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Relationship between Physico-chemical Form of Plutonium
and its Behavior in Tissues and Effect on
Reticuloendotherial System in Mice.

2. Comparison of the Behavior of Pu in Tissues between Subcutaneously
Injected Polymeric Pu, Pu Citrate and Pu Nitrate
Masatoshi Kashima, Hisamasa Joshima and Osamu Matsuoka

Division of Radiation Hazards. National Institute of Radiological Sciences, 9-1, Anagawa
4-chome, Chiba, 280, Japan

Research Code No.: 400
Key Words:  Polymeric plutonium, Plutonium nitrate, Non-uniformity factor

Problems on the wounds contaminated with plutonium nitrate appear to be polymerization
of Pu (IV) into micron size particles and their translocation to tissues.

Sixty male mice were injected subcutaneously with polymeric Pu (IV), Pu citrate or diluted
Pu (IV) nitrate solution, sacrificed at the first day to 6 weeks later for autoradiographic and radiochemical
analysis to study the behavior of Pu with relation to form of Pu. Resutls are as follows;

(1) The differences between the three chemical forms of Pu were demonstrated in absorption
rates and in deposition into tissues. A significant reduction of Pu content in the skin was observed in
those of Pu nitrate.

(2) Deposition of large size of polymeric Pu was found in the spleen of mouse recieved Fu
nitrate within the first day. Aggregated cells or cell debris deposited Pu were observed in blood
vessels of liver. In several hepatocytes many single tracks were seen from. their nuclear enclosure
bodies.

(3) Initial non-uniform distribution of Pu in hepatic lobule was found to change into uniform
at 42 days post injection. An atempt to express non-uniform distribution as zonal non-uniformity

factor was made on the hepatic lobules and splenic pulp by track counting,
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Li=7 = Vi Pu (Pu citrate, JF cit. Pu » R
3D L L.
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72 OT, pH I TRR L. Zha i
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Fig. 1 Distribution of Pu in tissues of mice follo-
wing subcutaneous injection with polymeric Pu.
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DfcH, 42T cit. & nit. PEONEFIANGH
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Pu OfiDHEE~ORTIC o\, =FED Pu
BRI BT 5 &, v Thoffc s
T3 cit. Pu>nit. Pu>poly. Pu @JERZHEL 5
h, cit. Pu BrEROMEIR WIS 5 7 THHH
SEEZ R L. nit. Pu BEOEILY4H)1L poly.
Pu it vaMRic cit. Pu Bl LT B
LA L.

Ie¥s, BEHPESO Pu JWERCBRT S L%E
Z IS OEWFRIZE LR FE Uk, K
SEUGHAKICIED bl DX nit. Pu BED 2T
Bt Tiebb, nit. Pu Y4505 6 B
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Table 1 Distribution of Pu in tissues of mice after subcutaneous injection of
polymeric Pu (pol. Pu), Pu citrate (cit. Pu) or Pu nitrate (nit. Pu)
% of injected dose - 8.E.
Tissue Form of Pu |— e
Day post injection
1 2] 42
& pol. Pu 60.214.2 48.6+4.1 53.3%4.0
in : - o
(Injected site) Cft. Pu 42.1+3.9 35.2+3.4 34.8%1.6
nit. Pu 58.4%3.0 40,4+2.1 28.7%2.6
pol. Pu 1.3440.07 4.32+0.52 5.36%0.30
Liver cit. Pu 8.171+0.56 8.95+.0.87 10.50+:.0.68
nit. Pu 2.68%0.15 7.33%0.33 9.09:£0.46
pol. Pu 0.0062£0.001 0.017%£0.001 0.025%£0.002
Spleen cit. Pu 0.068+0.004 0.075£0.008 0.080+0.013
nit. Pu 0.012+0.002 0.038+0.003 0.050=0.004
] pol. Pu 0.067£0.007 0.197+0.017 0.270=%0.016
(wfi';mgf é‘;‘:fgw) cit. Pu 0.270%0.017 0.3800.037 0.510%0.039
nit. Pu 0.12040.020 0.400%0.022 0.480=£0.035
o pol. Pu 0.004%0.002 0.0040.0003 0.008%0.001
e Gt hpmaEs | eit. Pu 0.0230.008 0.010%0.002 0.018%0.005
nit. Pu 0.007%£0.002 0.010%0.002 0.013%0.001
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: ey 2
Fig. 2 M[ouse skin. Microautoradiogram showing
diffusion from injected site of Pu as many sin-
gle and star tracks at 77 days after subcutaneous
injection of polymeric Pu (IV) solution. ( % 50)

Fig. 4 Mouse liver. Microautoradiogram showing
alpha tracks from cell debris in the interlobular

vein at 21 days post subcutaneous injection of
polymeric Pu solution.

.9 19

P m u*B
A”)(/ v‘.{iva
w8

3 %e g

Fig. 3 Mouse liver, M;croau‘torad:ogram of liver
at 21 days after subcutaneous injection of Pu
nitrate solution. Deposition of Pu polymer as a
star is presented near inter-lobular vein. (peri-
pheral zone.)(x100)

Fig. 5 Mouse liver. Microautoradiogram showing
‘“Hot spot’ at 1 day post subcutaneous injection
of Pu citrate solution. Many single tracks are
seen from endotherial cells in sinusoidal vessel.
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Fig. 6 Mouse liver, Microautoradiograms of two
pairs of parenchyma cells showing deposition of
Pu in intranuclear inclusion bodies. (% 500)

A. At 42 days after injection of Pu citrate sol-
ution.

B. At 42 days after injection of Pu nitrate sol-
ution.

HAE S HOE e Sl W38%E 105

. TR : .o 1- i cii : - g
S Ny XA g
. } - & Al

= ‘R .'\ o -?\:\’
Ml T St
! T A W

Fig. 7 Mouse spleen. Microautoradiogram of spl-
een showing a star in white pulp at 3 days post
subcutaneous injection of polymeric Pu solution.

(x100)

Fig. 9 Mouse spleen. Microautoradiogram of spl-
een showing “‘hot spot’” in white pulp at 1 day
post subcutaneous injection of Pu citrate solution.
(x100)
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White @e $80600e
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Remarks
Bile duct CV.:Central vein GC.:Germinal center Cap.: Capsule

® : L.; Larger star, number of tracks 20 <

Peri: Peripheral Intm.: Intermediate Cent.: Central PV.: Portal vein BD.:

- :S.:Smaller star, 6~20 tracks

Fig. 9 Diagrammatic representation shows the sites of star tracks in hepatic lobule and splenic pulp
of mice after subcutaneous injection of polymeric Pu. Number shows stars per 200mm?® of spec-

imens.
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Table 2 Local distribution of star tracks in hepatic lobule and splenic pulp after subcutaneous
injection of polymeric Pu {pol. Pu), Pu citrate (cit. Pu) or Pu nitrate (nit. Pu). Number shows

stars per 100 cm® area of specimens.

. Form |Star(A) Time post s.c. injection
Tissue | of Pu size
| 1 day 91 day 42 day
Zone (B) Peri. | Int.m.| Cent. | Peri. | Int.m.| Cent. Peri. | Int. m.| Cent.
Larg. 0 0 0 68 23 23 29 117 0
pol. Pu _
Smal. 0 0 0 113 180 157 146 467 350
. . Larg. 0 0 0 51 38 0 51 140 0
Liver cit. Pu
Smal. 0 0 0 25 166 89 205 333 150
. Larg. 0 0 ) 64 85 0| o 24 0
nit. Pu |
Smal. 0 0 0 64 192 214 48 191 72
Zone (C) W.P. | MZ. | RP. | W.P. | M.Z. | R.P. | W.P. | M.Z. | R.D.
pol. Pu Larg. 0 0 ] 84 168 252 262 350 174
' Smal. 0 0 0 504 755 923 437 | 1310 | 2010
) Larg. 0 0 0 366 412 0 172 573 57
Spleen | cit. Pu
Smal. 0 0 0 641 275 137 458 401 172
it Pa | LA 118 0 0 140 | 210 140 0 317 159 |
Smal. 0 0 0 70 280 140 0 238 | 317

Remarks (A} Larg.:
(B) Zone of hepat. lobule. Peri.:
(C) Zone of spleen, W.P.: White pulp, M.Z.:

o DIEF, R~ L, b bk
FAN—F LTSS oBTEA B 5 & LD
bhic.

4) FFs XM s 5 Pu RSN
[FFligids X O PRIE AL - —E B 7z b ik
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Pu OF YD GAE DA~ DOBAT 3 L O U<
2 — VBT R i 0—BR L LT b

Large...number oftracks 20<, Smal.:
Peripheral zone, Int.m.:
Marginal zone in w.p., R.P.:

Small ...6—20 tracks
Intermediate zone, Cent.:
Red pulp

Central zone
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$48%, 1 H#28% (Buldakov) DfEIVREh,
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ution in hepatic lobule and splenic pulp of mice
after subcutaneous injection with polymeric Pu
solution.
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Table 3 Zonal nonuniformity factors in the three zones of hepatic lobule and
splenic pulp of mice after subcutaneous injection of polymeric Pu(pol. Pu),
Pu citrate (cit. Pu) or Pu nitrate (nit. Pu) solution.

Time post s.c. injection
Tissue Form of Pu
1 day 21 day 42 day
Zone (A) Peri. Int. m. | Cent. Peri. Int. m.| Cent. Peri. Int. m.| Cent.
| pol. Pu 0.90 0.85 1.70 0.85 0.95 1.43 0.91 1.02 1.20
Liver l cit. Pu 0.80 1.00 1.57 0.87 1.02 1.34 0.86 1.05 1.26
| uit. Pu 0.79 0.95 1.76 0.88 0.97 1.36 0.84 | 1.06 1.35
Zone (B) W.P. M.Z. R.P. W.P. M.Z. R.P. W.P. M.Z. R.P.
. pol. Pu 0.14 1.57 0.18 1.797 0.18 1.63
Spleen cit. Pu 0.13 1.47 0.17 1.66 0.21 1.56
nit. Pu 0.13 1.41 0.15 1.68 0.23 1.51

Remarks (A) Zone of hepat. lobule Peri. : Peripheral zone
Central zone
: White pulp, M.Z.: Marginal zone R.P. : Red pulp

Cent. :
W.P.

(B) Zone of spleen
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