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THE METABOLIC PROPER TIES OF V ARlO US MATERIALS 

Joseph G. Hamilton, M.D. 

Tracer Studies 

LANTHANIDE AND HEAVY ELEMENTS 

Cerium-144 

Detailed tracer studies on the metabolism of Ce
144 

in rats are now 
complete. The experiments presented here are a re-examination of 
earlier pilot studies with rare earths and were performed for three rea
sons: first, the number of animals involved in the earlier work was 
small and the animals were not always uniform as to size arid age; sec
ond. the techniques were not standardized so that a direct comparison 
could be made of the different rare earths; and third. some of the ra
dioactive isotopes of the rare earths have only recently become avail
able in h~gh specific activity. 

The results of the 1-. 4-. 64- and 256-day studies with Ce
144 

are 
shown in Table I. There are several general trends which warrant dis
cussion. 

{!) The soft tissues other than the liver and kidney initially accumu
lated less than 0. 20o/o of the dose per gram of wet tissue, but in general 
the decline in the Cel44 content of these tissues was slow. so that by the 
end of 8 months' the Cel44 concentration of the spleen had dropped by 
only a factor of two. and that of the muscle, skin and kidney by a factor 
of four. The liver initially accumulated 53. 7o/o of the absorbed dose. 
most of which, 4 7. 2o/o or nearly nine=tenths. was eliminated in the first 
2 months. presumably by the gastrointestinal tract. From the second 
to the eighth month the Cel44 content of the liver dropped by only a fac
tor of two. The large values obtainedfor the standard error of the mean 
of the liver Ce 144 at 64 and 256 days arose from the fact that the individ
ual determinations ranged from 0. 9o/o to 20. 4o/o at 64 days and from 0. 24o/o 
to 8. 1 o/o at 2 56 days. Apparent! y there is a large and real individual var
iation from animal to animal in the release of Ce 144 from the liver • 
since the experimental recoveries in these experiments were never less' 
than 90o/o of the administered Cel44 dose, and also when one or more 
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Table I 

·The Deposition of Ce
144 

in the Rat lp 4, 64. and 256 Days after Intra
muscular Injection. Values are Corrected for 100 Percent Recovery 
and are Expressed in Percent of Absorbed Dose. Each of the Five Rats 
in the 1- and 4- Day Groups Received 20 Microcuries of Ce144 and 3. 0 
Milligrams of Sodium Citrate. The 10 Rats in the 64-Day Group Received 
30 Microcuries of Ce~44 and 4. 0 Milligrams of Sodium Citrate. The Five 
Rats in the 256-Day Group Received 40 Microcuries of Cel44 and 6. 0 Mil
ligrams of Sodium Citrate. The Standard Error of the Mean for the Liv
er and Skeleton are Shown at the Bottom of the Table. 

Spleen 

Blood 

Liver* 

Kidney 

G. I. 
Tract 

G. I. 
Contents 

Skeleton** 

Muscle 

Balance 

Skin 

Urine 

Feces 

Injection 
Site 

Actual 
Recovery 

!Day 4 Days 64 Days 

%/org o/o/g 

256 Days 

%/org %/g %/or g %/ g %/or g %/ g 

0, 08 

0,06 

53.7 

L 60 

0,76 

0, 63 

28.5 

L 56 

4.99 

1. 26 

5,77 

1. 03 

10.2 

98.2 

0.17 0.10 

0.01 0.01 

7 0 42 51. 0 

0. 99 L 45 

0.15 0.01 

1. 77 

1.52 27.7 

0. 02 L 78 

2.01 

0.04 1.01 

5.95 

6, 21 

6. 15 

89.6 

0. 11 

6.57 

0.76 

0. 11 

0.06 

0.01 

6. 55 

0.70 

0.23 

0.09 

1. 40 19. 9 

0.02 0.81 

0.98 

0.04 0.34 

11. 2 

59.2 

2. 75 

97.3 

0.11 0,04 

0.001 0.01 

0.68 3.31 

0.34 0.43 

0.02 0.08 

0.02 

0. 89 21. 7 

0.01 0.37 

1. 16 

0.01 0.22 

10. 31 

62.4 

6.04 

100,5 

0. 10 

0.001 

0.33 

0.22 

o. 0 l 

0.87 

0. 0 l 

0.01 

0.50 0.67 0.18 2.29 0.26 1.3 0.14 

0.08 0~95 0 .. 07 0. 74 0.04 0.25 0.03 
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. 1 . h d h' -; 1' . h c 144 f h an1ma s 1n a cage s owe clgh "1ver retenhon9 t e e content o t e 
feces collected fro:m that cage was correspondingly low. 

12~ The initial skeletal deposition of Ce 
144

• 28. 5o/o of the dose. is 
about half that of the liver. However. nearly four-fifths of this appea:rs 
to be retained for the entire 8-~rownth period. There may be some loss 
during this time which is masked by skeletal uptake of C e 144 released 
from the liver; however 9 this process seems to contribute very little to 
the skeletal Ce144 from the second to the eighth month. _The drop in the 
skeletal Ce 144 concentration from its initial value of L 52% per gram to 
0. 87o/o seems to be mor~ apparent than real. since the animals were 
young· adults when injected. and subsequent skeletal growth would result 
in a dilution of the cel44 retained. 

p) Except for approximately 10 o/a of the administered Ce
144 

that 
appears in the urine in the first week after injection, the m.ajor portion 
of the ce144 excreted is found in the feces. 

(4) WhenCe 
144 

is ad.u11inistered intramuscularly as a citrate com
plex. the absorption fronn the injection site is very nearly complete in 
the first 4 days. Further absorption apparently does not occur 9 since 
from 4o/o to 6% of the administered Ce 144 is found in the injection site 
8 months after injection. 

Promethiun!l-14 7 

An investigation of the metabolism of the Pm 
147 

in the rat over an 
8-month period is now under way. 

In general the techniques employed are those described in the quar
terly report for July. August. September 1953. Pml47 separated from 
a mixture of fis~ion products was obtained from Oak Ridge National Lab
oratory. The ashed tissue samples were diluted in 2N HN03 9 and suit
able aliqu.ots were plated on weighed gold discs. The soft beta particles. 
0. 223 Mev~ were counted with a thin mica~window "Scott Type'' G-M 
tube at :rJr.laximum. geometry. 

The results of the 1- and 4- day studies are shown in Table II. Com
paring the results obtained with those from studies with. Cel449 the fol
lowing are shown~ the soft tissues with the exception of the liver show 
a somewhat greater accumulation of Pml47 than Cel44; the liver ini
tially accurnulates about :i..Oo/o less Pml47; the difference between the 
skeletal deposition of Pml47• 34.3 ± L 6%. and of Cel44• 28.5 ± L 9%. 
is statistically significant. p < 0. 05; the urinary excretion of Pro 14 7 
in the first 24 hours after injection is nearly twice that of Ce 144. 

Terbium 

Studies on the metabolism of terbium in th:e rat. using Tb 160 as a 
tracer. are now complete to 64 days. The Tbl60 was prepared by bom
bardment of terbium oxide in the ARGO pile and had a specific activity 
of 1 me/mg. The 'general biological techniques are described ~n the 
Quarterly report for July. August and September. 1953. At autopsy the 
small tissues were placed in weighed porcelain ashing capsules. After 
incineration the tissue ash was dissolved and spread with 2 N HN03• 
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Table II 

The Deposition of Promethium
147 

Complexed with Sodium Citrate in 
the Ratd and 4 Days after Intramuscular Injection. Values are Correc
ted for 100 Percent Recovery and are Expressed in Percent of A,bsorbed 
Dose. Each Rat Received 10 Microcuries of Prornethiuml47 and 3 Mil
ligrams of Sodium Citrate. Standard Error for the Mean of the Skeleton 
and Liver are Shown at the Bottom of the Table. 

1 Day 4 Days 

o/o/ org %/ g o/o/org . o/i_g 
Spleen 0.09 0. 19 0.01 0. 15 

Blood 0.05 0.006 0.01 0.001 

Liver* 43.8 6.37 41.4 6. 12 

Kidney 1. 76 1. 17 1. 44 1. 04 

G. I. 1. 36 0.20 0.63 0.09 
Tract 

G.L 1. 75 . 1. 45 
Contents 

Muscle 1. 98 0.02 0.73 0.008 

Skeleton** 43.3 1. 82 36.4 2. 13 

Balance 2.55 2 . .32 

Skin 1. 63 0.05 0.73 0.03 

Urine 9.79 9.61 

Feces . 0. 86 5.07 

Left Leg 4.24 4.75 

Average 97.6 94.0 
Recovery 

Standard} * 1. 95 0.35 
Error of** 1. 60 0. 12 
Mean 

2.4 0.35 

2.3 0.28 

\J 
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and the dishes were reweighed. 
were assayed with a thin-window 
efficiency. 

1h.e beta particles emitted by Tb
160 

"Scott Type" G-M tube at about 20o/o 

160 
Table III shows the deposition of Tb in several tissues of the 

rat 19 4. and 64 days after its intramuscular administration. Two 
months after the injection l Oo/o of the administered Tbl60 still remains 
at the injection site. It is possible that the amount absorbed depends on 
both the amount of stable terbium present and the quantity of complex
ing agent used. Presumably the amount easily absorbed could be in
creased by either increasing the citrate or decreasing the quantity of 
stable terbiunn. or both. It can also be seen that the average experimen
tal recoveries for all three of the time intervals presented are greater 
than lOOo/o, This is probably owing to an error in the self-absorption 
curve used. 

Comparing Tables 19 H. and III. it can be seen that initially { l) 
the soft tissues contain more Tbl60 than P:l.n)47; the liver accumulates 
only about one-third as much Tbl60 as Pml47; and the skeleton about 
one and one-half tim.es as much Tbl60, Two months after the iniection 
the amount of Tbl60 in the liver is almost negligible. while the s"keleton 
apparently retains nearly all of the Tbl60 that it accumulated in the 
first 4 days, The kidney continues to play an important role in the ex
cretion of Tbl bO during the entire 2 -month period, This is unlike either 
Cel44 or Pml47. in which urinary excretion is apparent only in the 
first few days after the injection, 

A . f h f h . . . 1 d . . f c 144 p 14 7 co:rnpar1son o t ~e pattern o L.e untla epos1t1on o. e • rn • 
and Tbl60 in the tissues of the rat shows that as the atomic number in
creases the soft-tissue deposition increases slightly. the liver deposi
tion decreases rna:r.kedly, and the skeletal deposition and urinary excre
tion increase markedly, These findings are in keeping with the hypo
thesis that the decreasing basicity of the trivalent lanthanide rare earth 
:hydroxides with increasing atonnic number is apparently one of the fac
tors that detenrr"ine their metabolic behavior. 

Other Rare Earths and Heavy Elements 

Long-term studies on the metabolism of Eu 152• 154, Tm 
170

, and 
Ac22 7 in the rat are continuing. and win be reported as they are com
pleted, An extensive investigation of the mortaHty of rats following 
the injection of various amounts of 11-day Ra223, its effects on the l::kai 
picture, and its pathological effects is nearing completion and will be 
reported in the near future, 
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Table III 

The Deposition of Terbium-160 Complexed with Sodium Citrate in the 
Rat 1, 4, and 64 Days Following Intramuscular Injection. Values are 
Corrected for 100 Percent Recovery and Expressed in Percent of Ab
sorbed Dose. Each Rat Received 3 Microcuries Terbium-160, 3 Mi
crograms Terbium, and 2. 8 Milligrams Sodium Citrate. The Stand
ard Error of the Mean for the Liver and Skeleton is Shown at the Bot
tom of the Table. 

Spleen 

Blood 

Liver* 

Kidney 

G. I. 
Tract 

G. I. 
Contents 

Muscle 

Skeleton** 

Balance 

Skin 

Urine 

Feces 

Left Leg 

Average 
Recovery 

.
Standard}* 
Error of'** 
Mean 

1 Day 

o/o/o,rg %/g 
0. 12 

0.20 

15.8 

2.75 

1. 43 

2.47 

0.24 

0.02 

2.23 

1. 68 

0.22 

2.91 0.03 

53.3 2.44 

4.66 

2.44 0.08 

11. 5 

2.48 

27.2 

112.9 

0. 6 0. 11 

1. 0 ' 0. 11 

4 Days 

o/o/ or g o/o/g 
0. 13 

0.06 

6.83 

2.05 

-o. 24 

0. 01 

0. 85 

1. 36 

0.84 0. 13 

0.73 

2. 31 

60.5 

2.70 

2. 10 

15. 6 

6.17 

15.2 

116. 5 

0.85 

1.6 

0.02 

2.96 

0.06 

0. 11 

0. 08 

64 Days 

o/o/ or g o/o/g 
0. 09 0. 17 

0.01 

1. 09 o. 12 

0. 78 0.42 

0.34 

0.06 

1. 00 

57. 1 

1. 70 

0.76 

21. 0 

16. 1 

10.5 

108.7 

0.26 

0.8 

0.04 

0. 01 

2.52 

0.02. 

0.03 

0.05 
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ASTATINE STUDIES 

COMPARISON OF THE ACUTE AND CHRONIC CHANGES PRODUCED 
IN RATS BY IODINE-131 AND THE ALPHA-ACTIVE ASTATINE-211 
'{EKA-!ODINE~ AT LETHAL LEVELS, AND PRELIMINARY CLINICAL 
DATA UPON THE UPTAKE OF ASTATINE-211 IN PATIENTS SUFFER

ING FROM' THYROID DISEASE 

Joseph G. Hamilton, Patricia W. Durbin, and Mar shall W. Parrott 

Introduction 

The first studies wiJh radioactive iodine demonstrated the selec
tive accumulation of I 12 in the thyroid gland of rabbits. l* Subsequent
ly the excretion and uptake of rl3l by the thyroid gland were studied on 
patients having different types of disorders of that organ, including thy
roid carcinonr1a. The excretion studies were performed on normal sub
jects and showed the fraction eliminated to be in the range of 81% to 53% 
in the first 24 hours following oral administration. These experiments 
included not only a quantitative determination of the accumulation of rl3lll 
but also the stable iodine content of the thyroid gland in various types of 
goiter. The thyroid tissue was obtained by surgical removal of that or
gan 24 to 48 hours after the rl3l was administered. 3 Detailed 1131 tra
cer studies in the rat have been made by se5eral investigators, includ
ing Johnson and Albert4 and Hamilton et al. 

Apart from the thyroid gland, relatively limited effort has been di
rected towards a. study of acute and chronic effects induced by massive 
doses of carrier-free Il31 in experimental animals. A study has been 
made of the destructive action ofll31 in the mouse. When the amount 
administered subcutaneously reached a level of 20 microcuries per gram 
or greater, the animals usually did not survive for more than one month. 
This particular experiment was primarily concerned with injury to the 
thyroid gland and was not devoted to any gro~s or microscopic patho
logical changes in other tissues and organs. 

Goldberg et al. have made extensive studies in the rat of the acute 
and chronic effects upon the thyroid gland following large amounts of 
1 13 1. These investigators employed dose levels up to approximately 
5 1-1c/ g on Long-Evans rats, and their period of investigation extended 
from 3 days to 8 months. They noted that high dose levels produced 
complete obliteration of the thyroid gland, with some injury to the para.,. 
thyroid gland. They also observed changes in the pituitary gland, which 
may be presumed to be the effect of prolonged ablation of functional thy
roid tissue. 7 Myxedema has also been demonstrated in thyroidectomized 
dogs.8 

* 1128 decays with a half -life of 25 minutes. emits beta particles with 
a maximum energy of 2. 02 Me.v and a gamma-ray energy of 0. 428 Mev. 
Iodinel31 decays with a half life of 8. 05 days with emission of beta rays, 
most of which have a maximum energy of 0. 608 Mev and an average en
ergy of approximately 0. 2 Mev. Beta emission is followed by a complex 
cascade of gamma rays. The majority of these gamma rays has an av-
erage energy of 0 .. 36 Mev. 2 · 
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El-em-ent 85 9 which is a radioactive halogen. was discovered in 1940 
and was named astatine by Segn!. 9 Twenty radi-oisotopes of astatine 
have now been identified. There are no known stahl~ is-otopes of this 
element. The radioisotope of astatine employed in these experiments 
is At2ll, which has a half-life of 7. 3 hours.** 

The chemical preparation an-d properties of astatine ar-e very com
plex. Astatine under certain conditions behaves like a heavy metal such 
as bismuth9 mercury9 silver, or antimony. 10 When the first attempts 
were made to isolate and identify astatine. tracer studi-es were initiated 
employing guinea pigs as the experimental animals. In view of the po
sition of astatine in the periodic table. special attention was directed 
towards the possible selective accumulation of this radiohalogen by the 
thyroid gland. Control animals and those in which thyrotoxicosis had 
been induced by the administration of the thyrotropic hormone were used. 
These animals received both I 131 and At2ll at the same time so that a 
direct comparison could be made between these two radiohalogens in the 
same tissues and organs.- While the accumulation of At2ll by the thy
roid gland in both groups of guinea pigs was roughly a quarter that of 
I 131 9 this experimentl1 demonstrated a high degree of selective locali
zation and retention of At2ll. More detailed tracer studies with carrier
free r 131 and At2 ll werelater performed on rats. In these experiments 
I 131 and .Atc2ll were administered intraveneously, and the accumulation 
of At211 by the thyroid gland was observed to be one-tenth that of rl3l 
at time intervals ranging from l to 72 hours. This type of dual tracer 
experiment was possible because the alpha particles of At2ll could be 
counted in an ionization chamber insensitive to the rl3l beta particles. 
which later were measured with a Geiger counter. In this series of ex
periments the metabolism of astatine in tissues other than the thyroid 
gland was found to be very similar to that of rl31 at five time intervals 
ranging from l to 24 hours.- The excretion of astatine was observed to 

-be somewhat less than that of rl3l. The kidney was the principal chan
nei of elimination of At211 and of I 131 as welL 5 

Preliminary studies have been made with At
211 

in the rat at lethal 
levels. _ Extensive functional injury to the thyroid gland in the rat was 
observed by determining t}le capacity of that organ to subsequently ac
cumulate ri3l. approximately one month after the administration of the 
At2ll. In the thyroids of rats treated with At211 a few large and appar
ently relatively undamaged follicles were observed histologically. This -,_ 
was presumably because the range of alpha particles from At2l I is of the 
order of 70 f.L• whereas the beta particles of I 131 have a maximum range ci. 

** There are two modes of decay for this radioisotope of astatine: 40% 
of the disintegrations with a half life of 7. 3 hours result in the emission 
of 5. 86 Mev alpha particles 9 and the decay product is Bi207. This radio
element has a half life of 50 years and decays by electron capture accom
panied by a complex series of gamma-ray transitions to form stable 
Pb2 07. The remaining 60% of the disintegrations of At2ll have also a 
half life of 7. 3 hours and decay by orbital electron capture to form Po2l_l 
with the immediate emission of 80-Kev polonium x-rays. Subsequently 
this radioisotope of polonium decays by the emission of 7. 43-Mev alpha 
particles with a half life of 0. 52 seconds fo form stable Pb207. 2 
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2, 000 1-1· In this same -s-eTie-s of experiments a thyroid gland was se
cured from a monkey that had received At2ll, In this instance the de
gree of injury to the thyroid gland was extreme and not one follicle 
could be seen on examination of serial sections, However, there were 
atypical cells present in th-e peritracheal region which showed radio
autographically the capacity to accumulate a tracer dose ofll31, 12 
This observation in the peritracheal region of atypical cells that were 
able to accmnulate tracer amounts of radioiodine several months after 
the administration of destructive quantities of I 131, has been previously 
reported, 6 In the experiment etnploying monkeys, myxedema was dem
onstrated in one animal that could be somewhat rever sed by the oral 
administration of thyroid substance. 5 

Methods 

.131 211 
The rats em.ployed for both the Il and At experirnents were 

Sprague-Dawley females. 55 dqys of age and approximately 150 grams 
in weight at the tin.YJ.e the radiohalogen was adnoiinistered by intravenous 
injection, The diet employed is similar to "Diet 14" prepared by the 
University of CaHfornia Institute of Experimental Biology, l3 The dose 
levels used for 1131 were 10. 30, 50, and 70 iJ.C/g. and there were 10, 
18, 19, and 20 animals in the groups, respectively, The 1131 was es
sentially carrier -free and was obtained from the Oak Ridge National 
Laboratory. Oak Ridge, Tennessee. U, S, A, These animals were main
tained for the first 10 days in m1etabolisrn cages with no more than three 
rats in each cage. and the cages were shielded fron1. each other by one
half inch lead sheet, Space and facilities did not make it feasible to in
dividually isolate each rat to prevent cross-irradiation from one animal 
to another, In addition, soiT.!e gamma irradiation was received by these 
animals from the excretion present in the metabolism cages, In a few 
instances. it was possible to sacrifice rats that were obviously not going 
to survive for more than a few hours. This made gross and m.icroscopic 
specimens available without disturbing the lethality determination, At 
the end of the first week. the animals were weighed individually in order 
that changes in weight over an extended period of tim.e could be observed, 
After 10 days the animals were placed in stock cages in groups of five, 

The preparation of At
211 

has been described earlier, 
14 

At
211 

was 
administered by intravenous injection at dose levels of 1, 2. l. 4, . 1, 6 and 
l, 8 iJ.C/g, The number of rats used in these experiments was 18, 30, 20, 
and 28 respectively, In this series of experiments the problem of cross
irradiation and radiation from excreta can be considered negligible in 
view of the character of radiations arising from At21l. At the end of 
the first week the surviving animals were weighed and examined period
ically, As with the 1131 experiments~ animals which were about to die 
were sacrificed. and the corresponding gross and microscopic patho
logical changes were observed, The tissues and organs removed for 
histological study both in the ][131 and At2ll studies included the thyroid 
gland. adrenals, pancreas 9 spleen 9 cervical and x:nesenteric lymph nodes, 
liver • lung. and femur, 

In order to ade1uately evaluate the mortality pattern in rats receiv
ing both rl31 and At 11. a probit analysis was made". Extrapolation was 
necessary to estimate the MLD6o values for both radiohalogens, The 
mathematical procedures employed were those described by Finney, 15 



Astatine Studies -12- UCRL-2605 

Two male rhesus monkeys weighing approximately 2. 3 kg at an e.s.
timated age of 6 months were each given 0. 42 p.c/ g of At2ll in February 
1952. Two additional male monkeys of approximately the same age and 
weight were maintained as controls. Two female animals of very nearly 
the same age and weight received 0 .. 8 ~J.C/g of At211 in May 1953. As in 
the study of the rats 9 the four monkeys that received astatine and the two 
controls were weighed periodically. Blood c-ounts were taken every 3 to 
4 weeks which included erythro-cyte co urit 9 total white count, differ en-
tial white count, and hemoglobin determination. A minimum of 500 cells 
were counted for each differential determination. 

The results of this work and earlier studies with astatine indicated 
that it would be safe to employ this radiohalogen as a tracer in patients 
suffering from various disorders of the thyroid gland. 5 The main re
striction was that the patients be more than 35 years of age. In earlier 
experiments it was demonstrated that the accumulation of astatine by 
the thyroid gland of the rat following oral administration was nearlyiden,.. 
tical to the uptake observed following intravenous or intraperitoneal in
jection of this radiohalogen9 when it was administered 18 hour~ prior to 
sacrifice of the animals. 12 The time factor in the clinical studies could 
not always be controlled as precisely as in the animal work9 and ranged 
from 13.25 hours to 22 hours between the time of oral administration of 
50 p.c of At2ll to the patient and the time of extirpation of the thyroid 
gland. The entire specimen was weighed, and a weighed fraction was left 
for routine hospital pathological studies. The remainder was brought to 
the Crocker Laboratory for assay. In each instance a small representa
tive portion of the remaining tissue was taken for histological study. A 
separate file was maintained for: each patieritp which included a brief his
tory of the thyroid disorder, a gross description of the tissue specimen 
obtained, and the clinical diagnosis from the hospital pathologist. After 
gross examination of tissue specimen, At2ll was isolated chemically by 
a modification of a technique employed eariier for the isolation of radio
iodine from relatively large amounts of thyroid tissue. 3, 16 The accur
acy of the chemical isolation of At211 was checked by assaying the intact 
sample with a scintillating- crystal gamma counter that is sensitive to 
the SO-kilovolt x-rays associated with the radioactive decay of astatine. 
No such checks were possible for the specimens obtained from two pa
tients who had previously received 1131. In several cases both lobes of 
the thyroid were extirpated, and in one case, a specimen of cervical 
lymph node was obtained from a patient with papillary adenocarcinoma 
of the thyroid gland. 

Attention should be directed to the time consumed in the chemical 
isolation of astatine, which may in some instances require more than· 6 
hours before the assay is completed. 

Results 

The mortality curve for I 
131 

is shown in Figure 1. The MLD6o for 
I 131 was estimated to be 85 !J.c/g. It should be noted that the ordinate 
represents the probit of the percent of mortality and the abscissa the 
logarithm --of the administered I 131. 

Observations of Yross pathological changes in the rats following the 
administration of rl3 are at present somewhat limited in scope, but 
enough animals have been seen so that several reasonably sound generali
zations can be made. The animals dying during the first week showed 
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Fig. 1. Probit analysis of the 60-day mortality 
of Sprague-Dawley rats after a single intravenous 
injection of rl31. The animals used were females, 
55 days old when injected. The number of rats at 
each dose level is indicated by the parenthesized 
figures beside the experimental points. 
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very little» grossly, except for somewhat swollen edematous hem, or
rhagic thyroid glands. At no time was there any evidence of diarrhea. 
Duringthe secqnd week after administration of I 31 there appeared gros
sly to be some moderate changes in some of the lymphatic tissues, 'inclu
ding the spleen and thymus, but with relatively little reduction in their 
size. The thyroid glands were fibrous and greatly reduced in size. Oc
casionally hemorrhagic areas were noted in the lungs, but these were 
not extensive in either size or number. During the second and third 
weeks, the rats receiving 50 and 70 p.c/ g of][ 131 developed a strange 
quacking sound associated with respiration. which was presumed to be 
the result of injury to the larynx and vocal cords. A recording was made 
of this sound as compared to the normal squeaking a rat makes when 
slightly hurt. This record was then examined electrically with an oscil
loscope. This proc.edure showed that the treated animals had a very 
marked change in sound pattern suggesting that the vocal cords may have 
been striking adjacent tissue which damped out part of the fundamental 
frequency. The animals that died during the second month following in
jection grossly indicated very little except that there was no visible evi
dence of the thyroid gland. Two of the animals apparently died from suf
focation, since it was apparent on autopsy that there was almost complete 
obstruction of the trachea. 

The mortality curve of At
211 

for 10 and 60 days is shown in Fig. 2.. 
The MLD6o· is estimated to be 1. 12 p.c/g. The pattern of mortality in 
animals receiving At211 was somewhat different from that found in ani
mals given rl31. During the initial week. there were relatively few 
deaths. A large wave of mortality occurred in the second week. As can 
be seen from Fig. 2. the majority of the animals that survived the sec
ond week did not die during the subsequent 50 days. Grossly. the animals 
that died appeared to be much more severely affected. There was marked 
emaciation. edema about the eyes. bleeding from the nose, and some diar
rhea. The animals usually showed pulmonary hemorrhage. with large 
am.ounts of blood in the stomach and small intestines. much of which is 
presumed to have been swallowed blood from the lungs. The cervical and 
mesenteric lymph nodes usually were markedly hemorrhagic. The spleen 
showed from three- to eightfold diminution in size • and after 14 days sev
eral spleens were seen in which there were a number of pale nodules ap
proximately 1 mm in diameter. The pancreas. liver. kidney. and ovaries 
were usually quite pale. which probably arose from the fact that the ani
mals had lost considerable blood. The thymus was very often so much re
duced in size that it was difficult to isolate. The thyroid glands in animals 
dying during this time interval were usually small and frequently showed 
numerous. small hemorrhagic areas. The lacrimal gland in several in
stances was found to be hemorrhagic. The adrenal glands were often hem
orrhagic. Petechial hemorrhages were often seen in the fundus of the 
stomach but not in the small intestines. Peyer' s patches appeared to have 
b.een completely obliterated. No gross changes were noted in any other 
or.gans. As yet limited information is available on the gross and micro
scopic changes in animals that died in the subsequent 50-day period fol
lowing the administration of At2 11 

Microscopic changes were noted in the lymphatic tissues of animals 
treated with I 31 which indicate considerable injury to these structures. 
A photomicrograph of the spleen from an animal that was sacrificed at 
7 days after the administration of 1131 is .shown in Fig. 3. For comparison9 
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Fig. 3. A section of s!Jleen from a rat that had 
received 70 f.LC/ g of I 1 1 and was sacrificed 8 days 
later. The marked degree of injury and loss of 
normal architecture may be seen. Magnification 
x55. Stain: H and E. 
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a section of an animal given At
211 

and sacrificed at approximately the 
same time after administration of the radiohalogen is shown in Fig. 4. 
A photomicrograph of the spleen of a control animal is shown in Fig. 5. 

In an earlier experiment we observed that rats receiving astatine 
in the range of l-f.Lc/g show, at the end of a year, marked loss of hair, 
and retardation of growth from the time of injection, and they obviously 
are not healthy animals in that they do not maintain the normal degree 
of body cleanliness that is inherent in this particular strain of rat. 

The monkeys likewise show similar changes, including loss of hair, 
retardation of growth, and apathy, all of which can be attributed to the 
diminished function of the thyroid gland. The hematological changes 
observed in the monkey and tabulated in Table I suggest that there is 
some permanent injury to the hematopoietic tissue, as a permanent 
anemia and leukopenia have been observed. 

The human studies are summarized in Table II. Although the num
ber of patients investigated is small, one striking observation was made. 
The accumulation of astatine by the thyroid gland in all but one of the 
patients is quite high; the range extended from 4, 6o/o to 17. 8o/o. The ra
tio ofr131 to At211 accumulated in the thyroid gland of the rat for these 
time intervals is approximately 10 to 1. 5 A reasonable prediction of the 
I 131 accumulation in the thyroid glands of these patients would be in the 
range of from 12/o to 30Jo. Thus the selective accumulation of At2 11 in 
the thyroid gland ~n this particular group of individuals appears to be 
significantly hi!5her than would have been predicted from earlier work 
done with rats. 

Discussion 

The acute injury and mortality pattern of I 131 in the rat is not easy 
to evaluate, since the Il31 is not uniformly distributed throughout the 
organs and tissues. 5 The general findings in the acute deaths, however, 
resemble those seen following lethal doses of x-rays. The microscopic 
changes in the hematopoietic system, particularly the lymphoid tissues, 
were not as striking as had been anticipated. 

The degree of injury to the vocal cords, larynx, and adjacent struc
tures was not anticipated. These findings are reasonable in view of the 
tremendous amount of irradiati-on to that area from the thyroid gland, 
since the range of the beta particles is sufficient to reach most of these 
regions. The subsequent severe occlusion -of the trachea is a response 
that can also be attributed to the irradiation from the r131 accumulated 
by the thyroid gland. An appropriate analysis for the :mortality of the 
rat gives a preliminary estimation of the MLD6o at 85 f.LC/g, but many 
more rats must be given massive doses of I131 in order .to obtain rea
sonably accurate values. 

Gorbman states that when mice weighing from 20 to 25 g were given 
I 131 in amounts greater than 400 fJ:C, they usually died within a month. 6 
This would indicate that 20 f.LC of I 131 per gin mice was more than 50% 
lethal in 30 days. In contrast, it was found in the experiments presented 
here that 85 f.LC/g of rl3l in rats produced approximately 50Jo mortality 
in 60 days. Thus it would seem that rats are nearly four times less 
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Fig. 4. A section of spleen taken from a rat that 
had received 1. 8 1-1c/g of At2 ll and was sacrificed 
6 days later. Here also may be noted the very 
marked injury and absence of Malpighian corpuscles . 
Magnification x55. Stain: H and E. 
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Fig. 5. A section of spleen from a normal rat at 
the age of 65 days showing very clearly a Malpighian 
corpuscle. Magnification x55. Stain: H and E. 
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Table I 

The Effect of a Single Intraperitoneal Injection of At
211 

on the Growth 
and Blo-od-Picture -of the Young Rhesq_s Monkey. The Monkeys Were 

Six to Eight Months Old When Injected. Differential 

Days after At211 -Body wt RBG 3 WBC 3 
Hemoglobin 

injection dose kilos millions/rnm thousands/rom g/lOOcc 

white count 
Lympho- Granulo-
cytes cytes 

358 Control 3.32 5.77 14.40 13.8 81.5 18.5 

358 II 3.92 7.27 9.25 15.8 92.0 8.0 

358 0.42 2.92 3.52 5. 75 9.5 73.5 26.5 
~c/g 

358 II 2.89 3.53 3.30 11. 2 85.0 15. 0 

294 0.83 2.61 4.66 7.85 ll. 8 84.0 16.0 
~c/g 

68.0 294 II 3.35 3.56 7.05 10.3 32.0 

I 
N 
0 
I 



Table II > 
rJl 

The Uptake of Orally Administered Astatine
211 

(Eka-iodine) by the 
M-
Pl 
M-

Human Thyroid Gland in Various Disorders of that Organ 
...... 
:::1 
(I) 

Thyroid Hours 
211 

Cone. of At
211 en Percent At rt 

Name Age Sex sample Diagnosis time in sample o/ojg wet tissue ~ 
0.. ...... 
(j) 
rJl 

I. H. -40 F Left lobe Gr os sly normal 15 5.95 0.54 
Right lobe II II 18 11. 85 1. 19 
Cervical lymph node Papillary adenocarcinoma 18 <0. 01 <0.001 

c. A. 41 F Right lobe Nontoxic metaplasia 13-l/4 2.85 0.27 

. E. B. 31 F Whole gland Nontoxic nodular goiter 16-l/4 6.75 0. 5.5 
with cyst formation 

I 
N 

D. M. 35 F Whole gland Toxic goiter (lugolized) 15 6.66 0. 21 
,_. 
I 

H. 52 M Right lobe Graves' disease 18 0. 172 0.017 
( Thyroxine, lugolized) 

T. A. 43 F Left lobe Non toxic nodular goiter 14 6.55 0.26 

c. w. 56 M Left lobe Grossly normal 13-1/2 4.90 0.39 
Right lobe Non toxic nodular goiter 13-1/2 2.56 0.024 

R. C. 68 M Whole gland Nontoxic nodular goiter 22 4.61 0.021 

c 
() 
~ 
t"' 
['.J 

0' 
0 
Ul 
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·sensitive to I 
131 

than are mice. This differential effect may be owing 
in part to the fact that the rat has a tendency to have a fuller digestive 
tract, which will render ·the rl31 beta particles less effective in their
radiati·on of the gastrointestinal tract because of selfdabsorption. 

. . f . ' f 211 h . The stnk1ng acute e feet of lethal ·amounts o At w en g1ven to 
the rat are difficult to interpret. The ·organ-s and,-ti-ssues in which hem
orrhage was !nrost obvious upon both gr-oss and micr-osc·opic .examination 
include spleen,. lynllph no·des, lung, an·d adrenaL . An earlier experiment 
indicate·d that these four organs had the greatest relative ·selectivity for 
At2 ll as c-ompared to I 131. 5 The massive hem'orrhage observed in these 
organs may have been owing to increased capillary fragility. 

The chronic changes in the survivors of lethal amounts ofAt
211 

are 
even more-difficult to interpret, because there are two independent ac
tions of this radiohalogen, Most of the changes seen in the rat can be 
directly attributed to an endocrine imbalance owing to the essentially 
compl.ete ablation of the thyroid gland. The per sis tent anemia and leu_,.. 
kopenia very probably are due at least 'in part to the irradiation of the 
hematopoietic system, The chronic changes in the blood picture ~d 
general condition of the monkey are quite similar to those observed in 
the rat, and here again one is faced with the problem of differentiating 
between the effects of the lack of thyroid hormone and the action of a 
relatively large amount of ionizing radiation given over a short period 
of time. 

Summary 

1. The acute and chronic effects of lethal amounts of 1131 
and At

211 

have been studied in the rat. 

·. 131 211 
2, A probit analysis for the mortality of I and At in the rat is 
presented, 

3 Th d . . h . A 211 . h h . ~e acute, gross an m1croscop1c c anges tn t 1n t e rat ave 
been observed in considerable detail. 

4. The chronic changes following administration of large amounts of 
At211 in the rat have been investigated. There appear to be changes 
owing to the ab-sence of appreciable amounts of the thyroid hormone as 
well as radiation effects. 

5, . Chronic changes have been observed in monkeys receiving At
211 

The effects appear to be related both to endocrine imbalance resulting 
from radiothyroidectomy and to apparent radiation injury. 

6. A limited number of uptake studies of At
211 

have been done with 
patients suffering from various disorders of the thyroid gland, including 
carcinoma. There was no accumulation of At211 in a metastatic carcin
oma of the thyroid gland, The accumulation of At2ll in the thyroid gland 
in this series of patient.s appeared to be relatively greater than was ob
served in the much larger number of rats, 5 
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FORTHCOMING REPORTS 

Four papers are being prepared on different phases of work with 
At211 and will subsequent! y be reported. 

1. A Modified Method of Preparing Astatine Solutions Suitable for Ani-
_,,: mal Injection. 

2. Preliminary Clinical Studies on the Accumulation of Astatine -211 by 
the Human Thyroid Gland. 

3. The Effect of Pretreatment with Propyl Thiouracil on the Accumu
lation of Astatine-211 by the Thyroid Gland of the Rat. 

4. The Accumulation and Destructive Action of Astatine-211 (Eka
iodine) in the Thyroid Gland of Rats and Monkeys. 
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RADIATION CHEMISTRY 

Warren M. Garrison, Winifred Bennett, Sibyl Cole. 
H. Ralph Haymon~, and Boyd M .. Weeks 

. During the past quarter, a major part of our. activity has been in
volved in the bombardment of sample-s for storage in anticipation of the 
projected temporary shutdow-n of the Crocker 60-inch cyclotron. Most 
of the irradiations were made to obtain additional information on the 
acetic acid-water and glycine-water systems. Sol)Dle of these data are 
included in the present report, toge-ther with-addit~,onal evidence for the 
identification of products formed in the irradiatiori of dilute formic acid 
solutions. A summary report of the acetic acid work will appear in the 
forthcoming quarterly. 

Acetic Acid (Oxygen.,.Free Systems} 

Winifred Bennett, Sibyl Cole, H. Ralph Haymond, and Boyd M. Weeks. 

In previous reports l, 
2 

it has been shown, for heavy-particle irra
diation of acetic acid-water systems, that 

{l) Hydrogen, hydrogen peroxide and succinic acid are the principal 
products of the indirect action of radiation in "dilute'' acetic acid so ... 
lutions at radiation doses below 1 x l020ev/cm3. 

~2) The relative yields of hydrogen, hydrogen peroxide» and succinic 
acid in dilute acetic acid vary with the specific ionization of the inci
dent radiation in a manner consistent with current theories of radiation 
decomposition of water. 3 

P) The radiation yields (G values) 
4 

of these products increase with 
acetic acid concentration in the range 0. 0625 to L 0 M .. With increas
ing acetic acid concentration above L 0 M, a continuous decrease in G 
value for hydrogen, hydrogen peroxide, and succinic acid is observed. 
Values for the latter two products decrease essentially to zero at 16M 
acetic acid. 

{4) Radiation yields of other products--including carbon dioxide, meth
ane, ethane, and carbon monoxide--increase continuously with acetic 
acid concentration ~rom 0. 0625 to 16M acetic acid. With the possible 
exception of ethane, G. values for these products show a linear depen
dency on acetic acid concentration. 

Radiation yields obtained with 35-Mev helium i-ons and 18-Mev deu
terons for acetic acid solutions 0. 0625 M to 16M are compared in Fig. 1 
and Fig. 2. Processes occurring in the radiolysis of dilute acetic acid 
may be represented in brief by 

1 
2
Quarterly report, UCRL-2243, Jan., Feb .• Mar. 1953. 

3
Quarterly report, UCRL-2111, Oct., Nov., Dec. 1952 . 

4Discussions Faraday Soc . .!3_, 155 {! 952). 
Number of molecules formed per 100 ev absorbed energy. 
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SUCCINIC ACID 

o 35-Mev HELIUM IONS 

• 18-Mev DEUTERONS 

4 6 8 10 14 
MOLARITY OF ACETIC ACID 

16 

MU-7722 

Fig. 1. Radiation yields of hydrogen, hydrogen 
peroxide, and succinic acid as a function of acetic 
acid concentration. Beam intensity, 0. 2 1-1a; dose, 
0. l 1-1ah; target volume, 100 ml. 
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• 1.8- Mev DEUTERONS 
4.0 o 35- Mev HELIUM IONS 

.t. 35- Mev HELIUM IONS (Data of A.S. Newton) 

3.0 

CARBON DIOXIDE 
2.0 

6 8 10 12 
MOLARITY OF. ACETIC ACID 

14 16 17.4 
(Glacial) 

MU-7723 

Fig. 2. Radiation yields of carbon dioxide, methane, 
ethane, and carbon monoxide as a function of acetic 
acid concentration. Beam intensity, 0. 2 1-1a; dose, 
0. 1 tJ.ah; target volume, 100 ml. 
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H
2
0----A!\A..__. -------?-'-l/2 H

2 
+ l/2 H~ 0 _,, 

7 L. L., 
![ 2) 

where p) and ~2) represent the radiation decomposition of water, Re
action {l} represents5 the formation of Hand OH radicals, which dif
fuse out of the particle track and are available for reaction with solute 
molecules. Reaction ~2) represents the fact o:f H and OH radicals 
formed in high concentration in spurs or "hot spots 11

• 3 Reactions (l) 
and (2) are considered as two independent primary radiation processes. 
In the absence of added solute, radicals formed in p) react with the 
products of (2} via {6) and p). The number of radicals involved in (6) 
and P) decreases with in<:;reasing acetic acid concentration as compet
ing reactions (3) and (4} become important. The radiation yields of 
hydrogen, hydrogen peroxide, and succinic acid accordingly increase 
with acetic acid concentration. The G value for succinic acid reaches 
a maxh:num with 35-Mev helium ions at an acetic acid concentration of 
1. 0 to 2, 0 M. This corresponds to the case in which all the available 
OH radicals disappear by reaction {3}. Corresponding data obtained 
in irradiations with 18-Mev deuterons give a larger maximum G value 
for succinic acid in accordance with the observation that the relative 
number of water molecules decomposed via ( 1) as compared to (2) in
creases with decreasing specific ionization of the incident radiation. 

As the acetic acid concentration is increased there is a corres
ponding increase in the fr~ction of total energy absorbed by direct in
teraction with acid molecules, _The observed .decrease in succinic acid 
yield with increasing ac'etic acid concentration is attributable to the 
fact that a decreasing fraction of the total energy is dissipated via re
actions {l) and (2). The relationship between acetic acid concentration 
and radiation yield for carbon dioxide, methane,. ethane, and carbon 
monoxide (Fig. 2) indicates that these products are formed principally 
by reactions induced by direct interaction of the radiation witl) acetic 
acid m"olecules throughout the entire concentration range, i.e. from 
0. 0625 to 16M. Almost identical G values for these products were 
obtained with 35-Mev helium ions and l8~Mev deuterons. 

5 
A. 0. Allen et al., J. Phys. _Chern. ~. 575 (1952). 
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A serie-s of studies has be-en initiated to obtain inform-ati·on on the 
nature of·the intermediate·· species-involved in the formation of the gas
eous products derived from acetic acid. One meth·od that i·s being em:
ployed is based on the fact that' certain substances such as iodine, oxy
gen, styrene, and catechol, if·present in'the irradiate-d acetic acid
water systems, may react-preferentially with radiation~produ·ced radi
cal intermediates. Preliminary results on the effect of these substan"' 
ces on product gas yields from 16M acetic acid.are summarized in 
Table I. The radiation yields of methane, ethane, and hydrogen are 
considerably lower in irradiation solution containing a "radical trap". 
Carbon dioxide and carbon monoxide yields remain substantially the 
same. These effect·s will be discussed in detail in a forthcoming report. 

Effects of Oxygen in the Irradiation of Aqueous Acetic Acid 

H. Ralph Haymond 

Further evidence has been obtained that glycolic acid is a product 
of the irradiation of oxygenated aqueous acetic acid. A colorimetric 
method for the determination of glycolic acid in target solutions has 
been described previously. Other nonvolatile acid products have been 
isolated and quantitatively measured by in vacuo distillation of the ace
tic acid followed by chromatography of the nonvolatile r.esidue, These 
methods are unsatisfactory for the glycolic acid because the amounts 
of glycolic acid produced are_near the lower limit for identification by 
our chromatographic methods, and glycolic acid is partially volatile, 
either by steam distillation or by sublimation after the liquid has been 
removed. In order that the identification and measurement of glycolic 
acid would not depend entirely on the colorimetric method the following 
experiments were done. . 

Sixty ml of 1 M acetic acid containing approximately 200 jJ.C of 1-C 14-
labeled acetic acid was irradiated with 35-Mev helium ions at a beam in
tensity of 0. 1 microampere for d. 05 mitroamperehour. The C 14_acetic 
acid was previously purified by in vacuo distillation of neutral volatiles 
followed by distillation of the acetic acid in vacuo. After irradiation, 
30. 4 mg of glycolic acid was added to 45 ml of the target solution, and 
the solution was distilled to dryness in vacuo. The nonvolatile residue, 
containing a part of the glycolic acid;-was chromatographed on a silica 
gel column. Column dimensions were those of our previously reported 
standard column: The aqueous phase was 0. 5 N HCl, and all solvent 
mixtures were saturated with 0. 5 N HCl. The following sequence of sol
vents was used in method I. 

220 ml of 5% butanol - 95 % GHG1 3 v/v 

300 ml of 12.5% butanol- 87.5% CHC1 3 v/v 

300 ml of 20% butanol - 80% CHG13 v,/v 

This sequence of solvents is known to separate glycolic acid satis
factorily from acetic, succinic, glyoxylic, and oxalic acids. Ten ml 
samples of the effluent solvent were titrated with 0. 01 N NaOH as pre
viously described. 

At the glycolic acid titre peak there occurred a corresponding peak 
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Table I 

· Effect of Some Added Solutes on Product Gas Yields from 16M Acetic 
Acid Radiation, 35-Mev He++; Beam Intensity, 0, 05 !!a; Target Volume, 
100 ml; Solution, 16-M CH 3COOH; Dose, 0, 0125 !J.ah, 

Radiation Yields {mol/100 ev) 

Run Solute H2 C0
2 

CH4 .C2H6 co 

./ 

1 None 0,56 3, 72 L 15 0.83 0,25 

2 II 0,54 3,88 L 17 0.84 0,25 

3 0, 05 M 1
2 0.39 3.70 0,58 0,45 0,29 

.. 
4 II 0.39 3,84 0,58 0,42 0.32 

5 0. 5 atmos. 02 0.48 4.28 0,78 0,72 0,26 

6 II 0,50 4, 14 0,77 0,67 0,27 

7 0, 25M Catechol 0;43 3.60 1. 09 0.69 0.29 

8 II 0,46 3.81 l. 15 0.69 0.29 

9 20o/o styrene, v/v 0.32a 3,20 0,59 0.51 0,24 

10 II 0.31a 2.82 0.51 0,40 0,24 

a Yields calculated on basis of energy absorbed in acetic acid estima
ted by Bragg approximation. 
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of C 
14 

activity9 as shown in Fig. 3. The~fra·ction of total glycolic acid 
that was not volatile was calculate-d from the known amnunt of glycolic 
acid ·a-dded before distillation and-·the total amount in the titre peaks and 
the yield of glycolic acid from the irradiation was calculated from the 
total C 14 activity in the peak and the calculated· fraction that was not 
volatile. The radiation yield obtained in this manner agreed with that 
obtained by a c-olorimetric determination of glycolic acid in the same 
target solution. To further confirm thi-s method the samples from the 
glycolic acid·peak were c-ombined and chromatographed9 after removal 
of the solvent·s by distillation in vacuo, by a different method ~II)p in 
which the only solvent was 3oroiso-butanol - 701/o CHCI.3 saturated with 
0. 05 N HCL There was a corre-spondence between titre and activity by 
this method also «Fig. 4). The entire procedure. including irradiation. 
was repeated through the first chromatographic method and yielded simi
lar results. A control experiment in which all steps except the irradia
tion were carried out showed no C 14 activity in the glycolic acid peak. 

Studies on some effects of added solutes, acetic acid concentration, 
and total dose on the oxygen-acetic acid system are being continued. 

Formic Acid «Oxygen-Free Systems)' 

Sibyl Cole and Winifred Bennett 

In a previous quarterly report 
6 

it was shown by partition chromato
graphic methods that three nonvolatile acids are produced in the helium
ion irradiation of 0. 25 M formic acid solutions at radiation doses in the 
order of 10~0 ev/cm3.~, Recent work on 0. 25M solutions containing 
HC 14ooH has shown that the major peak corresponds to tartronic acid, 
'(COOH)-CHOH-COOH. -· Evidence for this identification is based on an 
observed correspondence betwe~n the appropriate product activity and 
the titre of added authentic tartronic acid in two different partition
chromatographic procedures involving silicic acid columns. The co
chromatographs were developed with 35o/o n-butanol - 65o/o chloroform 
{Fig. 5) and 35o/o n-butanol - 65o/o chloroform saturated with. 0. 5 N sul
furic acid {Fig. 6f. The details of the chromatographic procedure have 
been reported. · 

Glycine «Oxygen-Free Systemsp 

Boyd M .. Weeks 

Various aspects of the current study of the radiation chemistry of 
aqueous glycine solutions have been discussed in previous quarteriy re.:.. 
ports beginning with UCRL-2111. October 9 Novembers December 1952. 
Work in the past quarter has been directed primarily toward the prepara
tion and irradiation of a series of inert as well as C 4;_labeled glycine 
targets. and a beginning has been made on the analysis of the products 
formed. 

All tar gets employ glycine ~Nutritional Biochemicals Corp. ) r ecrys
tallzed several times from doubly distilled water. The glycine so prepared 
6 . . . 

Quarterly report. UCRL-2243. Jan. 9 Feb. • Mar. 1953. 
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62 

TARGET I 

METHOD I 

• C14 Activity 
o Titre 

Arbitrary Units 

MU-7724 

Fig. 3. Co-elution of authentic glycolic acid with 
C H:-labeled product formed in irradiation of 1. 0 M 
acetic acid containing CH 3C 14QOH. (Method I) 

UCRL-:·.6()::; 
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• cl-4 Activity 
o Titre · 

Arbitrary Units 

20 22 24 26 28 30 32 34 36 38 
SAMPLE NUMBER 

MU-7725 

Fig. 4. Co-elution of authentic gfycolic acid with 
cii:l_Iabeled product formed in irradiation of 1. 0 M 
acetic acid containing CH 3C 14ooH. (Method II) 

UCRL-l605 
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Fig. 5. Co-elution of authentic tartronic acid with 
a nonvolatile C 14-labeled acid (II) formed in irradia
tion of 0. 25 M formic acid contain,ing HC 14ooH. 
(Eluant, 35% n-butanol - 65% chloroform) 
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Fig. 6. Co-elu\i.fn of authentic tartronic acid with 
a nonvolatile C · · -labeled acid (II) formed in irra
diation of 0. 25 M formic acid containing HC 14ooH. 
(Eluant, 35o/o _n-blitanol - 65o/o chloroform saturated 
with 0. 5 N suiTuric acid) 
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is stored in the dark until just before use, when it is dissolved to the 
pr~er concentration in doubly di-stilled water. All targets {except the 
C 1 -labeled ·targets) are of the sealed, evacuated, Erlenmeyer flask 
type {described in detail in connection with the acetic acid work). About 
100 ml of solution is irradiated at a time and provision is made for agi-· 
tation of the solution during irradiation, Cyclotron-accelerated He++ ions 
of about 35 Mev at a dose rate of 4 x 1022 ev/hr «corresponding to a cy
clotron bean."lt current of 0. 2 p,a) are used throughout. 

Two series of irradiations were undertaken. One series employed 
0. 25M glycine solutions, for which the dose was varied from 3 x 1019 
ev/ml to l x 1021 ev/mL In th<e: other series a constant dose of l x 102 0 
ev/ml was given but the glycine concentration was varied from 0. 0625 M 
to 3. 3M. 

Two G 
14 

-labeled tar,rets were also prepared and irradiated as fol
lows: about 200 1-1-c of C l -labeled glycine were added to enough carrier 
glycine {prepar'ed as described above) to provide a 0. 25M solution when 
dissolved in 10 ml of water. In one target the glycine was labeled in the 
methyl position9 in the other the carboxyl position was labeled. Each 
target was given a dose of 4 x l o20 ev /ml in one of the small fritted
disc target cells already described in connection with the acetic acid 
work. The target solution was ·agitated and kept free of 02 during ir
radiation by a stream of argon bubbling through the fritted disk provided 
for that purpose. 

The analysis of the irradiated solutions follows the procedures out
lined in detail in previous reports. Briefly the procedure is as follows: 
gaseous products are identified and determined mass-spectrometrically. 7 

H202 is determined by titration with, Ce~HS04}4. Nitrogen bases and 
amino acids are isolated by ion-exchange chromatography and determined 
by direct titration of the hydrochloride salts with sodium hydroxide. Or
ganic acids are isolated by silicic acid chromatography and determined 
by titration with sodium hydroxide. Methods for isolating and determin
ing the nonacidic, nonnitrogen products are being developed. Figures 
7 - l 0 show typical el11.tion curves for ion exchange and silicic columns. 

Identification of products and the determination of yields is as yet 
incomplete. but the following table shows progress so far made in this 
direction. All targets were 0. 25 M glycine irradiated in evacuated cells. 
The dose was in all cases 4 x 1020 ev/ml at a dose rate of 8 x 1022 ev/hr. 

In the dose~yield and concentration~yield studies only a portion of 
the analyses have been completed. Figure ll shows the effect of vary
ing the glycine concentration on hydrogen, carbon dioxide, and carbon 

.monoxide yields. 

Work on further identification of products, as well as additional 
dose-yield and concentration-yield data collection, is now in progress, 

7 
All mass spectrometric data were obtained through the cooperation 

of Dr. Amos Newton. 
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Product 

Hz 

. C02 

H202 

CH
3

COOH 

HCOOH 

A (Fig. 8) 

B (Fig. 8) 
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Table II 

G Molecules produced 
100 ev absorbed 

0.12-0.15 

0. 04 - o. 05 

o. 05 - 0. 06 

0.75 

0.08 

0.045 

0.075 

UCRL-2605 

Evidence for identity 
and method of 
determination 

No. of 
targets 
analyzed 

Mass spectrometer 

Mass spectrometer 

Ce~HSO 4) 4 titration 

Silicic acid chroma
tography, mass 
spectrometer 

Silicic acid chroma
tography, mass 
spectrometer 

8 

8 

8 

4 

4 

Ion exchange chro- 3 
matography, titration 
curve, Nessler 1 s re-
agent, absence of carbon 

Ion exchange chro- 3 
matography, titration 
curve, absence of carbon, 
mass spectrometer 

Unidentified, isolated 3 
by ion exchange 
chromatography 

Unidentified, isolated · 3 
by ion exchange 
chromatography 
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Ammonia 

20 ? I IOJ 
Sample ~ H

2
o -<oto•o----

30 40 50 60 10 eo 
SAMPLE NUMBER I ------1.5 N HCI 

90 

6 N HCI 
ELUANT CONCENTRATION 

Fig. 7. Product separation on Dowex 50 column. 
Sample, 80 ml of 0. 25M glycine after irradiation; 
radiation, 35-Mev helium,ions; dose 4 x 1020 ev/ml. 
(For a description of peaks A and B see Table II.) 

UCRL -·2 605 

100 

MU-7728 
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400 

MU-7729 

Fig. 8. Elution curve for silicic acid column where 
sample put on column was obtained from the water 
effluent of a Dowex 50 column (see Fig. 7). Target 
material was 0. 25M glycine given a standard dose 
of 4 x 1020 ev /ml. 
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Glycine 
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Fig. 9. Elution curve for a Dowex 50 col3Inn where 
the sample put on the column was a H?O solution 
containing 4. 75 g of unirradiated glyc·me. This 
would correspond to 250 ml of 0. 25 M target solution. 
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METHYLAMINE 

MU-7731 

Fig. 10. Elution curve for a Dowex 50 column where 
the sample put on the column was a known mixture o£ 
the indicated compounds. 
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Fig. 11. Curve showing relationship of Hz, CO, and 
C0

2 
yields to glycine concentration where the dose is 

held constant at l x l o20 ev /rnl. 
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BIOLOGICAL STUDIES OF RADIATION EFFECTS 

John H. Lawrence, M.D., in charge 

VARIATION OF RADIOSENSITIVITY AND * 
RELATIVE BIOLOGICAL EFFECTIVENESS IN HAPLOID YEAST 

Mortimer M. Elkind t and Carl A. Beam 

The radiosensitivity of haploid Saccharomyces cerevisiae, SC -7, 
has been studied in the region of exponential survival, us1ng 50-kv 
x-rays and Po210 alpha particles (3~2 Mev). The x-ray source had a 
full-wave rectified supply and 1. 0 mm beryllium inherent filtration. 
The alpha source consisted of 3. 1 me of electrodeposited Po210 3/16-
inch in diameter. The dose rate ratio alpha to x-rays was about 0. 8. 
Cultures were grown on YED agar ( l/2o/o Difco yeast extract 1 o/o dextrose) 
for 18 hours at 30° C. These cells were used as an inoculum for a YED 
liquid growth medium at 3QO C. Log phase cells from this medium were 
harvested, washed, and used either in survival studies or as an inoculum 
for a starvation medium (5o/o dextrose in M/20 KH2P04 ). Survival stud
ies (visible colony formation) with fresh.cells and cells starved up to nine 
days showed a change in x-ray LD50 (50o/o survival) from about 1. 5 krep 
to 3. 7 krep respectively and in alpha LD50 from about 2. 6 krep to 1. 9 
krep respectively. Alpha rays are less effective than x-rays in killing 
fresh cells, while the reverse is true for starved cells. 

* Abstract of report presented for Radiation Research Society, May 
1954. 

+ From the Laboratory of Biophysics, National Cancer Institute, 
National Institutes of Health, Bethesda, Maryland; on temporary as-
signment to the Donner Laboratory. · 
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LIPOPROTEIN STUDIES 

John H. Lawrence, M.D., in charge 

ULTRACENTRIFUGAL STUDIES OF THE HIGH-DENSITY 
SERUM LIPOPROTEINS IN CLINICALLY HEALTHY ADULTS 

Oliver F. deLalla, :fiarold A. Elliott, and John W. Gofman 

Intr eduction 

Lindgren and co-workers 
1 

have described the properties and meth
odology for the ultracentrifugal study of the entire spectrum of lipopro
teins present in human serum. The three most dense lipoproteins des
cribed by Lindgren et al. represent the subject of present considerations. 
These lipoproteins have been identified by their estimated hydrated den
sities as a lipoprotein of density 1. 05 g/ml, a lipoprotein of density 
1. 07 5 g/ml, and a lipoprotein of 1. 145 g/mL At present the precise 
interrelationshiP- of the chemically isolated alpha lipoproteins de$cribed 
by Oncley et al. 2 to these three ultracentrifugally defined high-density 
lipoproteins is not completely clear. Since the exact relationship to 
chemically isolated alpha lipoproteins remains indeterminate, we have 
avoided the designation of the three high-density lipoproteins as alpha 

·lipoproteins and instead have utilized the following nomenclature,; 

The lipoprotein of hydrated density 1. 05 g/ml =HDL 1* 
The lipoprotein of hydrated density l. 075 g/ml = HDL

2 
The lipoprotein of hydrated density 1. 145 g/ml = HDL3 

The role of the low-density lipoproteins {of hydrated density less 
than 1. 04 g/mH in the systematics of serum lipid transport have been 
described 3, 4, 5. Ultimate further understanding of lipid transport re
quires similar knowledge of the population distributions of the three 
high-density lipoproteins and of their interrelationships with the low
density group of lipoproteins. The high-density lipoprotein determina
tions described below were made on 566 randomly chosen clinically 
healthy adults of both sexes, between the ages of eighteen and sixty~ 
nine years of age. 

Materials 'and Methods 

The procedure of Lindgren et al. involving preparative and analy
tic ultracentrifugation is in a sodium chloride - D

2
0 - H

2
0 system of 

* < • 

The designation HDL is used to indicate the high-density lipoproteins 
for contrast with the low-density group of lipoproteins, for which the 
component of highest hydrated density is 1 ~ 04 g/ml. The cutoff at 1. 04 
g/ml is arbitrary. Reference to HDL 1, HDL2, or HDL3 lipoprotein 
does not infer that a single discrete lipoprotein at each density is neces
sarily involved. The homogeneity or lack thereof of such lipoproteins 
deserves further investigation. 
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s-olvent -density equal to 1. 24 g/mL All three high.;;.density lip-oprotein~ 
w~re ·observable in the analytical ultracentrifugation-at a density of 1. 24 
g/ml. This analytical method allowed the quantitative determination of 
the sum of the concentrations of·the HDL2 ·plus HDL3, but was unsatis- · 
factory for the complete resolution of the HDLz from HDL3 so that their 
individual concentrations could be measured .. For this reason an "addi--
tional ultracentrifugal procedure at a density of 1. 125 g/ml was ·designed 
for the· separate measure ·of the concentrati-on of the HDL2. The detailed 
description ·of the preparative and analytical ultracent'riiugal procedures, 
including film analysis, employed for the determination of th\three 
high-density lipoproteins is described by deLalla and Gofman . 

The clinically healthy subjects for this study were obtained from 
two sources. Males and females below the age of 30 years were volun
teers from the student population of the University of Califprnia at: 
Berkeley. All other subjects, above. the age of 30 years, were randomly 
selected from the population under study by the Heart Epidemiology Stugy 
Group at Framingham, Massachusetts. All subjects had had a recent .· 
complete medical examination.. The subjects included in the present 
study as clinically healthy individuals represented those meeting certain 
requirements in their medical examination. All individuals included in ·• 

-the study had blood pressures, at examination, below 140 mm Hg systolic 
and 90 mrn Hg diastolic. The following illnesses recorded in the medical 
history or discovered during examination were sufficient to exclude indi
viduals from this study: diabetes, nephritis, rheumatic fever, rheumatoid 
arthritis, syphilis, tuberculosis, peptic ulcer, asthma, hepatitis, cardio.-. 
vascular disease, cancer, epilepsy. hyper-rot hypothyroidism, adrenal 
disease, Raynaud1 s disease, or pernicious anemia. 

·A laboratory finding of an abnormal electrocardiogram, abnormal 
chest roentgenogram, anemia, albuminuria, or glycosuria wa_s consid
ered sufficient to exclude a subject from this study. lt is evident that 
if any of these abnormalities or disease states were not overt to the ex
aminer, the subject would be included in the study. Thus the subjects 
included are to be regarded as clinically healthy within the limits of the 
criteria described. The total number of subjects who qualified with 
these criteria were 566 in all, 229 of whom were males, and 337 females. 
The analysis of all three high-density lipoproteins was made for all these 
subjects, segregating the population studied by sex and into the following 
age groups: 18-19_. 20 ...... 29, 30-39, 40-49, 50-59, and 60.;.;.69 years. 

Res1.1lts 

{a) The HDL 1: The mean serum concentrations of the HDL1• the 
standard deviations of the distribution, and the standard errors of the 
means are presented in Table 1. 

(b) The HDL2 : The mean serum concentrations of the HDL2, the 
standard deviations of the distribution, and the standard errors of the 
means are presented in Table II. 

(c) The HDL3: The mean serum concentrationsof the HDL 3, the 
standard deviations of the distribution, and the standard errors of the 
means are presented in Table ilL 
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{d} The Intercorrelations of the High-Density Lipoproteins~ In 
Table:s IV. V, and V.! are given the calculated Pearson product-moment 
correlation coefficient between the HDL 1 vs HDL2 • HDL 1 vs HDL3. and 
1-IDL2 vs HDL3• respectively. for both sexes and for the several age ~at
egories. 

Discussion 

The HDL1~ (see Table I~ Inspection of the mean HDL1 levels in 
either sex reveals no large trends of lipoprotein concentrations with 
age. Application of the t~test demonstrates that the recorded differ
ences in mean levels with age fail to show significance at the l o/o level. 
However, the t-test does reveal that. for the age group under 40 years 
the mean level of HDL 1 appears to be significant! y lower in the female 
than in the male Po/o level of significance). It i's not possible from these 
data to demonstrate any significant sex difference in HDL1 level beyond 
the age of 40 years. 

The HDL2: «see Table II) One feature is outstanding in the results 
of the measure:rnen.t of the HDL2• nam.ely the large difference between 
the male and fem.ale sex for the age range from. 20 years to 60 years. 
For each decade in this range the mean HDL2 level is much higher in 
the female than in the male. For the 18-19 year age group the same 
trend appears to be n:11aintained. although the difference can be proven 
significant only between the l% and 5% level from these data. Above 
the age of 60 years no significant male-female difference can be dem
onstrated within the Hm.ited data now available. In the male sex there 
is a fall in HDL2 concentration in the 20-29-year age group as com
pared with the 18~19-year age group that is significant at the lo/o level. 
In the range from 20 years to 60 years there is no further significant 
change in HDL 2 concentration in m.ales with age, There is an apparent 
rise :in HDL 2 concentration in the 60-·69-yea.r-:old male compared with 
the 50- 59-year age group. signicant between the l o/o and 5% leveL It 
is evident that a larger series of males beyond 60 years of age is re
quired to determine more conclusively whether this rise is real. In 
the fem.ale sex no significant difference in :mean HDL2 concentration 
can be dernonstrated for l8-l9~year-olds as compared with 20·-29-
year -old fennales, However • a decrease. significant at th.e l% level, 
in the mean HDL2 concentration is observed in the 30-39-year-old 
females as compared with the 20-29-year-old fem1aJes. It must be 
noted. however. that the age of 30 years represents the dividing line 
between the younger group of females collected in Be:rkeley •. California, 

·and the older age groups collected in Framlingham'• Massachusetts, 
Therefore. we cannot rule out the possibility that the observed significant 
difference in HDL2 level in the 20=29-year-old females as compared with 
the 30~39-year-old females is due to a factor in some way geographically· 
determined, On tl1e other hand the observed difference may very well 
reflect a metabolic alteration with age in the female. independent of geo
graphical considerations. In any event the observed differences between 
18-19-year-old males as compared with 20-29-year-old males cannot 
be geographically determined. since both groups of subjects were of the 
Berkeley sampling, Beyond the age of 30 years in the female no signifi
cant alterations in HDL2 concentrations with age are demonstrable. 

If the assumption is made that the possible geographic factor alluded 
to above is unimportant, then it appears that. within the age spans studied, 
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Table I 

The HDL
1 

Concentration in Males and Females as a Function of 
Chronological Age. 

Age group No. of Mean Standard Standard 
subjects HDL 1 

deviation error of 
of the the mean. 
distribution 

years mgo/o rngo/o mgo/o 

Males 

18-19 15 21.8 3.6 1.0 

20-29 28 21. 6 7.7 1.5 

30-39 82 17.2 7.9 0.9 

40-49 54 18.4 10.5 1.4 

50-59 39 18.8 8. 3 1.4 

60-69 11 23.5 7.8 2.5 

(Total subjects) 229 

Fe.rnales 

18-19 22 17.6 6.2 1.4 

20..,.29 28 15.8 5.8 1.1 

30-39 132 14.3 6.5 0.6 

40-49 104 15. 9 6. 1 0.6 

50--59 44 16.3 5;9 0.9 

60-69 7 16. 6 12.7 5 .. 2 

(Total subjects) 337 
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Table II 

The HDL
2 

Concentration in Males and Females as a Function of 
Chronological Age 

Age group No. of Mean Standard. Standard 
subjects HDL 2 

deviation error of 
of the the mean 
distribution 

years mgo/o mgo/o mgo/o 

Males 

18-19 15 82.5 18.7 5.0 

20-29 28 59.6 26.0 5.0 

30-39 82 57.7 34.9 3.9 

40-49 54 60.3 32.0 4.4 

50=·59 39 64.8 30.9 5.0 

60-69 u 95.8 39.8 12.6 

(Total subjects} 229 

Females 

18-19 22 109.8 45.2 9.9 

20-29 28 141. 3 64.0 12. 3 

30-39 132 102.2 42.4 3. 7 

40-49 104 101. 6 39.4 3.9 

50-59 44 117. 1 50.9 7. 7 

60=69 7 93.4 40.6 16.6 

{Total subjects) 337 

·• 
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the female shows a drop in mean HDL2 level from the peak value ap
parent! y ten years later than the male. 

The HDL3: · (s-ee Table IJH: .In the 18,;..: 19 .. year age gr·oup no signifi
cant difference between males and females in the mean HDL3 level can 
be demon.strated. However; for ~he age span 20 .... 60 years, in each dec
ade it cari be demonstrated the ln.ean HPL3 level in females is higher, 
at the 1% level of significance,. than in the corresponding .males. 

In the age span from 18.:...29 years, for .either sex alone~ no signifi• 
cant change in .m.ean HDL3 level as· a function of age can ·be demonstrated. 
For both sexes, however» ·there .appears: to be a drop in mean HDL3 level 
in the 30-39-year age group as· compared with. the 20-29-year age group, 
the significance being at the 1% l~vel in the female and between the 1% 
and 2% level in the male. Again, as was ,mentioned for the HDL2 data, 
the factor of possible geographic influence. cannot be overlooked for dif
ferences which become manifest at the dividing l:lne of 30 years of age. 

In the males no significant age· trends can be demonstrated beyond 
30 years of age. In the female,. however, there appears to be some in
crease in mean HD~3 l¢vel in the ... 50-- 59:.,yea,r. age g~oup as compared 
with the 30·439-year'age group'. L, This appar'ent'increase~' however, must 
be regarded only as borderline, since it is at the 5% level of significance. 

It is of interest that whlie the female in general has been. shown 
above to be higher than the corresponding male imhoth,the HDL2 and 
HDL~ levels, the n:t;agnitud~ ofthe sex di.f~erence is approximately 2 to . 
2: 5 tlmes as great 1n the I::1DL2 ~ev~ls as m the HDL3 levels, when conr;o• 
s1dered on a standard .scqre bas1s* .. 

Some data exist in the lite'rature on the subject of so-called "alpha" 
lipoprotein as measured by chemical fraction (Russ et aL8) and ultra
centrifugally by Lewis and Page9, The work of Russ,. Eder, and Barr 
provides data for the cholesterol recovered in Fraction A of the Cohn 
fractionation method 10. 10 These authors state that the ''a.l-lipopro-
tein'' is to be found in Fraction A. However, they m.ake no comment 
concerning the possible presence of se.veral components in this fraction, 
nor do they give the percentage that. the cholesterol represents of the 
total lipoprotein. As a result it is impossible to compare their findings 
of the quantity of cholesterol, in whatever form it is present in Fra.ction 
A, with our results on the individual HDLt; HDL2 , and HDL3. Further, 
their limited data .an 20 subjects over the age spari 18-35 years for fe.,. 
males and 24 .subjec~s over the 18-35 year span for males would have 
completely obscured the changes observed in the present work within 
this age spanp · even if they vve·re measuring the HD.L2 and HDL 3 c.ompo
nents combined. Lewis and Page have utilized the .method of Lindgren 
et al. 1 for ultracentrifugal study .of the lipoproteins in a rnediam of den.;. 
sity 1. 21, except for the minor· .modification of substituting KBr for 
NaCl 'and D20 in achieving the density 1. 21 g/ml theyused •.. As was 
pointed out earlier in this discussion· (see .section on Materials and Methcds) 

*C~mparisons on a standa~d .sc~re basis refer to differences ih mean as 
related to the standard deviation of th(;! distribution~. 
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Table Ill 

The HDL 3 Concentration in Males and Females as a Function of 
. Chronological Age. 

Age group No. o£ Mean Standard Standard 
subjects HDL 3 

deviation error of 
of the the mean 
distribution 

years mgo/o mgo/o mgo/o 

Males 

18-19 15 203.0 32.5 8.7 

20-29 27* 195.5 36.7 7.2 

30-39 82 173.3 49.2 5.5 

40-49 54 176.7 43.0 5.9 

50-59 39 181. 1 53.7 8.7 

60-69 11 184.0 38.4 12. l 

{Total subjects) 228 

Females 

18-19' 22 204.5 30.7 6. 7 

20-29 28 222.6 3 7. 1 7. 1 

30-39 132 191. 9 44.6 3. 9 . 

40-49 l_Q4 198.6 39.3 3.9 

50-59 43* 207.1 30.8 4.8 

60-69 7 200.3 39.5 16. l 

{Total subjects) 336 

*In the two groups designated one case had analyses for the HDL1 and. 
HDL2 but did not have the HDL3 analysis because of insufficient quan
tity of serum available. 
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this type· ·of run is unsatis-factory for thE;) re-solution of the HDL. and 
HDL3 .. H appears further th·at Lewis and Page f~iled to ·utilize

2
the length 

of t~me of c-entrifugation described in the Limigrl:m et al. paper, and that 
at l~ast for the HDL3, which is the most abundant high-density lipopro
tein~ their analyses could not possibly have been quantitative under the 
conditions they describe. Direct evidence that their results may not be 
quantitative may be found by comparing the ana~yses reported by Lewis 
and Page f:or what they call .a.l -lipoprotein. ,If the L 21 g/m1 run were 
used correctly according to the Lindgren et al. procedure9 they should 
have been able to measure the sum of HDLz and HDL3 combined. From 
their _ciata for so .. called d S = 4 lipoproteinjtheir ••a.1 -lipoprotein'') for 
males 18-34 years9 .0;1 lipoprotein= 153.7 mgo/o. From Table II and 
Table III, by combining our means for this age range for m.ales, the 
combined HDLz and HDL3r value would be 260 mgo/o. Thus the Lewis 
and Page value is about 40o/o low. Similarly, for females,. our combined 
HDL2 and;E-iDL3 would be 3.15 mgo/o .. The Lewis and Page value for 11

1Il1-
lipoprote:i..~11 ·is 183 mg o/oj) which is again approximately 40o/o low. It 
appears likely that the incomplete separation due to inadequate .centri= 
fugation is the basis for their seriously disd''repant results .. This ren
ders any comparison of the r.esults herein reported with those of Lewis 
and Page essentially without value ... The values reported by Lewis and 
Page for ita. 2 lipoprotein'' are .of the order· of magnitude of those found 
by us for the HDL1~ Their values 9 however, are approximately 1/2 to 
2/3 of our values for HDL 1. . 

lnterco~relations of the High-Deri'sity Lipoproteins 

It is of interest biologically to know to what .extent the factors in
volved in the control of the serum levels of the three high~density lipo..;. 
proteins are alike and to what extent they differ. One approach to an 
evaluation of this is the use of the Pearson product-moment correlation 
between the levels of any pair of lipoproteins. St1ch correlations are 
evaluated in Tables IV., V, and VI. It is evident fro1m Table IV and 
Table V that no strong intercorrelations exist between the HDL1 and 
either the~rHDL2 or HDL3. For most of the age decades involved and 
for both sexes it is impossible even to dem.onstrate any correlation of 
significance. Howeve~D in 3 of the 12 groups there does appear to be 
a significant negative correlation between the HDL1 and HDL2 . It ap
pears therefore that even though there may exist a negative correlation 
between these two l.ipoproteins 9 it is probably of very low order. For 
most of the groups no significant correlation can be demonstrated be
tween th~ OHDL1 and ~DL3 lipoproteins.~ ~lthough in 3 group~ a signi~i
cant pos1t1ve correlatlon 1s noted. Aga1n 1t appears, therefore, that lf 
the HDL1 and HDL3 are positively correlated, the interrelationship is 
of a low order. 

For 8 of.the 12 groups considered no significant correlation is de• 
monstrable between the levels of HDLz and HDL 3 . In three groups a 
low positive correlation o£ borderline significance was found9 and in one 
group a low positive correlation9 significant at the 1 o/o level9 was demon
strated. Therefore 9 an over -all relationship of HDLz and HDL3 levels, 
if p-ositive.9 is of low order. 

Consideration of all these intercor.rel.a:tion studies indicates that the 
metabolic factors involved in the regulation of the serum level of any one 
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Table IV 

The Pearson Product-Moment Correlations between the HDL
1 

and HDL 2 

Age group 

years 

Males 

18-19 

20-29 

30-39 

40..;..49 

50-59 

60-69 

Number of 
Cases 

15 

28 

82 

54 

39 

ll 

(Total subjects) 229 

Females 

18-19 22 

20-29 28 

30-39 132 

40-49 104 

50-59 44 

60-69 7 

{Total subjects) 337 

Pearson 
r 

-0. 19 

-0.39 

+0.03 

-0.20 

-0. 14 

+0.35 

=0.49 

·~0. 34 

=0. 11 

-0.28 

-0.27 

+0. 48 

Test of Significance of r' s 
being different from zero.* 

Not significant 

Significant at the 5o/o level 

Not significant 

Not significant 

Not significant 

Not significant 

Significant between 1 o/o and 5o/o levels 

Not significant 

Not significant 

Significant at the 1 o/o 'level 

Not signiHcant 

Not significant 

*In Tables IV, V, and VI signHiCance of dtlculated Pearson r values as

sessed by reference to Table D in Appendix of "Fundamental Statistics in 

Psychology and Education'' by Guilford. 
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Table V 

The Pearson Product•Moment Correlation Between the HDL 1 and the HDL 3 

Age group 

years 

Males 

18-19 

20-29· 

30=39 

40-49 

50-59 

60-69 

No. of 
cases 

15 

27 

82 

54 

39 

11 

qTotal subje.cts)228 

Females 

18-19 22 

20~29 28 

30-39 132 

40-49 104 

50-59 43 

60-69 7 

{Total subjects) 336 

Pearson r 

+0.18 

-0. 33 . 

+0.29 

-0.07 

+0.34 

0.0 

-0.24 

+0.44 

-0.04 

+0.04 

0.00 

-0. 11 

Test of significance of r's being 
different from .zero.* 

Not significant 

Not significant 

Significant at the 1 o/o level 

Not significant 

Significant at the 5o/o level 

Not significant 

Not significant 

Significant between the 1 o/o and 5o/o levels 

Not significant 

Not significant 

Not significant 

Not significant 

*In Tables: IV,. V, and VI significance of calculated Pearson r values as~ 

sessed by reference to Table D in Appendix of "Fundamental Statistics in 

Psychology and EducationF•, by Guilford. 
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Table VI 

The Pearson Product-Moment Correlations Between the HDL2 and HDL
3 

Age group No. of Pearson Test of Significance of r 's 
Cases r being different from zero.* 

years 

Males 

18-19 15 -0.23 Not significant 

20-29 27 +0. 21 Not significant 

30-39 82 +0. 38 Significant at the l o/o level 

40-49 54 +0. 1.7 Not significant 

50-59 39 +0. 22 Not significant 

60-69 11 +0. 17 Not si.gnificant 

(Total subjects) 228 

Females 

18-19 22 +0. 43 Significant at the 5% level 

20-29 28 ·-0. 16 Not significant 

30-39 132 +0. 17 Significant at the 5% level 

40-49 104 =0.09 Not significant 

50-59 43 +0.34 Significant at the 5% level 

60-69 7 -0.26 Not significant 

(Total subjects) 336 

* In Tables IV 1 V, and VI significance of calculated Pear son r values 
assessed by reference to TableD in Appendix of ''Fundamental Statis
tics in Psychology and Education", by Guilford. 
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of the high-density lipoproteins are largely independent of those inv·olved 
in the regulation of the level of either of the other high-density lipoproteins. 

Summary 

1. Measurements of three high-density lipoproteins in the serum of 566 
clinically healthy adults have been made. 

2. Analysis of the age and sex trends in mean high-density lipoprotein 
levels for the age span 18=69 years has been made. 

3. Possible interrelationships in the serum levels of the three high
density lipoproteins were evaluated. 
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PROGRESS REPORT 

Equipment Development Group 

UCRL-2605 

The Equipment Development group (having successfully set up and 
operated several experiments as well a$ a semiproduction operation 
involving multicurie quantities of alpha, beta, and gamma emitters) is 
now redesigning whatever features seemed to offer opportunities for im
provement. 

More extensive u.se of plastic enclosures can be undertaken since 
a radiofrequency welder has been made which produces a quick, reli-
able weld up to twelve inches in diameter. · 

Airborne Activity Control G;roup 

This group engaged in the following consultations: (1) the ventila-· 
tion aspects of the proposed decontamination building at Livermore 
were planned and submitted to the Plant Engineering group; (2) samples 
of all plastic hood canopy and plastic-coated duct work for Bldg. 70 
were examined and approved; (3) plans for the conversion of Bldg. 4 
were discussed and. submitted; (4) plans for a forthcoming Livermore 
project were formulated, based on the work performed last quarter in 
Bldg. 106, Livermore. 

An electrically actll.ated manometer switch has been developed by 
a member of this group to replace the ·mechanically operated switch 
previously employed in box exhaust manifolds. 'The new device serves 
to trigger a standby exhauster in case of blower failure as well as to 
indicate the static suction in the manifold. Field trials are under way; 
laboratory trials have peen successful. 

Two new experirrti:mtal scrubbers have been designed and fabricated 
with design simplicity and space economy at good flow rates as the cri
teria .. Efficiency trials will follow. 

A year's experience has been accumulated on the use of the so-called 
graded filter (B fiber -PF 1 05-CWS 6 in one housing) as a replacement for 
the two-unit PF 105 plus CWS 6 assemblies. The experience has shown 
the economy and desirability of the singly-housed assembly. 

The improvement of a qualitative air-flow indicator mounted in trans
parent ducting has been effected by replacing the swinging vane by one 
mounted on a single Saran fiber to eliminate all bearings and metals and 
most of the fabrication time. 

Activity Handling Group 

Two new containers for the transportation of radioactive material 
were designed during this period-- one for the hauling of a highly active 
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irradiation from Idaho Falls by UCRL truck and another designed to 
di~>sipate thermal heat generated by its contents. 

A survey and c-odification, for ease of use, of the existing national 
regulations regarding transportation of radioactive materials by rail, 
air, truck, etc., is being prepared. 

Monitoring Group 

A new beta-gamma meter, developed by the Electronics Department, 
is being used successfully by the .Monitoring ~roup in place of the Zeus 
meter. Its range is from 20 mr/hr to 200 rfhr. . 

Considerable experience in tritium monitoring is being afforded to 
members of this group. 

General 

The yearly audit of the accountability and handling methods of Source 
and Fissionable materials at Berkeley was completed by a team from the 
Atomic Energy Commission; the findings were held satisfactory by the 
auditors. 
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STATISTICAL SUMMARY OF MONITORING PROGRAM 

Survey In-struments Maintained 

1. B-)' Ionization Chamber 

2. 1. D. L. Portable Survey·Instrurnents 

3. Cutie Pies 

4. Recording y-lntensity Meters 

5, Victoreen Proteximeter 

6. Fast-Neutron Proportional Counters 

7. Slow-Neutron Proportional Counters 

8. 

9. 

Fast-Neutron Proportional Counter (Portable) 

Slow-Neutron Portable Unit 

10. Balanced Chamber - Fast Neutron - Portable 

11. Special Tissue Wall Survey Instrument 

Personnel Meters in Use 

1. Total Perso'nnel Covered with Film Badges 

62 

20 

3 

22 

3 

8 

15 

11 

4 

3 

1 

2,.923 

2. Total Man Days Coverage with Pocket Chamber 6, 082 

3. Total Man Days Coverage with Pocket Dosimeters 6, 082 

4. Total Man Days Coverage with Pocket Chambers (S. N. )4, 731 

Cases of Weekly Exposure Above . 3r 

Weekly Film 184'' 
Expos. above Area 

0. 3 1 
0.5 0 
1.0 0 

.. 1.5 0 
2.0 0 
2.5 0 
5.0 0 

Information Division 
6-3-54 am 

60" 
Area Lin. Ace. 

21 3 
7 2 
1 0 
0 0 
0 0 
0 0 
0 0 

Chern. Other Total 

64 4 93 
28 0 37 

8 0 9 
4 0 4 
3 0 3 
3 0 3 
0 0 0 
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