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BIOLOGICAL STUDIES OF RADIATION EFFECTS
John H. Lawrence, M. D. . in <harge

ULTRACENTRIFUGAL STUDIES OF THE MACROMOIJDCI’LAR
CONSTITUENTS OF DIVIDING AND NONDtVIDING YEAST

Raymond G. Wolfe

Recent cytochcmical ttudiea have associated the cytologteal p*rtuM«* of

the cell with certain of the biochemical function*. The relatively Urge mito-

chondria have been *hown to be carrier* of the rntyrne sy»tem* involved in

terminal oxidation of both (at and carbohydrate. The entymee that app *r 'o

be freely aoluble in the cytoplasm are responsible (or glycolysis.

On.y recently
ha* evidence been presented**® that the microtome™,

relative ly much smalUr
than the mitochondria, have a possible role in protein synthcsi*.

The process of cell division has been studied largely in reUtien to in. tar

division, the process of replication of the cytoplasmic particles seems to have

received Imle attention. Thia report is concerned with preliminary Ihdill of
the influence of cell division on the appearance of macromolccuUr specie* in the

sedimentation patterns of the Spinco analytical ultracentrifugr. It is felt that

such studies are valuable for what they may contribute to knowledge o! the banc

process of cell division aa a fundamental part of biological process related to

growth. Greater understanding of the abnormal growth and dediffe tentiation

associated with neoplastic development may depend on the knowledge of the basic
normal process of cell division. The feasibility of such s study on micro-
organisms was indicated by the recent publication of Schachman et al, * in which
it was shown that c«U<free extracts of various microorganisms could be prepared
and studied in the ultracentrifuge. Furthermore, it was estiblished that the

macromolecular components observed in these extracts were observed after
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breaking the ceils up by a variety of method*. Thi* iftmi to taduate that the
mac romolecuUr component* present in the cell extracts ore not irUllctt of
the extraction method to for at the method of coll breakage to concerned

In the internet < clarity thl* report te broken up into section*.
Section | i* on account of the study of the stability of eeUdres extracts,
Section U cover* the ctudy of the development of certain new macromoiecular
epenes in yeast cell# a* they art induced to divide. Section tit cover* o
tudy of commercial baker's yeast to ascertain whether it else produce# the
dividing-cell mac romolecular pattern, Thi* ctudy alio revealed the change
in cedimentation pattern accompanying tranefor mation ftom exponentially
growing to *en«ectnt cell*. Section IV cover* a brief itudy of the influence
of extraction condition*, pH, and ionic strength on the presence of dividing-
cell components in ceil dree extract*, Section V preterit* an * count of the
influence of x-eay irradiation on the pretence of microtome* in cell extract*.
Section VI present* a study of the influence of x-ray irradiation on the ability
of cella to produce the divUing<sll component* after cell division it induced.

General Method*

Haploid yea*t (8. ctrevisu* strain S.C. 7) *a* u*ed in the txpr? neat*
reported here except (or the commercial y*a*t (Flsisc hman't i*kr bakerZ*
yeast) u*ed in section tit. Cell* were grown in two ways, In some of the
earlier experiment* cell* were grown in YEDft/2% y«*s*t extract, IV dextrose)
agar and harvested by suspending them in dextrose buffer. In later experiment*
cell* were grown in liquid YED though which sten!# an was passed for the
purpose of aeration. Celt* were nitrogen-starved by harvesting 48-hour culture*
of cells, washing twice with glucose buffer (4% glucose M/1S KH”AIK)”?, and
aarating them in the same medium. During the nitrogen starvation the glucose
buffer medium wii changed every 12 hour*, Aprroximately 4 gram* of damp
yeast it suspended in ISO ml of the med-urn placed ina 2SO0 ml csnmiugr
bottle equipped with a glass tube for asratton. Division of starved cells was

induced by adding yeast extract in the amount to make ti e concentration 1% with
rsspset to this ingredient.
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Surv»4 cells w*rr irradiated after drying down a suspension on
4% agar p*tn pUit* which h*d been poured two days previously. Cell* w*t*
irradiated wiih SO hv nuraye at 41 miltiamperea at * doae |[It« o« 4*0 rep pnr
setond Th« actual doe® given u ruled in the di*<uasion of etch individual
experiment.

Harvested c*tie wore enlrtiled by t modification of the method ol Chao
tnd Schathman * The modification of thtt technique waa necessary to increase
the contentrettofl of the outNICti for the purpose d ultracentr tfugation of the
extract without preliminary concentration m the preparative ultra* entrtfugc
The ctlla were estrteted in a cold room at 4aC. and the extracts wet* hept
under refrigeration until the analytical ultracentnfugation could bt made One
part by weight of the damp cetla wat ground in a mortar with a p«»ti*, ua.ng
eit part# of 100-meah carborundum by a atandard technique  The tame weight
of cetla waa alwaya extracted in the tame tt»e mortar with the tame amount
of grinding. The ground preparation wee then attracted with two parti of
water or other appropriate solvent, depending on the individual experiment,
After being mined with (titer aid (Hyflow Supercelll the preparation wa»
filtered through a thin filter aid pad with vacuum. The ground, once attract'd
preparation waa attracted again with one part of the aoi ent and filtered again
The combined opalescent filtrates were stored in the refrigerator until
centrifuged.

Several of the earlier analytical ultrecentnegations were made at 44,b$0
vpm for the purpose of studying the forepeek All later experiments were made
at 14,640 rpm and the sedimentation pattern waa photographed at twovmnute
intervals In the photographs presented the boundaries are moving under the
centrifugal field from left to right, Photograph* presented in this report
were chotoft gg the time believed to show beet the various boundaries pteaent
in the preparation. This time la usually 6 to g minutea alter the machine
reaches speed. All photographs comparing preparations made under different
conditions are taken at the egual times after the mac hine is up to tpesd.
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Section 1
Study of the Storage PecompotUlon cthe Vettt Entrant j

During the ttudy of (Iw ultracentrifuge w*i not olwoye immediately
ovttUble. When the tedimentotion patteme of stored lomplet were examined,
appearance of * new peek w*i obeerved.

Method

In order to obtain wort mlornuiton on thit phenomenon, a new toll-
free extract wot prepared and aliquot* wtro centrifuged ~ *e *0, 14, and Il
dtye after preparation. The utrid woo otortd at approximately 4° C during
iK« ttudy period. Figure* t through 4 ohow photograph* of their erdimmunon¥*
after 16 minuir* of centrifugation ot 24,440 rpm.

Nrtulle

It con ho observed thot under the condition* of ttorage the microtome
pooh docrooooo in eiar. gradually disappearing with timi. Concomiuntly o
sceond peak. todimttiling moro alowly, appears, but it dot?eaee« in oiae ogoin
with timo of ttorogo. It woo otto ohoorvtd thot the oxtrocto of thv tUrved
coUt hove a heterogeneous forepeak ttdimtnting moro ropidly thon the micro*
tome fraction, Tbit it believed to repretent t polymer!**d decomposition
product of the mlcrotowee (too Fig. 4). Furthermore, thit forepeak particle
group disappears from the tedimenUtton pattern very strikingly o» cell divi*ion
it induced by the Addition of utitiotble nitrogen. Thit forepeak fraction tedimentt
end tprtodt to ropidly thot o peak it vioible only during the time the ultra-
centrifuge ie accelerating up to tpetd (42,440 rpm), or only ohortty ofter tt
the lower-opted centrifugotiont. The time relotionehip for lhe tppeoronce of
the new peek end the ditoppeoronct of th« microtome peok ouggett* thot the
former may be derived from the Utter o* o reeult of dtcompoeition.
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Fif. J
Altrr 10 day*’ storage at

4°C

rig. 4

After 14 day*' storage at

M

ZN-948

Centrifuge sedimentation pattern* of cell'lrso yeast preparation* after
16 minuti a centnfuginy at M, hlO rj.m. Figure* | ¢ rtpreaent various
time* of storage in thr rHr”~rr™ or at -2° C.
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Fig. *
After I\ days’ at
1 C

J6 minutes centrifuging

V't m b

Fig. 6

Photograph of heterogeneous appeaTin*
forepeak which sediments before S78
fractions in preparations from starved
Cells only. The sharp peak about

1/8 m. below the meniscus is the S78
fraction. The peak below the arrow
spreads rapidly with further centnfuga*
tion.

4 minutes centrifuging
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Section 11

Studies of the Macromoleculsr Compoa.iton of Dividing Yeast Cultures
Method

Nitrogen-starved yeast suspensions prepared ai previously described
were induced to divide by the addition of yeatt extract. Cells so treated
were harvested and cell-free extract* prepared 1.75, 3.5, and 5.0 hours
after the addition of the yeast extract. A control harvest was made of the

starved cells. Parallel observations of the cell division (budding) was
carried out.

Results

The sedimentation patterns of the above preparations are presented in
Pigs. 7-10. It was observed that two or possibly three new components
appeared in the dividing -cell extracts. At 1.75 hours after the addition of the
yeast extract, when lees than 1% of the cells have formed visible buds, very
little dividing-cell components are present in the ultracentrifuge sedimentation
pattern. After 3.5 hours, however, when approximately 30& of the cells
are budding, the new component! are present in the extracts. The extraction
technique is standardised and roughly quantitative, excluding such possib. ities
as changing extractability with stage of cell division. Examination of the area
of the microsome peaks in the above figures indicates that the area of the
microsomc peak increases as the cells commence dividing. Furthermore,
this increment in the area of the peak does not occur before the appearance
of the dividing -cell components. The apparent increase in the quantity of
the microsomes present in dividingcell preparations is in agreement with the
observations of Jeener, 5 who has demonstrated that the RNA concentration of
the cells is proportional to the rate of cell division. The yeast miersome

fraction has been reported to have 80£ of the cell RNA and to be 44~ RNA by
composition. *
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Fig. 9

Preparation of starved cell*
3. 5 hours after the addition of
utilicable nitrogen

Fig. 10

Preparation of starved cell* 5.0
hours after the addition of
utilizable nitrogen

ZN-945

All pattern* on this page were photographed after 8 minutes' centrifugation,*
timed from "up to speed". The preparation* were all centrifuged at
52, 640 rpm.
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The microsome particles appear to decrease quantitatively (as judged

by the decrease in area under the peak in the sedimentation pattern) with

time of starvation in the glucose buffer solution. Compare Fig. 10, which

is of dividing cells, with Fig. 7, which has been starved 48 hours, and also
with Fig. 14, which was of a yeast preparation starved 205 hours.

In the interest of clarity throughout the following discussion the various
peaks observed in the sedimentation pattern have been designated alpha, beta,
and gamma in the pattern from a preparation showing decomposition during
storage of the cell free extract. The peaks appearing in the sedimentation
pattern from divlding<ell preparations have been designated 1, 2, and 3
(see Fig. 11).

After it was observed that the preparations were unstable on storage
in the refrigerator, care was taken to centrifuge all preparations within 18

hours. Stored preparations had no apparent decomposition in this time period.
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Fig. 11

Sedimentation pattern showing
designation of macromolecular
components present in decompos-
ing extracts of starved yeast

(see text, page 13).

Sedimentation pattern showing
designation of components
present in freshly prepared
extracts of dividing yeasi
cells (see text, page 13).

ZN-950
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Section 11

Study of Fleischman's Commerical Bakerl! Yeast

It seemed desirable to determine whether the dividing-cell components

observed in section Il were strain specific. Consequently, the study was
extended to include Fleischman's yeast.

Method

Strain S.C. 7 yeast, starved and dividing, were compared with commercial
yeast cake, as purchased and in the dividing condition. The Fleischman's cake
was induced to divide by suspending it in \% YED through which sterile air
was bubbled. The dividing yeast was harvested after S hours. A parallel

preparation of S.C. 7 was made. Cell-free extracts were prepared as described
under general methods.

Results

The dividing commercial yeast was observed to have the same components
1, 2, and 3 that are observed in the dividing S.C. 7 cells (Fig. 12). Extracts
of the same commercial yeast purchased, however, demonstrated a different
sedimentation pattern. Component 1was absent and either component 2 or 3
was observed to be present (Fig. 13). It was observed that S.C. 7 demon-
strated the same sedimentation pattern as untreated commercial yeast as they
changed from the log phase to the senescent phase of the growth cycle.
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Fig. 12

Sedimentation pattern of cell
extract of dividing commercial
yeast.

Fig. 15 |

Sedimentation pattern of cell
extracts prepared from
commercial yeast as purchased.
The sedimentation pattern of
the extracts from haploid (SC7)
cells harvested in the early
senescent stage of the growth
cycle are the same.

33
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Section IV

Studies of Various Conditions of Extraction of the
Yeast Macromolecular Components

Method

Dividing S.C. 7 ceils were extracted, after being ground in the way
previously described, with glycine or phosphate buffers of 0. 1 M concentration
and of pH values ranging from pH 4.2 to 9.7. In addition, the influence of
ionic strength on the solvent was investigated at pH 7. 0 by making extractions
with this buffer at 0. 1, 0.05, and 0.01 M salt concentration. Chao and Schachman2
report an improved solvent for the extraction of the microsome (component alpha)
fraction. The stability of the dividing-ceil components, as well as of the com-
ponents present in starving cells, was investigated by extraction in Chao and
Schachman's solvent and in a 10 times concentrated solution of this salt mixture.

Results

The dividing-cell components appear to be stable at the pH 6-7 range and
from 0.1 to 0.01 M concentration at pH 7.0. The microsomes (component
alpha) of the dividing-cell preparations appear to be more stable than the micro-
somes of starved cells, as there is apparent polymerisation in extracts of
starved cells at pH 7.0, 0.01 M, or even at 0. 1 M solvent concentration. The
degree of polymerisation of the starved-cell microsomes is much greater at 0.1
than it is with 0.01 M solvent. The C-and-5 solvent is therefore able to improve
the stability of the microsomes. Dividing cells likewise showed no polymerisation
when extracted with either concentration of the C-and-5 solvent. Extracts of
starved cells, however, showed considerable polymerisation with either con-
centration of the C-and-5 solvent. Dividing-cell components 2 and 3 are more
easily destroyed than is component 1; the latter is present in extracts ranging
in pH from 4.2to 9. 7. Components 2 and 3 of the dividing cells are present
only in the pH 6-7 range.

The preparations in this study were examined only once, within 18 hours

after preparing the extracts, and the Influence of time of storage on the patterns
observed is unknown.
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Section V

Study of the Influence of x-ray Irradiation
on the Presence of Yeaat Mlcrosomes
Billen and Volkin* reported that x-radiation of microorganisms (E. coh),
followed by bubbling air through a glucose buffer suspension of the cells, resulted
in the loss of roicrosomea from the sedimentation pattern of cell extracts. The

study reported here was initiated to make a similar study in yeast cell prepara-
tions.

Method

The haploid S.C. 7 yeast were grown in a thin layer on YED medium in
petri plates for 48 hours at 30°C. On half the plates the yeast was irradiated
with 40, 000 rep under the conditions described in general methods. This dose
is 99. 99% lethal, if colony formation is used as a criterion of survival. After
irradiation, the cells were harvested from both the control and the irradiated
plates by suspending them in 4% glucose M/15 KH”"PO”. Air was bubbled
through the suspension as previously described for the purpose of aeration.
The cell-free extracts were prepared in the usual manner. Since the above
authors had published i3hly an abstract at the time this was written the conditions
of their experiment were not precisely known. Therefore, the experiment was
repeated three times. The cells were bubbled 48 hours in the first, 80 hours
in the second, and 205 hours in the third experiment.

Results

Irradiated cells were observed to have no change in their sedimentation
pattern under any of the conditions listed above. Figure 14 gives a comparative
example of the normal starved and irradiated cell extracts.
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Fig. 14

Sedimiatation pattern photo-
graphs of normal (at left) as
compared to X4rradiated

cells (right). Al cells were
given the same treatment
except that the irradiated cells
were given 40 kr of 50 kv
X-rays at 25 tna. After
irradiation the cells were sub-
jected to nitrogen starvation
for a considerable period of
time before the cell-free
preparations were made and
studied in the ultracentrifu”e.
The above photographs were
msde six minutes after the
ultracentrifuge (Spinco) was

up to speed at 52, 640 rpm.
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Section VI

The Study of the Influence of X-ray Irradiation on the Ability
of Irradiated Cells to Produce Dividing Cell Components

Observed in Normai Dividing Yeast Cell Extracts

Since extremely high doses of irradiation are necessary to influence
metabolism, whereas relatively low doses produce lethal effects in the same
organism, it was believed of interest to study the influence of radiation on a
possible synthetic ability of cells after they are induced to divide.

Method

S. C. 7cells were prestarved in the usual glucose buffer solution for
48 hours. A concentrated suspension of the cells was Spread out on a 2% agar
plate and, after the water had soaked into the agar or evaporated, the surfaces
of the plates were irradiated with 40 krep of x-rays under the usual conditions
previously described. This dose was 99.99% lethal under the conditions used.
A control suspension was treated identically except for the irradiation. After
irradiation the cells were aerated in glucose buff r for 24 hours. Cell

division was then induced by adding fresh 1% YED medium and the cells were
harvested 5 hours later and extracted in the usual way.

Results

The usual dividing-cell components were observed in the control and in
the irradiated cells. The yeast cell is apparently not influenced by a 99. 99%
lethal dose of x-rays in its ability to produce the dividing-cell components.

Discussion

The possibility that the new macromolecular components observed in the
dividing yeast cells may be artifacts of the method must be considered. There
are repeated studies showing an absolute correlation between the condition of
the division in the~culture and the ability to demonstrate new components
(1, 2, and 3) in cell extracts. 1In no case has it been possible to demonstrate
any of these components in starved yeast cells, except possibly one (component 1)
as a result of decomposition of the extract upon storage. The appearance of
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these new components, as cells are transformed from the resting to the

dividing condition, has been demonstrated in section Il of this report. The loss

of two of the dividing-cell components (1 and either 2 or 3) has been demonstrated
in section HI of this report. The variation in macromolecular composition with
the change in physiological conditions, using the same extraction technique,

would lend support to the argument that the new components are not artifacts of the
extraction technique. A study has been made in which the extraction solvent was
varied in its pH and ionic strength (section IV). It was observed that the dividing-
cell components (1, 2, and 3) were mere stable under a variety of conditions then
are the microsomcs (component alpha). Rigorous proof that biological components
are not artifacts is difficult to establish. The preferred method is the demonstration
of the unimpaired biological function of the particle. This course is not open in
the present study because the biological functions of the particles in question are
unknown, and they have yet to be isolated. Components quite similar to the
dividing-yeast components have been observed in extracts of other microorganisms
by Schachman et al (4), although no correlation with the condition of cell division
was noted. The physiological condition of the organisms studied was reported by
the above authors to be late log phase or early senescence, but'it is probable that
the stability of the dividing-cell components is quite dependent on the physiological
conditon of the cell. Also stability of these cellular components may vary with

the species considered. Either of the last two possibilities could explain differences
between yeast and other species so far as the sedimentation patterns reported by
the above authors are concerned. Itappears certain that the appearance of the
dividing-cell components is quite dependent on the physiological condition of the
yeast studied. That the extraction procedure may produce an artifact dependent,
in some way, on the dividing condition of the cells cannot be conclusively excluded
as a possibility, at the present time.

It is interesting the Lindquist makes no mention of any component similar
to component alpha (microsomes) in his recent study of high-molecular-weight
compounds from bottom and top brewer's yeast.

The similarity of component 1 in dividing cells to component beta in
decomposing-cell extracts is apparent from the photographs. Beta seems to be
derived by the slow decomposition of component alpha. Direct proof of the identity
of beta and 1is, however, lacking. Speculation regarding a reversible precursor-
product relationship between beta and alpha and 1and alpha is, therefore,
unsupported by experimental evidence.
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The presence of the dividing<ell components in Flcischmsn's cake yeast
during division is evidence that these components are not confined to one par*
ticular strain of yeast. Studies of other species of organisms to determine
the general occurrence of macromolecular species in dividing cells would be
of considerable interest from the general biological viewpoint.

It is a distinct possibility that the new macromolecular particles observed
and reported here are of some fundamental importance in the process of re*
production of the cytoplasmic particles during cell division. Further study,
possibly by isolation and chemical characterisation, may give some insight
into the poorly understood process of cell division, and yield some information
regarding the chemical and physical properties of these particles. Attempts to
develop a method of isolation of the new dividing-cell components are now being
made.

Under the conditions of the above-described experiments no influence of
x-irradiation could be observed, either on the stability of microsomes in yeast

cells or on the ability of yeast cells to produce the dividing-cell components.

Summary;

Cell-free extracts of dividing yeast cells were observed to exhibit several
new macromolecular components not present in resting yeast cells. The
appearance of the new macromolecular components was shown to be related to
the condition of cell division by following the appearance of the new components
as cells in a starved culture were induced to divide by the addition of an.
ingredient containing utilizable nitrogen. Preliminary studies of the stability
of the macromolecular components under various conditions of extraction were
made. Irradiation with x-rays was found to have no influence on the stability

of the microsomes or on the ability of cells to produce the new components when
induced to divide.
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THE METABOLIC PROPERTIES OF VARIOUS MATERIALS
Joseph G. Hamilton, M, D.

TRACER STUDIES
LANTHANIDE AND HEAVY ELEMENTS

Joseph G. Hamilton, Patricia Durbin, Marshall Parrott, Marilyn Hemenway,
Margaret Gee, and Ruth Newman

This work is being continued actively, using the procedures described in
previous quarterly reports. Rare earths of very high specific activity are being

used, and are injected via the intramuscular route using adult Sprague -Dawley

female rats as the laboratory animal. Each rare earth is complexed with sodium

citrate, and injected as an isotonic solution at about pH 8.

Cerium-144

The 64 -and 256-day cerium studies, which had previously been set up,
are continuing, and will be reported on when the 256-day study is complete.

Thulium

Ina similar manner these tracer studies are being carried through 256

days. A complete report onthe metabolism of this element will be made when
the 256-day study is completed.

Europium-152, 154

Data from the 1-and 4-day tracer experiment are now available and appear
in Table 1. Results for the mare extended intervals, namely the 64-day and
256-day studies, will appear in a subsequent report.

A mixture of europium-152, 154 was obtained from Oak Ridge as solid
EurC~O”"jj. The europium oxalate was dissolved in 4N HASO”, and a fraction
of this was further diluted in a sodium citrate solution (30 pg/m1l) at a pH of 8
for animal injection by the intramuscular route. The general aspects of the
techniques used were the same as those described in the previous report given
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on cerium-144, and five rats were used for each time interval. In order to

minimise the amount of stable europium given, the animals received only about 2

microcuriis of europium-152, 154, To facilitate the counting of such a small

amount of activity, the ashed animal samples were dissolved in a suitable amount
of 4N HNOj and aliquots of the acid solutions were transferred to gold plates for
counting on a thin-window Geiger counter at the best possible geometry.
Appropriate correct.ions were made for self-absorption.

It maybe noted that the liver uptake is approximately one-half that of the
cerium-144 at the 1-and 4-day time intervals, and there appears to be a
significant increase of deposition and retention by the skeleton. There may be
seen here a transition point between radiocerium and the heavier group of which
the thulium-170 studies given in the last report serve as an excellent example.
The same effect in the case of thulium-170 may also be seen with the 6-day
lutetium-177, which is the last of the rare earth group and —owing to the
lanthanide contraction —possesses the most acidic properties of the group. The

lutetium-177 data are shown in Table Il. Here the liver uptake is about one-

twentieth that of cerium-144 and the deposition in the skeleton nearly three times
greater.

Terbium-160

Detailed studies employing the 76-day terbiumshould be highly
interesting, and will cover the usual time intervals up to at least 64 days and
possibly 256 days, depending upon whether sufficient specific activity for
satisfactory completion of the 256-day time interval is possible.

Attention should be drawn to the fact that these rare earths have been

made available to us through the cooperation and continuing interest of Professor

Seaborg and his colleagues. Needless to say, we at Crocker Laboratory are

most grateful for the opportunities made available to us by bis group.

Radium-223

An attempt wai made to secure satisfactory 64-day data, but owing to
the high degree of radiotoxicity of the alpha-active isotope of radium and the

energy released successively from its alpha-active daughter products,
not feasible to adequately do a 64-day experiment.

it was
The radiotoxicity of this
radioelement has been demonstrated and is presented later in this quarterly report.
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Table |

EUROPIUM»152, -154

The Deposition of Europium-152, -154 Complexed with Sodium Citrate in the
Rat 1and 4 Days after Intramuscular Injection. Values are Corrected for

100 Percent Recovery and Expressed in Per Cent of Absorbed Dose. Each
Rat Received 1.75 Microcuries of Europium-152, -154, 5. 2 Micrograms of

Europium, and 5.7 Milligrams of Sodium Citrate

Tissue 1 day

4 days
% per % per % per % per
organ gram organ gram
Spleen 0.15 0.20 0. 13 0.21
Blood 0.10 0.01 0.06 <0.01
eLiver 33.3 4.94 25.0 2.69
Kidney 3.36 1.86 2.39 1.23
Gastro-
intestinal
tract 1.17 0.14 0.92 0. 12
Gastro-
intestinal
content 4.11 - 2.02 -
Muscle 3.09 0.03 3.7 0.03
+¢Skeleton 35.3 1.40 35.6 1.40
Balance 4.71 - 2.65 .
Skin 3.03 0.08 2.43 0.06
Urine 11.0 - 16.6
Feces 0.68 - 9.08
Left leg 15.9 14.1
Actual Recovery 106.5 109.4
¢Mean Std. Error +1.6 0. 35 +0. 10
**Mean Std. Error +1.9 +0. 09 +

0. 11
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Table 11

The Deposition of Lutetium-177 Complexed with Sodium Citrate in the Rat 1, 4,
end 16 Days Following Intramuscular Injection. Values are Corrected for 100
Percent Recovery and Expressed in Percent of Absorbed Dose. Each Rat of the
1-, 4-,and 16-Days Groups Received 7. 3, 5.7, and 29.2 Microcuries Lutetium-177
Respectively; 0.47, 1.4, 1.9 Micrograms Lutetium Respectively; 4.8, 5.4, and

7.2 Milligrams Sodium Citrate. The Standard Error of the Mean for the Liver
and Skeleton is Shown at the Bottom of the Table.
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Thorium-227

Data are now available for thorium-227, which was complexed with sodium
citrate and given by the intramuscular route to adult Sprague -Dawley female
rats. The animals were sacrificed at intervals of 1, 8, IS and 32 days after =
injection. Since the decay of thorium by alpha emission (hal life 18.6 days)
to radium-223 (half life 11.2 days) results in only a transient equilibrium, it
was found necessary to separate the thorium-227 from its radium-223 daughter
and from the tissue ash by chemical means. The separation was carried out by
employing a modification of the TTA extraction method developed by Scott and
Hamilton for the separation of plutonium from animal ash. The method is as
follows: The samples were dissolved in -4N HNO” and a suitable aliquot was
placed in a centrifuge cone. To the sample were added 6 mg of La(NO”)3 and
10 mIl of 12N HF, with stirring. After centrifuging, the supernatant was dis-
carded, 10 ml of 1.5N HF was added, and the precipitate was resuspended.
After a second centrifugation the supernatant was again discarded. The pre-
cipitate was dissolved by the addition of 25 ml of saturated AI(NO”)*, the pH
of which had been adjusted to 1.5 with the addition of NH?*OH. After the
precipitate was dissolved the liquid was transferred to a separatory funnel
and extracted with 10 ml of 0.25 M TTA in bensene. The aqueous layer was
discarded and tjie organic layer washed twice with distilled water and then
back-extracted with 2N HNO'j. An aliquot of the uitric acid layer was then
pipetted onto a gold plate for alpha counting. Samples thus prepared were
counted immediately |o that the growth of the radium-223 daughter would not
interfere with the thorium count. Each time samples were counted an aliquot
of the dose was also chemically extracted, so that a direct measurement of the
thorium-227 was possible. The decay of the thorium-227 -radium-223 mixture
was measured, as well as the decay of the thorium-227 samples extracted

from this mixture, both as a check on the purity of the preparation and as a
check on the accuracy of the chemical separation.

K. G. Scott and J. G. Hamilton, Proc. Soc. Exptl. Biol, and Med. 83,
301-305, (1953). ~
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The results of the thorium-227 data together with the standard deviation
appear in Table IIl. The low level, on both a per-gram and a per-organ basis,
in the liver and spleen indicate that little if any of the thorium 227 existed in
the body in a colloidal state. The fact that absorption was almost comph te
from the site of injection indicated the value of using sodium citrate as a com-
plexing agent. Note should be taken of the high skeletal values, which remain
essentially unchanged throughout the time intervals from 1to 32 days. There
appeared to be a little increase of excretion, but its effect was small, and up to
the 32-day interval, although some loss of thorium-227 from the associated

tissues was to be expected, the effect was not large except in the blood, kidney
and gastrointestinal tract.

Iron-59

The Fe59 studies have been completed. The purpose of this experiment

is to set up the procedures for studying the damage to the blood-forming tissues

in the acute and long-term changes of iron metabolism as a function of dose

of internal irradiation. The irradiation may be from such sources as the beta-
active lanthanide series, radium-223, and members of the actinide group,
including actinium-227 and possibly astatine-211. Iron-59 was given intravenously
to adult Sprague-Dawley female rats as the ascorbic acid complex prepared
according to the method described by Wintrobe et al. * Because the iron-59 uptake
in the red cells is to be used as an index of the damage to the blood-forming
tissues in the chronic radiation studies, in which other radioelements will be
present in the samples, the .7-day samples were subjected to a chemical separation
as follows: The samples were dissolved in 8N HC1 to which was added 5.4 mg of
FeClj. The samples were then extracted twice with an equal volume of di-
isopropyl ether. The ether was evaporated to dryness in porcelain counting
dishes to which had been added 4 ml of 2N HC1. This technique appearsto be
satisfactory. The recovery values are occasionally erratic, but fairly reliable

in view of the type of chemical separation employed.

2 Wintrobe, M .M ., Greenberg, G.R ., Humphreys, S.R., Ashenbrucker, H
Worth, W. and Kramer, R.J., Clin, Invedigation 2£, 103 (1947).



Table ID

The Deposition of Carrier-Free Thorium-227 Complexed with Sodium Citrate in the Rat 1, 8, 15 and
32 Days After Intramuscular Injection. Values are Corrected for 100 Percent Recovery and Expressed
in Percent of Absorbed Dose. Each Rat of the 1-and 4-Day Groups Received 0. 77 Microcuries of

Thorium-227 and 1.5 Milligrams of Sodium Citrate; Each Rat of the 15- and 32-Day Groups Received
1. 54 Microcuries of Thorium-227 and 3.0 Milligrams of Sodium Citrate.

Tissue 1da 8 days 15 days 32 days
% per % per % per % per % per % per % per % per
organ gram organ gram organ gram organ gram
Spleen 0.36 0.53 0.30 0.52 0. 40 0. 70 0. 32 0.48
Blood 0.27 0.03 0.06 <0.01 0.02 <0.01 <0.01 -
sLiver 4.70 0. 72 4.09 0.45 5. 20 0. 56 4.66 0.53
Kidney 4.44 2.66 3.26 2.01 2. 25 1. 32 1. 73 1.03
Gastro-
intestinal
tract 2.13 0. 30 1.74 0.24 1.68 0. 22 1. 36 0.19
Gastro-
intestinal
content 1.17 _ 0.38 - 0.23 - 0. 14 -
+¢Skeleton 64.9 4.00 66. 3 3.69 65.7 3.46 68. 3 3.50
Muscle 5.16 0.06 3.41 0.03 3.91 0.04 3.96 0.04
Balance 4.48 3.86 - 3.61 - 2.56 -
Skin 3.73 0..14 2.84 0. 10 2.90 e, © 2.50 0.09
Urine 7.00 . 8.67 - 10.9 - 11. 1 -
Feces 1.51 : 5.11 - 3.23 - 3. 32
Left leg 6.26 8. 12 6.09 5.71
Actual
Recovery 100.0 98.6 95.6 91.5
+Mean Std.
Error +0. 15 +0.04 +0. 35 +0.03 +0.57 +0.08 +0.48 +0.06
¢+ *Mean Std.

Error +0.8 +0.10 +1.2 +0.04 +1.1 +0. 12 0.6  +0.07

—\goo
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The rapid accumulation in the erythrocytes at the 3-day interval agrees
quite closely with the data given by Furchner and Storer. The high liver-
uptake values observed are thought to have been due in part to the blood present
in this organ; similarly, a rather high value, in terms of concentration per gram
of the administered dose, may be noted in the spleen. It is difficult to determine
which fraction represents radioiron accumulation held up in these organa and
how much may be radioiron broken down from previously tagged erythrocytes.
The data for the 3-, 7-, 14-, and 28-day time intervals appear in Table IV.

During the past quarterly interval a series of adult Sprague -Dawley
females weighing approximately 250 grams each have been given actinium
chloride complexed with sodium citrate at a pH of approximately 8 by intra-
muscular injection. The actinium-227 had been previously freed from its radio-
active descendents. The animals are to be sacrificed in groups of five at
1,4, 16 and 256 days. The use of sodium citrate in this experiment is to
secure rapid absorption from the site of injection and thus obtain a clearer pic-

ture of the behavior of this particular radioelement as far as its metabolic
characteristics are concerned.

3 Los Alamos Report, LA-1544, March, 1953.



Intravenous Injection.
of Administered Dose.

0. 5 Milligrams of Ascorbic Acid at pH® .

-Tissue

Spleen

*‘Red Blood
Count

seliver
Kidney

Gastro-
intestinal
tract

Skeleton
Muscle
Skin

Urine
Feces

Actual
Recovery

+Mean Std.
Error

+¢Mean Std.
Error

3 days
&QtS
0.95 1.44
52.5 10.9
20.0 2.45
2. 10 1.19
3.47 -
8.36 0.41
7.67 0.07
4. 22 0.11
1.45 -
4.94 -
115.9
1.0 0. 3
+0.9 +0. 19

TABLE IV
The Deposition of Iron-59 Complexed with Ascorbic Acid in the Rat 3, 7, 14, and 28 Days Following

7 days
2xjjSn

0.99

45.7

19.0
2.71

87.6

1.87

8.18

2. 12
1.37

36

.09
12

|OOO

+0.50

+0.09

14 days

0.95

38.2

22.9
1.90

1.62

8.54
8.09
4.62
2.80
15.0

89. 1

1.34

7.26

2.68
1.03

+0.56

+0. 16

Values arc Corrected for 100 Percent Recovery and Expressed in Percent
Each Rat Received 3.0 Microcuries Iron 59, 14.5 Micrograms Iron and

28 days
1.28 2.18
47.1 8.72
25.7 2.69
2.32  1.19
1.81 -
9.13 0.37
12. 1 0.10
4.47 0.11
2.43 -
11.2 -
89.7
+2.0

+0. 37

0. 14

°0
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ASTATINE STUDIES: DISTRIBUTION

An experiment wm net op to determine the oral absorption of uutm t
in the rat following intragastrtc administration. The purpose of doing thia
experiment wu to determine an approximation of the feasibility of giving
aatatme by mouth in tracer amounts to human subjects auffering from
different type# of thyroid diseases. Five plateaued Sprague -Dawley female
rata were uaed. Each rat received 62.5 *licrocuriet of aatatme, and the
data are summarised in Table V. The point of importance eai to ascertain
whether there was a marked decrease in the accumulation of astatine by the
thyroid gland. From the table it may be noted that the accumulation by the
thyroid gland averaged 1.06 percent after suitable correction had been made
for recovery which in itself was quite good. * This value it slightly less than
the uptake following intravenous administration. An interesting observation
was the high level of astatine in the gastrointestinal tract and its contents.
When astatine was given intravenously the amount present at 19 hours was
approximately 22 percent, whereas in this experiment the amount prsstat was
found to be $6.6 percent at 24 hours. How much of this represents unabsorbed
material, and how much recycling, is not clear. Inasmuch as the animals
were fasted 24 hours prior to the administration of astatine, the question of
absorption in the food does not appear to be a significant factor. Finally,
it must be remembered that this was a pilot experiment to determine the

feasibility of oral administration of astatine in small amounts in human beings.
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TABLE V

The Distribution of Astatine in the Rot 24 Hours after Iniragastrif Administration.
Values Presented Are Esprersed to Percent of Administered Dote and Are
Corrected for Deviation of Recovery to 100 Percent. Etch Amrmi Received 42. S
Microcuries of Atutme in Isotonic Saline,

pf
Tissue % per % per
triin
|
$ Spleen 0.1J? 1.0?
Uvtr 1.45 0. 17
Gastro-
intestinal
tract 54.4 *
circsn 11.4
Skm 14.2 0.M
Thyroid 1.04
Urine 4.59 - 1
Feces 0. 95
Actual J

Recovery 9S.1%
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ASTATINE: MBTOPATHOUXJr

Patricia Durbm, Muriel Jik-tiM. M itihtU Piflflw |
Nyian Jeung and Joseph C. Hamilton

Hietopathologicet pr»p«r«tio&i m ociiud with different experiments
currently under way have been made m rcreasing numbera. A good 4**1
of addition*! information her been accumulated la the astatine studies. The
experiments. described intbu report and presented with a i«n«« of photo*
micrographs, wart done with astatine preparation* of which an estimated
20 percent of the astatine wet in the colloidal state, h has been shown that
accumulation of astatine by the thyroid gland is not significantly influenced
when tome of the Astatine u in a colloidal state. Thus, the photomicrographs
*bow changes of the thyroid gland under these conditions that may bs con*
sidered essentially the tame as from administration of the more recent clean
preparations in which no colloid was present. In the lymph nodes and spiesa
the greater accumulation of astatine that ie partially colloidal mey be
anticipated to produce a greater effect, since the tetettae uptake under these
conditions is somewhat gretter in these organs,

Figurs | shows s photomicrograph of thyroid tissue a rat that received
by intravenous injection a total of 110 microcuries of astatine (which was
squivalent to 0. 7* microcuries per gram) wae escrificed at the end of two
dsye. The thyroid gland thowed no evidence of change from the norms! rat
thyroid gland. Figure 2 presents a photomicrograph of tissue thyroid gland
of s rat that recsived the same amount of astatine and was sacrificed at the
same time. Here may he seta some apparent changes in the colloid which
would suggest early damage.

An extreme degree of injury to the thyroid gland of the rat can be
seen in Fig. 1. In this instance, the animal received 17* microcuries of
astatine by intravenous injection, or 1.8 microcunee per gram, and was
sacrificed at the end of five days. A few follicles may be seen, which
appear to be devoid of colloid, and the follicular cells have lost their normal
structure. There was evidence (not shown in the photomicrograph) of some
hemmorrhage and infiltration by polymorphonuclear cells. This type of
injury was seen to the same degree in other animals fscsiving this dose of
astatine and also sacrificed at the end of five days.
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thm# Mg* b'>itti *a Fig. 4 the M« *4t*ct al daily
*Loxhx o || >Aj*(ttioa «d "KM tivm ad-d* *1 the 4<M« Wh |
at 14 p* » |[«*| tot Oft* waefc ptr(«4ft| th* «dmim«trftUM
«t 1*e diki 4 *mt *™ m 1.4 nutt«ntt;«i p*r gun by *t»gw, tht
**tt«ftved A th* **4 mt 14 4avi. TM thittci ot
eppate*** »i*t }( « % td4 gU»4# .i MUItt. TM |»Mt«ch«« effer* upon
the U |r«4 |4« 4, 44 Mt app y to the iftifAdl *i * vitlt, i ti

b*«o*ft-.ftg **et*ft* «m » ftpp*;«*t that pr«tr*atment with stable poltM tun iodide
a» th*»* #*gh 4mi kw I# cuhtiu t* th* rM ittomaty not on;r ot M tittat. but
Sift* H « rap*, TN» up**ft «M thyroid gland *«» Mt wnespccted, motmuch
*e it hic« W™** putton pretveatm**! o4 rati with »t*b » pM*»»t4tn iodide
4» twc*e< * tl« 4ft* onm o»«ft ot iU ttftc n ih thyroid |4 &4.

An U “*mp» Ui b**ft mod* to cNivitU the bitt"Uologidl cltngci in
the iivera, lymph ftfttUftt 1«4 ftpl®*** ot rats that have received utitmr at
twr Wthat rang> »itfc pd without pretrealm**1 with it*1U gettm un iodide at
th# do** ***e o [M<«itr4 above. F g*r« $ilowi ft* rlin|«« observed ia th*

Udi.hif4 at 14 4av#( having had »0 p«trutm»nt 0.?t potatsiom .odd¥*,
figure g piMcnii a ptotorm* rograph ol a liver Irani another animal, which had
received tb* a*ma amount *4 attaint* and **e« sacrillced at 10 day*, but bad
rn*»w4 pr*tteatmeat with iubl* .od dr tor »,a day*. There appear! to be ft
difference iftth* r stopathoiogKa* changes. Obvioualy, much effort must be
4*vyoted to 4 .1t*na« oh*thtt the#* differences. which are guile obvioua her*.
Art <*giiUtit a; «gnlaar.ee,, That* would team to be a greater degree of
hrpath.« injury to thote animal* which were not pretreated with ruble iodide
than pf#*f« ated imnuii,

figure! y and | are r*pr*tentative photomicrograph* ot merenteric
lymph node* at th* 90 *.th and without protvaatfMt with potassium iodide,
respectively, Th* doa« level ol astarn* war tb# tame, namely 1,1 micro-
Curif! p«» gram tor ra« h ammftl. The photomicrograph shown in Ft*. 1 was
obtain* d tr urn an an.ma: »a<r fu*d at 11days, and that imFig, | from one
M erittcrd »n 7 d*y*. The vanat.ons ui the date ol sat fillet ante from the

lad that w* at** a*i* mpMng to obtain at the fame time reasonably adequate
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Ti» affect of pretreatment with potassium iodide upon the thyroid gland
of a rat subsequently given 170 rotcrocurtes of astatine (1.8 rmcrocuries
par grant} by intravenous injection and sacrificed ten days later, x 100.
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A section from the liver oi a rat which had received no pretrestment with
stable iodine but hsd been given 1. 8 microcuries of astatine per gram by
intravenous injection and sacrificed at 14 days. The distortion of the
normal architecture and the hemorrhage are noteworthy, x 100.
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Fig. *

A section from the liver of a rat which h4d received days’ pretrrdtment
with stable potassium iodide and then was given 1.8 microruriei ef astatine
by intravenous injection and sacrificed at 10 days. Dilatation of the sinusoids

and loss of nuc lear structure ar< the prim ip”l obier\ ation* to be made in
this particular section. * 100.
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lethaitt) data. vh»n the *pp<4*» to b* the po*r*. of #al.h * *S «*4 nlieed,
B*c4ue« it U no* <*a# bit to m»<nU.ik « 14-k--.r obittvitiCR os the
and the groups art am*U, tfc*se variation* in the iiciliui date# nr* ntvttdrit.
The imprrseton to 4*t«, tot which theee two photem..rag*eph* or*

rv dfncr, ti that pvittntm iX results .ft |f t«tT to
the cervical and mesenteric lymph node*. Inthe tp.een, It picture it u yet
ill dcfin-d and mutt await the ic;am;Uu»n of mo*e data. It should b* ponded
out that these iramiii received imtme preparations tbot o-sr* (it* of
colloidal particle* such at ««rt observed and described i* thie and a pr«vioet
quarterly report.

Figur* 9 prve* mt a photograph of * r*t which had r*c»iv«d 1.1 micro*
curio* of astat.ne*2il 40 days previously and « u ?b day* of age at the time
he photograph waa taken. On lit right u shown a control atumal 49 daya of
age. The difference m length of the two animals is apparent. T gure 10
preaente a similar picture* but &thia caaa radioiodide waa given rather
than aatatine. The control rat on the right waa 19 days of age when the photo*
graph wit taken and the experimental animal on the left was 0? day* of age*
This rat received 70 microcuries of radioiodide per gram and the photograph
was taken Ib days later

The presence of colloidal particles in the aatatine preparations may he
significant, both in the mortality aspects of high doe* levels of this radio*
element and in the histopal hological changes, la the preceding quarterly
report, photomicrographs of colloidal particles containing astatine in the liver
were shown. When thia effect waa recognised, subsequent experiment* were
performed with mater.al known to contadn colloidal particle* upon which
presumably some of the aatatine was adsorbed. The presence of these pre-
sumed colloidal particles containing astatine was demonstrated by the us* of
NTB stripping film emu.iion, The liver experiments were rspeated in more
detail; also, the spleen and boot marrow were examined by thia radio-
autographic technique 19 houra after the intravenous administration of b0
microcuries of astatine to each rat. Further cor.tro..ed experiments were
also done, In which the astatine was filtered thro-gr. a fritted glass disk
and centrifugation waa done at 100,000 G for 30 minutes. Whenever
preparations were used that had not been filtered and aubjeeted to ultra-
csntrifugation, atars were teen inthe stripping film emulsion, indicating the
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Fig. 7

A icciion from a mesenteric lymph node of a rat which had had no pretreat*
ment with potassium iodide and received I.b microcuries per gram of
astatine by intravenoui injection, and was sacrificed at Il days. There may

be seen evidence of marked hemorrhage, atrophy and loss of the normal
structure.
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Tig. 8

A section from * lymph node of » rat which had been pretreated with
potassium iodide for six days and then received 1.8 microcurie* of a.itatine
by intravenous injection and wa* sacrificed at 7 days. The degree of atrophy
and hemorrhage appears more extensive than in Fig. 7. x 100,
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Fig. 9

Left: a rat that had received I.H microcurie* per {ram of astatine and
was 55 day* of a“e at the time of injection. Thr picture was taken 40 days
later. The control animal, on the right, was day* of a.;*-.
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Fig. 10

Left: a rat that had received 70 rmcrocune* per gram of radioiodine at an
age of 52 days. The photograph wa» taken 55 day# later. The control on
the right wai 89 da/« of a”e.
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pretence of aggregates of astatine Atom* in liver, spleen. *nd bone marrow,

The treated astatine preparation* showed no atari in any of tlill three t»i*u*i.
Thu evidence u corroborated by tracer studies employing «iUtin« that had

not been filtered and centriiuged a* deicrtbed earlier. The untreated preparation*
of aatatine gave much higher netatme content ut the liver and ipleen than the
treated preparation* of aatatine. It ia of tateveat that when an untreated prep
aratlon of aatatine waa administered mtraperitoneally , there were fewer atare
lobe **ea in the spleen, liver, and bone marrow than when the aatatine waa
administered intravenously. This would euggeat that the peritoneal membrane
served to act ai a filter.

As a corollary to thia work, a careful search of the literature was made for
lethality data on iodine4ll, We were interested in comparing whatever relative
biological effect* might must between aatatine 411 and iodine 1)1 in the rat.

The search proved fruitier*. Accordingly, it wag decided to set up a group
of experiments to ascertain approximately the lethality of iodine 4 It in
Sprague 4>awley female rat* approximately DO gram* in weight and 8§

day* of age. These parameter* were selected to that the brat poesiblr com*
parison could be made to the aatatine lethality studies. Initially, four groupa
of ten rata each were used; they received the radioiodide by intrsperiUmral
injection. The initial doea level* employed were 10, $0, $0 and 70 micro*
curies per gram respectively. The percent lethality at JOdaya wa* 10, SI,
SI, and SS, respectively, for these four doae level#. The animals that

died the firet three daya after the administration of radioiodide showed grossly
very little except for hemorrhage in the thyroid gland; the largest number of
early deaths wae within this time interval. About the 15th day, the animal
receiving the two higher dose level* developed a rather curious respiratory
symptom, which could be heard when listening to the animals breathe in a
quiet area. The sound might be beet described at having a quacking quality,
and presumably arose from radiation damage to the larynx and trachea as a
result of accumulation of radiolodide by the thyroid gland. Crossly, the
lymphatic structures (which Included lymph nodes, spleen, and thymus) appeared
to be slightly hyperemic; surprisingly these were not markedly reduced in
sixe. The thyroid gland appeared very small, was white, and was firmly
attached to the trachea by fibrous tissue. Hiatopathologicsl preparations
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«Would be mad# available lor the neat quarterly report. The *Himino«i of
emount U total body Irradiation received U somewhat difficult, (or several
riliom, Spuer and (icUitltl did not permit the maintenance of 30 animaU

at on# tint* in .separate metabolism cage# to that the fraction of iodin# excreted
could bo accurately established. moreover, tbort was no available facility

for determining th# total amount of activity in oach animal for tho firat 24 hour*.
It mult b# kept in mind that iodine U rapidly excreted, except for that accumu-
lated and retained by the thyroid gland. Another factor waa that the animate had
to be maintained In groups In the cages, and there waa aotne cross-irradiation.
etnce there animala tend to sleep In a group rather than apread about the cage.
Circumetancea were euch that some three to five animal* were maintained in
each cage, but the individual cage* were aeparated from one another by adeqtuie
lead ahlelding. However, from making the beat approximation poeelbta, U
would appear reasonable that groups reeling the value* for the 10, 30, 90 and
70 microcuriea per gram were 152, 11b, 660 and 121 rep respectively, These
values would appear tobs aomewhat out of line in light of the fad that only

\s percent of the high»4ose-level group died in th# first 10 days. This work is
being continue**; a mors detailed report will be presented and attempt* will he
made to more accurately evaluate the amount of total body irradiation received
by each animal.

In the previous quarterly report It waa mentioned that pretreatment with
mtable potassium iodide apparently enhanced the lethality for rats of both
astatine-2It and x*ays» This work is now bsing very actively pursued, and in the
next quarterly report a complete account should be possible, establishing the
significance of this effect in young and plateaued Sprague -Dawley female rata
treated with 230 KVP a-rays. By this time, ws will have accumulated studies
on nearly 200 animals, which should substantiate how real this affect may be.

The radiotoxicity studies with radium423 are bring continued anda more complete
report will be presented.
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Warren M. Garrison
ACETIC ACID
Winifred Bennrtt, Sibyl Colt, H. H. Raymond, and Boyd M, Weeks

h previously reported studies of chemical change induced in aquo>
organic eycietne by cyclotron irradiation* it e«» neceeeary to uee beam
intensities >0.100 ga to ineure quantitative measurement wth the then
| *i« mg beam-monitoring equipment. It hae been apparent for tome time, ae
discussed in earlier reports, that it would be deeirabie to obtain data at lower
beam intensities, eothat result* from cyclotron irradiation studies could be
more adequately correlated with other current research, much of which U done
with radioactive sources and at considerably lower dose levels. Recently, the
Crocker Laboratory cyclotron group installed a beam monitoring circuit which
permit* radiation chemical studies to be maoe with existing target assemblies
at beam intenaiUee as low at 0.010 pa. Data have been obtained on the acetic
acid system at this dose rate level.

Irradiation of dilute aqueous solutions of acetic acid reeults in the
formation of hydrogen, hydrogen peroxide, and succinic acid ae principal
products at radiation dotee below | x 10*® rv/ml. The product yield, C ,
Increases with acetic acid concentration and approaches a limiting value in the
range 0.25 « 1.0 Macetic acid. With 3S44ev helium ions at a beam intensity
of 0, 2 pa for a total does of 0. 030 g ahr the limiting values are Cu < t.Oi

Qlg «0,d6;C *0. 16R, On the basil of recent Work3 on the rﬁechanism

of water decomposition by ioniiing radiation, it would appear that the total
number of water molecules dissociated by the primary procesa

H20 — *H ¢ OH m

iH 2O ------ AW— * Hj , Hjl02 0')

Is a constant equal to **3.2 independent of the type of radiation; i.e., ionisation
density is important only in determining the relative number of water molecules
decomposing via Eq. (1) or ("")e Therefore, in the irradiation of dilute acetic

1 Radiation yield (C) represente the number of molecules formed or decom-
posed per 100 «v absorbed energy,

2. Quarterly report, July, August, September, 1953.
3. E. J. Hart. ANL-4633.
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acid with 15-Alev helium ions, the hydrogen yield should Approach a value of at
least 1.5 *1.6 unless a net reduction of acetic acid is involved. No such reduction
has been detected in amounts that would account (or the low hydrogen yield

(Ou « 1.0) at 0.200 pa. Apparently, as discussed in previous reports2, the

radljcal<atalysed recombination® of hydrogen and hydrogen peroxide is Involved,;
5o 4 OH —— » H0 ¢ H W

H * H202 “ — H’O L4 OH . <»

The Hand OH radicals are regenerated, and in pure water the chain is terminted
by reactions of the type

OH « j90p — + HO02 ¢ H20, 4)
ho2 ¢ H 2 H2°2 ©)
In acetic acid, competing reactions for OH and H are involved:
OH +A - A ’HZO, (b)
2 Y- N— > A eH2. .
H A e = A 8)

Although evidence for Cq. (7) has been obtained2, reaction (6) is considered the °
principal source of A" (CH"COOH), which dimeriaes to form succinic acid by
the reaction

2 - & S . 9)

As the H2 and H202 concentrations increase, reactions (2) and (3) become more
important. This results in a decrease Inthe experimentally observed radiation
yields for H2 and H202* Therefore, to insure that initial yields are being
measured, both a low dose rate and low total dose are necessary. We have
accordingly utilised the recently available facilities for monitoring low beam
currents on the Crocker Laboratory cyclotron to study the effect of beam intensity

4. A O. Allen, et al., J. Phys. Chern. 56, 575 (1952).
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on radiation yield* in acetic acid solutions. Some ofthese result* are summarised
in Table 1. It 1* apparent by inspection of these data that previous studies of

0. 2 pa do not represent initial yields. At 0.010 pa, however, the observed G
values for and Indicate that beam intensity effects are becoming
negligible. Further studies of dilute acetic acid solutions at low beam intensity
are in progress.

At higher acetic acid concentrations the G values for hydrogen, hydrogen
peroxide, and succinic acid decrease linearly above 1 M with increasing acetic
acid concentration; the G values for carbon diokide and methane, however,
increase linearly with acetic acid concentration from 0.0625 M”to 16 M acetic
acid. It has been suggested” that this linear dependency ofcarbon dioxide and
methane represents a direct interaction of the effective radiation with acetic
acid. That this process cannot be formally represented only by

CH3COOH - a CH4 ¢ cor (10)

is indicated by the fact that carbon dioxide and methane are not produced in equal

amounts. The ratio G"q *e — 3 over the entire concentration range.
2 A

A reaction in addition to that in Eq. (10) is presumably involved in the "direct
effect”. Some time ago™ it was found that acetone is produced in the radiolysis

of 16 M_acetlc acid. More recently, we have obtained cvicfence that total carbonyl,
calculated as acetone, increases linearly with concentrstion, and at 16 M
represents a G value of r 1.50. Mass spectral analysis™ of the volatile fraction
separated from an irradiated 16 acetic acid solution by fractional distillation
showed only acetone and acetaldehyde in appreciable amounts. Acetone accounted
for approximately 80 percent of the observed volatile products. These results
suggest that a second direct process represented by

2 CHjCOOH . m  CH3CCX:H34 CO02 ¢ HzO (12)

is involved. Whether or not reactions (10) and (11) involve radical intermediates
is yet to be determined. |If radical reactions are involved in (10) and (11) it

5 We are indebted to Dr. Amos Newton for this analysis and for all gas
analytical data presented.
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TABLE |

Effect of Be4m Intensity and Exposure Time on Radiation Yields (G)
in Evacuated 0.25 M Acetic Acid Solutions —Target Vol: 100 ml;
Radiation: 35-Mev Helium lons

Intensit a

y (pa) Exposure (pahr) CH2° 2 .

0.010 0.005 0. 86 1.40 aa

0.010 0.005 0. 85 1.44 as

0.010 0.030 0.51 1.19 0.40

0.200 0.005 0.67 1.05 as
0.005 0.66 1.10 aa
0.030 0.46 1.08 0.36
0.060 0. 40 1.1 0.32
0.100 0.33 0.98 0.32

1.00 0.050 0. 48 1.09 0.34

*

Radiation yield (G) represents number of molecules formed per 100 ev
absorbed energy.

+* To be determined.
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would seem logical to aieume that three could compete with reaction* involving
Hand OH or CH”COOH. The observed shape of the product yield curves would
indicate that such processes are not occurring. Because of the importance of
these phenomena in both radiation chemistry and radiation biology, radiation
chemical studies of concentrated solutions are being conMnued.
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THE EFFECTS OF DISSOLVED OXYGEN IN IRRADIATION
OF AQUEOUS SOLUTIONS OF ACETIC ACID

H. R. Haymond

Recent work on the problem hat been related to (1) studies of the effect#
of dote rate, total dote, and acetic acid concentration on the yield* of the
products of irradiation, and (2) definite identification of tome product* indicated
by calorimetric tests. The data are incomplete and a detailed discussion will
appear in a future report.

In the pretence of oxygen, the yield of succinic acid decrease* and the
yields of hydrogen peroxide and carbon dioxide increase a* compared to amounts
in solution* irradiated in vacuo. However, the stoichiometry does not account
for complete oxidation of acetic acid to carbon dioxide nor for complete con-
version2 of oxygen to hydrogen peroxide. One possibility, discussed in a previous
report, is that oxygen reacts with the radical CH*COOH to form other products
as yet unidentified. The investigations indicated above should help to clarify

how oxygen enters into the reactions occurring during irradiation and what the
resultant products are.

GLYCINE
B. M. Weeks

Various aspects of the current study of the radiation chemistry of aqueous
glycine solutions have been discussed in previous quarterly reports beginning
with October-December 1952. Work in the past quarter has been directed
primarily toward the problems involved in the separation and determination of

the several nitrogen products as well as the purification of glycine for bom*
bardment.

Chromatographic technique

In addition to the very convenient and sensitive method of C** labeling for
the determination of product concentration in the column effluent in the chroma-
tographic fractionation of the nitrogen products, another method had to be
developed that could be used simultaneously and independently so that co-
chromatographs could be obtained and also so that larger quantities of material
could be analysed. Several different methods were tried, but it was found most
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practical to titrate directly with NaOH the hydrochloride salt! of the minute
amounts of the amino acid and nitrogen baae products that come off the ion ex*
change column. Since the eluents used are 1.5Nto6NHCI, every trace of
free acid has to be removed from each sample (or aliquot thereof) before
titration. This has been done so far in a large vacuum desiccator at room
temperatures. Very satisfactory elution curves have been obtained for several
targets and for glycine control.

To facilitate collection of uniform samples of the column effluent, an
automatic sample changer has been constructed. This employs a 25-inch*
diameter horizontal turntable with 60 equally spaced radial partitions into
which beakers or various other collecting vessels of from 5to 20 ml capacity
can be accurately positioned. If some partitions are removed, beakers of larger
capacity as well as Geiger counter sample dishes, etc. can be conveniently
positioned; the capacity of the turntable is thereby reduced, however, from 60
collecting vessels to 30, 20, 15, etc., depending on their size. The turntable
is automatically advanced 6 degrees, or one partition, each time a predetermined
number of drops from the column have fallen through an electrical counting
device into a collecting vessel on the turntable. The drop falls between two
platinum electrodes in an open tube between the delivery tip of the column and
the collecting vessel. The momentary contact with the electrodes fires a
thyratron tube which in turn activates the count relay of a signal impulse counter,
which upon completion of a counting cycle starts the turntable motor. A cam
on the motor shaft actuates a microswitch for every 6 degree rotation of the turn-
table, which automatically shuts off the motor and resets the impulse counter.

A heating and ventilating system is planned that will dry the samples down
more conveniently than is now possible with a conventional vacuum desiccator.

Purification of glycine for bombardment

Repeated recrystallization from water of glycine as supplied by the

Nutritional Biochemicals Co. seems so far to be fairly satisfactory. However,

much glycine is lost in the process, and some other procedure for the purification
of glycine labeled with C is necessary. As discussed in previous quarterly
reports, there are objections to chromatographic purification methods. An
attempt has therefore been made to develop a method of vacuum sublimation of

glycine at temperatures between 150° and 200°C. (Glycine melts with decompo-

sition at about 230°C). First indications are encouraging, and perhaps the method

can be used for the preparation of larger quantities of inert glycine as well as
14 .
the C~ -labeled material.
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SEPARATION OF FORMIC. GLYCOUC. GLYOXYUC AND
OXALIC ACIDS BY METHODS OF PARTITION CHROMA-
TOGRAPHY ON SILICIC ACID COLUMNS

Winifred Bennett and Sybil Cole

Evidence hat been obtained™ which indicatea that glycolic, glyoxylic?,
and oxalic acida may be formed in the radiolyaia of aqueoua formic acid
aolutiona and in the radiolyaia of oxygen-aaturated acetic acid solutions.
Methoda have been developed for the quantitative aeparation of these acida in
irradiated formic acid aolutiona. The atandard procedure of Marvel and Rand”,
in which a water-saturated butanol-chloroform aolvent sequence ia employed,
given a quantitative aeparation of glycolic and glyoxylic acida. Oxalic acid,
however, gives erratic results and ia not quantitatively eluted. A quantitative
method for the separation of formic, glycolic, glyoxylic and oxalic acid has
been developed using a modification of the method of Bulen8, et al. The
atandard column dimensions and general procedures have been previously
described” in detail. In the present modification the column length is 1.5
times that of the standard column. The formic and glyoxylic acids are
separated by eluting with 10 percent butanol-chloroform saturated with 0.50 N
hydrochloric acid. Glycolic and oxalic acids are then separated by 25 percent

butanol-chloroform. A typical chromatograph for the aeparation of glyoxylic
acid and oxalic acid ia shown in Fig. 1.

6. Prepared from di-n-butyl d-tartrate by lead tetraacetate oxidation
(N. E. Tolbert, unpublished procedure).

7. C. S. Marvel and R. D. Rands, Jr., J. Am. Chem. Soc. 72, 2642 (1950)
8. W. A. et al., Anal. Chem. 24, 187 (1952).
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HEALTH CHEMISTRY
N. B. Garden

PROGRESS REPORT

Previous progress reports have mentioned the large-scale operation that
took place in Bldg. 106, Livermore, in which equipment was designed and built
by Health Chemistry for processing multicurie quantities of fission products
combined with multicurie alpha-emitting substances which had been irradiated
in the Materials Testing Reactor at Idaho Falls. As noted before, this operation
consumed the greater part of the effort of the Equipment Development and the
Airborne Activity Control groups, with assistance from personnel in the other
Health Chemistry groups. The material was processed successfully and safely.
The over-all design of the setup involved a completely enclosed system at
slightly negative pressure, in which all air within the system (and therefore all
air in contact with any phase of the operation) could be completely entrapped
within the system, being recirculated after chemical and physical treatment or
stored as indicated in expandable accumulators. The system included a chemistry
processing box, a materials encapsulation box, transfer boxes, and expandable
accumulators, switching boxes, air treating equipment, etc. The chemistry and
encapsulation boxes were shielded by straight-type lead cave walls, access and
visibility being achieved through ball-socket manipulators and lead glass windows.
The equipment for chemically and physically treating the off-gases and leaks
in the closed system consisted of electric furnaces to remove hydrogen in a
copper oxide bed, recirculating NaOH scrubbers for acid vapor and remova:.
dewatering condensers, graded filter beds (glass fiber and CWS No. 6) for
particle removal, and silica gel beds for air drying. The control mechanism
and electrical equipment employed involved pressure-sensitive regulators,
recorders and alarms, refrigerator systems, water pumps and motorized valves,
electrical blowers, continuous-flow ionization chambers, scrap samplers, filter-
paper samplers, numerous manometers and other pressure measurement devices,
thermometers, expandable accumulators. All of the above was connected together

and to the processing enclosures by 100 feet of noncorrodable polyethylene
piping via more than a hundred lucite valves.
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This operation afforded considerable experience in ascertaining equipment
requirements for processing quantities of material of this order of magnitude.
While the closed system described above was completely successful in keeping
the air in the locality free of radioactive contamination, further improvements
or even different methods of attack were suggested. It was concluded that for
larger-volume multicurie chemistry, metal boxes should receive preferred
consideration.

The above ementioned principles were tried with success in the processing
of crud remaining from the Livermore work; this crud processing took place
in a two-inch lead cave in Bldg. 5, Berkeley. The operation definitely showed
that with the handling of large quantities of highly active alpha emitters, the
employment of swiftly flowing air, recycled through scrubbers and condensers,
finally to be discharged through filters, is to be looked upon with favor.

The encapsulated material from the Livermore operation, being highly
active on the outside surface, was further encased, this job taking place in
Health Chemistry equipment in Bldg. 4., with health chemists and chemists
performing the task; thift work was preliminary to calorimetry operation, in
which the absence of contamination was mandatory.

On the termination of the program described above, an equipment dis-
assembly and decontamination period was started. The bulk of the active
equipment has been removed and prepared for sea disposal. A few items of
less contaminated gear await removal and decontamination for possiole reuse.
The larger pieces of equipment, such as the chemistry and encapsulation boxes,
the switching boxes and air dryery and ducting, were placed in metal boxes
in Livermore and transported to Berkeley, where cement was poured into the
space between the object and the metal box. These units were then dumped
at sea.

The remainder of the stock material from which the above-mentioned
satr ples processed at Livermore were created is being processed in Bldg. 5A
annex, and slugs of transuranic materials for irradiation in the Materials
Testing Reactor at Idaho Falls are being made.
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Research continues on other MTR irradiations and various handling and
processing devices have been furnished by the Health Chemistry Equipment
Development group. These include a slug cutter for opening irradiated samples
encapsulated in quarts capsules of less than four mm diameter. This cutter,
based or. one used at the MTR, consists of pipes in a telescoping position for
breaking the quartz. One irradiation from Idaho Falls was successfully
repackaged at the airport in equipment set up on a Health Chemistry truck,
and was immediately returned for further irradiation.

A special inventory of materials in the Pit Room in Bldg. 5 was made,
and a new indexing aystem was created, with a goal of having the holdera of
the materials therein constantly review their holdings and make new decisions
whether or not the material should continue in storage. It ia hoped that this

system will tend to eliminate the accumulation of vast numbers of odds and
ends of no value.
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HEALTH PHYSICS
Burton J. Moyer

4

STATISTICAL SUMMARY OF MONITORING PROGRAM

Survey Instruments Maintained

1. B-y lonization Cham D er . e 62

2. 1.D. L. Portable Survey Instruments. ... 20

K 1L A= o 1= PSSP 3

4. Recording y-Intenaity M etersS . e 22

5. Victoreen ProteXim IO e

6. Fast-Neutron Proportional CoOUNTErS..ici e

7. Slow-Neutron Proportional COUNTErS .. 15

8. Fast-Neutron Proportional Counter (Portable). . . . . . . .. 1

9. Slow-Neutron Portable U nit...eee e 4

10. Balanced Chamber - Fast Neutron - Portable ...

11. Special Tissue Wall Survey Instrument......c.cceeenene 1

Personnel Meters in Use

1. Total Personnel Covered with Film Badges ... 2,853

2. Total Man-Days Coverage with Pocket Chamber ........ 5, 236

3. Total Man-Days Coverage with Pocket Dosimeters.... 5, 236

4. Total Man-Days Coverage with Pocket Chambers(S.N.). . . .4,593

Cases of Weekly Exposure above 0. 3r

Weekly Film 184" 60" Lin.

Expos.above Area Area Acc. Chem. Other Total
0.3 4 12 8 100 9 133
0.5 1 2 2 61 3 69
1.0 0 0 0 9 1 10
1.5 0 0 0 2 0 2
2.0 0 0 0 1 0 1



