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EFFECTS OF RADIATION ON CHEMICAL AND ‘BIOCHEMICAL SYSTEMS

Irradiation‘of Aqueous Solutions of Nitrophénols'

David R. Howton
The pioneering‘investigationé of Stein and Weiss (cf; J. Chem, Soc.

270l (1950); 3265 (1951) on the products of ionizing-irradiation of

aromatic substéhces in aqueous solution leéd to the expéctation that irradia-

tion of aqueous solutions of nitrophenols might involve attack at all
pdssible positions, including those initially carrying substituents, Thus

p-nitrophenol, for example, might give the fbllowing'products,

jesogenelliog

NO, NO,
I IT . IIT Iv
the quinone (IV) arising via a process initiated by abstraction of‘a hydro-
gen atom from the original hydroxyl substituent.
60 Y-radiation of alrwsaturated solutions of p-nltrophenol in’

0.1 N HZSOh yields a series of ultraviolet and visible light absorption
curves which are isosbestic until at least 25% of the original solute is
destroyed, the isosbesticity implying that a single product (or a familﬁ of
products in invériant ratio to one another .and hence probably arising from
a common precursor) is formed, and that this product (or products) is no%
attacked further at an appreciable rate by the substances produced by
radiation of watéro |

L=Nitroresorcincl (II) has now been prepared (by nitration of resor-
cinol monobenzoate and saponification of the)interﬁediate) and; together

with 4=-nitrocatechol (I, isolated chromatographically from commercislly



avalilable material), characterized spectroscoplcally. In contrast to the
behavior of 3-nitrocatechol, both I and II are sufficiently stable in -
basiec selution to permit studying ﬁhese substances in such media.. By
taking advantage of the fact that the absorétion maximum of I in 0.1 N
NaOH (510 mp) lies beyond the region of appreciable absorption of either
II or p-nitrophenol, and tﬁét, in 0.1 N Hgsoh, both I and II absorb light
of wavelengths beyond the limit of appreciable absorption by p-nitrophenol,
it has been possible to show that both I and II are injeed formed (GI'O.67;
Gy 2.2) but that these are not the sole products of the reaction; it has
been possible to estimate I and II to comprise only about 26% of the
total p—nitfophénol undergoing alteration.

From the data of Stein and Weiss (loec. cit.) on the radiation of
aqueous solutions of nitrbbenzene and of phenol, it is possible, assuming

that the directive effects of the two substituents of p-nitrophenol act

indépendéntly, to estimate Gy and GII to be 0.27 and 0.20, respectively. :;f
It is thus clear that effects of the nitro and hydroxy substituents are
interdependent.

These prelimina;y findings, together with the remoteness of the possi-
bility that hydroquinone (III) .comprises the bulk of the unidentified
product, augurs well for substantial involvement of hydrogen atam abstrac-
tion from the original hydroxy substituent and hence, together with solution
of the potentially more complex problem of the products of irradiation of
aqueous o-nitrophenol solutions, for attaiﬁmenf of insight into certain
features of the fundamentally interesting steric requirements of hydrogen
atom abstraction by reactive free radicals. -

Interim Report.




Effect of Gamma-Radiation on Ferriprotoporphyrin,

Mary-Léuise Rothséhild and L. S. Myers, Jr.

Exposure of 1072 M ferriprotoporphyrin in .1 N NaOH to less than
15,060 r of y-radiation.zesults chiefly in a change in the molecule.
whichlléaveé the porphyrin fing structure intact. This change was de-
tected by a shift in the visible absorption pegk at 612 my to 600 my
and'by about‘a 30% decrease in the Soret peak absorptioﬁ. Dilute
hydrogeh peroxide and potassium permanganate'wiil also cause this
change. Evidence of the.importance of the vinyi groups of FPP on
the production of the new iron-porphyrin pigment was obtained by com-
parative studies with ferrideuteroporphyrin.

Reference: Nature 182, 316 (1958), UGLA-LOT

Radiation Induced Reactions of Ferriprotoporphyrin in Aqueous
Alkaline Solutien,

L. S. Myers, Jr., Mary-Loulse Rothschild; Marianne Kersten, and
Laura Cosi ’ A : ,

 Dilute air-saturated 0.1 N NaOH solutions of férriprétéporphyrin‘
(FPP) were exposed to cobalt-60 y-irradiation and analyzed spectro-
séopically. The main path for the radiation induced decomposition
is by a series of conseéutive bimolecular reéctione which give pseudo-
first oerder kinetics. _The‘first observed step appears to be an 6xida-
tion, posslbly accompapied by polymerization, to a compound with an
FPP-like spectrum (FPP') in which~thé~resbnating'ring Eyétém?dfltﬁé'
porphyrin molecule remains intact. The second invelves destruction
of the resonating porphyrin ring system, possibly by a series of
réactions initiated by radiation, gnd possibly involving more than
one celored'comPOund. Subsequent steps produce further eolorless

degradation products which partially protect the unreacted FPP and FPP'

o,
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.. and give rise to the apparent first order kineties an@ inverse:depen- |

| dence of the rate constants on concentration. The yields for the first

' and second reactions‘ere 7.1 and 0.3 molecules per 100 e.V. absorbed,A
respectivelyo While-this scheme gives kineric equations which approximate
the data very well, there is evidence that other reactions are alse occur-
ring. ﬁxistence of FPPf vas confirmed by removing FPP from irrsdiation
solutions by extrection with n-butanol. FPP' remﬁined in the aqueous
phase. It is a‘stable conpound whiech forms complexes with pyridine and
€N~ ion. | |

Reference: UCLA-430.

BEffect of pH on the Radiation Induced Reaction of Ferripretoporphyrin.
Mary-Louise Rothschild and Julianne Hitt |

The rates of the two spectroscopically observabie resctions that
ferriprotOProphyrin undergoes when alkaline soclutions are exposed to x-'
radiation are affected in different ways by a change in pH. The rate of
the initial neaction; the formation of FFP', varies directly with the
sodium hydroxide concentration in the range 103 to 1N, whereas the
second reaction, the rupture of the porphyrin ring structure, varies
inversely with the sodium hydroxide concentration. This, together with
prev1ously obtained results on the effect of oxygen on the rupture of
the porphyrin ring structure can be interpreted as evidence that the HO2
ra@ical, forned during the radiolysis of aerated water, reacts with the
FPP', formed by lnw doees of ;aradiation, tp cause the rupture of the ‘
porphyrin ring snructureo' If this interpretation is cornect it indicates
that the pK for the ionization of HO, is approximately 10 as some investi-

gators believe, and not 2, as others believe.

Interim Report.
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EFFECTS OF RADIATION ON BIOLOGICAL SYSTEMS

. Lack of Glycoprotein Response in Irradiasted Chicken Embryos.

0. A. Schjeide, Sue Simons, and Nancy Ragan

Polysaccharide associated with serum proteins has been found to be
elevated iﬁ several clinical conditions including neoplastic disease,
rheumatoid arthritis, tuberculosis, various infections and pregnancy.

It has also been observed in the adult rat that increases in plasma

‘polysaccharide take place by the 6th day following 700 r of whole body

x=irradistion and remasin elevated until sbout the 12th day pest-

irradiation. Shetlar et al. héve intimated that increases in plasma

polysaccharides uhder elinical conditions are related to tissue pro-
liferation or repair. |

It is of interest to test the serum polysaccharide response in
various stages of chicken embryos and newly hatqhed chicks for -2 main
reasons: - (1) The aboveééntioned:polysacéhafide reaction to irradiation
may be essentially lacking in the very young animal; (2) The normal course

of increase of protein-bound polysaccharide (s doubling in concentration

| of both glycoprotein and seromucoid takes place at hatching) might, con-

versely, be inhibited by x-irradiation.
Results

No sigpificant changés in se;um glycoproteins or seromucolds were
detected in younger animals as a result of irrediation. On the other
hand, significant increases of both total serum polysaqcharide and the
séfomucoid fraction were observed in irradiated lhaweek-omd capons.

As reported earlier, during the course of normsl development, both
seruﬁ glycoproteins and the seromucoid fraction are present in low con-

centration from the 10th to the 20th day of incubation. However,
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between the 20th arnd 22nd day, during the peried of hatching, a doubling
in concentration of both of these moieties takes place’in the serum.
This increase 1s correlated with the fact that growth of both the liver
and the whole body ceases abruptly at this fime° It seems especially
noteworthy that irradiation given prior to hatching had no detectable
influence on the normal increase of serum glycoproteins and seromucoids.
In contrast, dense. lipoproteins (=S 0-10) which also normally appear in
double concentration in the serum after hatéhing, are observed to be
sharply redueed following the animsl's exposure. to 500 r of whole-body
x-irradiation. |

Previous studies in this laboratory have shown that serum albumin
is significantly reduced in the developing chicken by 3 days post-
irrediation. Utilizing the rat as an experimental animel, Shacter et al.
(1952) have correlated this reduction of serum albumin with a decrease |
in total.séfum_sulfhydry}, ‘They bave further related the fall in sﬁlfe
hydrylvﬁifh aniincreaserin serum glycoproteins. It is of interest to
note . that these relationships do not exist in. the embryo chicken. The
drop in serum albumin (and hence presumsbly sulfhydryl) is not followed
by an increase in glycoproteins or seromucoid.’

‘It is possible that the embryo's failure to increase its serum
glycoproteins following irradiatién is due to its limited mechanisms
with respect to the synthesis of these moieties. On the other hand, the
embryo may lack homeostatic regulatory mechanisms present in the adult.

Conclusion
From the sbove results it would sppear that embryo chickens and

very young chicks are incapable of giving a strong.serum pelysaccharide

<
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| response when irradiation is employed as the stimulating agent. The
cells and mechanisms for placing these moileties into the serum are, .
-,however,.sufficiently well developed and radioresistant so that the-:
normal increases in the serum are relatively slightly altered by 500 -
600 roentgens.

Interim Report.

The Effect of Water Content on the Sensitivity of T1 Bacterlophage
to X-radiation.

S. R. Person and Hazel L. Lewis

When water 1s added to frozen dried preparations of Tl bacterio-l
phage prior to irradiation (50 KVP X-rays from a berrylium window tube),
their sensitivity to the‘radiation increases, as might be expectéd on a
physico-chemical basis. While these data are contradiCtory.np what has
.been obgerved at the cell level, we feel that our data reflect an-effect
* more ‘nearly due to water content because the viruses -are metabelically
inert when outside their host.

The lowest relative humidity at which the nhage shovw -an increase
.in radiation sensitivityiis 13%. The sensitivity increeses to its maxi-
mm value (about 2.5 times the minimum value) at a relative humidity of
27%. At relativevhumidities higher than this, the radiation»sensitivity
remains constant. The dry virus preparations are exposed to these rela-
tive humidities until an equilibrium has been esteblished, as judged by
experimental observation. -

Since the virus suspensions need some protective material around
then.to survive drying, we do not know whether the water is absorbed-by

the viruses or the medium. We are investigating these two alternatives.

235
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The radiatlon sensitivity also depends upon -the nature of the medium
in which the viruses are originally suspended and upon the method of dry-
ing theée suspensions. We have some evidence -indicating that these effects v
are also due to varying water ‘contents and we plan to investigate this
further using isotopically labelled water.
No oxygen effect was observed on dry virus samples prepared from
different media and by different drying techniques.

Interim Report.

Phage Killing due te the Presence of High Specific Activity Tritiated
Thymidine .

S. R. Person and Hazél lewis

At present we are ettenzptiné to label T1 and T2 bacteriophage, or
their appropriate mutants, with tritiated thymidine at sufficiently high
concentrations so as to produce killing of the viruses in a reasonable time.

The reeoii nucleus,;roduced by the transmutation may not have sufffieiegt
energy to breai chemical bonds and the effects due to ionizing evente s
caused by the emitted @taéparticle can pessibly be ignored due to the
melecula.r dimensions of the viruses. Therefore , the cause of virus 'death
may'be due to the mﬁoval of a single H-atom from a DNA molecule e.nd the
resulting molecular rearrangements. It should be noted that this 'would.‘
be the first experiment of fhis nature vhere.t.he labe1 is in the "genetic
part” of the virus DNA.

These experiments may offer unequivocal data concerning the fractlon

of the virus NA that is necessary for its duplicatien.

Interim Report.
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Influence of X-Ray Irradiation on Thiamine Transport in Rat Intestine

..L. E, Detrick, H. C. Upham, D, Highby, A. Dunlap and T..J. Haley .

Detrick et al, (Radiation Research, 2, L83, 1955); reported that
600r whole body irradiation of rats, administered by 2-= 250 kvp Picker
Industrial Units activated simul.taneously, produced a survival time of
8.8 days in 50% of the animals, It also produced cellular damage, hydra-
- tion and edema of the small bowel, engorged mesenteric lymph nodes andl
-2 depression of‘gastro-intestinélﬁfunction (measured.by glucose transport
across an isolated intestinal loop in a Fisher-Parson perfusion apparétus)
that persisted long after the histological appearance -of the intestinal
. mucosa had returned to normal.. Séony et al, (Nature; 179, 51, 1957),
‘confirmed the latter observation for succinate oxidation in duodenal
mucosa. . The influence of irradiation on gastro-intestinal function has
been further investigated employing thiamine hydrochloride in place of
glucose,. and irradiation was given by a single irradiation unit head,
One hundred twelve rats were used (56 irradiated) and thiamine transport,
aéross the intestinal wall was studied over a 17 day postairradiation_
period, ALl standard and biological samples were hydrolyzed with HpSO),
and incubated over night with claras; to reéonﬁert cocarboxylase to thiae
mine. Quantitative thiamine determinations wWere made by the thiochrome
methqd,'thé fluorescence of which was measured in a DU spectrophotoﬁeter°
One irradiated rat died of pneumonia and 2 showed extensive pefechial hemar-
rhages in the small bowel; otherwise the animals wére in good|physical
condition throughout the experiment. On gross inspection and histological
study the appearance, intensity and the regression of the hemorrhagic

mesenteric lymph nodes were essentially the same in both the glucose and
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thiamine study. The hydrétion and edematous syndrome of post-irradiation -
intestinal damage wére present but less dramatic.in the preéent experiment
when compared to isolated perfused intestinal. segment weight curves and
histological sections of non-perfused bowel specimens., Degenerative'changgs
were present in crypt cells 1 hoﬁr after irradiation. The greatest damage
was observed at 2l hours and by the third day mitotic activity had resumed.
The regular cell structure had returned- and the epithelium appeared essen-
tially normal, although some debris remained in the crypt lumen, Mucosal
changes consisted 6f abnormally shaped, swollen, pale epithelial cells
and nuclei. Dark staining, bizarre sﬁaped masses of chromatin_material
were observed in the nuclei ar cytoplasm between the cells and in the lu-
men. Gapilléries of the villi were congested and the submucosal vessels
were engorged with i)lood° Quantitative thiamine determinations of the
control intestine perfusion and bathing solutions were more uniform in
value and usually showed a greater thiamine transport acréss the intes~-
‘tinal wall thah was fouﬁd to occur after irradiationf The greater thia-
mine transport of the control animals resulted in a greater loss of
thiamine from the peffusidn solution'aﬁd was reflected in the greater

: |
gain in the bathing solution. The trend in thiamine values of the per-
fusion and bathing solution§ showed an appréximate reciprocal relation-

ship one to another.
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TABLE I

Thiamine Transport from Perfusion Fluid Solﬁtion Across the
Intestinal Wall of Irradiated and Control Rats
(uY/cm. intestine/hr)

Solution | Experimental {Hours .| Days Post ~ Irradiation

- Rat Groups 1 1 3 7 10 1L 17
. Control 2 {1l 60 62 85 67 176
Bathing '

Irradiated - |28 |37 L5 25 29 33 25

Control 59 39 60 60 5L 66 68
Perfusion .
Irradiated 17 31 31 2L 23 33 36

Further determinations will be mide on days L,5 and 6, since this inter-
y§1lappeared to be a critical period in the study of the effect of irra-
diation on tpiamine transport across the intestinal wall.

Interim Report

Point Source Beta-Irradiation of Bone
L. E. Detrick, H. C, Upham, A. Dunlap, D. Highby and T, J. Haley

 Stable 5% or 590 beads were implanted within the femur of L3 CFW
"strain rats to study histological changes in bone, marrow, bloed and body
tissues duémto.localized.B—i?radiation of known intensity (330 x 103-
g38 x 103 rep/cem tissue, bead surféce dosage for 6 months). When sacri-.
ficed the differentiél_blood cell count and histology éf 7 organs studied
§ﬁé@e@ no changes due to localized B-irradiation. sr88 implanted control
femurs were intact and the shaft site of implantation healed., The bone
" and marrow cytology were essenfially negative except for fibrosis about
nthe bead, Atvautopsy ail'Sr9o fémurs had fractured. The fractured seg-

ments were healed together by a fusiform shaped.fibrotic encapsulation
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that centered over an intervening mass of necrotic tissue. Histologi-
cally the c§psu1e consisted of the usual highly active periosieum, Pro-
fuse lamihétions of fibroblasts actively differentiating into cartilagen-
ous, osteoid and newly formed bone tissue. When Sr90 beads were found
in the necrotic mass betweén the fractured femur tips,.differentiating '
capsule-like tissue surrounded the area and faded intd the capsule tis-
sue., Both femur segment canals were plugged with newly déveloping bone
and bone marrow filled the marrow cavities, being somgwhat.hyperplastic
at the farther ends and a little less dense than ﬁormal at the fractured
ends.of the canal, Osteocytes were.present in all lacunae of all pre-
formed shaft bone, A éompafable.staﬁe of healing was observed in and
around the femur segment that did not contain -a sr70 bead, When a. Sr°
bead was foﬁnd aﬁ-the éutef edge of a fractured femur segment necretic
material was observed around the bead and extended into the'necrotic 
mass previously described, Only a few strands of acellular fibrotic
tissue lay between the bead and éhaft bone. For 2-3 mm from.the frac-
tured end down the femur the shgft bone was dead, avascular, acellular,
of decreased density and evoded without benefit df osteoclasts., From
the bead down the marrow cavity necrptic tissue faded into a‘cellular
fibrotic plug, then into an area witﬁout marrow but in which small
capillaries remained. Six to 8 mm down the shaft from the bead the
.marrow again'appeéred normal. Encapsulation also surrounded the great-
er portioh 6; this segment. Osteoma, osﬁéosarcoma-and leukemic marrow
changes were npt observed under the conditions of the present experimsnt.

Interim Report

[

-
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Effects of Whole Body Irradiation on the Nervous System

To.J° Haley and H. Gangloff

Serial electroencephalograms were taken from cats with implanted
electrodes, The electrodes were placed in the cerebfal cortex; reticu-
lar formation, amygdaIa, hippocampus, nucleus ventralis anteriés, nuc-
leus centralis lateralis and nucleus centrum mediéniﬁm. The animals
were studied chronically in the absence of anesthesia or drugs° When
stable thresholds for arousal, recruiting and hippocampal seizure had
been obtained éfter 6 to 12 weeks of study, the cats were subjected to
L,00r acute whole body x-ray irradiation, Irradiaﬁion was completed
in 10 minutes, and electroencephalographic recording began S minutes
later. Records were obtained every 3 hours on radiatibn day and twice
daily theregfter for the first 5 days. Preliminary evaluation of the
records showed that the spontanéous spike diééharge rate.of the hippo-
campus of one cat had increased from 12/hr pre-irradiation to 58/hr,
1 hour after irradiation, and it reached a peak of 212/hr within 6
hours. Thereafter the rate decreased to its pre-irradiation value.
In two other cats, similar results bf a lesser magniﬁude were obtained,
Tmmediately post—irradiatioﬁ, the spontaneous electroéncephalogram of
all animals showed a pronounced increase in a low voltage fast activity
indicating a definite alerting phenomena had been prodﬁcedo There are |
changes in the arousal and recruiting thresholds, but it is too early

to draw any definite conclusions until more animals have been studied.

Interim Report
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BICCHEMICAL, PHARMACOLOGICAL AND TOXICOLOGICAL EFFECTS

The Biosynthesis of 5:8:11-Eicosatrienoic Acid

4. J, Fulco and J, F. Mead

It has been found by many investigators. that one of the major changes
accompanying the development of the fat deficiency disease in{most animals
is the appearance and increase of a trienéic acid. This écid'was isolated
from fat~deficient rats in This Laboratory and was found to be 538¢11-
eicosatrienoic acid, From this structure th origins qould be logically
proposéd: hydrogenation of arachidonic acid or dehydrogehation and chain-
lengthening of oleic acid. The former case would mean a further loss of
the presumably vital arachidonic acids the latter case would represent the
fo?mAtion by total synthesis of a polyunsaturated acid -— an accomplishment
not previously believed possible for the mammalian organism,-

In order to decide between these p05sibilities, fatﬁdeficient rats were
given.intrapgfitoneél injections of carbaoxy-labeled sodium'écet;£é,and the
pol&unsaturated fatty acids were isolated from their organ and depot fat by
low-temperature crystallizationo' The Cyq fatty acids‘weré isoléted by gas-
liquid ¢hromatography and this fragfion was further separéteqiinﬁo eicosa-
trienoic aﬁd'éicosatetraenoic acids by reversed phase chromatography., Oleic
. acid was"AISO isolated from the mixed fatty acids by similar techniques; A
samplé of the active eicosatrienéic acid was oxidized With permanganate to
give pelargonic and glutafié_acids. Similarly oleic acid4was also oxidized.
to give pelargonic and agelaic acids. A second sample of the eieosatriepoic)
acid was hydrogenated'to arachidic acid, chromatographically seégrgted from
a trace of stearic acid and degraded stepwise. ‘flable 11 giVes the acti%ities
of these fractions. Since the activity of the pelargonic acid derived from

the eicosétrienoic acid is of the same order as that derived from oleic acid,
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it is evident that the former acid is not derived from arachidonic acid
(which should have little or no activity beyond the carboxy group)g but is

synthesized from acetate. In order to test the possibility that the Cp

-trienoic acid is indeed,fdrmed from oleic acid, the arachidic acid prepared

from it by hydrogenation was degraded stepwise and- the activity of the frag-
ments thus derived were compared with those derived similarly from oleic
acid, These data are also presented in Table IT. The distribution of

activity in the oleic acid is as follows- (in per cent of the total):

39.3 60,7
— N — ~
CHB—(CHQ)7-CH=(J_H-(CH2)7;-COOH

7.1 22,9

- The distribution of activity in the 5:8:ll-eicosatrienoic acid is as follows:

13,6 . . 2004
- A N~ h ~N
CH3-(CH2)7=CH=CHFCH2~CH?CH?CH2=CH*CHFCH2=CH2=CH

p~COH

1.9 6h.2

Tt can be seen that the raéiolof the last 9 carbons of the eicosatrienbic

acid to the third through the eleventh carbon atoms is the same as that for
oleic gcid thus strongiy'indicating that_the former is derived from the
latter.

' From this siﬁdy; it has become'evident that the polyunsaturated fatty
acids of the body are formed from any available fatﬁy acids eitﬁer taken

in the diet or synthesized §§‘ggzg, The process of formation has previously
been described as dehydrogenation to form new double bonds in the divinyl
methane relationship toward the carboxy group from the original double bonds.
Chain=lengthening ﬁrocesses also occur to enable further dehydrogenation stéps

to take place.



TABLE IT

Activities of Fatty Acids Derived from Acetaté-l—clh-Injected Rats

Component ‘ Activity

(disintegrations/sec/m. mole)

Oleic acid 16 x 103
(contains palmitic acid) ‘

Stearic acid -— (II) 11,8 x 103
(from hydrogenation of (I), free ‘
of palmitic)

Pelargonic acid ' Le6 x 103
(last 9 carbons of (I)) ‘

,Azeléic acid = - 7.1 x 103
(first 9 carbons of (I)). :

Benzoic acid 2.7 x 103

(cq of (I1)) -

Margaric acid 79,1 x 103
(terminal 17 carbons of (II)) ‘

5,8,11»Ei¢o$atrienoic acid 22,1 x 103
(hydrogenated) —— (IIT)

Pelargonic acid 3,0 x 103
(Last 9 carbons of (IIT))

Bengoic acid 1.2 x 103
(C, of (IIL))

Benzoic acid 0.4l x 103

(c, of (IIL))
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A study‘of Abnormal Human Plasma Proteirs

Norman S. Simmons, Jean E, Kinfiear and Morton Sigel

Lupus erythromastosis and céftain‘other péthoiogicél conditions give
rise to ab@ormallbléod plasma proteins, In yigfg.production of the abnor-
malities should lead to better understahding'bf the mechanism of the disease.
Dialyzable,polypeptides such as pfotamiﬁe and histone might very well be

expected to bind to albumin and globulins, producing highér molecular weightﬁ

fractions,

Ultracentrifugation studies are too insensitive to adequately separate

the‘differeht'plaéma'proteins for molecular weight or concentration determina-

tions.

”_APape{ electfophoresis,'while.senSitive enoughlto'separate the plasma
fractions; suffers a disngantage in that stéiniﬁg'and'elution techniqﬁes
of analysis are relatively insensitive. .

Mbving boundary eleétrophofesis, using the schliefen techniqueéfor
obtaining patterns, has proved to be entifely adequate.

Problems involving plasma preparaﬁion'and ingtrumental operating pro-

cedure have been workeéd out, Preliminary studies with normal pooled plasma

plus protamine (circa 10% of plasma) give électrophoretic patterns much like
thoseAreported'in the literature for Lupus erythromastosis. The albumin
frgctidﬁ:is greatiy decreased, while the ap and Y globulin fractions are
much increased. Increased amounts of protamine further decrease albumin

and the oy globulin and‘greatly increase the Y globulin fraction.
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The Specificity of Thyroxin Inhibition of
Acyl Phosphatase ’

Isaac Harary and Phyllis Talmage

Previous reports have presented evidence for an inhibition of acyl
phqsphatage.by lowllevels of thyroxine. Further investigapion of this
phenomenon has indicated that maximm inhibition is obtained with compounds
having the diphenyl ether framework with a L' hydroxy and 3,5,3';5', iodine
ring substitution. |

A comparison of the tetra-, tri- and diiodo derivatives of thyroxing
indicates thgt'h'iOdines are more effective than 3 and 3 more effective
than 2, ‘Ihyropinelipéelf'has n§ inhibitory effect. The same conclusions
can be drawn from examination of the iodine derivatives of‘thyropropionic,
thyroécet}q and throformic acids.

It can also be shown that the propionic side chain is more effective than
the acetic which in turnlis more effective ihan the formic, This is true for the.
tetra=, tfi; and diiodo series of thyroderivatives conﬁaining these side chains,

A gomparison of diiodothyranine and thyronine indicates that the presence
of the 3,5 iodines has no effect in causing inhibition, From observation
of the inhibition given by thyroxine as”compared with diiodotyrosine and
of that given by tetraiodothyrofqrmic as compared with diiodohydroxybenzoic
acid it can -be showﬁ thaﬁ the presence of the phenyl ether group increases
inhibition,

_ Gpmparison of tyrosine ﬁiﬁh phenylalaqine, p-hydroxyphenyiglycine with
phenylglycine, p-=hydroxybenzoic acid with benzoic ;nd p~hydroxyphenylpyruvic
acid with phenylpyruvic acid indicated that the para phenolic group also

increases inhibitiop°
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N 4?he higher inhibition giﬁen by tetraiedothyrofropionic acid as compared
to thyroxine indicates‘that an amino group in the side chain decreases in-
hibition. |

It would seem therefore that the active center of acyl phosphatase fits
specifieally a tetfaiodothyropropionic acidgstrncft,ure°

Interim Report.

The Organic and Amino Acids in Beans and Avocados Affected éy Iroh Chlorosis
W, A. ghoaQS, - |
~_Iron chlorosis, in particular, a kind of iren chlorosis calied "1ime
chloroeis' is a disease affecting cultivated plants around the world The
disease is manifest in yellowing of leaves, reduced ylelds, and at severity,
death of the affected plants. The disease is usually remediable by the
addition of iron into the plant, despite the factAtﬁat in some cases chlor-
otig_ﬁlaﬁts may contain more %g; than unaffected plants. it.has been
estimated that, in the United States alone, there are several miilion acres
of crops on calcareous soils whichéafe suejeeﬁ to at least minor or occas-
sioqal chlorosis.

Many environmental factors are known to contribute to the onset of the
disease; and, although the dieease has been recognized fbr more than 100
years, a complete understanding of its cause has not been reached°

In &n attempt to contribute to this understanding, the organic acids
d%’amlno acids in affected leaves of avocados, and roote and leaves of
beans were measured with the thought that the content of these metabolites
might give an insight inteo the metabolism of effected plants and thereby

suggest causal mechanisms. To the same end, affected and normal plants were
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allowed to incorporatewclh02, both in the 1light and in the dark, and the cll
d;stribution ameng thé metabolites for time periodé up to' two hours was
noted.

Results from beans showed that all measurable organic acids, except
one, were ingreased.in bean leaves suffering from iimé chlorosis; and most
free amino acids appeared .to be increaséd also. It was previocusly known
that malic acid (gsually) and citric acid were increased. In this work it
was shown that succinic and fumaric acidslﬁefe inecreased. An acid tenta-
tivély identified as malonic acid occurréd in éither increased or decreased
quntities in lime chlorotic leaves., It wa§,~h0wever; quantitatively, a
majer constituent of both green and chlorotic leaves.

Resu;ts-from the ClhO2 light fixation studies showed a large decrease
in-clk incorporation in one of the organic acid components of lime chloretic
leaves compared to green leaves. Although this component was nct_certainiy
identified, thére was evidence that it wés alpha-ketogluﬁarate, which could
provide a lead for future work into the immediate cause of chlorosis.

Since malic and aspartic acids were‘increased in chlorotic bean leaves;
and since these have often been shown to be associated with dark fixation of
COp, it was suggested that CO» fixation is involved in iron chlorosis. Sub-
~ sequent experimenfs in dark fixation of Clhoz‘showed that both bean leaves
and roots had the capacity to fix COp in the dark, and that tissue from which
iron had been withheld apﬁeared to have a greater capécity to fix CO, than

did tissue to which Fe had been available in the substrate.
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An examination of the literature for possible relationships between
€Oy fi;atipn and the symptoms of iron chlorosis, and eﬁvironﬁéntal con—
ditions leading to the onset of chlorosis yielded considerable evidence that
CO, fixation may be responsible for some of the symptoms of chlorosis.
Qlthough a theory .was presented by which COo fixation might lead to Fe pre-

cipitation in the roots and to a consequent deficiency in the leaves, there

. was not sufficient evidence to make a conclusion of this nature.

Thesis presented and approved as partial requirement for Ph.D. degree.
Candidate sponscred by the Envirommental Radiation Division, Department and
Iaboratories of Nuclear Medicine ‘and Radiation Biology, UCLA.

" Some Pharmacological Propefties of Mellarii, 2-methylmercapto-10-[2-

(N-methyl-2-piperdyl) ethyl ]-phenothiazine

T, J. Haley, A. M. Flesher, K. Raymond, N. Komesu and P. Williams

Recently a new\tranquilizer.drug,‘Mellarii, became available, and it
was of 1nterest to determine 1ts pharmacological properties. Comparlson
has been mde with chlorproma21ne to determine if the structﬁral changes
in the amlne side chain had any influence on pharmacological activity.

It was observed that Mellaril was twice as active against acetylcholine

- and ten times more active against serotonin spasm of the isolated guinea

pig ;leuh¥£ﬁan chlorpromazine (see Table ITI). Mellaril has a greater.af~
finity for the acetylcholine reéeptors of the ileum and can be removed
only after prolonged washing over a period of iSO minntes, Chlorpfomazine
does not +have the same binding power on the tissue receptérsa- Both”com-
pounds ghowed an equivalent activity against bariuﬁ and"hispahinesspaéms,
Hexobarbifal sleeping time in mice was increaéed to the same extent by
both Mellaril and chiorpromézine over the dosage range of 1 to 5 mg/kg.

Preliminary experiments on the hypothermic properties of Mellaril and
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chlorpromazine in mice indicate that Bqth'compounds lower body temperature
to the same extent, but Mellaril has a longef duration of action. This Work
should be completed prior to the next semi-annual report.

TABLE ITI

Antispasmodic Effect of Tranquilizers

Drug ‘Spasmogen G *ED;O & Range’ *Slope & Range
Acetylcholine  5.80(2.L1-13.92)  3,87(1..38-10.8L)
Chlorpromazine ' ' ' B
... . Barium Chlorido 29,0(11,60-72:50) 2.80(0.97-8.13)
Hydrochloride o . S L
PRI Serotonin 9.,0(L.00-20:25) 3.67(1.05-12.85)
" Histamine -  0.48(0.26-0.87)  1.99(0.91-L.38)
_ Acetylcholine 2.,50(1 .s0-L .4S) 2.5L(1.06-6.10)
Mellaril ; ‘ ' . . i
- Barium Chloride 2l.0(13.33-13.20) 2.56(1.01-6.58)
Hydrochloride SRR
- Serotonin 0.99(0.58-1,68) 2.11(1.17-3.80)
TP - 21 ‘ ‘

Histamine 0.65(0.34-1.24)  2,19(0.84~6.78)

*at P = 0.05

Interim Report

Local Tgxicity from Qrganic Moderators

T. J. Haley, L. E. Detrick, H. C. Upham, N. Komesu, P. Williams and
L. Baurmash ‘ ;

... In ‘the previous intérim report, information.was available on the sen-
sitizing properties of the organic moderators”MlPB, RMIPB and TPM, Othe£
data showed that these materials and their component. parts were extremely -
irritatingzto the trachea and pulmonary passages. Recently completed exper-

iments have shown that none of the components of the TPM (terphenyl mixture)
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are as irritating to the rabbit's skin as TPM itself, Furthermore, after
reactor irradiation even TPM becomes non-irritating to the eye. Similar
results were obtained when the compounds were applied to intact and abraded
rabbit skin, However, such effgpts~may be related to the fact that poly-
phenyl compounds have a low solubility and probably did not penetrateﬁihe
skin, Intradermél injection of RTPM gave the maximum irritation iﬁdex‘of
8. Furthermore, there was no diminution in edema, efythema or eschar for-
mation observed dufing the injection series., At autopsy all animals receiv-
ing RTPM had adhesions at the injection sites and petechial hemorrhages on
the underlying skin surfaces remote from the site of the test injection. -
RTPM alsé.stained the area black and produced scars 10 mm in length. Nebrb~
sis and scarring were produced by L8% OTP, 30.5% MIP, 5.5% PTP and 16% bie
pheényls, but these effects were“not‘as pronoﬁhéed as with RTPM, - Histoiégi=
cal examination of the skin revealed that undiluted RTPM produced’extensive
acute celiﬁlitis with focal abscess formation throughout the dermis and
J.nto tﬁé:s.ubcutaheops layer. There was some increase in eosinophils gbout
thes_e_'zones° A focal necrosis of the epidermis with subepidermal bieb
formation was also observed. With 10% RTPM, there was moderate edema with
goderate numbere of polymorphonuclear cells éﬁd lymphocytes in the de;mis
gpd subcutaneous layers. A similar reaction was produced by 1% RTPM an&
there were greater numbers of eosinophils in the dermis and subcutaneous
fat. The reaction to L8% OTP was similar to undiluted RTPM. The histo-
logical examination of the skins from the animals réceiving the other
cémpounds has not as yet been completed, but in all probability the results
will be similar to what has already been'.'rep:or'bed° Wq?k:on the inhalation
of the low concentrations of all compounds is in progress, but it is too

early to draw any definite conclusions.

Interim Report
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RADTATION PROTECTICN

Quinoxaline Compounds in Radiation Protection
T, J. Haley, N. Komesu and A. M. Flesher"

Our preyious observations on quinoxaline-1 ,h—di—N—oxide (Proc. Soc.
Exp. Biol. Med. 96, 579, 1957)‘indicated that such compounds decreased
"mortality from radiation injury. It was established that part of this ef-.
fect was related to an antibacterial action which decreased radiation--
induced bacteremia. Upon this basis, 2,B-dimeﬁhyluqmﬁ'xoxaline—l,h—-di-;l\l#.
oxide, 6-chlaro-2 o3=dimethylquinoxaline=1 ,hadinNuonc;i.de and 2,3-dithiol
quinoxaline Weré'evaluated at oral doses of 125 and 250 mg/kg and at intra-
muscular déses of 75, 125 and 250 mg/kg daily for three days or one day -
preuirra‘diation with 550r acu'té thie body x-irradiation (mlbb)o The-
resﬁlts of the oral experiment are given in Table IV. Those groups marked
with the asterisk indicate a significantly increased survival t:imeo ﬁofw—.
ever, only 2,3-dithiolquinoxaline (Groups IV and X), 2,3-dimethyl-quinoxa-
linénl,h-di-N-oﬁide (Group XI) and 6¢chloro-2;3edimethyl-quinoxaline-l,bf;
di-N-oxide ( Gféup XII) increased total survival, The dithiol oompoma pro~
duced diarrhea at all doses, When the three compounds were administered .-
inﬁfammcﬁlarly only the 6-chloro-2,3-dimethyl-quinoxaline-1,li-di-N-oxide
was effective in increasing total survival (L5% alive at 30 days). The
resu’l.té obtained with the 2,3-dimethyl com;;ound indicated that doses of 75
and 125 mg/kg increased survival time but not total survival. The dithinl
compound was toxic at all doses tested and decreased survival time signifi-

cantly. Further work on the amines and amine oxides will be undertaken.

Interim Report - These data were presented at the American Chemical Society
Division of Medicinal Chemistry, Chicago, Illinois, Sept.
7-12, 1958.



Effect of Oral Quinoxaline on Radiation Mortality in Mice

TABLE IV
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Day Pre-R STSO & Range Days

Group Medication Slope & Range Final Mortality
Days
I Saline o o - ' -
. Control 3,2,1 9.14(8,.41-10,51) 1,29(1,19-1.L0) 100 1L
II Di Me Q ' ’ ' ‘ -
125 mg/kg " ¥14,0(12,29-15.95)  1.35(1.21-1.k9) 90 30
ITI C1 di Me Q ‘ : -
125 mg/kg L 9.L4(8,03-11,0) 1.43(1.28-1.60) 90 30
IV Di SHQ : R -
125 mg/kg " #11,.4(8.64-15.05)  1.85(1.Lh7-2.34) 75 30
Vv DilMe@Q R ' | R
250 mg/kg " 9.6(8.57-10.75) . 1,30(1,20-1.k1) 95 30
VI ClDiMe Q : o : .
250 mg/kg " 8.09(7.36<10,77) 1,56(1.36-1,78) 95 30
VII Di SHQ - A
: 250 mg/kg " 10.0(8.33-12.0) 1.52(1.33-1.73) 95 30
VIII Di Me Q S : |
125 mg/kg Pre R-1 %12.2(11.49-12,95) 1,1L(1.10-1.19) 90 30
IX Cl DiMe Q , ' _ -
125 mg/kg LI 8.4(7.18-9.83) 1.h4(1.28-1,61) 100 25
X Di SHQ S ,
125 mg/kg " *11.7(8401-17.08)  2,72(1.62-3.04) 68.4 30
XI DiMe Q , o ‘ '
| 250 mg/kg " ¥12,04(10.12-15.19)  1.56(1.32-1.84) 78.9 30
XII Cl'diMeQ o ' -
1250 mg/kg . " ¥13.14(10.85-17.55)  1.60(1.35-1.90) 80 30
XIII Di SHQ : S ’ '
250 mg/kg " #12.0(10.53-13.68)  1.33(1.21-1.46) 9L 30
Di Me Q. = 2,3-dimethyl-quinoxaline-1,li-di-N-oxide
Cl di Me Q = 6-chloro-2,3-dimethylquinoxaline-1,li~di-N-oxide
Di SHQ =

2,3-dithiol-quinoxaline
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Radiation Protection Studies

Jo L. Leitch; D. Maryn and J. HMoore
All albino mice (DAL-Swiss) were exposed to total, whole-body, x=ray
doses of 500 r; measured in air and carried out with a single Picker Industrial
Unit operating at ,250A KVP and 15 ma. The characteristics of this radiation
were as follows;g Filters: 0,21 mm. Cﬁ J'nhexfeh‘b,‘ 0;50 mm. Cu parabolic
and 1.0 mm. Aly HVL = 1.7 mm. Cug TSD = 70 cmj and dose rate = 21.3 r/min.
Each group of 60 mice“were treated 20 to 30 minutes prier te irradiation
with one of the following solutions:

Ca. 1x1070 ¥ AET/0.25 ml/mouse (AET = 2-aminoethylisothiouronium
bromide~HBr)

=5 . I 4 :
b. 1x10 5 M AET and 1x10 ~ SHT/0.5 ml/mouse (SHT = S-hydroxytryp-
tamine creatinine sulfate) S

c. Saline (0.9% Natl) (0.25 ml. per mouse)
A1l data were calculated by the method of Iitchfield (J. Pharm.

Exptl. Therap.s 97, 399408 (1949)) for time per cent effect curves.

~.Calculations are summarized below for the preliminary experiments:

Run Numbex Treatment STSO Slope Mortality
day - 60 days %

Lc " None : 7.75 1.ks2 . 93.1

SC ' None S o 9 1 e,-.l-9 ’ 9)-1 09

LC and 5C g None 6.7 1,55 9.0
LA 1x1072 M AET/mouse 23,6 - 355 £9.0°

110> W AT /mouse
plus
LB 1x10-6 1 SHT /mouse 59.0 - 5.51, - LOuk

~ When the data for the two untreated groups, LC and 5C, were analyzed
at a level of p = 0.05, it was found that their respective STSO values were
significantly different. However, at p = 0.02; this was not the case.

It was; therefores concluded that in the evaluation of compounds of possible
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therapeutic value the statistical analyses should be made at a p value
of 0,02 instead of the usual level of 0.05. In this manner the evaluation
of compounds will attain greater significance. The data from the two
untreated groups were, therefore, combined so as to serve as a basis of
comparison.

Both treatment procédureé, LA and 4B, very significantly increased the

ST, values and slope values, whereas the 60-day mortality was decreased.

50
In addition it was found that the incorporation of SHT into the treatment
significantly modified the animal responses.

Interim Report

NEOPLASM INDUCTION

The Development of Leukemia and Other Neoplasms
in Mice Receiving " Cell-Free Extracts from a
High-leukemia (AKR) Strain

Esther F, Hays and William S. Beck

An 18.6 per cent incidence of lymphocytic leukemia was found in
CBHf/Gs mice given inoculations when newborn of cell-free extracts of
leukemic tissues of spontaneously occurring leukemia of the AKR mouse, ‘
These legkemias occurred in mice under 1l months of age. ‘No l&mphocytic
neoplasms were observed in control animals.

'_ Similarly inoculated C57BR/cd mice showed an increasé in the incidence
of lymphocytic neoplasms when they were under 1L months of age when compared -
with noninjected controls. '

Inoculaﬁed (C3Hf x AKR) Fl pybrid mice iikewise showed an increased in-
cidence of lymphocytic leukemia in animals under 1l months of age. As in
the C57BR/cd strain, the over-all incidence of lymphocytic neoplasms was not

‘significantly different from that of the controls.
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Parotid and mammary carcinomas and subcutaneous fibrosarcomas have been
shown to develop in both C3Hf/Gs and (C3Hf x AKR) F, hybrid mice receiving
'AKR leukemic extracts in the newborn periodo

Reference: Cancer Research, Vol., 18, No. 6, pp 676-81, July 1958 |

Studies on the Effects of Nucleic Acid Preparations
from Leukemic Cells of AKR Mice Injected into Newborn

C3HT/Gs and (C3HE x AKR) F‘ Hybrid Mice

Esther‘Fo Hays, Norman S. Simmons, Jeanne Carr, Ione Crawford, Fleanor Thorp

Preliminary work dbne in this laboratory has indicated an increased
incidence of leukemia in (C3Hf x AKR) F1 hybrid mice when injected subcutan-
eously in the newborm period with nucleic acids from tissues of leukemic
ard normal AKR mice (Nature 180: 1419-1420, Dec. 21, 1957). No increased
incidence of leukemia was observed in similarly injectgd CijﬂGs or .
C57BR/cd mice, |

This study has now been extended and altéred in ceitain'reSpécts.

In ordér to place the nucleic acids in ﬁore directAcontact with the hematésA
poiefic tissues and assure the retention of the full administered dose;
newborn mice were injecﬁed intravenously (after Billingham & Brent, Proc.
qual Soc. 16:78=90). Intravenous injections of nucleic acids prépared
from leukemic AKR spleens and lymph nodes have been made in over 50

(C3Hf x AKR) F, hybrid mice, | ‘

“ Further, considering ﬁheApossibility of genetic transformations being
involved in our previous findings, similar preparations of AKR nucleic |
acids were administered intraveﬁously to newbofn Cij/Gs mice., At six
weeks of age these animals then have received intraperitoneal injections
of cell-free extracts éf AKR ieukemic tissues, Sufficient time has nof
elapsed to record results of these two studies.

Interim Report
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RADIOTISOTOPIC STUDIES OF PHYSIOLOGY AND METABOLISM

Liver Function Studies with Rose Bengal T131

G. Ve Taplin, 0. M. Meredith, D. Johnson N

Recent 'adva.néesrn'n the _‘la'boratory' fievelopment and 'clinigal application of
radioactive Rose Bengal tracer tests for measuring liver blood supply, polygonal
cell functions ‘and bile flow interference are presenteds

The use of a mixture of bromsulphalein (BSP) and Rose Bengal as a liver
stress test is ‘shown to be a means of increasing the sensitivity of the tracer
‘test to the point where a r_xega‘biVe stress test indicates the absence of
significant liver pathology. Results of repeated stress and vtracer test
procedures in more than 200 rabbits with acute and chronic CCly poiso’riirig
demonstrate the excellent coﬁelation between histopathological changes and .
disturbed physiological functiocns.

In' experim‘en;bal cirrhqsis produced by chronif:_ CClh ‘poi's'oning in rabbits
the rates of blood clearance of Rose Bengal measured over the abdomen (portal
area) decreased much more"than 'did'those measured simultaneously ove:; the head. -
These findings are indicative of a portal vascﬁlar 'func£_iohal defect in early

cirrhosis. This dual blood clearance procedure appears to be readily adaptable

for clinical use in dinvestigating patients sugpected of ?aving poi'tal hypertensiono
‘Clinic_ai Studies. Approximately 250 tracer dose Rose Bengal Hepatograms
had been performed in 150 patients having a variety of disorders of the liver,
including 50 surgical patients with obstructive jaundice. In most of the latter
individuals, tests have been made repeatedly before and after operatien. The
blood clearance half-time and liver vascular capacity values provide reliable
indices for evaluafb:ing polyéonalcell function and disturbances of liver blood
supply. Repeated radioactivity measurements over the liver and abdomen recorded
during the initial lbuéu minute test period and subeequently after 2-li hours- and

again in about 24 hours gave data from which the degree of bile flow interference
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or biliary tract obstruction may be estmated on a purely mechanical- basis. In
nearly all jaundiced patients these measurements are sufficient to differentiate
medical i‘ro;n su::g:.cal causess esg_ec_;.ally wh_en.the,_tes‘l; is repeated during critical
periods. Sexjig; hepa‘bograms hgjre reflected c;hangés in bi];lary obstruction and
polygénal celi function in most of the diagnostic problem cases more quickly and
accur.ately:thar_x 'h,av_e.indirect biéchemical liver tests. However, in three patients
having se,v.ez;e.'jamdice of sevezjall,weeks duration liver fmction was so grossly
depressed that an estimate of bile.flow jnterfgrenca could not be made because of
the associated impairment of .bilé formation and dye extraction capacity of the
liver cglls. |

A 30-70 per cent reduction in liver vascular capacity and a 2-10 fold slowing
of liver uptake ;nd blood clea:aﬁce rates are found in patients with portal
cirrhqsi—s. In such ‘cases the rates of dye excretion from fhe liver and entry
into ‘the abglomen are prqpprt.iqnal to the impairment of liver function, and
thereby, gexﬁqnstrate 'paternc_y of the bili.arvy‘ tracte Patients having liver
enlargement frc_)m chronic conges'biye heart failure show modgra‘bely prolonged
-blood clearance a.nd liver uptake rates together with normal or increased liver
~ vascular ca.pa}city values and no bile flow :"mterference.

The featurjes of the Hepafcogz'am indicating biljary tract obotruction are:
( 1) a prolonged liver uptake curve, (2) delayed entry time and reduced rates A
of appearance of dye in the intestine_é,.(B) abnormally high liver retention of
dye at 2L hours together with iow abdox_n;i.nai levels and incomplete blood

clearange. ..

Interim Report 'Read at the annual meeting of the Radiological Society of _

North America, Chicago, Illinois, November 21, 1958,
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Clinical Studies with the Miokon I'31 Renogram

G. V. Taplin and D. Johnson )
In the_past six months éo patignﬁ; wjth a variety of renal disorders have
been studied with Miokon 1131 genogram and new equipment. The {atter consists of
two sets of lead:collimated scintillation detectorg with two inch aperatures and
with the one and one-half inch crystal witﬁdrawn two inches info'the Shields°
Otherwise, the‘equiémeﬁt is similar to that originally used except that a third
set is employed to'register_blood clearance by plaging the detector over the
side of the head. The new technique differs from the original in that the wide
angle detectors are placed flush to the flanks and aimed directly over each
kidney area as previously located by upright roentgenogramg of the abdomen.

Miokon has been proved to be excreted almost completely by the kidneys and

[ not partially by the liver, as is the case with Diodrast. Iess than 0.5 per

cent is excreted in the bile of pat%gnts recovering from cholecystectomies and

-~
-

uptake excretion curves over thé liver area paraligl to those of blood clearance
measured over the side of the head. ‘The configuration of the Miokon renograms
_obtained with the new detectors and technique is similar to Diodrast renograms
except that the second ségmeﬁt rises to a”peak value in 6<10 minutes rather

than 3=6 minutes, as is the case withpipd.z'ast° Also the blood clearnace rates
are somewhat slower. The Miokon Renogram appears to be an improvement because
Miokon is more kidney specific and the new techﬁique with wide angle counters
makes4kidney 1pcaliza£ion less critical. During these studies eight hypertensive
individuals have been demonstrated to have unilateral renal disease by this
screening procedﬁre and in all instances these findings have been confirmed by
one or more uro}ogic diagnostic methdse In addition eight patients have been
fested With Diodrast Renograms as originally performed and alse with the Miokon
Renogram. In Lwo instances where the Diodrast Renngram gave false information

on the right side due to liver interference, the true state of renal malfunction
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was demonstrated correctly by the Miokon Renogram technique.

Tnterim Report

Rose Bengal and Iodopyracet as Radiodiagnostic
Agents in ;iver and KidngyADiseases

G. V. Taplinj O. M. Weredith, C. C. Winter and D. Johnson _

The Rose Bengal Hepatogram is now established as a highyy sensitive liver
function test wpich also supplies diagﬁostio informabion oﬁ vascular abnormalities
of the liver and on the degreg of Biliary;traqt obstructioﬁ. No 6ther.single
procédﬁre gives as much useful information for the differential diagnosis and
management of patients‘With diseasés of the liver and biliary tracte |

" The Rose Béngal—BSP‘blood clearance stress test is capable of detecting
minimal liver damage in'raﬁbitsvand asymptomatic liver disease in man. However,
fufther inveétigation is needed for final assessment of its ﬁaximum sensitivity,

New tracer techniques usipg Colloidal Gold;98 and Rose Bengal have been
developéd‘in_animal studies for further evaluation of liver vascular disordersa
Both procedures are clinically applicables

The Diodrast Renogram is becoming recognized as a simple,‘rapid, nontraumatic
office procedure for\estimating individual kidney functions. It is especially |
valuable as a screening test for hypeffensivé patients“suspected of having diseasg
of one kidney. Most hypertensiveéfhaving nohnal'Renogramslmay be spared the
discomfort, time and expense of hsopitalization amd complicated ufological
diagnostic ﬁroqedhres; |

Recent modificatioﬁsrin the ihstrumentation and thg use of Miokon in place
of Diodrast.haveiincreased the reliability of the Renogram while simplifying
~its pefférmanceg | .

These tracer tésts are unique in providing data on multiple'functions



simultaneously with complete freedom from drug reactions and the radiation-
exposures. are many times less than from x-ray examinations of these organs.

Interim Report

Read 'at the New York Academy of Sciences Symposium on Radiodiagnostic Agentsy
October; 1958. To be published in the Transactions of the New York Academy
of -Sciences. - e ' v . )

Studies with Colloidal Gold®8 for Estimating Changes
in Idver Blood Flow and Phagocy'bic Function

Oo M. Meredlth, Go Vo ‘Taplins W. Coffman and Je Post

Durlng the past six months external tracer techniques; identical with those
used for IL‘Lver functlon determlnatlon Wl'bh Rose Bengal I 131 have been employed
to estlma'be ]iver blood flow in normal rabbits and changes induced by acute and
chronic CClh poisoning apd by surgical interference with the liver blood supply.
These studies were undertaken 1n conjunction with continuing investigations yvith
Rose Bengal for two major purposes: (l) To improve present methods for evaluating
liver blood flow andg ( 2) to develop experimental and clinically apphcable
techniques for estlmatmg phagocy'tlc function of 'bhe von Kupffer cells of the

livere.

) The experlmental resul'bs for half-time values of blood clearance and liver
.uptake rates of Collo:Ldal Goldl98 have been - analyzed by the method of Dobson
and Jones (&cta Med. Scandinav, 1Lk, Suppl. 273, 1952. Data presented in.
Figure 1 demonstra'be that haJ.fstime values of liver uptake remain constant in
relation to dose of carrier gold over the range of 10-100 pg/kg and then increase
éas fold -as the oarrier dose is raised from 100 to 5000 pg/kg. The reproducibi]ity
of the colloidal goZ_Ld_test when: performed with carrier doses of gold below
100 p,g/kg is presented in Table Ve Findings shown in Table VI demonstrate that

surgical ligation of .the portal vein causes a 3«6 fold increase in liver up‘i:ake
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I%alt‘,-time? whereas ]igation:of _the bepatic arte;'y produces no significant effect.
In acute; but mild, liver damage of rabbits from CCl) poisoning as.detected
léy Rose Bengal testing, tr}e halfa’ojlme liver uptake values for colloidal gold
show more var:'_Lg.'bion than controls but no definite abnormalities {see Table. VI;;_);o
The effects of chronic CClh poisoning at varying dose levels are presented
in Figures 2 and 3. These two groups of animals were -tes‘bed repeatedly with
colloidal gold using carrier doses below the critical level (100 p,g/kg) and.
‘ with tracer Rose Bengal as well as BSP Rose Bengal stress tests. Histologic
examinations of liver biopsy specimené were made repeatedly in each group.
Representajbéve‘tiésues_showed typical evidence of ,cirrhcsié inclgd:i:;g chronic
inflammatory changes; fatty degeneration; and definite increase in perilobular
' fibrous "bissue‘o In both groups during the .acu*i:.e phase of poisoning there was a
gz-eater effect on blood floﬁ than on polygonal cell function, whereas during the
chrbnic stages there was a progressively increasing impairment of both blood flow
and ‘ponlygqnal ce]71 i‘unct_iono ~In group I after the dose of CClh had been reduced
from initial levels of 50 mg/kg twice a week to 5 mg/kg twice a week, the
colloidal gold test indicated a reversible reaction and on].& 'l‘;empprary ilhpair-
ment in liver blood flow.

Phagocytic Function of the RE System with Supercritical
oses ol Colloidal GoldLl/0

Then colloidal gold is injected intravenously with carrier doses exceeding.
100 p,g/kg the half-‘bimg blood clea:;‘ance becomes an index for measuring phagocytic
capacity of thé RE systemeo However; to use this test experimentally at daily
jjpi_:eryaJ.?nit :‘i.s necessary to determine the dose in normal animals which does
not interfere with. phagocytic function or show an accumulative effect.
Prehm:mary studies on the amoiﬁxt_of carrier and the time interval Ee‘i;ween tests

are shown in Table VIII. These findings indicate that the critical amount of
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- carrier for repeated testing must be kept below 150 pg/kg'. Further studies are
needéd in this ;espe?t before using this test for evaluating radiation damage to

the RE system -or other ‘pu:r"po.s_es;

Interim Report

Tabl‘ev v

Colloidal Go1d198 Iiver Blood Flow Test in Rabbits Réproducibility
of Blood Clearance and I;iver Uptake Ha].t‘-'lfime Measurements :

Run Number of Carrier Dose - AVeré.gé Half-Time (secs)
Animals pegmlkem . quod L:‘.ver
I 10 10 2945 30,7
1T 10 17 2948 - 35.8
III 10 50 - 31.9 31.0
Overall ' .
half-time averages ’ 31.040.9 3lo5+102
- Table VI

The Effects of Vascular ObStriction Upon Iiver
Up't,ake’Ra_tes of Gol]pidal Gold :

EScperimen‘E ' Number of Animals Ha]i‘-Times"(seco)

. , After operation
Controls 30 3l.5+1s2 -
Ligatisn of 5 © 140 T96-17k)
. portal vein ' L
- Ligation of 3 3L (30-40)

hepatic artery
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Table VII

Effects of Acute CClh Poisoning on the Rates of Colloidal Go14198
Liver Uptake in Rabbits(1)

"Experiments Number of Animals Half-Time Values
- Liver Uptake (sec.)

Controls ' 30, 3445+1.2

2ly hrs post poisoning 12 3L (30-42)

L8 ;hrs post poisqning L 39 (17-56)

(1) A dose of 75 mg/kgm of CCl), was given by gastric
. intubation.

'i’able VIIT

Effects of Amount’ of Carr:.er a.nd Time Intervals on
L:Lver Uptake Ra.tes of Colloidal Gold198 ~

Nate Cafrier Dose. Wumber of Animals Avera.ge Liver Uptake

4 ‘ ’ pgm? Egm B . secon
10-2-88. . 16 10 uz.,-,o
10=3=58 ' 299 10 ‘ 85.4

10-6-58 - Lh6 . 10 . T7.1
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" FIGURE I

Colloidal Gold!®® Liver Blood Flow Test .
Relation of Half Time of Liver Uptake and Dose of Carrier Gold

.1000,

1

100

Liirer Uptake |
T1/2
(Log Seconds)

10
0 , , |
10 100 1000 10, 000
Gold pg/kg
(Log Plot)

1 Each point represents the méan value from 10 animals.
The average standard error is 6 per cent of the mean
for each group. '
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Effecis of Chronic CCl, Poisoniﬁg on Blood Retemtio% of Rose Bengal 1131
and Liver Uptake of Colloidal _Gold19 ‘
Mg CCly/kg L 50 mg 1 5 mg I 10 mg | 15 mg
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weekly
80_
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Osteogram Studies

No So MacDonaldg M. Kaitz, M. Hepler, and E. Brooks

In order properly to mterpret Sr-85 osteograms, one should attempt o
evaluate the individual contributions to the observed shape of the 6steogra.m~f‘
due 'bo several events; namely: intracapillary transport of the Sr—85 after
:mgectmn into the blood; transport or diffusion out of the cap:.llarles mto
the intercellula.x" space; and deposition or f;i.xation of the cation by the elemenbs
of bone’ tissue (see J. lab, and Clin. Med., 52; 5kl (1958)). Chloride ion muld
be an ideal tracer for the d:_t‘fusa.on phase » but mforbtmately no sultable, gamma-=
emltting isotope of chlorine is ava:.]able. Bromine-82 was used as a substltute,
| This beta-gamma emitter has a half l:.fe of 36 hours. From preliminary exper:unen’os

_ mth normal rabbits and with rabblts beanng a healing tibial fracture, 'bhe

' ',fo]_'l.owing general statement can be made~ The rates of appearance of bromde 1on '

éf-f

.(BI'82) ‘and strontlum ion (5r85): )’ in the tibia shaft or knee area following mtra-s s
" venous in:]ect:.on are about equlvalent except in heal:_ng fractures and possibly

: "in ra,pldl,y grgwmg bone. These. _mvest_igatlons are continuing.

Interiﬁl_ Report

Radiostrontium Metabolism Studies °

N. S. MaeDonald, M. Kaitz, M “'Heplei-, and E. Brooks
When tracer amounts of radioactlve 1sotopes of calcium and strontimnr are
injected.into the blood, there is a greater relative accunmlation of the Ca

\

in the bone tissue than of the Sr. Some evidence 1nd1cates that 'bh:.s is
attmbutable to a greater "]ieakage" of Sr out -of the kidney nephrons :Ln'bo the
ur:Lne s rather than to an :therently grea‘ber andity‘ of bone 'b::.ssue for Ca ions
as compared to Sr ions. Double tracer experimen‘bs to elucidate this problem

are underway, using Cal> ang Sr85 A mlxture of these isotopes is injected into

the femoral veins of normal rats and rats which have undergone nephrectomy or
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tibial fracture or both. The bones.are removed for assay of their burden of Gahg
and Sr85,‘oné day after injection. Theéefmeasuréments are not yet complete.

Thé availability of two different carrier-free radioisotopes of strontium.
affords an excellent opportunity to investigate the dynamics of transport of
strontium from thg blood oan pregnant animal into theAfetai4;irculation~and
return. Information of this sort may prove helpful in understanding the movement
of calcium~a0r6§s the placenta as the feﬁus grows and its bones'calcifyo In
qollaboratiqn with(_Dr° Hupchinsqp of the Dgpartment of Obstetrics and Gynecology
of the Medieal Schoo}, a study of this §ubject_has been initiatedg A pregnapt
Rhesus monkey, at term, was anesthetized and polyethylene cannulae were inserted

into a materhal veiny and a fetal vein. A third cannula tapped the amiotic fluid.

\

sr85 was injected into the fetal circulation at the same time that sr90 ( in

quilibrium with Y90) wasAinjected into the maternal circulatioﬁ, Small samples
wéfe\then withdrawn from the three cannulae at frequent intervals up to 70
minutes postinjection. Eaéhlsample is then assayed for 5r90 and sr85 content.s
These measurements are in progresse

Interim Report

Developments in Scintillation Counting for Application to Nuclear Medieine.

Benedict Cassen, T.-C° Crouéh, and F. Larmie

Efficiency'éests were performed on the cracked crystal tunnel counter
mentioned in the last Semiaaﬁnual Report, Efficiencies were found to be
'coﬁparéble with conventional well type, single crystal counters. The tunnel
counter, however, had the advantage that much largervvolumés of 'solution

could be placed in the sensitive region. It was found that, as was suspected,

the refractive index of the immersion liquid had liitle effect on efficiency
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and that-better results could be obtained with low refractive incex silicones
rather than high refractive index aroclors., Some drifts in efficiency with
time were noted. The reason for these drifts;, such as yellowing of the
crystals, is being studied, Time varying absorption effects would be ex~
pected to show up as reduced resolution in thenspectrometric pulse height
distribution, |

In commection with the effects of high fields on ascintillatioms in Nal
crystals, it was found to be difficult to obtain reprcducible results and
that crystals would suddenly break down dielectrically. Further exploratory
experiments are in progress,

An‘impreved and simplified photoscanner was put into operation at the
Los Angeles Veterens Hospital Radioisotope Unit, .New work on liver and
brain tumor scanning of patients is now'being‘pursued° A -specially designed
and constructed tungsten strip converging collimator was installed on this
scanner° . The design is novel in that strips of tungsten one inch wide are
Negg crated"'together to produce a cellular structure'w1th septa converging
to a five inch focus, It is used with a two inch sodium iodide crystal
and its over-all sensitivity for its degree of localization is extremsly

high thus enabling very small doses to be used
M



ENVIRONMENTAL RADIATION

- Fate anvabrsistence of Strontiumd0 and Cesium!37 in Various locations
Established Along Documented Fallout Patterns in Nevada and Adjacent. Sites

K. H. Larson, J. H, Olafson; R. G. Lindberg, B. W. Kowalewsky, J. W. Neel,
L. Baurmash; and H. A. Hawthorne

. Soil, native rabbit, and, where available, milk samples were collected

at 60 locations in Nevada, Utah and Wyoming along, and adjacent to, doeu-

mented 'hot liﬁes' from Plumbbob and previous Nevada test series detorations.

The sampling program was initiated in June and conclﬁded.in September, 1958,
Strontium?® contamination levels, analyzed by soil—sodium carbonate
fusion, have been determined at 1l areas in Nevada and Utah. The results of
these analyses appear in Table I. The higher sr90 contamination lévelé are
associated with native areas which were selected as midline locations (by

field monitéfing) with respect ﬁo specific Nevada Test Site detonations.
TheAagricultural'areas, while subject to possible surface soil disturbgnce
resulting from farm management practices, do not coincide with known mid-
lines of fallout patterﬁs.

| The Sro0 analysis of native‘rabbit, milk, and'aqditional séil samplés
is in progress. | .

Interium Report
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TABIE X, Sr90 Contamination levels zs of August, 1958 in Soils at Elevzn Areas in Nevada and Utah 3

Sr?0 Lctivity (0-1" Depth)*

Area Location . Field Desgfiption " mc/sq Mile puc/g Ca
Alamo, Nevada 1 gi'éoutp Agricultufal | 21.3 £ 110 698Ai 3.8
Moapa, Nevada B:Qi ﬁoffh' Native veg. 1&2 ' ¢ 70.3 38.3 ¢+ 20.7
o 7.7 mi northwest Agricultural 16.3 & 8.07 2.5% 1.
Rivegsidg,mNevada 3.8 mi southwgst Agriéultural 2.7 * h°7é 9°é'j 1.0
Elgin, Nevada 3.8 mi southwest Native veg. o+ 5306 140 hd 5800
St. Gzorge, Utah 1 mi southeast Aéricultural L. + .;;2§ .5+ 1.5
5 mi north Native veg. L5.6 + 8.76 Lo6 '+ 8L.S
Hurricane, Utal: 1 ﬁi,southwest Agricultﬁral 12 . + l,Sg 3.5+ 0.9
Enterprise, Utzh 0,7 mi north Agriéultﬁral : 7°hg.1 1.11 806 + 1.3
s - 9 mi north Native veg. k1.2 + 5.95 51.2 ¢+ 9.3
Egdgh, Utah .2 mi southwest Agricultural 11697 + 2,92 hog + 0.50
Panguitch, Utah Northwest city 1t. . Native veg. 319 #+12.2 .9 + 5.7
Columbia, Utah 3.1 mi ‘sch'_mh " Wative veg. 27,2 * ;5,95 202  + 148.
Vernal, Utah L mi south Agricultural 13.8 *+ L.95 8.7 loé

*Standard deviaticn values represent total variation, i.é., field sampling, laboratory sampling

and counting.
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Radiolégical Report on Southwestern South Dakota

H, A, Hawthorne, K. H, ILarson, Jo Wo Neel, J. H. Olafson, and K. R. Price

Aerial survey and grouna monitoriné teams establisﬁed‘thap fallout was
present and -that gamma radiétioﬁ-intensities were less than 0.1 mr/hr in
southwestern South Dakota, August 15 - 17,‘1957° Decay rates of contami-
nated plént material indicated the fallo;t complex 'effective time of
origin' was between the times of detonations of Shots Diablo and-Stokes.
"Hot spots? wére observed within the radiation field. |

Soil Strontium9o‘1evels from 1l to 4O mc/sq ft were found with an
averégefof 21 mc/sq mis soil beta rédibactivity from mixed fission pfoducts
ranged from 9 to h&'c/sq mi éldng"tﬂé'2813 mi-long arc sampled’:

Fresh milk collected on August 17, 1957 had 21;8 He s_réo/g Ca and
29,9 upc Csl37/liter on August 17, 1957.

Reference: UCLA report in press.

Sr and Cs Content of Milk Collected During October, 1957

H. A, Hawthorne, K. H. larson, J. 'W. Neel R. Go Lindberg, L, Baurmash
and G. V. Alexander :

Milk was collected from seven fgrms during Operatién Plumbb6b,= Five
of these farms were on the midline of fallout from one or more détonatiohs,
Levels of Cs137 ranged from 18 to 88 puc/liter: Sr90 varied from L to 37
upe/g Ca in the milk from these farms'. The ranges for the Sevén farms,‘z
sampled during the Opération, were from 13 to 88 puc 05137/1iter of milk
and from 2.6 to 37 puc 8r90/g Ca. Sr90, as Sunshine Units, declined more
than twofold over a }j0-day period after Smoky at a farm on the midline at
260 miles from Ground Zero°

Interim Report
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Further Evaluation of Fallout Phtterns from Balloon—Supported and low-Yield
Atomic Test Devices ‘ :

K. H. larson, J. W. Neel, L. Baurmgsh, and R. Rowland

',Inﬁesﬁigations of faliqut pattérns originétingAfroﬁ bailoon-suppprted
and low-yield devices were éonducted during Oﬁération Hardtéck, fhase IT,
at the Nevada Test Site under the designation of Program 37, Civil Effects
Tests Opg;ationsq )

. Fallout patterns from one tower; and two balloon-supported detonations
were_delineated, despite low radiation‘intensity levels, utilizing pre—.
viously established aerial survey equipment aﬁd techniques used by the U.S.
Geological Survey.  The aerial surveys were pefformed by USGS persbnnel
employing a Douglas DC-3 aircraft under céﬁfracﬁxﬂ.arpangement with Civil
Effects Tests Operations, Division of Biology and Medicine, AEC. .

The monitoring equipment used in the USGS DC=3 aircraft has been des-
. crlbed in detall by the designers, Davis and Reinhardt (Health Physies
Progress Reports, ORNL-877, October, 1950, ORNL-117h, p. 15, October, 1951,
and ORNL=168lL, p. 11, January, 1954). The.detectors coﬁéistéd of a battery
of six NaI (T1I) crystals L in. in diameter by 1 in. thic¢k and one crystal
1.5 in. in diameter by i in. thick. These crystals were used interchange-
ably, dependlng upon the counting rate desired An Atoemic* Instrument
Supply Company, Model 306 p031t1ve highwvoltage supply'was used to feed
six No. 636h photomultiplier tubes operatlng at approximately 1,500 volts.
The signal frqm the photomultipliers was fed through a mixing preamplifier,
disecriminator, rate meter, and vacuum-tube volt méter, which recorded the

counting rate on Esterline-Angus recorders.



The rate meter was calibrated periodically throughout each flight by a

Fralm resonant-reed controlled oscillator giving a'pulse frequency of 500.2.

cycles/sec° Since the equipment had to- operate over a wide temperature

range, an instrument check procedure utlllzlng a csi37 source was nsed

The discriminator was set at the energy level of‘the Csl37, and, after the

cesium was placed in position under the crystals; the amplifier was .

adjusted to a predeterminedvv;lue above Background. l
Calibration of‘the'nonlinearity of the equipment was obtéihed by using

radium sources ofxvaricns values placed at a distance of 12} cm from the

bottom of the array 6r crystaIAphotomultiplier cans in the aircraft. The

instrument lag which is dependent upon the time-constant of the rate meter

"was equivalent to a ground distance_raqging from 40O to 750 feet. ‘However,
when radiation readings were transposed fo maps having a scale of 1:500,000
or approximately 8 miles to the inch, the effect of instrument lag was of
no consequence., |

The internal accuracy.of fhis‘equipment was estimated to be # SZper'

cent.

' The USGS DC-3 aircraft was utilized for both general and detailed pat-

tern delination end went into operation on the day after shot or later in
orderdio minimize the possibility of'ﬁhewaircraft becoming coniaminated by
persistent airborne fallout. A serpencine pattern was flown along the
bearing of the estlmated hot 11ne, or along predomlnate land marks such as
roads, and contlnuous radlation—lnten51ty readlngs were taken by the
Tecording gammamradiation monitoring equipment. The flight patterns were,
in:actuality,‘a series oflvarious straight—iineﬂbearings navigated by

predetermined visual location points-dver as. level terrain as practicable.
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An air speed of 140 :-20 milesiﬁer‘hour was méintained at an altitude of
500 # 25 ft. above ground le?el. A.positioﬁ piot was maintained by an
observer, utilizing. a view finder, who marked the position on a map and
also actuated a marking-system switch over fecognized visua¥ referencé
points, which, in turn; placed fiducial marksjon all record tapes and
camera film. All flight patterns were recofded by a 35-mm gyrostabilized
continuous strip-film camera.

... The construction of,isoniptenéity fallout paﬁtcrn maps depended upoir
the conversion of radiation intensities recorded by the aircraft in terms
6§ counts/second to m;/hr at three ft above ground sﬁrféce; ’GSnVefsion'”
factdrs for several modéls of éurvey instrﬁménts with ioﬁlchamber, C=M
tﬁbe,,or scintillation érystal detectors were:determined by coincident
ground and aerial survey of contaminated areas. The response of the
various ground survey ingtrument models va:iéd as much as 35 per cent in.
_ fallout fields, and variation was observed with respect to different types

of detector as well as different models having the same type of detector.
Usiné the USGSfequipment described above, a fadiation intensity of 77,000
c/s at 500 ft elevation was determined to be equivalent to one mr/hr at

-three ft above ground surface as measured by the Tracerlab AN/PDR-TIB ion

chamber survey instrument calibrated against arbéép standard source,

Interim Report

The,Inflﬁehce df Stable K and Cs.on the Releasé of Cs137 from Three Soils

H. Nishita, E. M. Romney, G. V. Alexander, and K. H. larson
In the previous project (SOIL SCIENCE 86: 195-201, 1958), it was found
that as the available K concentration in'the soil was depleted by cropping

the uptake of Cs137 by clover plants increased, The present project was
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designed to study the effects of adding’stable K aﬁd Cs to the soil on the
uptake of Cs137 upon prolohged cropping.

The addition of stable K to sbiis up to levels equivalent to LL?2
pdunds per acre had ver& little, if ahy, enhancing or depressive effect on
the uptake:of cs137 by plants. As found previously, irrespective of the
initial K concentration in the soil, the uptake of cs137 inereased as the K
concentration in the soil‘was reduced by prolonged cropping. The addition
of stable Cs to the soil up to 752 pounds per acré enhanced the uptake of
cs137 by plants. The addition of stable Gs at the rate of 752 pounds per
acre was toxic\to plants and growth was greatly reduced. The threshold
level of Cs toxicity in the’soil studied appéared to be about 125 pounds
per écre.‘

Interim Report

TMPROVEMENTS IN TECHNIQUES AND INSTRUMENTS

Development»of Slow-eutron Sensitive Chemical Dosimeters

G. V. Tap;in,wK,.Malin,AM. L. Griswold )

The relativevthermal neuﬁron versus gamma ray sensitivity of singlefphase,
aqueous phenol red=trichloroethylene dosimeters has been increased as much as
twenty-fold by adding lithium chloride to the system. The slow neutron response

is proportional to the amount of lithiumé added. Instruments containing 10 per °

cent USP lithium chloride and 0.5 per cemt lithium® chloride or approximately

equal amounts of Lithiun® have nearly the same sensitivity to thermal neutrons
(see Table X). Addition of lithium® chloride in concentrations up to 0.5

per cent causes little reduction (20-30 per cent) in gamma ray sensitivity.

while increasing the thermal neutron response by more than six-fold. Thus, it
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appears entirely possible tp_prepare,lithipqé impregnated single-phase ?henol
red-trichloroethylene dosimeters which have thermal neutron sensitivity
values 10=-20 times greater than similar instruments without added lithium.

The results of these preliminary studies ipdicate the possibility of using
differential chemical dosimetry for measuring mixgd.slow neutron garma radiations
in biomedigal research includ;ng depth dose measurements which are needed in
néutrop.captgre therapylof deepfseatgd lesions.

Interim Report .

Table X

Thermal Neutron Response of Phenol RedeTrlchlgroethylene Dosimeters
Containing Varying Amounts of Lithium® and Lithium/

Lithium Content N. Response minus gamma RCE(E) _N‘B) Factor

contamination (roentgens)(l) T
- None 181 3,04 12 1
0.1% Lithium' Chloride 257 .31 6 1.k
10,09 Lithium! Chloride - 1235° S 2047 6 6.8
25.0% Lithium! Chloride 34,83 | 58.5 6  19.3
0.5¢ Lithium® Chloride Loolw00 20,0 6 6.6

(1) Response of instruments exposed at three dose 1evels
adjusted to NVT = 1.22 x 1012
Gamma ‘contamination in neutron beam measured with 30
similar chemical dosimeters and film, sheilded within one
inch thick lithium metal container

(2) RCE = Relative Chemical Effect; i.e.; response to thermal
: . noutrona oquivalent to 1.0 r Co 0 £amma Paye.

(3) N = Number instruments exposed in thermal neutron port
. of Brockhaven Reactor. :
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Further Developments in Spedial Uses: of
Chemical Dosimeters

Ge, V. Tapliny K. Malin and M. L. Griswold

(1) Monitoring of Radioébiological Experiments. Single-phase phenol

redet%ighlq;ogthylgne,dosimeters hgve been used for mgnitqringlthe integrated
exposures. of mice.te 250 KVP x-rays during radiation protection'studies~as a
coopergtije,effqrt.with the Radiation Therapy‘Secfc',ion° During these studies
-effgrts haye‘been made ﬁo improve the accuracy'and'reproducibility of such
exposures. Results of the .last six menths work'gemoﬁétrate good correlation
between ch{gmica}. and physical methods of dosimetry and wi‘l:h"bhe- biological
response of,miqu_zHowever,.further improvement is needed in both.chemical and
physical measurements because errers of 5 per cent or more:still occure Chemiéal
dosimetry of these expoéures may be improved'by using more‘instrpmsnts pexr |
experiment and by making minqr changes in the preparation of the doéimeters
used for this purpose.

_(2) Gamma Ray Dosimetry in the 0-10,000 r Dose Range. Because of recent

interésﬁ_inﬁhigh:rangg gamma ray dosimetry'fpr agricultural purposes efforts
have been rgnéwed in .this field. Single-phase aqueous dye“trichlgroethylehe
dosimeters have_been.prepargd‘tq register exposures'in the 0~10,0C© r dose

fange° The system showing the.best radiation characteristics and stability
features is prepared_ﬁith 2 per cent brqmthymol blue saturated with
tricblorqephylgne and.aqjusted at pH 9.0. Dosimeters prepéred'frém this system
may ﬁe read visually wiph an accuraéy of + 10 per cent and with gfeater precision
by simple photoelectric colorimetry.

‘L(3) .Personnel Dosimeters for Civil Defense. = Because a need still exists

for estimat%ngdindividua1 human gamma ray exposuress especially in the event of
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fallout from detonat_,ion of thermonuclear weapons, work has continued on the<
development of direct reading chemical dosixﬁeters. Special attention has been
given to the development pf a single step device which indicates an accumlative
gamma ray exposure of either less or more than 100 + 25 r.

The phenol red-atrichloroethylene system prepared in neutra glass ambules
five inches long fulfills these requirements. Such dosimeters can be produced
about ten times more cheaply 'Ehan standard ionization chamber dosimeters now
being employéd for this purpose. Their value would be two-fold: (1) psychologicaly
‘that isy hi-ea.ssurance that the individual had not received a serious radiation
exposure; (2) as an aid to mediecal eﬁlérgency teams in the separation of
phys'icaily uninjured groups into those who do or do not néed special medical
attention fo;' radiation injury during the emergency period.

Interim Report

Tow lewvel Gamma Ray Counting

N, S; MagDonald, M. Kaitz, M. Hepler; and E. Brooks

Plans are being made to construet and opgei'ate a Total Body Counter capable
of identifying and mea§uring very small amounts of gamma rédioactivity in
human beings. The installation will be similar to that developed by Marnelli,
Rose and Miller at the Argonne National Laboratery, to the:lexbent: that low
backgromnd coupting rgtes w:.ll be obtainecjl’by use of._a room Wrbh steel walls
and Y-spectrometry will be based on Nal scintillation detectors. In building
such a counting facility it is essential to examine representative samples of
all matgrials going into the steel room and to use only those which show the
absolute minimum gamma ray activity. For this purposes as well as for general
ui;ility in low lead level counting of bulky biological samples such as urine,

live laboratory animals; etc., an inexpensive bub effective steel shield has
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been designed and constructed. -Table XI presents its physical description.

_ Tabie XI-
Cylindrical Steel Shiéld for Low'Level.Counting

‘ Shape - Semi-cylindricals resting on a

. concrete pad, 5!'x5'x2"
Height, overall - L-1/2r
- Outside diameter - 56n: _
Working space inside - 36" high, 24* diameter
Total weight -~ 71/2 tons of iren
Top and bottom - Stacked 1/L" ‘plate totaling 5“
' thick
"Wall = 16" anhular space filled w1th

scrap Steel punchings, each 1/2"
or less in longest dimension

Access ' - A slot in the wall, 12" wide,
36" high o’

Door _ . = A sliding slab, Lo® high, 20" wide,
T . 5" thiek, from stacked 1/Lh" plate;
rolling on i bearings, weight
approximately 1200 1bs.
Cost - Total for all materlals, just -
S over $1000
Tﬁe cost for the iron was about one-third of what it would have been had
steel plaﬁe-been_dsed exclusivelys This economy was achieved by using scrap
in thedferm of small steel punchings obtainable from metal scrap vendors. This
material pours edsily and packs fairly well. Its effective density was about
270 Ibs per cubic foot or appreximately 56 per cent of the density of solid
steel. The_radiatien.attenuation power of this<materia1 was. crudely evaluated
after the shield was completedo A collimated pencil of radiation from a 10 mec.
radlum source was dlrected at the inside surface of the wall and counts at the
exterlor surface were taken w1th a NaIl crystal 301nt111at10n detector mounted
in a lead shield having a 1n collimation hole. Countlng rates at the spot
where the "undeflected beam" emerged showed that the 16" of scrap punchings

attemuated the gamma radlatlon from Radium to the same degree as 7 7/8" of

solid 1rono For the present, a 3% x 3" NaT crystal detector, canned in copper
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and having a quartz window, is installed in the shield and evaluation of the
assembly is proceeding, The KLO gamma rays originating from 10 grams of Xcl
iﬁ a plastic vial placed afop the eryétal give a counting rate (hetas totally
absorbed in an Al disc) of 45 ¢/m above a background of 303 ¢/m. This
represents'déteétion of about 6 per cent of the theoretical rumber of gamma
photons emitted. -Equipment for pulse'height analysis will soon be procured
so that a detailed analysis of the background and the overall counting
sensitivitj can be made,

Interim Report

Development of an Undefwater Spark Pulser fbr Studying the in vivo Elastie

Properties of Tissues as Affected by Natural or Radiation Aging,

Benedict Cassen and Melvin Martin

A USLA Report is now béing prepared to describe a new instrument that
.has finally been completed and is in satisféctory operation. This device
was déveloped for the purpose of ﬁeasuring possible eiastic changes in
nggizg tissues on patients as they might‘be affected.by natural aging or
localized irradiation in radiotherapy. This is a preliminary attempt in a
program to get mbre objectife correlation of physicélly measurable quanti-
ties with the aging procéss° Although the developed instrument can be used
to measure the velocity of sound in tissue; it has alréady been shown that
it can more interestingly measure in one test the increase i; sound absorp-
tién‘with frequenéy, Thg initial pulse produced by an underwater spark
produces a wide contimmous spectrum of high frequencies, In water this
pulse is transmitted without change in shape showihg that all component
frequencies are transmitted with equal efficiency. In tissue the rapid

rise of the initial pulse is made less rapid after transmission, It ie
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" interpreted that the tissue absorbs ‘and attenuates the high frequency com-
ponents of the pulse more than the low frequencies., As the instrument now'
works very well, plans are being made to use it on a hospital patient survey
to see whether or not age correlations can be obtained, The patient feels
essentially nothing but a feeble tick at the poi.ﬁt where the transmitting

transducer is pressed against the skin.’

Interim Report

An Improved T1luminating System for The Electron Microscope

Francis W. Bishop’

The illuminating system is as important in the electron microscope és‘,
it is in the conventional optical microscepe. For the first several years
the Source of electrons in the commercial electron microscope consisted of '
a-V shaped filament heated by the passage of a local current, and the
electrons emerged from a hole in a coveriﬁg cap which was at the same po-
tential as-the filament, This complete sourée was referred to as the elec~
tron gun. The illumination from a gun of this typé was very weak and the
distribution of the electrons over the surface of the viewing screen was
irreé’ulan A

The next great advance was the so-called self-biased gun in which ﬁhe
cap through which the electrons emerged was maintained at‘ a negative po-
tential with respect to the i‘ilamen'.b',, This voltage was obtained auvtomatically
by allowing the beam current to pass through a resistancé, and the voltage
drop so generated was applied to the gun cap. (This element is variously
known as the Wehnelt cylinder, the grid-cap, etc.) . The negatively charged

grid-cap acls as a lens and by symetrically repelling the electrons as they
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approach the cap, squeezes the electron beam into a tight, concentrated penéil
which brightly'illuminates the specimen. This great concentration of elec-
trons (smaller than one grid opening in the specimen support at crossover)
may cause breakage of the speciﬁen by thermal or electro-static effects or
result in the production of artifacts. The rate of contamination of the
speeiﬁen.by bombarded materials in the microscope is great at the intensity
of beam current commonly used with the self-biased gun, (150-200u amps)

The most modern microscopes now use two condenser lenses; one of which
adjusts the beam diameter_so.thﬁt the final screen is completely illuminated;
the second condenser 1ens.spreads the area of this beam over a fixed condenser
aperture, The over-all reéult is that the size of the illuminated field and
and the intensity are independently variable, and the bombardment of the.
specimen except in the wanted areas is avoided, This system is easy on the
specimen, and the illumination is relatively great. It is possible to operate
satisfactori;y.with a beam current of 60u amps or less (higher bias voltage)
and with this smaller diameter pénéil electrons,Ato use a smaller condenser
aperture than usual. (250p or less) In the older electron microscopes the
condenser aperture was approximatelj 625y in diameter and the beam current
150-200y amps. |

‘In an effort to reduqe some of the undesirable phenomena inherent in
our older instrument; including effects discussed above, certain experiments
have been perfqrmed.A Since it is already possible, by operating controls -
from the outside, to interchange and center instantly the condenser apertures,
and to raise and lower the filament in the gun a lnown distance, our instru-
ment is peculiarly suited to the experiments wﬁieh will be described. The

standard bias resistor was found to be 1/2 megohm, and the.standard condenser
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aperture ‘was 625 in diameter, We had been able to use one of 250u but the
illﬁminAtion was somewhat low, In trials of high values of bias resistors»’
up to over 70 megohms, it was found possible to use a condenser #perture of
only SOu in diameter, or less than half that of. the smallest found on the
most modern instrumenté, anﬁ'beam currents which ranged from 1 to Sﬁ amps.,
About 2,5u amps seems to be adequate for 1llumination, These two factors
would have reduced the illuminatioh'to less than 1/5000 of ‘its original
value if it were not for the fact that the increased bias voitagg squeezes
the smaller pencil of electrons through the fine aperture,

There aré a number of advantages that occur at once. The contamination
rate has dfcpped to a new low level. This'prodnces a clearer micrograph of
any material at any magnification. It is pessible to search for useful
fields without the rapid production of contamination artifacts, The second
immediately useful effect is the'gfeat increase in depth of focus, This
makes the focussing of the microscope mich less critical and the yield of
accurately focussed pictures greater than before,. The filament 1life is
greatly increased, probably due to a reduction in positive ion bombardment,
If this high-biased system were combined with the double condenser lens,
the ultimate in i1luminating Systems would probably be achievéd° As it is,
it has’ greatly improve& the performance ‘of our older instrument,

-Interim Repért

Technique for Electron Microscope Studies of Rat Tissue’
F. W, Bishop and Ruth McCandless ' '
The possibility of studying radiation damage to biological materials by

means of the electron microscope has been under consideration fer‘some time,
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At present there is a project being carried on in collaboration with the
Pharmacology and To_J/cz/icology Division to study the effect of rgdiation on the
sma]_l intestines gé rats. The,fcechr;iqug inyolves embedding the tissue in
plasti;: and preparing ultra-thin sections, A small flap is cut in the in-
testinal wall close to the level of interest, and cold, 1% osmium tetroxide
is'd:pipped into the lumen of the intestine,- while the circulation .stops;,-
('ciréa 10 minutés) Thén a piece or pieces of partly fixed tissue are removed
to a pool of osmium telroxlde on a glass platé a.nd. fixation is completed,
(About l-‘21.h‘rS.) Following a rinse the tiooue is dehydrated ini asconding
cbncentrations of alcohol, starting with 70%, for 10 minutes each. The
tissue pieces are then cut to final size. Lastly they are placed in two
changes of 100% monomer of N butyl methacrylate,

At any convenient time the tissue pieces are placed in #0 gelatin
capsules containing partially polyme‘rizeidn.:buty_l methacrylate, ‘_‘;"]:f?-'fxi’e‘(é‘e:?ia“‘-‘-'-'1 s
sary the tissue section is pushed to the boﬁf.om of the capsule., fciquri—
zation is completed under an ultra-vielet lamp. When thc plastic 1s 'hard,
the embedded tissue is cut out of the capsule, remounted and properly
oriented on a wooden peé which is made to fit a Pérter—Blum microtome.
Sections 1/L0y thick are cut routinely and these are mounted on séeoimen
screens, When these sections are placed in the miérosccpe for examination
and are subjected to the electron beam théy néed additional support. This
is provided by a thin carbon f£iln which is produced by evaporating carbon
in a vacuum system,A Two different procedurgs are in use; dne is to evaporate
tt;e carbon film onto the screen before the section is placed on it, and the
other is to evéporate ‘l;he film on top of the section after it is placed on

the screen, Each system has some advantages,
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The results which are being obtained from these electron microscope

studies will be reported later.

Interim Report |

The Spectrographic Analysis of Plant Ash for Trace Levels of Alkali
Metals

- Geo, V. Alexander and F@ter'Taylar”

An emission spectrographic method has been developed for the determina=-
tion of concentrations of cesium, potassiﬁms lithium, rubidium, and calcium
in élaht ash, The method was developed primarily for the determination of
cesium and potaséium iﬁ planﬁs‘grewn on soils spiked with various levels
of stable cesium, '

Since a method has been developed in this laboratory for the determina-
tion of strontium and calcium in plant ash and has been used quite success-
fully for several'years, it was decided'to modify this procedure for the
determination of cesium and potassium, i

Most of the sensitive lines of the alkali metal atoms are in the far
visible or near infrared regioﬁ of thé spectrﬁm and ﬁherefore an Yinfrared®
photographic emulsion is required for their detection, In this particular
case Eastman Type 1-L was used., Preliminary observatiens:af plant ash
samples indicated that adequate sensitivity could be obtained for all elemeﬁtS'
of intereét in the sﬁectral region from 66C0A. to 86004,

- The choice of an internal standard for spectrographic analysis with
photographic detection inveolves two major considerations: (1) the excitation
and volaﬁilization characteristics associated with the analysis line and
the internal standard line must be as similar as is practicable in order

to attain maximum precision, and (2) a close proximity in wavelength'between:
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the two lines is required in order to minimize effects resulting from vari-
ations in the photographic emulsion,A It is generally impossible to fully
satisfy both of these points and therefore a compromise must be sought., ,
After considering all of the elements which produce lines in the 6600-8600A

. spectral region; barium was selected for the internmal standard. The spectro-
graphic buffer cémposition was adjusted to make the volatilization of barium
coincide as nearly as possible with that of cesium°

The resulting procedure is as follows:

Samples- The plant ash is thermally ashed at 4GO® C for L hrs. (Higher
temperatures or excessive ashing times resulted in loss of cesium,)
Buffer-internal -standard solution: 7.5 mg Nacl,:22,5 mg Mgcoé and
0,50 mg BaCO3/hl 6 N HCl, (All materials are analytical reagent grade,)

1, The saﬁple‘is dissolved in the buffer-internal standard sclution at a
concentration of 7.5 mg/ml,

2, One drop (approx. 75)) of the sample solution is dried into the top- of
a titted wafer-top electrode (Fig, 4). The addition of the tit to the
wafer-top electrode used for strontium and calcium analysis results in
more uniform intensities for the alkali metals, however, it doés not
affeet'the'intensity ratios,

3. The dried sampie electrode is excited with a 5 ampere DC arc using a
2 meter 2l,400 line per inch ARL grating spéctrograph; An Ednalite,
type 0=2 filter is used in front of the slit to eliminéte second order lines,

» h. The spectrum is photographed on Eastman type 1-L film which is developed
for 5 minutes in D-19 at 68° F,

5. The spectral lines are densitometered with an ARL comparitor—dénsitometer

and convertéd to intensity ratios by means of a Seidel transformed
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" emulsion’ calibration. curve.

Figure L
‘Titted Wafer-top Electrode
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Table XII presents the various line combinations used for the analysis.

Tablé XII
Aﬁélysis 'Sta;agéawﬂ. ' Concentration'# Va;i;ncé‘
) Line : Line ~~  Range in % . % L

Cs 8521,1A Ba 8560.0A 0.01 - 0.3 10.5

Rb 7800.2 Ba 7780.L 0.001 - 0,03 8.5

Ca 71L48.1 Ba 7060.0 5 - Lo '

K 6939.0 Ba T7060.0 5 =40 8.0

1i 6707,8 | Ba 6693.9 0.0001-0,003 8.2

# The concentration range for cesium has been extended to 10% by diluting the
original sample solution 1:10 with buffer-internal standard solution,

The variance is somewhat higher than that observed for this method
when used in the analysis for strontiudm and calcium, in which case chromium
is used as the internal standard. This relatively high variance does not
appear to be due to differences in‘excitatioﬁ potential between members of
‘the line pair, e.g., the excitation potentials for K 6939,0 and Ba 7060.0
are very similar while those for Rb 7800.2 and Ba 7780.4 are quite different.
The relatively normal variance observed for calcium suggests that the photo-
graphic-deﬁsitometric variance is not unusually high. It appears that the
higher variance must then be due to slight differences in volatilization
rates or to effects resulting from the differences in line shape between
the alkali metal and the barium lines, These two possibilities will be
studied in some detail.

The method has been.used to analyse 110 plant ash samples and is being
used to analyse 80 soil lgachates,
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