c.01 
c. 01 
c.01 

- 

- 
10.9 
. -  - 

. 04 
e 11 
.22 
.02 
035 

. 05 

.07 

.10 

. 07 . 05 
0 02 
13 . 02 . 02 

32.6 

- 
- 

- 

- - 
- 
- 
.08 

8 day - Control 
$ per B per 
organ gram 

.04 . 15 
18 
.32 
2.19 

. 04 

.01 
23 . 22 
.17 
.62 . 05 
58 

1.49 
3.00 

004 
e o 1  

c.01 <. 01 
.Ol 
.01 

4.52 

47.9 

- 

- 
_ -  - 
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TABLE VI1 

THE DEPOSITION OF CARBIE&FREE Biz% I N  THE RAT 17 DAYS 
BFTER INTRAVE2iOUS IHJJXTION. ‘?&LUES ARE CORRECTED FOR 
BECOVERY AND AFE EXPBESSED I N  PERCENT OF ADMISISTBFi’ED 
DOSE. EACH RAT RECEIVED 10 KEROCURIES. 

OJWn 

Heart 
Lung 
Spleen 
Liver 
Kidney 
Stomach 
St . Cont . 
Sm. Int . 
S. I. Cont. 
Ig. Int. 
L. In. Cont. 
Pancr ea8 
Skeleton 
Muscle 
Skin 
Fat 
Brain 
Eses 
Gonads 
Thyroid 
Adrenal 
Ismph Gland 
Urine 
Feces 

- 
0 

.18 
1 5  

2.40 
59 

c 001 

. 02 

.u 

.03 . 02 
082 
25 . 39 
.01 

c.01 
<. 01 
<. 01 
<. 01 

- 
- 

- 

- - - 

- . 02 . 16 
2.24 

.30 

c .01 
04 

.01 

c -01 
4.01 

- 
- 
- 
- 

(101 . 02 - 
- - 
.03 

73.1 
21.9 

. 
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TABLE VI11 

THE DEPOSITION OF CARFUERFREZ Rh105 IN THE U T  2 HOURS, 1, 2 AND 6 DAYS 
AFTER IFl%AVENOUS INJECTION. VALUES MLE CORRECTED FOR RECOVERY AND BRE 
EXPRESSEZI IN PWCENT OF TIfE ADMINISTERH) DOSE. EBCH RAT IN THE 2 HOUR, 
1, 2, dw) 6 DAY GBOUPS BECEIVED 2, 2, 4, AND 6.5 MICROCURIES OF 
gESPECTIVELP. 

Organ 

Lung 
Heart 

Spleen 
Blood 
Uver 
Kidney 
Stomach 
Stom.Cont. 
Sm. Int. 
Sm. Int . Cont . 
r.g.Int. 
Ig.Int.Cont. 
Pancreas 
Skeleton 
Muscle 
Skin 
Fat 
Brain 
w e e  
Pituitary 
Gonads 
Thyroid 
Adrenal 

G1.  
Urine 
Feces 

2 how-* 2 day - 4t-a 6 day - 6 . 5 ~  
%per % p e r  % p e r  - z e r  % per 5 per % per per 
organ gram organ gram organ gram organ gram 

.3O 
1.51 
e 39 

5.41 
3.03 . 48 
03 

1.33 
1.23 
1-24. . 25 

.67 
8.76 

11.4 

18.6 
21.4 - . 05 

e 04 < -01 . 49 
<.Ol . 04 - 
23.3 

03 

.30 -2.4 

.56 1.16 

-61 6.47 
.34 3.92 
e 8 7  2.89 
.30 .44 - . 02 
.25 1.13 - . 62 
-32 2.57 - .66 . 28 .35 
039 4.07 
-16 13.4 
.43 u . 4  . 23 - . 03 . 03 
.12 -05 - (-01 
.u 55 - <.01 - .02 
50 - - 35.2 

- 11.4 

. 18 34 

.27 22 
52 74 . 32 51 
.45 5.01 
-40 rc.34 
1.61 3.41 
25 .31 - .12 
.25 1.10 - .41 . 39 .90 - .69 . 30 .23 
-24 5.29 
.I4 15.1 
-52 21.6 . 15 - . 02 .O3 .u .04 - <.Ol 
.23 46 - c. 01 - <.01 
.61 - 
- 29.1 - 10.4 

-22 . 1 5  . 41 .66 
-40 .6& 
-31 1.25 
.35 2.65 
1.37 3.36 
.24 .22 

-15 -82 - . 10 
-27 .89 - .28 . 22 .u 
.28 3.03 
.13 11.7 
.47 17.5 

- <.Ol 

-08 - 
001 c.01 
-15 .02 - < -01 
17 4.7  - (-01 - . 02 

e 3 7  - - 35.5 - 20.6 

e 15 
.32 . 55 
.08 . 27 
1.42 . 20 
. 16 
. 27 
. 22 . 15 
.ll 
.40 
.I4 < -01 
.08 

e 19 

- 
- 
- 

- 

- . 37 - 
- 
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a t  18 days a f t e r  i t s  administration excreted approximately 50 percent 
i n  the urine and 30 percent i n  the feces. A t  this time period, Mdney, 
spleen, lymph gland and skin eon-ned the highest amounts of rhodium 
st i l l  present i n  the body, the  concentration in kidney being much high- 
er than the other soft tissues observed. 
tube, the animals being sacr i f iced 4 days later, rhodium did not accumu- 
l a t e  t o  appreciable degree in any of the  soft t i s sues  which were measured 
with the exception of  kidney which contained 0.04 percent of the ad- 
ministered dose. Thus concentration is approximately 30 times below that 
observed when t he  rhodium is administered intravenously. 

When administered by stomach 
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Bealth Physics 

Bo J, Moyer 

Fast  Neutron Monitoring with Nuclear Plates. 
nuclear p la tes  a r e  being used as a supplementary method of measuring fast 
neutron fluxes around the  l84-inch cyclotron, 
formed when fast neutrons s t r i k e  hydrogen atoms i n  t h e  emulsion are observed 
with a microscope, the  number of proton tracks per f i e l d  of view being 
proportional t o  the  number of fast neutrons passing though the emulsion. 
Twenty-five f i e l d s  of view were observed on each plate,  each f i e l d  being 
350,uin diameter, 
from 7,56 t o  1,08, Corresponding percent probable e r rors  are f 2.4 percent 
and 2 67 percent, Standard p la tes  were exposed t o  10 weekly tolerance doses 
of fast neutrons* from a Po-Be source. To these standard plates  were compared 
the monitor plates,  
indistinguishable from the  background due t o  changes i n  humidity, s ens i t i v i ty  
and statist ical  fluctuation.; but exposures above this leve l  agree f a i r l y  w e l l  
with each other and with data taken with a proton r e c o i l  proportional counter. 

I l ford,  C-29 50p emulsion 

The r eco i l  proton tracks 

The average number of r e c o i l  protons per f i e l d  varied 

An exposure t o  less than  2 or 3 weekly tolerances i s  

Two examples a r e  given i n  Table I ,  

TABLE I 

Weekly tolerances Weekly tolerances Location 
compared with Po-Be** measured by proton 

r e c o i l  counter . 
8 

6 

10 

8 

South w a l l  of 
deflected beam cave 

Same, but with 
addi t ional  shield- 
f*?g 0 

. Because the  proton recoil. coucter i s  a. rate measuring device w h i l e  t he  
I l ford plates  in tegrs te  t h e  exposure, comparisons are d i f f i cu l t ,  

The work i s  being continued and the  poss ib i l i t y  of using t he  nitrogen 
content of the  emulsion t o  measure thermal neutrons by meas of the  ,Nu(n,p)C' 
reaction i s  being investiga.ted ., 

The Brass BF3 F i l l i n g  System. 
simplified method of filling have proved sat isfactory,  
months ago have retained t h e i r  threshold and plateau character is t ics .  
a standard 10,000 gain ampiiffer and a standard sealer with the discriminator 
set 5 vo l t s  above noise, the threshold i s  between 1300 and UOo vo l t s  fo r  
a group of  f i ve  counters, 
as above have a 200 vo l t  plateau a t  1638 vaTlts. 

The new brass BF3 f i l l ing system and the 
Counters f i l l e d  six 

USiW 

The counters, with the  same operating conditions 0 
* 8s Mev/cazt/ser: f o r  40 hours 5s P k-zek2y tclleranee dose, 
** Based ora approximately 40 Sours deflected beam operation, ' ' ' 
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Etealth Physics 

Bo J. Moyer 

Fast Neutron Monftorix with Nuclear Plates. 
nuclear plates  a r e  being used as a supplementary method of measuring fast 
neutron fluxes around the l84-inch cyclotron. 
formed when fast neutrons s t r lke  hydrogen atoms i n  the emulsion are  observed 
with a microscope, the number of proton tracks per f i e l d  of view being 
proportional t o  the number of fast neutrons passing though the emulsion. 
Twenty-five f i e l d s  of view were observed on each plate, each f i e l d  being 
3 5 0 p i n  diameter, 
from 7.56 t o  L08, Corresponding percent probable errors  a re  * 24 percent 
and 2 67 percent, Standard plates  were exposed t o  10 weekly tolerance doses 
of fast neutrons* from a Po-Be source, To these standard plates  were compared 
the monitor plates. 
indistinguishable from the background due t o  changes i n  humidity, s ens i t i v i ty  
and s t a t i s t i c a l  fluctuation; but exposures above this leve l  agree f a i r l y  w e l l  
with each other and with d a t a  taken with a proton r eco i l  proportional counter. 

I lford,  C-2, 5 0 p  emulsion 

The r eco i l  proton tracks 

The average number of r eco i l  protons per f i e l d  varied 

An exposure t o  l e s s  than 2 or 3 weekly tolerances i s  

Two examples a re  given i n  Table L 

TABU I 

Weekly tozerances Weekly tolerances Location 
compared w i t R  Po-Be** measured by proton 

recoil counter 

8 

6 

10 

8 

South w a l l  of 
d6flected &am cave 

Same, but with 
additional shield- 
ing .  

' Because the proton r eco i l  cougter i s  a rate measuring device while the 
I l f o r d  plates  integrate t h e  exposure, comparfsons a r e  d i f f i cu l t .  

The work i s  being continued and the poss ib i l i ty  of using the nitrogen 
content of the emuisfon t o  measure thermal neutrons by mens of the,Nu(n,p)C' 
reaction i s  being investigated, 

The Brass BF3 Fi lXng System. 

months ago have retained t h e i r  threshold and plateau characterist ics.  
a standard 10,008 gain amplifier and a standard scaler  with the discriminator 
s e t  5 vo l t s  above noise, the threshold i s  between 1300 and U O O  vol t s  fo r  
a group of f ive  counters, 
as  above have a 200 vol t  platesu at 1630 valts. 

The new brass BF3 f i l l i n g  system and the 
, simplified method of f i l l i n g  have proved satisfactory.  Counters f i l l e d  six 

U s i n g  

The countem, w5th the same operating conditions 0 



ucRGl437 

-57- 

being done for  the Atomic Energy Commission, 
Proceedings of the Harvard Air Cleaning Seminar. The 600 CFM emergency air 
cleaning unit  has been used i n  a planned experiment. f o r  flame spraying hot 
ta rge ts  with aluminum, 
with protective masks f o r  personnel. 
current gloved boxes f o r  indicat ion of vent i la t ion air flow,- Preliminary 
t e s t s  a r e  being made on AAA "FibregLaslt Navy f i l t e r  paper, which presents 
d i f f i c u l t i e s  fo r  routine use because of dellcacy of the material. 
i s  being continued. 

A report  has been made t o  

The group has a lso  procured CWS N0.6 f i l t e r s  f o r  use 
Vanes are now being used on a l l  

Testing 

During this period many members contributed t h e i r  services t o  a 
session of the Radiological C i v i l  Defense School, held at Pleasanton, 
California. 
wide student group attending. 

Instruct ion i n  p rac t i ca l  problems was provided t o  the State- 

t f 3 4  1 1 4  
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I11 HEALTH C m S T R Y  BWD PHYSICS 

Health Chemistry 

N. Garden - 
Research and Development Group. 
auxiliary equipment t o  chemists working with radioactive materials, the 

I n  addition t o  supplying gloved boxes and 

Research and Development group of Health Chemistry has adapted sta&d 
remote control equipment t o  a number of unusual si tuat ions i n  experimental 
work. 
ta rge t  i n  a l iquid sodiwpotassium alloy, 
syphon fo r  recycling the l iquid alloy, 
atmosphere behind two inches of lead shielding fo r  personnel protection and 
requfred shielding between par t s  of the apparatus i n  order t o  provide a low 
background i n  the counting chamber, an integral  part of the setup. 
created w a s  equipment fo r  analysis of pile-bombarded animal t issue,  requiring 
a multiple r e s in  ion exchange column system, with units a t  the same tempera- 
ture  (now i n  design stage); this is  remotely controlled. 
shielded continuous solvent extractor,  remotely controlled, to be used i n  
bombarded iron-cobalt experiments has Men made as well as liquid control 
valves and pumps made of te f lon  t o  combat corrosion i n  HF lines. 

This included the  study of dissolving products of a bombarded thorium 
It required a closed thermal 

The setup had t o  be i n  an inert  argon 

Also 

In  addition a 

Actfvity Handling Group, 
dumping cement and waste-filled drums at  sea, has been improved by increasing 

The barge, towed by a navy tu& boat, used fo r  
- -  

i ts  capacity, 
the t ransfer  of personnel from t u g  boat t o  barge at the dumping grounds. 
storage area f o r  drums of waste and stock of empty drums has been enlarged. 
A new type of  tong fo r  t ransferr ing the cyclotron-bombarded ta rge ts  from the  
target-carrying box t o  the chemist's working space has been built. It i s  a 
simple device with no moving par t s  and offersa full e s i b i l i t y  t o  the t a rge t  
when it i s  being moved. 
simplified target-carrying box f o r  transportation of a l l  three types of 
targets  bombarded on the 18- inch  cyclotron has been bu i l t  and i s  being used 
v i th  success, 
holder, used fo r  bombardments on the 60-inch cyclotron, i s  complete; s i x  have 
been ordered from the shops. 
60-inch ta rge ts  containing large quantit ies of alpha emitters, great ly  
increases safety of bombardment of such targets.  
handling. 
cyclotron bombardment i s  brought t o  the chemist's laboratory fo r  disassembly 
has been put i n to  e f fec t ,  
cyclotron area should rupture or other malfunction take place during bombard- 
ment. 
of t r i a l  of the model chamber, i s  completely designed and w i l l  be under 
construction shortly,  

A shack f o r  the crew has been placed on the-barge tb eliminate- 
The 

It i s  now being used routinely with success. A new, 

Redesign of the increasingly popular "pistol-grfpfl t a rge t  

A new water circulation system f o r  cooling 

It also f a c i l i t a t e s  t h e i r  . 

A new system whereby the ent i re  target  assembly from a 60-inch 

T h i s  removes the hazard of contamination t o  the  

The modified decontamination chamber, designed a f t e r  more than a year 

firborne Activity Control Group. 
Control Group include routine air  sampEngs and f i l t e r  changes i n  the laboratories 
a s  well as increasingly frequent mercury vapor surveys, 
i s  being designed f o r  this service. 
fume contyol i n  the drafting pr in t  room and a special  air  sampling study i s  

Investigations made by the  Airborne Activity 

A new detection device 
Studies are  being made on the ammonia 
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mEND for  Figure 7 a through g 

The Effect of Heparin Repository on Human Low-Density Idpoproteins 

The accompanying ul t racentr i fugal  flotation patterns show the pro- 
gressive changes i n  the  lipoproteins of a 63 year old female g t i e n t  with 
coronary a r t e ry  disease treated with a single 200 mg dose of repository 
heparin. 

I n  a l l  the figures successive frames a re  taken a t  0, 6, 12, 22, 30 and 
38 minutes a f t e r  full ro tor  speed of 52,640 RPM has been reached. 
5 have been ruled i n  Fig. 7(d) f o r  calculation of the Sf rates of any peak 
appearing i n  that frame. The rul ing of Frame 2 i n  Fig. 7(d) mky be used t o  
calculate Sf r a t e s  i n  Frame 2 of any of the other figures. 
ruling of Frame 5 i n  Fig. 7(d) may be used t o  calculate Sf r a t e s  i n  frame 5 
of any other figures. 

Frames 2 and 

Similarly the  

A l l  patterns shown represent two different  se ra  run simultaneously i n  
the ultracentrifuge. 
this study. 
disregarded. 

I n  each figure only the upper pat tern i s  involved i n  
The lower pattern i s  from another individual and i s  t o  be completely 

A l l  stippled areas represent the measure of the  Sf 20-100 class of 
lipoproteins; a l l  cross-hatched areas represent the  measure of t he  Sf 12-20 
c lass  of lipoproteins. 

W P e  Time a f t e r  heparin Sf 12-50 (d) Sf 20-100 (mgsb) 

7 b )  Pr e-hepar i n :'si 197 mg% 357 mg% 

7(c)  3 hours 102 14. 
7(d) 4 hours 21 0 
7(e) 6 hours 83 18 
7(f)  24 hours 81 160 
7 ( g )  72 hours 107 164 

7 w  . 70 minutes 3-47 18 

In addition the figures reveal a great increase i n  the concentration 

The change i n  
of l ipoproteins of  the Sf 6-10 and Sflo-12 classes accompanying the decrease 
i n  concentration of lipoproteins i n  the classes above Sf 12, 
concentration of a l l  lipoproteins between Sf 12 and Sf 100 i n  four hours 
a f t e r  heparin administration i s  533 mg percent. 
of approximately 2500 cc, this represents a m i n i m  of 13 grams of lipo- 
protein cleared by the  action of 200 mg of heparin i n  the repository form. 

Assuming a plasma volume 



a 
7 1 0  

'I G. - 02114 - 
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IEGEND f o r  Figure 6 a and b -  

The Effect  of a Single Intravenous Inject ion of Heparin on Human Low- 
Density Lipoproteins 

The accompanying ultracentrif 'ugal f l o t a t i o n  patterns &ow the pro- 
gressive changes i n  t h e  l ipoproteins of a 63 year old femalepatient with 
coronary a r t e ry  disease t rea ted  with a s ingle  100 mg dose of heparin given 
intravenously. 

I n  a l l  the  f igures  successive frames are taken a t  0, 6, 12, 22, 30 
and 38 minutes a f t e r  full ro tor  speed of 52640 RPM has been reached. Frames 
2 and 5 i n  Fig. 6 (b), lower pattern,  for the  calculation of the Sf rates 
of any peak appearing i n  these frames, respectively. 
used t o  calculate Sf r a t e s  i n  the corresponding frames of  the other figures. 

These rulings can be 

A l l  s t ippled areas represent the  measure of t he  Sf 20-100 c l a s s  of 
lipoproteins; a l l  cross-hatched areas represent the  measure of the Sf 12-20 
class of lipoproteins. 

F i v e  Time a f t e r  heparin kf 12-20 (4) Sf 20-100 (4) 
6(a) upper 

pat tern 
Pr e- he par i  n 

6(a)  lower 20 minutes 
pat tern 

6(b) upper 6 hours 

6(b) lower 26 hours 

pat tern 

pat tern 

239 50 
(see note below) 

128 52 

3-43 344 

Note: 
only t o  3/4 the l eve l  i n  the  other samples. 
the diagram w a s  corrected f o r  this i n  preparing the. tabulation of resu l t s .  . 

The sample recorded i n  6(a)  lower w a s  u l t racent r i fuga l ly  concentrated - 

Hence the measured area from 

It i s  seen that while the 6 hour post heparin sample shows an Sf 12-20 
l eve l  not over 25 percent lower than the  preheparin sample, there i s  a marked 
s h i f t  i n  d i s t r ibu t ion  of the l ipoproteins of the Sf 12-20 c lass  toward the 
lower ranges of t h i s  class. 
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that these two simultaneous e f fec ts  a r e  actual ly  related. 
the relief heparin provides i n  angina, pectoris 

with small doses of heparin and pers i s t s  much longer than the anti-  
coagulant e f fec t  of the doses used. 
of heparin i n  several  diseases which a r e  marked by extreme elevation of 
lipoproteins of the Sf 10-100 classes (e. g. , nephrotic syndrome, hypothy- 
roidism and xanthoma tuberosum) . 

It may be that 
due t o  its vasodilator or 

. t o  i t s  anti-thrombotic act ivi ty .  The e f fec t  on angina pectoris is seen 

Currently under study =e the e f f ec t s  

Sllmmnry. 
found reorientation i n  the d is t r ibu t ion  of low-density lipoproteins, 
characterized by a shift of l ipoproteins of high Sf r a t e s  t o  those of 
successively lower Sf ra tes .  

1. Heparin administered t o  rabbi ts  and human beings causes pro- 

2. Heparin administered t o  cholesterol-fed rabbi ts  prevents the. 
development of high levels  of Sf 10-50 lipoproteins and retards  the 
ment of atherosclerosis i n  such animals. 

develop- 

3 .  Following heparin administration the  plasma contains an "active 
principle" associated with the ul t racentr i fugal  globulins, which produces 
similar re-orientation of the Upoprotein spectrum i n  vitro.  

.' 4. Heparin added d i r ec t ly  t o  serum i s  ineffect ive i n  vi t ro .  

5. Intermittent heparin administration t o  pat ients  with severe 
angina pectoris r e su l t s  i n  r e l i e f  from symptom fo r  periods 6f several  days 
beyond a single injection. 
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i n  the human and the rabbi t  from molecules of the higher Sf classes t o  
those of successively lower classes i n  times of the order of minutes t o  
hours following a single heparin injection. 
of a par t icular  Sf range of molecules, accompanied by an increase i n  the 
concentration of molecules i n  the next lower Sf classes suggegts that the 
former molecules may be actual ly  transformed in to  the l a t t e r  by the influence 
of heparin. 
iod of hours. 
relationships of the various classes  of lipoproteins of serum. 
the lipoproteins of the  sf 17-100 classes represent i n  the human the major 
glyceryl e s t e r  ( f a t )  bearers of serum, the observed interconversion accen- 
tuated by h e p r i n ,  may represent s teps  i n  the normal pathway of transport  
and metabolism of fat., It is  appropriate t o  consider the possibility that 
heparin i t s e l f ,  or  some substance of similar properties, may normally be 
involved i n  the physiological interconversion of Lipoproteins. 
individuals who usually show high levels  of Sf; 10-20 and sf 20-100 lipo- 
proteins there may be a blockage i n  the u t i l i za t ion  pathways of such mole- 
cules (possibly due t o  a deficiency of heparin-liBe substance), such that 
a pi l ing up i n  concentration of such molecules occurs i n  the blood,, 
supposedly normal individuals (especially young adults and children of both 
sexes) a l l  these molecules, i f  present, I are  i n  very low concentration, which 
would be expected i f  u t i l i z a t i o n  pathways were great ly  f ac i l i t a t ed  i n  these 
individuals. 

The decrease i n  concentration 

This appears t o  occur i n  several successive stages over a per- 

Inasmuch as 
"his represents one of the first clues on the possible inter-  

Thus, i n  

I n  

As reported by Anderson f o r  the i n  v i t r o  clearing of alimentary 
lipemia by i n  vivo heparinfzed plasma, the present work indicates  that he- 
parin i n  f r ee  form does not d i r ec t ly  induce any a l te ra t ion  i n  l ipoprotein 
spectrum, 
i s  effective.. 
globulin f ract ion and induces changes i n  v i t ro  which simulate, a t  l ea s t  i n  
part, the changes i n  l ipoproteins which follow i n  vivo administration o f  
heparin. Further search f o r  such an "active factor" i n  the sera  of  "normaltt 
Prdividuals who show low levels  of Sf 10-100 lfpoproteins appears warranted. 
If present, such a fac tor  might be anticipated a t  very low concentration, 
from the negative r e s u l t s  of our searches f o r  it t o  date, Again, such a 
factor might not normally reside i n  appreciable concentration i n  plasma, 
but might be called fo r th  i n  response t o  l ip id  loading, 

However, plasma from heparinized pat ients  contains a fac tor  that 
This fac tor  res ides  i n  the ul t racentr i fugal ly  determined 

Heparin administered t o  rabbi ts  apparently protects the animals from 
development of atherosclerosis under circumstances which otherwise induce 
atherosclerosis, Since the protective e f fec t  of  heparin i s  accompanied by 
a suppression of development of high levels  of  the Sf 10-50 lipoproteins, 
the observation strengthens the previously reported evidence linkfng these 
molecules with atherosclerosis,  and fur ther  suggests the value of maintain- 
ing low levels  of these molecules i n  prevention of experimental atheros- 
clerosis,  
human on progression of the c l i n i c a l  manifestations of atherosclerosis 
is being evaluated. 

The e f f ec t  of lowering the similar classes of molecules f n  the 

The dramatic r e l i e f  of  angina pectoris by intermittant heparin ad- 
mfrSstration para l le l s  the profound ef fec t  of tMs substance upon l ipo-  
protein metabolism, However, a t  t h i s  t i m e  we ha.ve been unable t o  demonstrate 

1 1 7 4 7 8 1  
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i n  the same patient as studied i n  Fig. 6 with I .V,  heparin. 
that i n  4 hours with repository heparin, this pat ient  has l o s t  essent ia l ly  
a l l  of her l ipoproteins above Sf 10 units,  representing i n  essence a 
reversion t o  a "normal" l ipoprotein pattern. 
been a partial re turn  of Sf 10-20 molecules (50 percent), ht-a much lower 
fract ional  reappearance i n  the Sf 20-100 class of molecules. 
2 and 4 days there  is a s ignif icant  depression of the  Sf 10-20 level.) 

It is noted 

After 24 hours there  has 

(Even after 

A s e r i e s  of twenty pat ients  have received intravenous heparin at  
intervals  varying from 2-14 days. "here appeared t o  be no reduction of 
a b i l i t y  of pat ients  t o  show the response described i n  Fig. 6, even a f t e r  
numerous heparin injections.  A small proportion of the pat ients  showed de- 
pression i n  Sf 10-20 levels  which persisted fo r  the full 3 t o  I4 day inter- 
vals  between I.V.  in ject ions of heparin, but i n  general the levels  observed 
3-l.4 days a f t e r  in jec t ion  showed no average trend toward reduction. In this 
par t icular  s e r i e s  samples were drawn throughout j u s t  pr ior  t o  each new heparin 
injection, From w h a t  has been observed i n  the 24 hour period following such 
injections,  we may ant ic ipate  that averaged over the  en t i r e  period between 
injections,  the Sf 10-20 l eve l  may have been appreciably lower than its pre- 
h e p r i n  value. I n  one patient studied over a one month period, who had 
shown a maintained Sf 10-20 depression for  the 3 day period between heparin 
injections,  showed a slow p-ogressive rise approaching his or ig ina l  Sf 10- 
20 levels  over a one month period after cessation of heparin injections.  

. 

An incidental  and unexpected clinical observation made by b o n  and 
Yankley i n  the pat ients  receiving repeated heparin inject ions was t h a t  22 
patients with moderate or severe angina pectoris reported marked r e l i e f  
from t h i s  symptom with a dras t ic  decrease i n  nitroglycerin requirement. 
ports on the e f f ec t  of heparin i n  relieving pain of  myocardial in farc t ion  
and as a coronary vasodilator have appeared i n  the l i t e ra ture .  
presently reported responses i n  angina have been observed with small single  
doses of heparin (20-100 mg) given a t  intervals  of several  days. 
seven pat ients  whose severe angina had been relieved by the  heparin inject ions 
complained of re turn  of  angina when sal ine placeboes were injected instead 
of heparin, 
res t r ic ted  d i e t  before and during the heparin administration period. 
the imed ia t e  and dramatic e f fec t  of heparin was i n  contrast  t o  the slower 
and l e s s  marked reduction i n  angina accompanying the d ie t ing  i t s e l f .  
s ix  of  the pat ients  who responded well t o  heparin had not been on a r e s t r i c t ed  
d ie t .  

Re- 

However, the  

All of 

Most of the pat ients  i n  t h i s  se r ies  were on a pa r t i a l ly  fat- 
However, 

However 

We are cognizant of the many d i f f i cu l t i e s  i n  evaluating objectively 
However, the sfzkfng character of the efficacy of drug r e l i e f  of angina. 

response i n  pat ients  d t h  re la t ive ly  fixed anginal patterns and nitroglycerin 
reqdrements, plus the  loss of response when sal ine placeboes were used would 
appear t o  mi l i ta te  against  the response being i n  any way psychogenically 
determined, 
not able a t  t h f s  time t o  provide any suggestion of a possible r e l a t ion  of the 
heparin e f fec t  on blood Epoproteins t o  that i n  relieving angina pectoris,  
although such may be the case. 

Extended studies of this response are i n  progress now. We a r e  

Discussion, 
blood l ipoprotein spectrum. 

Hepapin appears t o  act profoundly and rapidly i n  a l te r ing  the 
S h i f t s  among the lipoproteins a re  observed both 

1 I 1 4 1 8 2  



the effect  of heparin i n  depressing the development of the Sf 10-50 lipo- 
proteins i s  associated with a suppression of  atherosclerosis. 

Rabbits refractory t o  development of Sf 10-50 l ipoproteins and 
atherosclerosis under comparable experimental conditions, are seen i n  our 
laboratory experience with a frequency no greater than 1 i n  26. Thus it 
appears that the chanpe of seeing four such rabbi ts  i n  t h i s  s ingle  group 
t o  which heparin had been administered is  beyond reasonable expectation of 
chanc,e (p=<O.Ol), This ef fec t  i s  being studied fur ther  varying heparin 
dosage and fat and cholesterol feeding. 

In the  human befng, even more stri3clng e f fec ts  are  seen following 
heparin administration. 
spectrum of l ipoproteins following intravenous in jec t ion  of 100 mg of sodium 
heparfn. 
high levels  of l ipoproteins i n  the Sf 10-20 class, as well as i n  the  sf 20-100 
class, 
proteins from Sf 20-:Sf 100, associated with an increase i n  the concentration 
of  the Sf 10-20 class. Then during the  next 6 hours there has been an over- 
all shift within the  Sf 10-20 class, such that the Sf 12-20 l ipoproteins are 
markedly reduced i n  eoncentration below the i r  o r ig ina l  level ,  w h i l e  the Sf 
10-12 and Sf 6-10 lipoproteins have incseased i n  concentration over the 
initial level. F'rogressively over a period of 2l+ hours the en t i r e  pattern 
reverted toward the initial pattern, although there was s t i l l  a lower Sf 12-20 
l eve l  than i n i t i a l l y  
of t h i r t y  subjects (normals and myocardial infarct ions)  studied i n  this man- 
ner, the only variations observed being i n  the-degree of response and i n  the  
time relationshfps of the  sequence of events which ocpur. 
from 15 mg - 100 mg of sodium heparin I .V.  have proven def in i te ly  effective,  
although graded dosage i n  a single patient requfres fur ther  evaluation. 

I n  Fig. 6 i s  shownth progressive changes i n  the  

This patient,  a myocardial infarct ion survivor, showed initially 

Within 15 minutes there has been essent ia l ly  a nwipeout" of lipo- 

This same general effect  has been observed i n  each 

Dosages ranging 

I n  v i t r o  attempts t o  a l t e r  the lipoprotein pat tern by heparin addition, 
have fa i led  i n  a l l  of numerous trials. 
a r i d z e d  pat ients  have been found effective i n  a l t e r ing  the l ipoprotein 
spectrum of serum drawn from the same individuals before heparin administration 
or of serum of other irdividuals.  Thus it appears that the fnject ion of 
heparin r e su l t s  i n  the  i n  vivo production of an "active principle" capable 
of producing these conversions of. lipoproteins i n  v i t ro ,  Thfs r e s u l t  i s  
similar t o  t he  s tudies  of the "anti-chylomicronemicr1 fac tor  of Anderson, 
an e f fo r t  t o  elucidate the mechanism of the e f fec t  on lipoproteins, we have 
found that the "active principle" appears t o  res ide i n  the ul t racentr i fugal  
globulin region. 
group both appear inactive,  
incubited with e a r l i e r  post-heparin plasm appear t o  cause fur ther  changes 
i n  the l ipoprotein d is t r ibu t ion  i n  such plasma i n  v i t ro ,  

However, samples of plasma from h e p  

In 

The serum albumin fract ion and the low density l ipoprotein 
Globulin fractions from post-heparin plasma when 

As yet  no "active principle" i n  s e m  has been detected from individuals 
who have not received heparin, although it i s  conceivable such a factor  may 
circulate  a t  low eoncentration. 

I n  an e f f o r t  t o  determine the e f fec t  of  a maintained heparin l eve l  
on t h e  serum lipoprotein pattern some s t u a e s  have been made of individuals 
receiving repository heparin (R)*, E g o  7 shows the effect  of heparin repository 

* R - Lederle Repository Heparin. 

0 
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but as the va r i ab i l i t y  i n  concentration i n  a given individual approaches 
the va r i ab i l i t y  of groups, they have not been used as a correlative guide. 

As an extension of studies of the factors  involved i n  the maintenance 
of the leve ls  of the various serum lipoproteins, it has now-been found that 
heparin can produce a profound a l te ra t ion  i n  the l ipoprotein pat tern in a 
manner which may prove of value i n  the fur ther  understanding of atherosclerosis. 
Heparin, of coursep has long been used c l in i ca l ly  i n  the  therapy of thromboem- 
bolic disease, but not for any possible influence it might have upon metabolic 
factors  leading t o  atherosclerosis. 

Hahn reported that heparin abolished alimentary lipemia in vivo, but 
not I n  v i t ro .  
par t icular  vascular bed by perfusing various body regions with heparinized 
lipemic plasma, Recently, Anderson has shown that the turb id i ty  of Upemfc 
plasma may be cleared i n  v i t r o  by mixing I f p e d c  plasma drawn before hepar- 
inizat ion with that drawn five minutes a f t e r  heparinization. 
an "anti-chylomicronemic" factor  which resu l t s  f'rom heparin in jec t ion  and 
discussed the  poss ib i l i ty  of a heparfn-phospholipfd complex being a surface 
act ive agent responsible f o r  the clearing of lipemic plasma. ' Waldron reported 
that other anticoagulants (sulfonated golysaccharides and protamine fast 
pink B.L.) produced ef fec ts  similar t o  heparin, and furthermore, that heparin 
enhances the absorption of fats from the in tes t ine  as evidenced by lipemia 
production. 

Weld showed that the phenomenon is not res t r ic ted  t o  any 

He hypothesized 

Experimental Results. 
the cholesterol-fed rabbi t  produces marked changes i n  the l ipoprotein spectrum, 
characterized i n  general by a decrease i n  concentration of molecules of the 
high Sf classes, with a concomitant increase i n  concentration i n  those of the 
lower Sf classes. 

A single inject ion of sodium heparin intravenously i n  

The assocfatdon of these two changes suggests a progressive conversion 
of the higher Sf lipoproteins in to  those of lower Sf ra tes .  
response i s  observed within 5 minutes i n  the l ipoproteins of  the highest Sf 
classes,  with successive changes i n  those of the  lower Sf classesp with 
m a x i m u m  effect  being observed a t  about three hours. 
"revertsn t o  i t s  in i t ia l  s t a t e  i n  approximately 24. hours, 

An immediate 

Subsequently the pattern 

To obtain some evaluation of chronic e f fec ts  of  heparin administration, 
a ser ies  of eight rabbits were fed one gram of cholesterol dissolved i n  
Wesson Of1 i n  t h e i r  Albers food and divided in to  two groups. 
fou r  anLmals received da i ly  I.V. injections of f i f t e e n  mg of heparin, the 
other group received no heparin, 
levels of the Sf 10-50 c lass  of lipoproteins three t o  s i x  times lower than 
did t h e e  of the fou r  control animals. One of the control  animals was of 
the "refractoryfv type, developing only low levels  of the sf 10-50 class I n  
spite of cholesterol feeding, The heparinized and control animals were 
paired and autopsied between 2 4  and 4 weeks. The four heparinized animals 
fai led t o  develop gross atherosclerosis, whereas three of the fou r  non- 
hepariszed anlmals showed moderate atherosclerosis, The one non-heparinized 
animal which fa i led  t o  develop atherosclePosis had also fa i led  t o  develop 
appreciable Pewel of the Sf 10-50 class of l ipoproteins,  

One group of 

The fou r  anTmals receiving heparin showed 

Thus it appears t ha t  
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The Influence of Heparin Upon Lipoprotein Metabolism 

Dean Graham, John W. Gofman, and Hardin Jones 

The demonstration of the existence of cer ta in  special  classes of 
l ipoprotein molecules associated with atherosclerosis i n  seveFa1 experimental 
animal species and i n  the human devel-oping'or manifesting atherosclerosis 
ha6 been previously reported. 

Further study of these l ipoprotein molecules associated with athero- 
sclerosis  as well as several other l ipoprotein species has revealed that 
essent ia l ly  a l l  of the blood l i p i d s  (including fat, cholesterol, cholesterol 
es ters ,  and phospholipids) ex i s t  i n  the blood only i n  the form of s t ruc tura l  
e n t i t i e s  withfn several of these l ipoprotein rnoleeiihr classes, 
is directed toward an understanding of the fac tors  involved i n  the&fec t  
which r e su l t s  i n  the abnormal elevation of such molecules as the SflO-20 
Upoproteins i n  cer ta in  individuals. 
f i ed  i n  i t s  native s t a t e  by the  ul t racentr i fugal  analysis of serum, presumably 
has a di f fe ren t  functional ro l e  i n  l i p id  metabolism, Its concentration i n  
the blood is  the resul tant  balance between formation and u t i l i za t ion  a t  any 
part icular  steady s t a t e  of physiological ac t iv i ty ,  Physiologic factors  al- 
ready reported t o  influence serum lipopFotein levels  include (a) dietary in- 
take of fats and cholesterol, (b) thyroid function, (c)  experimental adrenal 
co r t i ca l  hyperactivity (rabbit  o w ) ,  (d) age, (e )  sex, ( f )  pregnancy, Several 
e r rors  i n  l i p i d  metabolism have now been c lass i f ied  by the ultracentrifugal. 
analysis of s e m  lipoproteins. Such a re  manffest i n  (a) atherosclerotic s t a t e  
(b) nephrosis (c)  xanthoma tuberosum (d) bil lapy obstruction (e) acute hepa t i t i s  
( f )  cer ta in  cases of diabetes (g) hypothyroidism (h) hypercholesterolemia 
(i) scanthelasma. 
ul t racentr i fugal  lipoprotein pat terns  wMch a re  seen i n  presumably normal 
individuals, but a re  as yet  unclassified, 

Current work 

Emh lipoprotein, which can be identi- 

In  addition, there a r e  cer ta in  bizarre, but character is t ic  

All individuals show some of the l ipoprotein species i n  the s e m .  
individual var ia t ions encountered a re  derived from two variables, (a) the 
number of d i f fe ren t  lipoprotein species present, (b) the re la t ive  abundance 
of the d i f fe ren t  lipoproteins i n  a single serum, 
gests  that the typ ica l  
species i n  the range up t o  6 Sf units (including the  Sf 2, Sf4, Sf 6 Ups-  
proteins)., 
minor differences i n  the sf r a t e  of the normally occurring lipoproteins, 
atherosclerosis and cer ta in  other l i p f d  metabolic derangements there ex i s t  
i n  addition varying concentrations o f  lipoproteins i n  the classes Sf 8,  Sf 10, 
Sf 13, Sf 17, Sf 17-20, Sf 20-40, Sf I;O-~O,OOO, 
the  higher members of  the group of lipoproteins make t h e i r  appearance i n  
serum only when appreciable levels  of a l l  lower members a re  present, 
the r e l a t ive  abundanees of these various l ipoproteins a re  variable from one 
disease category t o  another, 
e r f s t i e  patterns associated with disease s ta tes ,  but lipoproteins of the Sf 
40-40,000 c lass  also represent part of the alimentary "lipemia" of normals, 
Development of atherosclerosis i n  the human as well as other species i s  nearly 
always assocated wi th  elevation of the Sf 10-30 range of lipoproteins, 
a t  l e a s t  cer ta in  of t he  higher membem may a lso  be present i n  this disease, 

The 

A var ie ty  of evidence sug- 
of human beings shows one or more l i p p r o t e i n  

An analogous s i tua t ion  ex is t s  i n  the r a b b i t ,  chicken and dog, with 
In  

In  the  range Sf 8-Sf 40, 

However, 

In the range Sf 40-40,000 there a re  a lso charact- 

However, 
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TABLE V I  

CONTRIBUTION TO DAILY DOSE I N  COSMIC RILDIATION 
I 

Atomic Number 2 > 6 Only 

Rate of E n e r k  Fraction of Contribution Nature of Biological 
Loss i n  Time Energy Spent t o  Daily Dose Effects 
erglcm2 Millirep/day 

smaller larger  
than than 

108 1.7 106 18% 0.8 Similar t o  those of X- 

65% 

13% 

4% 

3 

0.6 

0.2 

rays. 
Similar t o  fast neutron 
ef fec ts  fkom pile.  
Similar t o  low energy 
alphas and carbon nuclei. 

TABU V I 1  

24 HOUR DOSE I N  COSMIC FLAYS NEAR TOP OF THE ATMOSPHERF: 

( a l l  rays included) 

REM units 

Rate 

Small  
than 

of energy loss Dose Range of Relative Relative Dose 

.er la rger  Effectiveness Effectiveness per day 
erg-lcm2 MiUirep/day Biological Biological Millirem 

than Ekperimental Assumed 

108 1.7'106 6.2 0.5-3 1 6 

109 108 3 oe5-l.4 10 30 

25 15 

20 

1010 lo9 0.6 0.3-25 

1o1O 0.2 ? 25 ? 100 

Total 
10 71 
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Radiation H&ards .in High Alt%tude Aviation 

C, A, Tobias 

An assay has been made of the dai ly  dose i n  cosmic r ad ia t ionaea r  the 
top of the atmosphere, 
form of nuclei, heavier than helium, due t o  the i r  high velocity the contribution 
t o  biological e f fee ts  is expected t o  be small, 
estimates of dose per Z& hours a t  medium geomagnetic la t i tudes,  a t  the top of 
the atmosphere 

Even though a grea% part  of the  radfatron is i n  the 

Table V I  gives conservative 

Somewhat less than one half  of' the  dose is  due t o  the "heavy" par t ic les ;  
the r e s t  of it, about 6 mf1Uergs per day is chiefly due t o  protons and helium 
ions which a r e  near t h e i r  mindmum ioniaation, 

assuming fac tors  i n  each region of r a t e  of energy loss fop the  
Ilrelative" biological effectiveness, one can arrive a t  a tentat ive figure 
of cosmic ray dosage near the top of  the atmosphere in FEMdts as shown i n  
Table V I I .  

It would appear that the overal l  daily dose is i n  the neighborhood 
of the accepted "safe" dose level ,  
is hard t o  predict  the exact biological effects  of the cosmic ray nuclei, 
particularly when cer ta in  specif ic  e f f ec t s  a re  considered, 
factors  are: possible carcinogenic effects ,  possible induction of leukemia, 
effect  of radiat ion on neme tissue (e,g, vision), radia.tierrr cataracts. It 
seems unlikely, however, thaA any such effectis would result, 

I n  spit.e of t.Ma reassu~ing finding9 it 

Ammg the  unknown 

I t 14181 
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FIG. 5- HISTOLOGIC SECTION MADE. THROUGH PLAQUE 
TISSUE CONTIGUOUS TO THAT USED FOR THE STRIP 
PREPARATION SHOWN IN FIG. 4. NOTE FOAM CELLS, 
HEMATOXYLIN AND TRIOSIN. HIGH POWER. RABBIT 78. 

oz I201 



FIG- 3 - THE SAME LIVER CELLS SHOWN IN FIG. 2, BUT 
PHOTOGRAPHED IN A DEEPER FOCAL PLANE. NOTE Q 
TRACKS, * 

FIG. 4- A "STRIP" (SEE TEXT) PREPARATtON MOUNTED ON AN 5 

NTA PLATE. PLAQUE TISSUE I S  VISIBLE ABOVE THE 
MEDIA. OIL  RED 0 AND HARRIS HEMATOXYLIN. 27 DAYS 
EXPOSURE. LOW POWER, RABBIT 78. 

1 1 1 4 1 8 9  
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FIG I - PHOTOMICROGRAPH MADE FROM A LIVER-IMPRINT UPON AN NTA 
PLATE, MOTE HEPATIC CORD CELLS AND ADJACENT KUPFFER CELL 
WITH I T S  CONCENTRATION Of ALPHA T M C K S .  THIS PLATE W A S  

EMERSION. RABBIT. 58 
EXPOSED SEVEN DAYS; STAINED WITH JENNER *GIEMSA. OIL 

GE NOTE TH F!G. 2- 
“BEADS” OF INDIA INK BESIDE THE NUCLEUS OF ?#E MACROPHAGEe 

EXPOSED F O R  46 DAYS: STAINED WITH J E N N E R  - GIEMSA, 
RABBIT 51 

6 6  

oz 1099 
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TABLE I V  

NTA Plates: Aortic "Strip" Preparations 

- 
-sure Plaque Alpha Tracks 

T o t a l  Bursts Time NO. Area* 

none 22 days 
none 2 2 "  
>once 4 1 "  

46 " 
2-twice 46 n 

53 
2-twice 53 " 

51 a 1 
b 7 
C 1 5  
d 
e 19 
f 
g 16 

6 none 

10 none 

52 

78 

a 

b 

a 
b 

d 
e 
f 
g 

C 

44 Z t h r e e  36 n times 
2-once 36 n 32 

10 2-once 
2 none 
6 none 
9 none 
7 2-once 
4 none 
6 none 

36 n 
36 w 
28 n 
28 " 
57 " 
57 " 
57 

* These plaques varied i n  length from 1/4 t o  1/64 inches. 
Thus a plaque with longer exposure t i m e  might show 
fewer t o t a l  tracks than a plaque with a shorter ex- 
posure but greater area. 
under oil-immersion magnification. 
i n  the subjacent media was of the order of that of  the 
intima. 

These plaques were studied 
The track density 

I I34192 
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TABLE I11 

NTA Plates: Aortic Imprint Preparations 

- 
Maximum Burst Ekposure 

NO . Tissue Areas* No. of Tracks - Occurrence Time 

51 Alpha t r a c t  5 
density within 
Bg** limits 

53 Alpha track 1 
density within 
Bg limits 

3 n ' 55 

once 59 days 

four 53 days 
times 

once 67 days 

78 n 

56 n w  

I+ once 34 days 

4 -  once 51 days 

57 n 3 twice 36 days 

q h e s e  areas were stained with O i l  Red 0 and Harris Hematoxylin. 
Cellular elements were frequently observed but def ini t ion was 
not considered satisfactory.  

**Background U t s :  the  number of alpha tracks observed on oi l -  
power scan of blank s l ides  ranged from 24 t o  49. 

***56 and 57 received the  radio-isotope only. 

I 1711133  
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t o  be s t r ik ingly  fewer than those found i n  l i ve r  imprint preparations, 
If plaque t i s sue  a r i s e s  ent i re ly  or largely from migrated macrophages, w e  
would be jus t i f ied  i n  expecting an ac t iv i ty  greater ,  per gram of t issue,  
than t h a t  of the l iver .  It seems more probable t h a t  w h a t  l i t t l e  radio- 
a c t i v i t y  i s  observed microscopically i n  ao r t i c  preparations and assayed 
i n  samples of ao r t i c  t i s sue  represents Fhagocytosis of the c a l o i d a l  vehicle 
d i rec t ly  from the blood stream by aor t i c  cel ls .  

The poss ib i l i ty  cannot be ruled out t ha t  "labeled" Kupffer c e l l s  
may have undergone necrosis during the course of the experiment and t h e i r  
contents been scavenged by other Kupffer cel ls .  However, i f  these macro- 
phages are stimulated by a continuous excess of l i v e r  cholesterol t o  release 
themselves in to  the blood stream and t o  migrate t o  the a r t e r i a l  intima, the 
presence of such "late"-labeled Kupffer c e l l s  might reasonably be expected 
i n  plaque areas. 

Total l i ve r  radiat ion which the animals received over the four t o  
six month experimental period, ranged from 0,25 reps t o  0,5 reps.* 
of t h e i r  concentration of the isotope, l i ve r  macrophages would, on the 
average, receive a dose of the order of 10 reps f o r  the  experimental period, 
However, macrophages showing far more than  t en  t racks were s t i l l  capable of 
engulfing India Ink a t  the end of the experimental period indicating that 
t h e i r  phagocytic function a t  l ea s t  was not impaired by the  radiat ion i t s e l f .  

Kuntz and Sulkid, iniect ing hypercholesterolemic rabbi ts  with India 

Because 

Ink and l i t h i u m  carmine, found the dyes i n  v iscera l  phagocytes but none i n  
the  foam c e l l s  of the  atherosclerotic lesions. 
was of prime importance t o  introduce'a macrophagelabeling agent prior t o  
the inception of cholesterol feeding i n  order t o  expose these c e l l s  t o  the  
processes of cholesterolmetabolism. Thus, a foam c e l l  already imbedded i n  
the atheromatous les ion might be a phagocyte of extra-ar ter ia l  origfn but 
ye t  be unable t o  ge t  access t o  the  circulating d y e m e  within the a r t e r i a l  
intima. 

However, we f e l t  that it 

Summary. 
rabbi t s  were injected with a radioisotope which w a s  demonstrated t o  concentrate 
i n  v iscera l  macrophages, Cholesterol feeding w a s  then ins t i tu ted ,  A t  the  
end of the feeding period, the animals were sacrificed and the dis t r ibut ion 
of radioact ivi ty  between various organs and the atheromatous plaques studied, 
It w a s  found tha t  the amount of radioact ivi ty  i n  the plaques was re la t ive ly  
verylow. It i s  f e l t  t ha t  t h i s  indicates macrophage migration i s  not a 
s ignif icant  source of the foam c e l l s  i n  rabbi t  atherosclerotic lesions. 

In  order t o  t e s t  the macrophage-transport hypothesis of atheromatosis, 

Acknowledgment. 
Syrek fo r  her valuable assistance i n  preparing tLssues. 

The authors wish t o  express t h e i r  grati tude t o  Miss A n i t a  
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Tissues surviving best through photographic development were the 
densely cel lular  ones: l iver ,  spleen and marrow. The normal architecture 
of lung alveol i  and ao r t i c  intima was not preserved i n  the imprint prepara- 
tions. Attempts were made t o  obtain isolated foam c e l l s  but a reproducible 
technic was not found, - 

Fatty material w a s  expressed t h r o 4 h  razor cuts made in to  fresh a o r t i c  
plaques and deposited upon the emulsion surfaces of NTA plates,  
subsequent t o  the development of the  p la te  w a s  stained with o i l  Red 0 and 
Harris Hematoxylin, and studied fo r  associated alpha tracks, 

This material  

Formalin-fixed aortae were cut on the freezing microtome ixito s t r i p s  
f ive  t o  seven microns thick, 
were then allowed t o  expose, 
and the water i n  which the s t r i p s  were floated were tes ted and found t o  CGII- 
t a i n  a negligible amount of radioactivity.  
a fat s t a i n  and retained suf f ic ien t  s t ructure  t o  permit ident i f icat ion of 
plaque areas and t o  serve as a check on the d i r ec t  imprint preparations. 

These were floated upon the NTA plates  which 
The formalin i n  which the t i s sue  w a s  fixed 

These "stripn preparations took 

Routine counts were made of the tracks occurring on l i ve r  and aorta  
plates. Typical r e s u l t s  a re  recorded-in Tables I1 and 111. 

Samples of six organs were removed'f'rom each animal, weighed, wet- 
ashed, reduced t o  volume, and an al iquot  mounted on platinum discs and assayed 
fo r  alpha radioactivity.  Because of the limited amount of diseased aor ta  it 
was not practicable t o  assay pure plaques; therefore, the figures reported for  
aor ta  represent parts r i c h  i n  (60 t o  80 percent of the intimal surface) but 
not exclusively made up of atheromas. 

Each animal received between one and two cc of India ink  within 
the last twenty-four hours of  survival,  This f a c i l i t a t e d  the ident i f icat ion 
of macrophages and incidental ly  demonstrated that phogocytic function of the 
macrophages had not been impaired by the  presence of radioact ivi ty  through- 
out the feeding period. 

An occasional liver-imprinted NTA plate  was fat-stained. While d e t a i l  
was poor, suff ic ient  s t ructure  remained s o  that cord and Kupffer c e l l s  could 
be distinguished and cytoplasmic sudanophilism of both c e l l  types observed, 
Fat-stained histologic sections of l i v e r s  *om each of the atheromatous 
anlmals were made and showed f a t t y  ce l lu l a r  changes and the presence of f a t  
and India Ink within the same Kupffer ce l l s .  
a given f i e l d  appeared to  be fat  and ink-laden. 

Almost every Kupffer c e l l  i n  

Discussion. 
atheromatous t i s sue  of the presence of "labeled" Kupffer ce l l s ,  o r  of other 
labeled macrophages from spleen or bone marrowo The "label" consisted of the 
presence of bursts of three or  more alpha t racks radiating from a cent ra l  
in t race l lu la r  area, Radio-autographs of splenicphgocytes showed an a c t i v i t y  
of the order of tha t  associated with l i v e r  macrophages, while those sf marrow 
macrophages exhibited considerably more. 

We have found no evidence i n  microscopic preparations of a o r t i c  

The scattered single alpha tracks observed i n  the aorta preparations, 
as well as the occasional bursts of three,  fou r  o r  f ive tracks,  were found 

t I 11 r798  
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were observed over the experimental period. 

The control animals received an ident ica l  d i e t  with theacept ion  
of the Albers-cholesterol mixture. 

Thorium 230 (Ionium*) was used as the t racing isotope. It was in- 
j ected intravenously i n  a col loidal  citrate-hydroxy vehicle2 previously 

i n  localizing cer ta in  other radioisotopes i n  l iver ,  spleen and 
marrow, emp10ye4 

f ive  of the animals received the i r  colloid i n  divided doses i n  
order t o  label a maximum number of macrophages. 

The d is t r ibu t ion  of the radioact ivi ty  was  determined by autographic 
methods and checked by radioassay of the  c r i t i c a l  organs, 
were sacrificed a t  in te rva ls  determined by the length and amount of chol- 
e s t e ro l  feeding and .by the s t a t e  of the serum. 

The animals 

Samples of l i v e r ,  spleen, marrow, lung, adrenal, aorta,  and when 
present, atheroma, were taken from each animal and imprint-preparations 
made upon nuclear t rack plates.** These plates  were thus exposed t o  the 
alpha radiation present i n  the tissue-and developed a t  successive in te rva ls  
of time. 
the  basic radioactive decay lawip After development, rinsing, fixing, and 
washing of the plates,  the  t i s sue  adhering t o  the emulsion surface was 
stained ei ther  with Jenner-Giemsa or with Oil Red 0 and Harris Hematoxylin, 
and the plate  examined microscopically. 

* 

(The number of tracks resent  will increase with time followfng 

The alpha t racks were manifested as shortp l inear  rows of exposed 
s i lve r  grains occurring as occasional tracks or dense bursts. 
emitted from the  parent atoms through a 4.T solid angle and f o r  a reasonably 
complete count it i s  necessary t o  observe several focal  planes through the 
emulsion. 

The rays a r e  

This technic has the advantage of a mi- of steps during which 
radioact ivi ty  might be l o s t ,  and the all-important advantage that many 
cells will be suf f ic ien t ly  removed from t h e i r  neighbors so that precise 
localization of the alpha-bursts can be made. 
some loss of t i s sue  i n  the development process as w e l l  as some deter iorat ion 
of t i s sue  during the  weeks of  exposure prior t o  f ixat ion and staining. 
Clumping of t i s sue  occurs a lso,  s o  t h a t  dense, unresolvable masses of c e l l s  
and tracks a re  found, However, it was f e l t  fo r  the purposes of this experi- 
ment that the advantages of the method outweighed i t s  deficiencies, 

It bas the  disadvantages of 

Ordinary t i s sue  radio-autographs made by exposing histologic sections 
t o  the emulsion were t r i e d  but it was found t h a t  c e l l s  were too closely 
packed for def inf te  matching with emitted alpha tracks., 

* Ionim:  a radioactive isotope of half- l i fe  8,3 x 104 years, emitting 
alpha par t ic les  o f  L066 MeV, and having a range i n  air of 2,835 em ( i n  the 
NTA-plate emulsion, of  about 20 microns). 
** Kodak-NTA: emulsion thickness - 25 microns; surface area - 1 x 3 inches; - 
recording alpha-partfcles, protons and deuterons. 

I f I41qq 
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I1 BIOLOGICAL STUDIES OF RADIATION EFFECTS 

J. H, Lawrence - i n  charge 

Macrophage Migration i n  hperimental  Atherosclerosis 
John H. Simonton and John W. Go&ri* ' / *  

The source of the l i p i d  material  occurring i n  atheromatous les ions 
(b) movement of l ipid-  

( c )  movement in to  
has been a t t r ibu ted  to: 
bearing blood macromolecules i n t o  the a r t e r i a l  intima; 
the intima of l ip id- f i l l ed  c e l l s  which have orfginated elsewhere i n  the 
body. 

(a) l oca l  f a t t y  changes; 

The present study represents an attempt t o  evaluate the last 
hypothesis, specif ical ly  with reference t o  the migration of Kupffer cells  
from the  l i v e r  through the  circulat ion t o  the aorta. 

Means of concentrating radioisotopes i n  l iver ,  spleen and bone 
marrow were available t o  the authors i n  this laboratory.2 It w a s  strongly 
suspected that the co l lo ida l  vehicle employed was taken up by the  c e l l s  of 
the reticuloendothelial  system exis t ing i n  these t issues.  That this is, 
i n  fac t ,  the  case has been shown i n  the present work. If a representative 
number of l i v e r  macrophages were thus labeled, and if they migrated t o  the 
aorta during the  course of cholesterol feeding t o  rabbits,  then a r e l a t ive ly  
great increase i n  radioact ivi ty  would be expected t o  appear i n  the  a o r t i c  
plaques. Conversely, i f  the a c t i v i t y  i n  the diseased aortae of cholesterol- 
fed rabbi ts  f a i l ed  t o  exceed that appearing i n  control animals, it was f e l t  
t ha t  strong evidence against  macrophage migration, as a mechanism i n  t h i s  
disease, would have been adduced. 

Methods. 
atherosclerosis has been so thoroughly described in the  l i t e r a t u r e  as t o  
require l i t t l e  repe t i t ion  here. 

The production and morbid anatomy of cholesterol-induced rabbi t  

Young white rabbi t s  ranging i n  weight from 2035 t o  3460 grams were 
divided in to  two groups, both of which received the radioactive isotopes, 
while only one w a s  fed cholesterol. 

Albers Rabbit Family Bation w a s  ground, mixed with crys ta l l ine  
cholesterol, and the resul t ing powder made in to  tablets .  
and powdered sugar 
of the tab le t s .  
each animal received an estimated three grams of  cholesterol per week,, 
a one or two day period of sluggish eating, the rabbi ts  were found t o  con- 
sume the t ab le t s  readily,  
chow, carrots,  greens, water and salt ad l i b ,  All the animals were found 
t o  gain weight on t h i s  regime. No external signs of cholesterol tox ic i ty  

* This work was supported i n  pa r t  by the Atomic Energy Commission and the 
U. S. Public Health Service. 

Calcium s teara te  
were added i n  small amounts t o  improve the cohesiveness 

This special  d i e t  w a s  adminstered on a l te rna te  days so  tha t  
After 

The special  d i e t  was supplemented with the stock 
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As the shaft i s  rotated,  the solution i s  drawn up t o  f i l l  the pump 
chamber (7B) and i s  returned t o  the storage vessel through ( 7 C ) .  The 
chamber (7B) has a platinum window (6b) which i s  retained by a gasket 
(6a) and a metal bracket (6) which in turn is  connected t o  the upright 
supporting the air  motor and i s  an in tegra l  part of the portable tar- 
get platform (9). 
parts s o  that the solut ion durlng i r rad ia t ion  can be saturated with a 
desired gas. 
i n  the storage vesse l  through a standard taper ground glass joint ,  and 
cooling is  obtained by means of t he  b t h  (70). 
the aperture (2) and the  exposure time i s  controlled by the shut ter  
arrangement (5). 
sulated from the  cyclotron and i s  so  designed that the ionization pro- 
duced i n  the c o h n n  of air  between the aluminum window and the platinum 
window of the t a rge t  assembly does not resu l t  i n  loss  of beam current. 
The beam current t o  the aqeuous solution i s  monitored through the platinum 
window which i s  i n  d i r e c t  contact with the conducting solution. With 
this apparatus it i s  possible t o  follow the course of a radiat ion induced 
reaction over a prolonged period of time and samples of the solution may 
be removed a t  intervals .  
from the reservoir while the  l iqu id  is being circulated, or by passing the 
circulating solution through the stopcook i n  ( 7 C ) .  
permits the solutfon t o  be i r radiated while saturated with hydrogen, oxygen, 
i ne r t  gas, etc. 

The reservoir (78) i s  equipped with i n l e t  and out le t  

The temperature i s  measured by a thermometer placed d i rec t ly  

The beam is  delimited by 

The ent i re  apparatus up t o  the aluminum window is in- 

This can be accomplished by pipett ing the  solution 

The mercury seal (773) 

Preliminary data using this ta rge t  assembly have been obtained f o r  
acid solutions of ferrous ammonium sulphate saturated with oxygen, 
typical  experiment, 500 ml of  a solution 0,25 M i n  Fe(NH4)2(S04)2 and 1 ,N 
i n  H2SO4 was bombarded i n  the circulat ing target  with 3505 Mev helium tons 
a t  a beam current of 0.5pa. Samples were removed and t i t r a t e d  potentio- 
metrically with standard O . O l _ N  KMnO4. 
ferrous ion oxidation as a function of bombardment is  shown i n  Fig, 7, 
curve which i s  given shows only the l inear  relationship between the amount 
of ferrous ion  oxidized and the energy absorbed over the concentratton range 
studied and the precision of the experimental techniques. 
yield, i o e . ,  the  slope of the curve i n  Ffg, 7 cannot be reported in terms 
of absolute value inasmuch as the alignment of the defining s l i t  and the 
target window have not been completely established, 
and these preliminary data dll beextended t o  include the  e f f ec t  of parti- 
cle energy-for alpha par t ic les  and for protons and deuterons, 
ments i n  progress include a continuation of work previously reported on 
the radiation induced reduction of C02 t o  formic acid and formaldehyde i n  
aqueous solution, 

I n  a 

A composite curve showing the 
The 

The ion-pair 

This work i s  i n  progress 

Other experi- 
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Radiation Chemistry 

W. M, Garrison, H. R. Haymond, and D. C. Morrison 

The detai led mechanism of the indirect  action of high energy raAi- 

Although 
ation on d i lu t e  aqueous solutions i s  of fundamental importance-in the 
interpretat ion of many radiat ion e f fec ts  i n  biological systems, 
a considerable amount o f  data on radiation induced reactions i n  dilute 
solutions has been adequately described in terms of generally accepted 
free rad ica l  mechanisms involving a primary dissolution of  solute mole- 
cules, detailed determination of the  nature and re la t ive  mounts of reaction 
products, par t icu lar ly  f o r  organic substances, has been limited to  a 
relat ively few compounds under limited experimental conditions. Most of 
the available information on the radiat ion chemistry of d i l u t e  solutions 
of organic substances has been obtained using x- orY-radiation and, except 
for a few notable instances, has involved the ident i f ica t ion  and detemina- 
t ion of one or perhaps two of the non-volatile reaction products. 
contribute t o  the basic mechanism of the biological e f fec t  of high energy 
radiation, a program has been i n i t i a t e d  a t  this laboratory with the cbject 
of studying the detai led chemical changes produced by heavy particle irradia- 
t ion of d i lu t e  solutions of the  simpler organic compounds having functional 
groups of biological importance. 
assessment of the amount and nature of the chemical changes as a function 
of the type and energy of tk radiation. 
of reaction products w i l l  be f a c i l i t a t e d  by the use of Cu, S35 and E3 
labeled compounds. The react ions which a re  being investigated w i l l  b~ 
separated in to  three general categories: 

To 

It i s  proposed t o  make quantitative 

Ident i f icat ion and measurecent 

1. Decomposition of f a t t y  acids, alcohols, amino acids, sugas ,  
etc., and the ident i f ica t ion  and yield determinations of  vo la t i le  a& non- 
volat i le  products. 

2, The synthesis i n  aqueous solution of plyatomic organic molecules 
from carbon dioxide, hydrogen, nitrogen, e tc .  

3 .  
metric purposes. 

Oxidation-reduction reactions of inorganic solutes f o r  actino- 

The radiat ion source fo r  these studies i s  the 60-inch cyclotroz a t  
the Crocker Laboratory. 
is available and because the determination and measurement of radiatlcn 
products, p a r t i c u h l y  those formed i n  the l o w  yield,  can be made mere 
Conveniently when large volumes of solut ion a re  i r rad ia ted ,  an a l l -gkss  
circulating t a rge t  assembly has beendeveloped which permits the irrE5ia- 
t ion of essent ia l ly  l i t e r  amounts of solution under controlled codTions.  
A Cross section of the c i rcu lar  t a rge t  pump is  shown i n  Fig. 2, 
arrangement of the t a rge t  and the  complete ta rge t  assembly is  schem:lcaW 
Presented i n  Fig. 3 .  'F igs ,  14, 5,j'and 6 a re  photographs of  th& assexfQ 
is currently i n  use. 

Because of the r e l a t ive ly  large energy input which 

In  a typ ica l  run, the  solut ion t o  be i r radiated is  placed i n  The 
("A) which i s  connected through a ground g lass  j o in t  t o  a centrifugal 

pump arrangement (7B). The shaft of the  pump i s  connected t o  an air x t o r  ( 8 )  
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saline solution fo r  biological experiments 

The radio-platinum w a s  identified by half- l i fe  determinations, 

The 
absorption measurements and by chemical separation i t h  c h r i e r .  
was followed for 40 days and showed the jOO day Ptlql and the 403 day P t  
Seven days a f t e r  bombardment the ac t iv i ty  showed only the  4..3,day period, 
auminum and lead absorption measurements 2 days a f t e r  bombardment showed 
the approximately 0.5 MeV conversion electron and the 0.57 MeV gama ray 
previously reported fo r  Pt191. 
t ion containing ca r r i e r  amounts of Os, Ir, Au and Pt w a s  quantitatively 
recovered in the  Pt fract ion following chemical separation. 

Carrier-bee H$97 from Au. The 
Id,2n>. 
was taken t o  dryness and redissolved i n  HC1. 
by centrifugation. 
twice with equal volumes of ether which had been previously equilibrated 

from the  aqueous phase. 
a concentration l eve l  equivalent t o  approximately 10 micrograms of Au. 
radioact ivi ty  i n  the aqueous 

The solution of carrier-free Hg1q7 was then evaporated t o  dryness on 3 m l  
of isotonic sal ine solution and redissolved quantitatively on the  addition 
of water. The a c t i v i t y  followed Hg quantitatively i n  the chemical separa- 
t ion  of a mixture of Hg, Au and P t  i n  milligram amounts containing a t race 
amount of the act ivi ty , ,  
published values. 

A t race amount of a c t i v i t y  added t o  a solu- 

was prepared by the react ion Au197 
The Au t a rge t  was dissolved i n  excess aqua regia  and the solution 

Insoluble material  was removed 
The acid solution w a s  made 2.7 in HC1 and extracted 

I with 2.7 HC1. The first extr‘action removed over 95 percent of the Au 

j 
i 

1 A second extraction was required t o  remove Bu below 
The 

hase remained constant with continued extrac- 
t t ions indicating that the Hg$7 is  not extracted under these conditions, 

[ 

Y 
The decay and radiation character is t ics  agreed with 

Other Radiochemistry. The following carrier-free rad ioac t iv i t ies  were 
ated from cyclotron ta rge ts  usi ously reported procedures: F18, 

W1 “F 1, RhlOl9102, A37, At211 and I 
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t an average beam in tens i ty  of 3 . 5 ~ .  a f t e r  removal 
of the m e r c e  from the  target ,  it was found that the radio-thallium had 
deposited quant i ta t ively on the w a l l s  of the glass  f lask.  The mercury w a s  
discarded and the  f l a sk  w a s  washed twice with 16 ,N HNO3. The "03 solut ion 
which contained the  radio-thallium and any mercury which had adhered t o  the 
glass surface was evaporated t o  2 ml, treated with excess 12 E H C 1  t o  destroy 
the HN03 and d i lu ted  t o  approximately 3 N HC1. 
tracted with e thy l  e ther  which had been 5reviously equilibrated with 3 N HC1. 
Over 95 percent of the  carrier-free radio-thallium was removed from the- 
aqueous phase. 
the ac t iv i ty  w a s  quant i ta t ively retained i n  the organic phase. 
grams of N a C l  w a s  added t o  the ether solution and the mixture evaporated t o  
dryness on a steam bath. 
i n  5 ml of d i s t i l l e d  water t o  adjust  t o  pH 6 t o  give an isotonic sa l ine  solu- 
t ion fo r  biological investigation. 

This solution was then ex- 

The ether f ract ion was washed with water t o  remove HC1 and 
F i f t y  m i l l i -  

The carrier-free T1201,202 redissolved quant i ta t ively 

The radio-thallium was ident i f ied by half- l i fe  determinations, absorp- 
t ion measurements and by chemical separation with added carr iers .  
curve was followed f o r  60-days and showed two periods: 
ll.8-day T1202. 
11.8-day period. 
ment had an end-point of approximately 130 mg/cm2. 
ments showed t h e  0.4 Mev gamma ray previously assigned t o  T1202. 
cent of a trace amount of ac t iv i ty  which had been added t o  a solution con- 
taining milligram amounts of Au, Hg and T l  was recovered chemically i n  the 
thallium f ract ion.  

The decay 
'72-hour T I Z o l  and 

Eleven days a f t e r  bombardment the activity showed o n l y  the 
The aluminum absorption measurement four days a f t e r  bombard- 

Over 98 per- 
Lead absorption measure- 

Carrier-Free Pt1919193 from Os. 
of osmium with 38 Mev alpha par t ic les ,  has been isolated without addition of' 

Radioactive platinum produced by bombardment 

isotopic car r ie r .  
and ( d,3n  reactions with alpha par t ic les  of this energy: 3-day P t l h  and 

element and from the possible radioisotopes of  Ir (from n,p reaction) by a 
solvent-extraction procedure based on the so lubi l i ty  of chloroplatinous acid - 
ethyl ether, 

Two radioisotopes of platinum are produced by ( O C  n), ( OC Jn) 

4.3 day Pt 1 93, "he carrier-free radio-platinum w a s  separated from the ta rge t  

A 2 mm layer  of C.P. osmium3 powder supported on a grooved water-cooled 
akuuinum ta rge t  p l a t e  by a 0.25 m i l  tantalum f o i l  w a s  bombarded for  LOga-hr 
a t  an average beam in t ens i ty  of 7 pa i n  the 60-inch cyclotron a t  Croeker Labora- 
tory. 

The bombarded osmium w a s  dissolved i n  aqua regia. Additional 16 HNO3 
was added and the  osmium w a s  volat i l ized as the tetraoxide. After the 0 d m . n  
had been vola t i l i zed ,  the HNO3 was destroyed with excess of 12 2 HC1. 
solution containing the act ive Pt191, 193 was diluted with d i s t i l l e d  water t o  
make the solut ion 3 i n  HCI. One ml of 10 percent SnC12 w a s  added, and the 
chloroplatinous acid w a s  extracted with ethyl ether 
h e n  saturated wi th  3 HC1. Under these conditions over 95 percent of the 
radio-platinum i s  recovered i n  the organic phase. 
with 6 J H C 1  and the a c t i v i t y  was quantitatively retained i n  the o r g a e c  layer. 
Twenty milligrams of N a C l  were added t o  the ether phase and. the mbtture W a s  

evaporated t o  dryness on a steam bath. 
dissolved quant i ta t ively i n  2 ml of d i s t i l l e d  water a t  pH 6 t o  give an fs0ton.i.c: 

The acid 

which had previously 

The ether layer W a s  washed 

The carrier-free F% 1919193 w a s  re- 

I% w a s  not detected The osmium w a s  obtained from Johnson Mathey and Go. 
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Radiochemistry 

w. M. Garrison, H. P. Haymond, J. D. G i l e  and D. C. Morrison 

amie r -F ree  Fe59 from Co. The radionuclide, Fe59, produced by t he  nuclear 
reaction Co2y(d92p) has been isolated without the use of added isotopic  
carr ier  by a separation procedure based on the  observation that Fe59 forms 
radiocolloidal aggregates which may be removed by f i l t r a t i o n .  
iron w a s  produced by bombarding a cobalt metal t a rge t  with 20 MeV deuterons 
i n  the 60-inch cyclotron at the  Crocker Iaboratory. 
mutation products formed concurrently by deuteron bombardment of cobalt  fn- 
clude 2.6 hour (from n,@reaction) which was allowed t o  decay out pr ior  
t o  chemical separation and approximately 105 year Ni59 (from d,2n reaction) 
which is  too long-lived t o  be produced i n  detectable amouts by the  bombard- 
ments reported here, 

The t a rge t  was 10 m i l  thick f o i l  of lliron-freeft cobalt’ si lver- 

The radfo- 

The only other trans- 

soldered t o  a water-cooled copper probe. 
the bombarded surface w a s  removed by dissolut ion i n  12 
fugation, t he  solutfon was diluted with an equal volume of water and neutral- 
ized t o  pH 9 with 15 fi NH4OH t o  give a -c l ea r  “solutionf1 which was slowly 
drawn through a Whatman No. 50 f i l t e r  paper, 
quantitatively retained on the  f i l t e r  as adsorbed radiocolloid.  
was washed first with d i lu t e  NH4OH u n t i l  Co could not be detected i n  the  
f i l t ra te  and then washed with d i s t i l l e d  water. 
remained on the  f i l t e r  paper. 
solution which was evaporated t o  incipient  dryness and d i lu ted  t o  0,l 
a t  which pH the  Fe59 remained i n  t rue  solution, 

Approximately 100 m i l l i g ~ a m s  of 
HC1. After centri-  

The carrier-free Fe59 w a s  
The f f l t e r  

Over 98 percent of the  Fe59 
I 
i 

The a c t i v i t y  was then removed with 6 HC1 

The Fe59 w a s  ident i f ied  by the assigned &day half-life and by 
the 0.46 Mev and the  0,26 Mev beta particles which have been reported. The 
gamma rad ia t ion  had a half-thickness i n  lead of 11 gm/cm2 which agrees with 
the previous observations, Chemical separation of  an  a l iquot  amount of 
the a c t i v i t y  i n  the  Fe f rac t ion  a f t e r  the addftion of N i ,  Co, Fe and Mn 
car r ie rs  fur ther  Ident i f ied the a c t i v i t y  as Fe59e 

Carrier-Free T1201s202 from Hg. 
radio-thallium from a mercury ta rge t  which had been bombarded with 19 Mev 
deuterons i n  the  60-inch cyclotron a t  Crocker Laboratory i s  des 
A t  this energy, deuteron bombardment of mercury produces T1 
nuclear reactions,  Hg200(d2n)T12O1 , Hg2o1(d9 2n)T12Ol, Hg2°1(Q)T12g arid 
%202(d,2n)T1202. Other possible shorter-lived radioisotopes of thall$m 
were allowed t o  decay o a t  p r ior  t o  chemical separation. 

A carrier-free procedure used i n  i so la t ing  

‘bed below. 
201,253 the  

The t a rge t  chamber w a s  made from a 100 m l  pyrex f l a s k  and had a 
concave glass  window approximately 4 e m  i n  diameter and 0,15 mm-in thickness 
(with a t o t a l  volume of 30 m l ) ,  
reflux condenser which was cooled by a stream during bombardment. The t a rge t  
was f i l l e d  with 30 m l  l iquid mercury2 and bombarded with 19 Mev deuterons f m  

The t a rge t  f lask was connected t o  a small 

~ -~ 

The cobalt  t a rge t  was prepared by Mro R, We Dunn of the  Dormer hbra to l -yo  
Spectographic analysis  showed the  i ron  content t o  be less than 20 popomo 

The mercury w a s  C.P.-triple disti l led-thall ium free.  
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Chelating Ekperiments 

Harry Foreman 

Studies t o  determine the  results of prolonged 

- 
chronic Toxicity Studies. 
feeding of CaEDTA and Fe-3* have been terminated. 
d i e t  containing 5 percent %EDTA ( h l c u l a t e d  on the basis of the EDTA 
content) were sacrificed after 177 days. 
average of 15 t o  20 grams i n  this t i m e  period as compared t o  a weight 
gain of 20 t o  25 grams fo r  the  control  animals fed only a stock d i e t  
throughout the  time period. Diarrhea occurred during the first month 
but after this time the animals had sof t ,  semi-formed s too l s  u n t i l  t he  
termination of t he  experiment. 
during t h e i r  lifetime or a t  autopsy. 
levels of a c t i v i t y  as the  control  animals. 
f i l l ed  with watery s t o o l ,  but there m s  no induration, thinning, o r  in- 
f l t i o n  of t he  wall. Llver, kidney, spleen, duodenum and cecum were 
taken f o r  his tological  examination, 

Animals fed on a stock 

The animals gained on the 

There were no gross unusual findings e i ther  
They showed approximately the  same 

A t  autopsy the  lower bowel was 

Animals fed on a stock d i e t  co6taining 10 percent Fe-3 were sacri- 

The tremors 
ficed a t  1 2 5  days, As indicated i n  previous reports ,  t h e  animals began t o  
manifest spasmodic tremors about 3 weeks pr ior  t o  sacrifice. 
became more and more pronounced u n t i l  short ly  before sacrifice the  animals 
exhibited irregular convulsions. The profuse diarrhea persisted throughout 
the en t i re  experiment,, By t he  end of the  experiment t h e  animals had l o s t  
on the  average of 10 grams as compared t o  an approxhate  weight gain i n  t h e  
control animals of 20 grams f o r  the 125-day period. It i s  in te res t ing  t o  
point out t h a t  t he  experimental animals showed a red count short ly  before 
death of an average of 6-5 as compared t o  a l eve l  of 11,8 i n  the  control 
animals. 
animals, 
40 for  the  control  animals, The animals on autopsy showed no unusual gross 
findings. Liver, spleen, kidney, duodenum, and cecum were taken for  histo- 
logical  study. 

Their hemoglobin average w a s  44 as compared t o  82 i n  t he  control 
Hematocrit f o r  the  experimental animals averaged 22 as compared t o  

The brain appeared normal. 

Animals fed 5 percent Fe-3 i n  a stock d i e t  were sacr i f iced a f t e r  
128 days. 
Diarrhea persisted throughout the  en t i r e  feeding experiment. 
showed no unusual findings during t h e i r  l ifetime. 
animals showed a mediastinal tumor weigh2ng approximately 0,5 grams, which 
was f i l l e d  with a f a t t y  material., 
h is tological  analysis. In  a l l  likelihood there  is no relat ionship between 
the occurrence of the  tumor and feeding o f  Fe-3, 
unusual findings, E v e r ,  spleen, kidney, cecum, and duodenum were also 
taken fo r  Us to log ica l  analysis,  

P l u t 0 n i u m ~ 3 ~ ~  The experiment i n  which animals injected with pU23g a r e  fed 
dai ly  doses of CaEDTA and Fe-3 i s  now i n  approdmately the  th i rd  month, The 
preliminary analyses show that the  administration of CaEDTA i n  t h i s  manner 
r e su l t s  i n  a seven- t o  tenfold increase i n  urinary excretion of the PU, even 
a f t e r  the  feeding has continued f o r  50 days, 
w i l l  be presented i n  the next Quarterly Report. 

The animals a l l  showed no change i n  weight i n  this time period, 
"he animals 

A t  autopsy one of the  

A portion of  the  w a l l  was taken for  

There were no other gross 

The de ta i led  and f i n a l  data 

*A comerc ia l  detergent whose formula i s  held secre t  by the manufacturer. 
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