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In an experimental evaluation of scanning agents, Long et al noted that
high tumor-to-brain ratios were obtained with substances which tended to be
come bound by proteins in the plasma, and that the highest concentrations in
tumor were obtained with radioiodinated albumin (1). This macromolecule
and polyvinylpyrrolidone-'311 (2) have been popular scanning agents, although
the persistently high blood levels and long biological half-life are major disad
vantages. We have studied the localization of macromolecules, coupled with
74As-arsanilic acid, in tumor and other tissues (3,4). These materials are not
suitable for clinical scanning because of prolonged retention in the liver and
kidneys, although the tumor levels were approximately as high as those obtained
with â€˜311-albumin(3).

In an evaluation of the distribution of intravenously injected 74As-arsonoazo
albumin in tumor-bearing mice, it was noted that the tissue levels varied with
the amount of 74As-arsanilate coupled per molecule of protein. In a similar
study, 74As-arsanilate was coupled to poly-L-lysine and injected into tumor
bearing mice (4). During the course of this work, it was also noted that incon
sistent results were obtained if the ratio of arsanilate to lysine was varied. In
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view of the differences in uptake by tissues according to the method of prepara

tion of these materials, it was considered worth while to carry out a detailed
study of the effect of adding varying quanties of 74As-arsanilate to poly-L-lysine

in order to ascertain if some consistent pattern could be detected which could

be of value in the preparation and evaluation of other macromolecular scanning
agents or similar materials.

MATERIALS AND METHODS

Poly-L-lysine hydrochloride of molecular weight 210,000 was obtained from
Mann Research Laboratories and used throughout this study. T4As-arsaniic acid
was synthesized and coupled to polylysine by diazotization. Details of the syn

thesis and coupling procedures have been reported elsewhere (3, 4).

Diazotized 74As-arsanilate in amounts ranging from 60 to 150 /Lmoles with
specific activities of 300,000 to 75,000 cpm/1Lmole, was added to 6 samples of 5
mg (30 /Lmoles lysine moiety) polylysine dissolved in 1 ml 0.5 M, pH 10, car

bonate buffer. The pH was carefully maintained at around 10 with small amounts
of normal NaOH during the addition of diazotate. Coupling was allowed to take
place overnight, and the solutions were then transferred to dialysis bags and
dialyzed against 0.1 M NaC1 with 5 x 10-s M phosphate, pH 7, for at least five
days with daily changes of the dialyzing solution. All procedures were carried
out at 4Â°C. After dialysis, the solutions were quantitatively removed from the
dialysis bags and the volumes measured. A 0.1 ml sample of each preparation

was counted in a well counter and the amount of arsanilate coupled per 30 lysines

(5 mg polylysine) was calculated from the specific activity of the 74As-arsanilate.
All counts were corrected for background and decay. A typical preparation of
74As-arsono-polylysine solutions is illustrated in the Table. In this Table, the

TABLE

THE PREPARATION OF DIFFERENTIALLY COUPLED 74AS-ARSONO-POLYLYSINE

*Correctedfordecayduring5daysdialysis.
@ mg polylysine is equivalent to 30 @moleslysine moieties.
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quantity of diazotized 74As-arsanilate added to 5 mg (30 lysines ) polylysine is
shown in the second column. The specific activity, in counts per minute per @.irnole,
of the added diazotate is shown in the third column. After dialysis, the solutions
were quantitatively removed from the dialysis bags, measured, and a sample
was counted. The total counts in the solution were calculated, and this num
ber (fourth column ) was divided by the specific activity ( corrected for decay
during the dialysis period ) which resulted in the figure in the last column repre
senting the number of @.@molesarsanilate coupled per 30 @zmoleslysine moieties.

0.1 ml containing 0.3 mg 74As-arsono-polylysine was injected into the tail
veins of C-57 mice. The tumor used in this study was a chemically-induced

Zimmerman ependymoblastoma. The removal of tissues for counting, and other
procedures were the same as those described previously ( 3 ) . The total number
of animals was 115, with 3 to 8 in each group.

RESULTS

Arsono-polylysine preparations containing less than 8 arsanilate groups per

30 lysine residues were extremely toxic when injected intravenously into mice.
With 8 to 10 arsanilate groups, the material precipitated during dialysis (pos
sibly a charge effect similar to the isoelectric precipitation of proteins). There
was no evidence of toxicity with preparations containing more than 10 arsanilate
groups.

Figure 1 shows the disappearance of 74As-arsono-polylysine from the blood
stream of tumor-bearing mice. Rapid clearance was found with the use of mate
rial containing 11 to 13 arsanilate groups (per 30 lysine residues). The blood
levels remained higher with greater coupling ratios. There was some suggestion
of decreasing clearance rates with each added increment of arsanilate although
this was not clearly indicated with preparations containing more than 14 to 16
arsanilate groups. The clearance rates thus appeared to vary inversely with the

coupling ratios which is opposite to the findings with differentially-coupled

arsono-albumin. The blood levels with highly coupled arsono-polylysine were
similar to those found with lightly coupled arsono-albumin (3).

The levels in tumor, shown in Fig. 2, rose when the number of conjugated
arsanilate groups was increased above 11 to 13 and were correlated with the
blood levels. The change in uptake with over 14 to 16 groups was not extensive.
In terms of per cent of injected dose, the uptake at four hours of the prepara
tion with 24 to 31 conjugated arsanilate groups was equal to that obtained with
mouse serum albumin containing 1 to 2 arsanilate groups (3). There was a pro
gressive increase in uptake with time with all preparations except the lightly
coupled material (11 to 13 groups) which was also removed from the blood
very rapidly.

The levels in the liver were correlated with clearance rates from the blood
stream; the preparations which were most rapidly cleared from the blood were
the ones which became most highly concentrated in the liver. As with the clear
ance rates from the blood stream, there was not a clear difference in uptake of the



UPTAKE OF â€˜4ASIN TUMOR-BEARING MOUSE TISSUES 923

â€”31
â€¢ 24.26

- 21.22-------18.20
14.16

3O@

0
0

a.'
4?

4?

0

4)

4?.@ 10-
-I

4)

a.'
4)

\

\

3
I I

41

Fig. 1. Disappearance of 74As-arsano-poly-L-lysine from the blood stream of tumor-bearing
mice. Number of coupled arsanilate groups per 30 lysine moieties is indicated. Re.
suitsin thisand followingfiguresare expressed as per cent of injecteddose per ml

of blood (or g of tissue)correctedto a 25 g mouse. 0.3 mg. â€˜Â°As-arsano-poly-L-lysine

were injectedintravenouslyand mice were sacrificedat indicatedtimes.
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preparations with greater than 14 to 16 arsanilates except at the four hour period.
In general, the retention in liver was much the same as has been noted with
various azoproteins (6-8).

The levels in kidney also varied inversely with the number of conjugated
arsanilate groups (Fig. 4). These values were of particular interest since they
demonstrated a graded effect which was not definite in blood clearance nor in
liver or tumor levels. This apparent specificity was also found with azoalbumin
(3). A constancy was noted in the values in each group in the interval between
one-half and four hours which was quite different from the progressive rise in
liver uptake.
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Fig. 2. Uptake of intravenously injected â€˜4As.arsano-poly-L-lysine in tumor (chemically-in
duced ependymoblastoma).
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Fig. 3. Uptake of intravenously injected â€˜4As-arsano-poly-L-lysine in silver.
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Fig. 4. Uptake of intravenously injected â€˜@As-arsano-poly-L-1ysinein kidney.
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DISCUSSION

In this study some striking differences were noted in the uptake of 74As
arsono-poly-L-lysine in tissues of tumor-bearing mice which varied according to
the ratio of arsanilate to free lysine groups in the final preparation. There ap
peared to be some consistent patterns which can be evaluated from these results.
The uptake in tumor was directly related to the concentration and persistence
of radioactivity in the blood stream which, in turn, depended on the rate and
extent of uptake by the liver and kidneys. The relatively high uptake of 1311
albumin ( 1 ) and â€˜4C-albumin (5) by tumors is also consistent with this observa
tion since these materials are also retained in the circulation for prolonged pen
ods with comparatively little uptake by kidneys and liver.

The preparations which were most rapidly removed from the circulation
were those with the lowest ratio of ansanilate-to-lysine groups. In a similar study
with 74As-arsonoazo-albumin (3) the results were different in that the highest
clearance rates were obtained with the more heavily coupled material. Our
results with 74As-arsono-poly-L-lysine do not permit any general theory concern
ing the mechanisms â€˜involved which would explain the variation in uptake pat
terns. However, poly-L-lysine is a highly basic material, and the addition of the
negatively charged arsenate groups would tend to make the polylysine molecules
more neutral or negative in net charge. Further work on this problem is in prog
ress in this laboratory at the present time.

SUMMARY AND CONCLUSIONS

74As-arsanilate was coupled to poly-L-lysine with various ratios of arsanilate
to lysine groups in the reactions. The resulting compounds were dialyzed and
injected into tumor-bearing mice; and the concentrations were measured in
blood, tumor, kidney and liver up to four hours after injection. Lightly coupled
preparations (11 to 13 arsanilate groups per 30 lysine residues) were most rapidly
cleared from the blood stream and showed the highest uptake by liver and kid
neys with relatively low concentrations in tumor. Increasing the number of an
sanilate groups resulted in greater uptake by tumor and less rapid clearance
from the blood stream with a corresponding decrease in uptake by kidneys and
liver. The uptake into tumor, therefore, was directly related to the concentration
in the blood stream. This finding appears to be of value in the preparation of
potential scanning agents, macromolecular chemotherapeutic agents and similar
materials.
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