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RETENTION AND STORAGE SITES OF RADIOACTIVE

Polyvinylpyrrolidone (PVP) was first introduced
in Germany (1 ) as a nontoxic plasma substitute;

during and after the Second World War it was ad
ministered to over 500,000 patients (2) without ad
verse reactions although histopathological studies in
man (3) and experimental animals (4) demon
strated phagocytosis of the polymer by macrophages
for several weeks after its infusion. Forty to 60%
of the PVP was excreted in the urine, mainly during
the initial post-infusion period, and no other sig
nificant site of excretion was found. The use of PVP
as a plasma substitute rapidly declined with the
introduction of transfusion Dextran; although this
material was stored in the reticuloendothelial sys
tem, it was capable of slow degradation to glucose.

PVP labeled with 1311was introduced by Gordon
(5) as a simple way of measuring gastrointestinal
permeability to macromolecules in patients with a
suspected protein-losing enteropathy; the labeled
polymer has been given in an attempt to localize
brain lesions (6) and has been used to measure
glomerular permeability in patients with and with
out renal disease (7) . We have determined the quan
tity in storage sites of injected radioactively labeled
PVP because it has been suggested (8) that the
material is selectively stored in the liver and that the
irradiation to this organ could be high enough to be
hazardous.

MATERIALS AND METHODS

Unfractionated 131J @YI/@(preparation A1 with
an average molecular weight of 38,000) and two
fractionated preparations (A2 and A3, with average
molecular weights of 32,000 and 12,500, respec
tively) were supplied as sterile isotonic pyrogen-free
solutions by the Radiochemical Centre, Amersham.
Three relatively monodispersed fractions were ob
tained by gel ifitration of the A1 material on a
Sephadex-G.200 70 X 2-cm column in the labora
tory; l0-ml fractions of the eluate were collected,
and single fractionsâ€”S1 with an average molecular
weight of 100,000, S2 with an average molecular
weight of 30,000 and S3 with an average molecular
weight of 26,000â€”were used in the experiments.

The molecular-size distribution of the six polymer
preparations and samples of human and rat urine
obtained after parenteral administration of the A1
fractions was determined by gel filtration on Sepha
dex-G.200 columns 70 cm long and 2 cm in diam
eter by eluting them with 0. 15 M sodium chloride
and collecting 2-ml fractions of the eluate. To corn
pare elution patterns of different columns, the re
suits were expressed as elution coefficients K3@(9)
where Kay V,, â€”â€œ/0/Vs_ V0, V0 void volume
of the column, V@= total volume of the column and
Ve elution volume of the PVP.

Human subjects received 180 mg of potassium
iodide daily before and for 8 days after the intra
venous injection of known amounts of the A1 ma
terial in eight patients and the A2 fraction in three
further patients. Complete 24-hr urine and fecal
collections were made for the subsequent 4 days,
and in two subjects serial venous blood samples were
obtained; 10-mi aliquots of urine, homogenized
feces, plasma and appropriate standard solutions
were counted in a scintillation well counter and
scaler to an error of less than 3%.

Single intraperitoneal injections of known amounts
of the different polymer fractions were given to
mice and rats using the scheme in Table 1. The rate
of excretion of the labeled material was monitored
by whole-body counting using a single sodium iodide
crystal, standard counting electronics and a sufficient

amount of lead shielding; the animals were held in

TABLE 1. DISTRIBUTION AND NUMBER OF
ANIMAL SPECIESRECEIVING PVP FRACTIONS

Man
Mice
Rats

2 3 3
2 2 2

Received Aug. 24, 1966; revision accepted Aug. 2, 1967.
* Present address: St. Mary's Hospital, London.

Volume 9, Number 7 389

POLYVI NYLPYRROLI DONE

B. Hulme,* P. W. Dykes, I. Appleyard and D. W. Arkell

University of Bfrmingham, Birmingham, England



material. Figure 2 shows molecular-size distribution
of the Si, 52 and S3 preparations; the range of molec
ular SiZeS in each fraction is less than that of the
Radiochemical Centre material.

The quantity of 1811PVP retained by the different
species is shown in Table 2; over 50% of the A1
preparation remained in human subjects, and values
of 40% were obtained for the lower-molecular
weight A2 fraction. Fecal excretion of the A1 and
A2 preparations were identical with mean values of
0.7 and 0.8% of the administered dose, respectively.
The greater renal excretion of the lower molecular
fraction was marked during the first 24 hr after in
jection, and no significant difference was observed
during the subsequent days (Fig. 3) . Rats excreted
a larger proportion of each PVP fraction (Table 2),
suggesting a species difference in glomerular per
meability similar to that demonstrated by Wallenius
(10) for Dextran. Technical difficulties in collect
ing accurately timed urine samples from rats pre
vented formal renal clearances, but gel filtration of
rat and human urine following administration of
fraction A1 showed higher-molecular-weight material

A, in the rat urine (Fig. 4).

FIG.2. Molecular-sizedistributionof PVPfractionsSi,5,
and 5,.
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FIG.1. Molecular-sizedistributionof
and A,.

a plastic box during counting, and the same geo
metrical locations were used on each occasion. The
rats were killed 5 days after PVP injection while the
mice were killed at intervals up to 29 days after in
jection; organs were removed, weighed and counted
in the scintifiation well counter and the tissue activ
ity was calculated.

RESULTS

The molecular-size distribution of the fractions
A1, A2 and A3 were determined by gel filtration on
Sephadex G.200 and are shown in Fig. 1; the prep
arations are polydispersed with a wide range of mo
iecular sizes, and the fractionation procedure has
reduced the proportion of higher-molecular-weight

PS, A1
,vp A2 e

pyp A3 â€¢
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Kay

PvP fractions A1,

TABLE 2. PERCENTAGERETENTION OF 1311-PVP
5 DAYS AFTER ADMINISTRATION

55 51
55 58

57 59

50 55

42
42
34

Man

77 14 2.5

78 14 2.5
14 2.1

Mice 0@1 0â€¢3 0â€¢5
Kay

44 38 12
Rats

43 37 13
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pvP preparation

Organ A1 As A,

STORAGE SITES OF POLYVINYLPYRROLIDONE

The retention of the narrow molecular-weight
range Si, S2 and S3 preparations in mice confirmed
that the excretion of 131! PVP was inversely propor
tional to the average molecular weight of the polymer
(Table 2).

The plasma radioactivity showed an exponential
decay over the 100 hr in which it was measured in
two humans following the intravenous injection of
the A1 material. The results obtained from one sub
ject are shown in Fig. 5, and less than 1% of the
original radioactivity remained in the plasma al
though only 45% of the material had been excreted
in urine and feces.

The distribution of 1811-PVP fractions in rat tis
sues 5 days after a single intraperitoneal injection
of polymer is shown in Table 3. The material ap
peared to be retained in the liver and spleen; the
relative proportions of each fraction in the tissues
were similar apart from a disproportionate increase
in kidney radioactivity of the low-molecular-weight
A3 fraction.

Tissue specific activities of mice which were killed
at intervals up to 29 days after a single intraperito
neal injection of the Si, 52 or S3 preparations are
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FIG. 4. Molecular-sizedistributionof A1fractionsexcretedIn
human and rat urine, determined by Sephadex 0.200.

shown in Table 4; animals that had received the
lowest-molecular-weight material showed localiza
tion of radioactivity to the kidney. The higher
molecular-weight fractions were selectively stored in
the liver, spleen, thymus and lymph node; the reten
tion in these organs increased with time and was
more marked for the spleen; the concentration of
the S@material in this organ was 22 times greater
than that for muscle. The tissue distribution of PVP
did not depend on the vascularity of the organs be
cause very low plasma radioactivity.â€”less than that
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TABLE 3. MEAN DISTRIBUTION OF lSlI.pVP IN
RATSAS PERCENTAGEOF ADMINISTERED

MATERIAL 5 DAYS AFTER INTRAPERITONEAL
INJECTiON

Wholebody433713Liver4.104.201.04Spleen1.701.100.25Kidney0.280.220.35Lung0.550.10.01Heart0.110.100.04
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FIG. 3. Rate of renal excretionof different
Pvpfradionsin man.
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PercentageadministeredOrgan
ml.PVP

Ratio ofâ€œI PVPfraction'Si5,552

days 29 days2 days6 days2 days

9.6
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suggests that larger-molecular-weight PVP fractions
can pass through the rat glomerular filter, confirming
the observations of Wallenius (10) and perhaps ex
plaining the constant finding of proteinuria in this
species.

Human and animal experiments may not be di
rectly comparable because of the different parenteral
administration routes. The greater excretion of the
same preparation in the rat following an intra
peritoneal injection suggests that the polymer was
not retained within the abdominal cavity; direct
puncture of the gastrointestinal tract was considered
unlikely because a significant proportion of the ma
terial remained in the body; the effect of different
routes of PVP administration in the same species
was not investigated.

The higher-molecular-weight PVP is rapidly elimi
nated from the blood with a biological half-life of

12 hr. Less than 1% of the original activity is pres
ent 100 hr after an intravenous injection, confirming

the observations of Tothil (8) and Rootvelt (11).
The material is phagocytized and stored in the
reticuloendothelial system in the rat and mouse with
greater localization to the liver and spleen. Ravin
et a! (12) using 14C and â€˜311-labeledPVP had pre
viously shown that this localization depended on the
molecular weight of the polymer; there was a dis
proportionate localization to the spleen with time

for material with a molecular weight greater than
100,000. The studies with relatively monodispersed
Si, S2 and S3 fractions in mice confirmed these ob
servations; there was no specific localization to the
liver and spleen of the lowest-molecular-weight S3
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FIG. 5. Eliminationof A, â€œI@ fromplasmain onepatient.

TABLE 4. RELATIVE TISSUE CONCENTRATIONS OF
131IPVP FRACTIONS IN MICE KILLEDAT DIFFERENT

TIMES AFTERADMINISTRATON

Spleen 5.1 21.8
Liver 2.3 6.9
Lymph node 3.4 4.0
Thymus 2.8 3.7
Kidney 2.2 â€”
Bone 1 1
Muscle 1 1

* (cps/gm tissue)/cps/gm muscle).

1.3 5.7 1
1.6 3.8 1
1 â€” 1
1.6 4.6 1
1 â€” 2.1
1 1 1
1 1 1

for skeletal muscleâ€”was found in all animals at
death. Furthermore a rat was killed 1 hr after re
ceiving an intravenous injection of the A1 material,
and the distribution of radioactivity in the tissues
is shown in Table 5 ; although a high proportion of
polymer was found in the liver, the results for other
organs were dissimilar from those found in animals
killed later.

DISCUSSION

The renal excretion of low-molecular-weight PVP
is rapid with maximal loss occurring during the first
24 hr after administration. The differences between
fractions A1 and A2 can be explained by the rapid
renal excretion of the greater proportion of low
molecular-weight polymer in the A2 fraction during
the initial 24 hr. Previous studies (7) suggested
that this excretion was by glomerular filtration with
out significant tubular secretion or re-absorption;
minimal tubular re-absorption probably does take
place as the kidney concentration of the low-molecu
lar-weight-fractions A3 and S@are increased (Tables

3 and 4) . Gel filtration on Sephadex G.200 of rat
and human urine following administration of the
same 1311-PVP preparation shows that a polymer
with an equivalent molecular size to Kay 0.20 can
pass through the glomerular filter. The molecular
size distribution of polymer in rat and human urine

TABLE 5. RADIOACTIVE DISTRIBUTION IN RAT 45
MIN AFTER INTRAVENOUS INJECTION OF 181I-PVP

FRACTION A1 2

Liver
Spleen
Kidney

80 1000.8
II ours0.5

Lung 0.8
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fraction. Similar results were obtained 2 days after
the administration of the S2 fraction, but at 6 days
the radioactvity in the liver and spleen had increased
with greater concentrations in the latter organ (Ta
ble 4) . The localization to the reticuloendothelial
system with a disproportionate increase in spleen
radioactivity was demonstrated in the animals that
had received the S@fraction and were killed 29 days
later; the distribution could not be explained by
assuming that all the radioactivity in the organs de
pended on the intravascular radioactivity pool that
was significant by this period of time.

Tothill (8) studied the excretion and storage sites
of â€˜311-PVPpreparation A1 using whole-body count
ing and body scanning and determining the rate of
disappearance of polymer from the plasma; body
scanning showed localization of radioactivity to the
liver with half the injected material remaining in the
body. Tothill discussed the irradiation effects of pro
longed retention of â€˜311-PVPwithin the liver assum
ing that all the polymer retained in the body was
selectively stored in this organ and that the tissue

radiation dose was 0.05 rad/@c 131! This assump
tion is contrary to the findings reported here and
the observations of previous workers (12,13) . The

serious difficulty in calculating organ radiation dose
is the progressive increase in PVP localization of
the highest-molecular-weight material to the liver and
spleen (Table 4), probably taking weeks to reach
completion (12).

It seems reasonable to assume from the data
that there are two phases of PVP clearance : the first
involves an even distribution throughout the body
with a half-life of 12 hr; the second occurs when a
maximum of 5% of the injected material is con
centrated in the liver with a biological half-life iden
tical to the physical half-life of the isotope. For a
50-kg patient whose liver weighs 1.5 kg, the calcu
lated radiation dose to this organ is 0.0046 rad/@c
of â€˜311-PVPadministered. A change of isotope from
1311 to 12.51 would reduce the radiation to 0.0013

rad/@zc,and a test dose of 20 @cwould deliver less
than 0. 1 rad to the liver. Therefore for each isotope
a much lower radiation dose is received in the liver
than from radioiodinated human serum albumin
(14) and the dose is well within accepted levels.

SUMMARY

The storage sites of radioactively labeled poly
vinylpyrrolidone (PVP) with different molecular
weights have been studied in different species. PVP
with a molecular weight of less than 45,000 is
rapidly excreted by the kidney while higher-molec
ular-weight material is selectively stored in the

reticuloendothelial system ; 4â€”6% of the adminis
tered dose is retained in the liver. The irradiation of
this organ after the administration of 20@ of 125!
or 131! PVP does not constitute an irthdiation hazard.
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