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THE DEPOSITION OF CARRIER~FREE PADIO—VAN DIU}th THE RAT FOLLOWING INTRAVENOUS
AD‘\’lINIS'I‘RAT.LON’c

Kenneth G. Scott, Joseph G. Hamilton, and Patricia C. Wallace
Crocker Laboratory, Radiation Laboratory, Divisions of Experimental’
Radiology, Medicine and Medical Physics; University of California

" Medical School, Berkeley 'and San Francisco, California

May 18, 1951

Thé various_compounds of vanadium have been of intereét from the point
‘of view of their péssible chemical action and toxicity upon biological systems
as well as an interest in the role whiph vanadium may piay_in»cellular meta-
boliém. | |

Accofding;t§ thé\wqu of Ffahke and Moxan (l), NAVOB was toxic to rats
when fed in the diet at 25 parts per million and the minimum fatal dose being
4.0 to 5.0 mllllgrams per kllogram body weioht. Similar studies conducted by
Daniel et al (2) showed that 92 parts per mlllion of NasV0, in a diet fed to
rats resulted in the death of the animals (3). They were able to tolerate |
23 parts per million and showed no demonstrable accumulatlon effect. The
admlnlstratlon of 4 milligrams of NaBVOA to rats daily by stomach tube resulted
in profound vanadium poisoning. This was associated with lung hemorrhages,
diarrhea, and hind leg paralysis. Damage to the gastro-intestinal tract was
obserVe& with inflammation and ulceration (3). |

The excretion pattern of vanadium in man afﬁer intravenous administration
has been studied by Kent_(L) who has shown that 81 percent of it could be re-
covered from the urine and 9 percent in the‘feces; If vanadium is present in
biological material, it exists in trace amounts of less than 1 to 5 parts per
million according to the investigationé_of Daniel (5) using spectrographic'
methods of anal&sis; The materials analyzed‘were eggs, milk, and tissues from
thé rat including muscle, blood, and vi#cera.A Similar studies wérevconducted

eérlier by Boyd (6) who demonstrated‘vanadium‘to'be present‘in‘human pancreas,

*This document is based on work performed under Contract No. W—7hO5-eng-h8—
for the Atomic Energy Commission.
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kidnég'and liver; but not in brain.
J Vanadium is considered by Rygh (7) to be a trace element of biological

importance in aiding the depoeition of calcium in bone;l

In the studies cited above, relatively large amounts of vanadium were
used as compared to the distribution of carrier-free radiocactive vanadium.
Althedgh the vanadium administered becomes paft‘of the vanadium poel of the
body, which according to the above studies may Be extremely small, it repreeehted
less than 3 x 1074 micrograms of elemental vanadium at the time it wes injected
into each animal. ‘The minimum amount detectable spectregraphieally is 2 x 16_3
micrograms according to Boyd (6). Because of the small amount of vanadium used
as a tracer, the distribution data obtained should represent the nermal.metabeliem
of vanadium more exactly than when lafger amounts of ﬁhis'element are used. |
Method = | | |

The radio-vanadium used in these studies was produced by'bombafding a
titanium target in the cyclotron with deutcrono° This results in the formatlon "
of V48 by the following reactions: T147(d n)V4 and Tlh8(d 2r1)Vl+8 The V48
thus formed has a half-life of lévdays. It decays by K capture, 42 percent,
and positfon‘emiesion, 58 percent to s'table'titaniumh8° The maximum eﬁergy
of_the electrons produced is 0,72 Mev and the decay,is asSociated'Qith 0.98
and 1.33:Mev gamma rays (8)(9). |

The radio-vanadium was chemically separated from the target using
procedures reported by Haymond et al (10) and prepared fof administratioh to
the rats as an isotonic saline solution of radio-vanadium in the plus five
state at a pH of 5.5. The titanium used contained”leSS'than 1 microéram of
vanadium per gram of titanium and'reageqts Qf.;ebepapory gpede were employed;
The maximum amount of vanadium for the ehtireipreparation was estimated to be
less than IO 1croarams and no anlmal recelved more than 5. percent of the pre-K
paration,lx%ﬁxg(ﬁgs admlnieﬁefed ‘to four groups of rats,, contalnlng three

animals in each group, and the amount given is indicated in Table I. One of
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TABLE I

THE DEPOSITION OF CARRIER-FREE RADIO-VANADIUM IN THE RAT 1, &, 15, AND 64 DAYS
AFTER INTRAMUSCULAR. INJECTION, .VALUES ARE CORRECTED FOR REGOVERY AND ARE
. EXPRESSED IN PERCENT OF ABSORBED DOSE. EACH RAT IN THE 1, L, AND 15 DAY GROUPS,
RECEIVED 4 MICROCURIES OF RADIO-VANADIUM. EACH RAT IN 'I‘HE 6h DAY GROUP RECEIVED
8 ‘MICROCURIES OF RADIO&VANADIUM ' . _

1 day hdays 15 duya . 64 days
% per % per % per % per % per % per % per % per
Orgsn organ _ grem . organ grem.  Organ _ grem organ _gram
Heart 21 .16 20 .10 05 07 . 03 .03
Lung = W46 .26 .29 A8 15 0_08 <Ok .02
Spleen .68 53 .63 | .,65" o Lks ;58 A5 AT
Blood k.60 .30 1.52 .1 .20 .01 .01 .01
. Liver 869 .18 6.23 .6k 2,37 .22 .89 .08
* Kidney 641 2.65 k.35 1.82 - 1.57 276 .26 09
" Adrenal 02 - SL0L - .02 - 4001 -
Tayroid 02 - 01 . - <.01 P R
Lym. Gl. B ST X S 35 ==
Pencreas . .21 «20 19 153 .10 210 210 .02
Bratn .05 .03 .05 0L .02 .0 .01 <01
Iut“”_. o .8 - " 06 - .8 _9- <01
gtomach .99 .33 2 a3 L0 .0 02 0L
Sm. Int. 3.66 U3 96 .13 oSk Lok 22 .02
Lg, Imt, 6,12 .66 1.0 [ TN S R A3 .01
Skeleton  14.1 .68 9.9k .53  8.98 4T k5B .23
Muscle  7.65 .07 4,96 .0k b5 .0 2,19 .02
Skin - 5.4 .18  hA6 .18 2,73 0 L1 0 .98 03
Pituitary 02 - <,01 a <01 0 - R
Eyes . . .02 .07 £.0L . .05 0L .02  <GOL L0l
Testes «36 012 o5T o17 : o33 Cel3 _ °29 -09 B
Urine 32,3 - 39.6 - ko - shT -
Feces  7.82 - 24,3 - 38 - 35k -
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the above groups was sacrificed at 1, %, 15,.and 6l days after intramuscular admini-
stration,. The rats used in this study were'malesvaveraging 246 grams total body
weight; ‘Tissue samplés Were taken for.radioactive.aséay aﬁd Weré'hshed%and'ﬁrepared
for cbunting.with a G.M., counter as descriﬁéd in an eafiié; papér (ll).‘ The aétual
recoveries were 86, 97, 101, and 112 percent of the radio-vanadium administered

for the 1, 4, 15, and 64 da& groups of animals, respecﬁivély°

Results_

The major portion of the radio-vanadium administered by intramuscular in-
jection to the left hind leg was.absorbed from the injection site there rémaining
23.7, 224, 9.0, and 5.6 pércent of the dose in the left leg at:l, Ly 15, and 6k
days, respectively. | |

Of the radib—vanadium absorbed initially, rapid excretion occurred iﬁ the
urine (32.3 percent) during the first 24 hours after injection and continued at
a diminishing rate during the course of the experiment. At 64 days after .admini-
strétion, over one-half of the radio-vanadium absorbed was excreted in the urine,
and most of the remainder was in the feces. For the first 15 days after radioé\
vanadium administration, the fecal excretion is considerable and represented
35.4 perceht of all of the radio-vanadium excreted by tﬁe bLth day,

It may be noted from Table I that the.carrier-free radio-vanadium is
eliminated rather rapidly from the soft tissues with the_exception of muscle,

For exaﬁple, the deposition in ﬁhe liver and kidney fell approximately to lO
percent and 3.5 percent, respecti&elx of tﬁe maximum uptgke, between ﬁhe first
and 64th day. Retention by the skeleton may be considered significant both on
the basis of the per organ and per gram accumulation° At the b4-day interval
the highest concentratiors on a per gram basis were noted in skeieton, spleen, -
kidney, 1iver,'and testes, These concentrations are quite significantly greater
than organs and tissues such as heart, lungs, mucle, and digestive tract. The
overall retention in the rat over the b4-day period is approximately 10 percent

of the radio-vanadium absorbed from the intramuscular site of injection.
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In addition to the intramuscular injection series described above, one
group of animals was given 2 microcuries of radio-vanadium intragastrically
and sacrificed § days later. Over 99 percent of the radio-vanadium a'd‘mi’ll'li_-stérv'ved
was recovered in the excreta and this was primarily in the feces, There>we;é |
measurab1e>amounts retained by iiver, kidney, smali intestine, bone, and muscle
and amounted to .06, .03, .02, .17, and .14 percent of the dose per organ, respec-
tively. The radioactivity accountablé ;o vanadium in the skin could have come
from outside contamination. On a per gram wet weight basis, less than .0l per-
cent of the radio-vanadium administered was found in anytissué° (See Table II).

While the amoun£ of carrier-free radio-vanadium found in the organs and
tissues was small after intragastric administration, there was a significant
.quantity.present in liver, kidney, bone, and muscle., That present\in the skin
may have resulted at least in part from external contaminatioh from the excreta.
That which was observed to be preseﬁt ;n the small intestine and large intestine
could bé‘accounted for on thé‘basis of traces of unabsorﬁed radio~vanadium. It
may be noted that there is a rougﬁ correlation between the relative content in
liver, kidney, bone, and muscle of carrier-free fadio—vanadium following the two
routes of administration.: From this and the data presented in Table II, it
would appear that absorption frbm the digestive £ract of the rat of carrier-free
NaBVO4 lies in the rangg of 0.5 percent.,

From these data, it would appear probable that in man small amounts of
vanadium.are present in the body, though prqbably:tQO'minute to be detected by
any of the classical procedures of chemistry and physics., |
Diséussion

The studies reported above indicate that radio—vanadium is stored to
some extent in the tissues of the body after parenteral a_dministrationo These
tissues are primarily ske;eton, gonads, kidhey, liver, and spleen. Since the

total radio=-vanadium administered per rat was less than 3 x 1074 microgram, the

N
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. TABLE II -

FATE OF CARRIER-FREE RADIO-VANADIUM IN THE RAT 8 DAYS AFTER INTRAGASTRIC
ADMINISTRATION, THE DOSE OF CARRIER-FREE RADIO-VANAINIUM WAS 2 MICRCCURIES
AND LESS THAN 3 x 105 MICROGRAMS. OF RADIO-VANADIUM. VALUES EXPRESSED
ARE AS PERCENT OF DOSE CORRECTED FOR RECOVERY.

‘ﬁ per % per ;

- Organ Srgen . gram |
 Heart <,01 £.01
Lungs £,01 <40
Spleen .01 - <01
Blood .01 <,01
Liver ' .06 P4 ;Ol, |
Kidney .03 ;Ol
Adrenal <010 Lol
Thyroid <,01 -
Lymph Gland .01 <;o;v. |
Pancreas <.,01 <,01
Brain <01 (%01
Fat <.l £.01
Stomsech = <01 < .01
Sm, Int. .02 < .01
. Lg. Int. 06 < 01
Bone 01T < .01
Muscle o1k <.01
Balance 02 .
Skin .08 < .01
Pituitary < .01 v
Eyes < .01 01
Teates £ .01 {01
Urine 1.56 | -

Feces 97.9 -
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actual émount'retained by these organs wasvrelatively small and this neglecté,
the factor of~radioactive_decéy, Fdr example, 64 days after radio-vanadium
administration, 90 percent was,expreped»thu§ leaving less than 3 x,le?;micrOe |
grams of the radio-vanadium administered_in.the body in the vanadium.pool of
the body or far less than one part per billion. Thgsé studies corroborate the
findings of Daniel_(S) who showed that. the vanadium content of rat tissues was
lower than 5 to 1 parts per.million, this being the limit of the:sensitivity
of their aﬁaljtical method. Our studies suggest, however, that vanadium in
smali amounts may be a normal-constitﬁent,in the body and not just a:ﬁrage;_ ii:ﬁ¥
which has no£ peen excreted because of deposition in the reticulo-endothelial
elementsﬂof the body. This does not imply that.it is an essential trace element.

Fér,example,istudies with carriér—free silver in‘whicﬁ“similar'sube -
microgram dosages were employe& (11) demonstrated that the silver was, so.
completely and rapidly excreted that the residual concentration remaining --. . . .-
after 64 days was less than 1/1000 of that observed with radio-vanadium at the
same time intgrval.

An estimated maximum of stable vanadium given to each rat was less than
0.5 microgram. Thus is it not improbable that only a small fraction of all
vanadium atoms administered were radio—vanadium. However, the small total
given proBably is not suffibient to alter the results as compared to using a
preparation containing no stable vanadium. In practice, very minute contamination
ié una%oidable. |

Summary

Tracer studies in the rat have been conducted employing carrier-free

’

. o8 ' Cs . . .
radio-vanadium (Vh ). There is an initial relatively rapid excretion by way
of the kidneys and digestive tract, following intramuscular administration of
carrier-free pentavalent radio-vanadium in isotonic saline at pH 5-6. Four

. g
- groups of three rats each were employed and the groups sacrificed at 1, 4, 15,
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and 64 days.

‘At the 64-day interval approximately 10 percent is retained ih the body.
Principal organs of retention at this interval are the skeleton, muscle, liver;
testes, and kidney. The highest concentration per gram of wet tissue was observed
in the skeleton, testes, kidney, and liver.

Intragastric adminstraﬁion was performed on one group of three rats-and
it would appear. that approximately 0.5 percent wasvabsorbed from the digestive
tract.
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