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THE EFFECTS OF CaEDTA UPON THE METABOLIC PATTERN
OF PLUTONIUM IN RATS® .

Joseph G. Hamilton and Kenneth G. Scott
Crocker Laboratofy, Radiation Laboratory, Divisiong of Medical Ph&sics,
Experimental Medicine and Radiology, University of California,
Berkeley and San Francisco

August 11, 1952

Foreman and Ha.m:i.ltonl"2 in Ehis laboratory demonstrated that the admini-
stration of the chelating agent which is the calcium salﬁ of ethylénediamine tetra-
cetic aclid increased the urinary excretion of plutonium fed to rats in their diet.
This compound hereafter will be referred to as Versene. The use‘of the sodium
salt féther than its calcium compound was felt to be unsatisfactory because of its
toxicity. When adminiétered to animals in this chemical state it combines avidly
with serum calcium and produces death by hypocalcemia, with relatively small doses
‘as compared to ité calcium salt. Versene has been émployed in these studies to.secure

additional information concerning the change in the metabolism of plutonium in rats.

METHODS
| Female rats, weighing from 200 to 310 grams, were used for these experiments.
 Four groups of animals were employed, there being six rats in each .of the first two -
groups and 19 in the third and fourth groups. The animals in each group were divided
into approximately equal numbers to obtain a comparison between Versene-treated and
238

control animals. Each animal received from 0.18 to 0.09 microcuries of plutonium™ .

The plutonium was in the form of plutonyl nitrate in the presence of 0.0l M sodium

3*

This document is based on- work performed under Contract Noo W-7405-eng=48~A for
the Atomic Energy Commission. .
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bromate and 0.1 sodium citrate at a pH of approximately 8. The 92-year Pu?38 was
employed rather than the long-lived Pu?39,igvordef to secuﬁé a high degree of specifie
activity and thus approach a simulation ofAthevpossible concentration>of plutonium
that"might be present in human beings who ﬁé& have been exposed to this radioelement.
Versene was added to the diet of the first_three-éréups_df‘treéted animalsf The amount
present was 3.5 per cent of the weight of‘the diet. The animals were placed on this
-diet 24 hours before they received the plutoniuﬁ;  ‘

The first group of rats received 2 milligrams of Versene by intravenous in-
Jection immediately after the plutoﬁium was given by the'éame‘route of administration.
The treated animals and control animals of this gréup were Sacrificéd at.the end of
2, hours. The second group was given 2Imilligrams of Véfséné in‘the SAﬁe manner as
that employed for the first group and the treated and control éniméis were éacrificed
15 days létero The third group of treated énimalé was gi&en 186 milligrams of Versene
by intraperitoneal injection imﬁediately after they'héd réceived plutonium intravenocusly
and with the éontrol animals were sacrificed 15 days laterol The féurth group was méin-
tained on a normal diet withou£ Versene énd reééived pluisnium bynintramuscular injécﬁiono
At the same time and one day later each animal.feceived‘l55 ﬁilligrams'of Versené by
intraperitoneal injection. Because of the aﬁpearance of apparent toxicity as manifested
by a severe bt transient state of collapse in the treated animals, Versene was given
by the subcutaneous route on.the second; third, and fourth days, the amounts administered
being 79, 159, and 170 milligrams respectivély for each animal. No Versene was admini-
stered from the fifth to the eighth day. The fellowing six days 155 milligrams of
Versene was given daily to each animal by intraperitoneal injection. Twenty=four hours
later the treated and control animals were sacrificed.

Both treated and control animals were maintained in standard metabolism cages,
each cage qontaining from three to five rats. The urine.and feces were collected.
In addition to the collection of excreta, the following organs and tissues wefe removed

at the time of sacrifice for assay of their plutonium contents spleen, blood, liver,
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kidney, gastro-intestinal tract,bmuscle, skeleton, skin, injected leg of the fourth
group, and finally, the tissue described as "balance". After the animals had been
skinned the carcass was ashed and the skeleton removed from the remaining ash. There
was deducted from the measured Valﬁes of this ash the. calculated amount of activity
present in muscle and blood. In the case Of'ﬁhe animals which received plutonium by
intramuscular injection, an additional correction was made, since the injected leg
was_removed in toto. Thus, the balance may be presumed to represent structures such
as glandular, lymphoid, énd connective tissue,

Some of the tissues were assayed for their plutonium content by the tech-
nique which-hgs been described in detail eaflier by Scott EE_§£O,3 paft of which is
outlined in the first section of the Appendix. The specimens-containing felatively
large amounts of calcium such as the skeleton,.balance, liver, skin, urine and fecesg
necessitated the use of a second assay technique which is also given in the Appendix.
The purpose of the second technique was to avoid the interference from the presence
of caléium in these tissues and excreta. Following these assay techniqués, the plu-
tonium content of the samples was determined'by the use of fhe argon gas counter. A
sufficient number of counts was taken to reduce the statistical fluctuations to
approximatelyli 7 per CED£0 The avérage recovery of the plutonium administered to
the animals ranged from 82 to 90 per cent. .With the use of spiked samples the recovery
ranged from 95 to 99 per‘cent with Both assay techniques. The data were computed in
such a manner as to correct the values for tissues and excreta to 100 per cent. In
the case of the fourth experiment this value of 100 per cent was calculated on the

basis of the fraction absorbed from the site of injection. A more detailed account

of these procedures has been described by Scott et 3103

The data presented in the four TableS-gi#es the plutonium content of the
tissues, organs, and excreta; this is expressed as the per cent content of plutonium

and to this information is added the standard deviation. Also included sre the values
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for the injected leg in the fourth experiment; . the measured recovery of the administered
plutonium, and finally, the number of rats fér é;éh éxperimento In addition to the

four Tables the determinations of the uringfy'§9nten§'of plutoniumrhaye'been plottéd
for the last three groups of treated animaisféndithéir-controlS@- This information

appears in Figure 1,

RESULTS

The data obtained from the first gz;o'up 'o;t;’ a.m,mal.s are summarized in Table  L
The distribution of plutonium in the tissues andiits content in the feces was not
significantly different in the treated animals and the normal controls. There would
appear to be a slight enhancement of urinary eéxcretion. Thus it would seem that the
small amount Ef Versene given immediately followirng the injection of plutonium was
not sufficieﬁt to chelate a significant fraction of" the plutohium and cause its sub~
sequent excretion. Likewise it appeared that the oral ingestion of Versene from the
preceding 48 hours had little or no effect.

| The results from the second group of animals are presented in Table II. It
appears that there was a significant increase of the urinary excretion in the treated
animals which was approximately five times greater than that observed in the untreated
controls. The values for balance and muscle also appear to be lower in the treated
animals of this grouﬁo These effects would seem tc have been produced by the Versene
added to the diet. These results are si@ilar to fhbse cbhserved by‘Foremano2 None
of the other tissues or organs of the treated animals appear to be significantly
different from the corresponding structurés in the normal controls.

Table III preseﬁts the results of the intréperitoneal injection of a large
dose of Versene upon the distribution and exéretioniaf plutqpiumm There was noted
nearly an eightfold increase of urinary excretioﬁ and the decrease in plutonium
cohtent of liver, muscle, skeleton, skin, aﬁd balance appearsto be definite. The

amount of plutonium retained in the skeleton was nearly one-half that of the untreated
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control animals. The degree of depletion was aﬁpereutvbup possibly not‘ae Striking in
the case of spleen, bloods kidney, and muscleo> A comparlson of the data in Table III
with those 1n Table II lndlcetes that the much greater effect was due to the admlnl—
stration of a single large dose of Versene rather than the actlon of the dlet, dince
the treated anlmals of both groups had Versene added to their dieto

The results obtalned by the multlple lngectlons of large amoun+s of Versene
in anlmals whlch had not received this substance in thelr dlet are summarlzed 1n )
Table IV. In general it may be said that the relatlve degree of depletion of plutonlum
in the tiesues and the increased excretion is quite comparable to that'observed_in
Table III:whlch was the experiment in which the treated animals reoeived»buu one
injection.of Verseneo A uoteuorthy observation in theifourth experlment”lsthe epparent
mobilization of pluuonium at the site of injection whioh iuiuhlelcase uas b& the lhtramv
muscular route. N | | - -

,“Figurewl preeeuts a chart indicating the effeou’of»Versenewuponﬂtue urinery

excretion of pluuoniumo,‘The data for the treated and control animals were obtained
obtalued from thejlaeu three experiments. In the helf-eheded_symbols_the equares ‘
indicate the aata from those animals which received 2 milligrams of Versene immedif
ately after‘the.edmiuistration of plutonium, the trieugles.represeut dgta from the
enimals whlch receiveq,a large single dose of Versenehfollowiug pluuonium.e@mlnistrauioug
and the oircles indicate the effects of multiple injections of‘Versenee “The/correepond%
ing open symbols are theidata from the control animals. The laspiuwo experluents
‘iudicate ﬁheyeffect of e single large‘doee of.Vereenewiu enhanclng uhevurinary ex-
cretion:q_»Theﬁsecoudary_rise of plutonium excretlon iu ﬁhe treated aniuals follouing
the four-day intervel during which they'received no_?ersene and were subeequently

given this substance is quite evident.
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DISCUSSION

These studies indicate that the orél'adﬁihistfation of Versene did not
produce a pronounéed depletion of plutoniumlin the soft tissues and apparently had
very little effect upon the skeletal contentfof plutonium. The parenteral admini-~
stration of a small amount of Versense likewisé appears to be productive of little
effect. An increase of urinary excfetion.was notedbafter_the prolonged feeding;
this effect, however, is not 6f sufficient magniﬁude to influence gignificantly
the content of either the skeleton or soft tissues. The-parenteral administration
of large amounts of Versene has been shown to decrease the skeletal content of
plutonium and to increase the absorppion from the intramuscular injection site.
The 1latter obserﬁation is of interest, since one probable route of exposure of
an individual to plutonium might be itéfsubcutanéous or intramuscular introduction
intovthe body. It is unrealistic to consider that piutonium might enter the body

by the intravenous route. Earlief studies at Crocker LaboratoryBand other work%

have shown that only minute amounts of plutonium are absorbed from the digestive
tract. It will be of interest to determine if the parenteral administration of
Versene is capable ofAreducing'the plutonium content of the lungs following inhalation
of the plutonium gerosol. -

With the current informationvavailable it would appear that Versene is
of very limited practical.valﬁe fof.the treatment of chronic plutonium poisoningo'
The relativelj small increase of urinary excretion after this substance has been
_deposited in the skeleton, tggéfher with the"lérge amounts of Versene which appear
necessary, would seem valid reasons for not giving this substance as a practical
therapeutic agent. It must be kept in mind, moreover, that in the rat the amounts
of Versene necessary to secure an appreciable increase of urinary excretion are
in the toxic range. The immediate use of large amounts of Versene following the

accidental entry of plutonium into the body through cuts or abrasions would appear
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to offer some promise. Before such attempts are made, however, a thorough knowledge

of both the acute and chronic toxicity of Versene at the dose levels required should

be made.
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APPENDIX

(a) Lanthanum Fluoride Method for Separation of Plutonium from Tissue Ash

Dissolve ash in 2 N HNO3 plus 0.1 M hydroxylamine hydrochloride for 20

minutes. Use 5 to 25 cc. of solution, depending upon amount of ash.

' Divide 1 cc. sample in half and put each sample in 2 hl’centrifuge cone.

Add .025 ml La(N03)3 and .2 ml 6 N HF to each tube.

Centrifuge for 30 secondso_

Stir and centrifuge for 3 minutes., Draw off superﬁatant‘and'discard.
biséoive'prepipiﬁﬁté.in 2 ml of 12 N HNOj.

Draw off sample wiﬁhvpasteur pipette and place in porcelaiﬁ'disho
Rinse centrifuge tube with distilled waters ,

Add 2 drops of 6 N HF to precipitate plutonium.

Evaporate and counﬁo

(b) TTA Method for Separation of Plutonium from Tissue Ash

Add 50 ml of 2 N HNO, plus Ool M hydroxylamine hydrochloride solution to

%
ashed sample and let stand for at least 2 hours.

Put 10 cc sample in centrifuge cone.

Add 3 cc of La(N03)3 without stirring.

Add 10 ml of 12 M HF and stir.

Centrifuge for 5 minutes at 2000 rpm.

Pour off supernatant when precipitate is_well"packqd”downo'

Add 10 ml of 1.5 M HF to cone and stir up precipitateo

Centrifuge again for 5 minutes at 2000 rpm and pour off supernatant when

precipitate is well packed down.

Stir precipitate to break it up. Add 25 ml Al(N03)3 and stir until precipitate

dissolveso.
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10. Add .25 ml NaNO,.

11. Stir and let stand at least 15 minutes before pouring into a separatory funnel.,
12. Add 10 ml of TTA solution and shake for 10 minutes.

13. Let stand one hour and dréin off bottom layer of liquid.

14. Wash twice with distilled water.

15. Add 10 ml of 8 M HNOB and shake for 15 minutes.

16. Let stand for 5 minutes.

17. Drain product into porcelain dish.

18. Rinse through funnel: tube-once with .8 M HNO..

3
19. Evaporate and count.
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TABLE I

THE EFFECT OF VERSENE ON THE DISTAIBUTION OF Pu?38 IN THE RAT ONE DAY AFTER ITS
INTRAVENOUS ADMINISTRATION, ~ TREATED ANIMALS WERE GIVEN 3.5 PER CENT OF VERSENE
IN THEIR DIET STAXTING 24 HOURS PRIOR TO ADMINISTRATION OF Pu?38 AND 2 MILLIGRAMS
OF VERSENE INTRAVENOUSLY AT THE TIME OF Pu<3® INJECTION. THE DATA ARE CORRECTED
FOR RECOVERY AND ARE EXPRESSED AS THE PER CENT OF THE ADMINISTERED DOSE. =~ THERE
WERE THREE ANIMALS IN EACH GROUP. -

Treated : | N ‘ | Control

% per % standard % per % standard

organ deviation ‘ . organ _ devigtion
Spleen 0.65 485 0.43 40.0
Blood 13.2 L 1449 - 15.7 12.3
Liver 14.9 21.4 11,05 - 12,6
Kidney 1.04 16.1 1.20 24,03
GoTo Le21 | 12.4 3.56 8,66
Muscle 5,70 9,70 723 12.3
Skeleton 47.1 7,09 47.8 466
Skin O 7.37 © 40.8 9,88 27.2
Urine 3037 - 0,89 | -
Feces 2036 - 2023 -

Bala.rice - - - -
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TABLE II

THE EFFECT OF VERSENE ON THE DISTAIBUTION OF Pu*>® IN THE RAT 15 DAYS AFTER Pu
INTRAVENOUS ADMINISTRATION. THE ANIMALS WERE MAINTAINED ON A VERSENE DIET AS
NOTZD, Iy TABLE I, AND AECELVED 2 MILLIGRAMS OF VEiSENE INTRAVENOUSLY AT THE TIME
OF Pu*?® ADMINISTRATION, DATA ARE CORRECTED FOR RECOVERY AND ARE EXPRESSED AS
THE PER CENT OF THE ADMINISTERED DOSE. THEE WEAE THREE ANIMALS IN EACH GROUP.

- Treated ... . Control

% per - % standard % per % standard

organ . deviation organ deviation
Spleen 0.73 4605 0.55 600
Blood 5 | 0e45 11.8 0.45 ) 9.46
Liver 5,72 3000 7.7 12.0
Kidney ;;,; 0.56 | 27,7 | 0.57 502
G. I, L. 0,79 35.3 0,76 1.61
Muscle | ‘ 1.12 2362 | 2448 31.0
Skeleton o 59.1 _ 4o9% 64e6 | 5.28

" Skin ) 2.11 £9¢3 1.09 " | 2203

Urine ) 105 - 1.90 ~
Feces , 17.6 - 16.0 -

Balance 1005 b 3013 -
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TABLE III

THE EFFACT OF VERSENE ON THE DISTRIBUTION OF Pu?38 IN THE RAT 15 DAYS AFTER Pu
INTRAVENOUS -ADMINISTRATION., THE ANIMALS WERE MAINTAINED ON A VERSENE DIET AND

RECEIVED 186 MILLIGRAMS OF VERSENE BY INTRAPERITONEAL INJECTION AT THE TIME OF
PuR38 ADMINISTRATION., DATA ARE CORRECTED FOR RECOVERY AND ARE EXPRESSED AS PER
CENT OF THE ADMINISTERED DOSE. THERE WERE NINE TREATED ANIMALS AND TEN CONTROLS.

Treated - Controlv
% per % standafd 7. % per ' 4 standard
organ deviation - organ deviation
Spleen 0.36 TR2e2 0.61 ) 33.3
Blood 0.28 5804 0.41 50,0
Liver ' © 3.60 , | 33e4 8.75 20,2
Kidney 0.49  51.8 1.36 30.6
G.I. | 0.31 4bols 0.88 26,0
Muscle ' 0.70 AR ARVAR © 3844
Skeleton 30,6 858 . 556 17.9
Skin © 0.51 38,7 147 22.3
Urine 506 . | - 6,10 -

Feces . -11.6 _5 _:175;;“:~-f“ o 20.7 -

Balance 0.90 R 2,69 -
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TABLE IV

UCRL-1905

THE EFFECT OF LARGE DOSES OF VERSENE ON THiE DISTRIBUTION OF Pu.238 IN THE RAT 15
DAYS AFTER Pu INTRAMUSCULAR ADMINISTRATION,

MULTIPLE INTRAPERITONEAL INJECTIONS.
ARE EXPRESSSED AS PER CENT OF THE ADMINISTERED DOSE.

ANIMALS AND NINE CONTROLS.

Spleen
Blood
Liver
Kidney
G I,
Muscle
Skeleton
Skin
Urine
Feces
Injection site

Balance

Treated
% per % standard
organ deviation
0.21 77.3
0.17 32.8
2422 2802
0.40 33.2
0.33 2440
0.68 3005
32.9 20,9
0.38 23.8
49.0 -
13.7 -
6.50 -

0.85

THE VEiSENE WAS ADMINISTERED BY
THE DATA ARE CORRECTED FOR RECOVERY AND

THERE WERE TEN TREATED

Control
. % per % standard
organ deviation
0649 21.8.
0.52 23.2
7.36 31.6
1.06 RhoT
0.87 4203
1.36 36,9
640l 10.2
1.15 2ol
4260 -
185 -
28.7 =
2,82 =
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