IoDINATED ALBUMIN CHROMATOGRAPHY

tramuscular or intraperitoneal injections of
autologous skin and adjuvants.

Summary. 1) Eighty-nine guinea pigs were
injected intracutaneously, intramuscularly or
intraperitoneally with autologous skin in
emulsion with adjuvants. Thirty-eight guinea
pigs were injected intracutaneously or intra-
muscularly with control emulsion, not con-
taining skin. Subsequently an autograft was
done on each animal. No significant differ-
ences were noted in acceptance of autografts
between animals injected with skin emulsion
and control emulsion. 2) Irritancy tests
using scraping and burning of the skin did
not produce different results in the test ani-
mals and the control animals. 3) Under the
conditions of these tests no autosensitization
to skin could be demonstrated in guinea pigs.
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Radioiodinated human serum albumin has
been extensively used to investigate albumin
metabolism in the normal and in diseased
states(1-3). Albumin preparations used in
these studies have been indistinguishable from
normal human serum albumin in many re-
spects but not in all(1,2,4,5). The recent in-
troduction of anion-exchange adsorbents(6)
which have proved very useful in the chro-
matographic separation and characterization
of serum proteins(7,8), made possible further
evaluation of radioiodinated human serum
albumin preparations. In the present study,
utilizing the anion-exchange adsorbent, die-
thylaminoethyl-cellulose(6), the chromato-
graphic distribution of radioiodinated human
serum albumin was investigated and found to
differ markedly from the distribution of na-

tive serum albumin.

Materials and methods. The radioiodine-
labeled human serum albumin preparation
used in these studies has been commercially
prepared by the following procedures. Al-
bumin was separated at the Cutter Labora-
tories from pooled plasma by a modification
of the cold ethanol technic of Cohn(9). Fol-
lowing addition of stabilizers (acetyltrypto-
phan and sodium caprylate) the albumin was
heated to 60°C for 10 hours to minimize the
possibility of transmission of homologous se-
rum hepatitis(10). Iodination of the albu-
min was performed at the Abbott Labora-
tories(11) and included exposure of the al-
bumin to potassium iodide and sodium hypo-
chlorite solutions and passage over an ion-
exchange column. This preparation, referred
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to as RISA-Tj, contained 1 atom of iodide for
every 5.5 molecules of albumin. Half a ml of
this iodinated albumin solution, containing
25 uc and 25 mg of albumin, was added to 25
ml of fresh normal human serum containing
950 mg of albumin. Anion-exchange (DEAE-)
cellulose chromatography was carried out as
described in detail elsewhere(8). The solu-
tion containing I'*!-labeled albumin and se-
rum was dialyzed for 21 hours at 4°C with
several changes of the 0.01 M pH 8 sodium
phosphate buffer, and 20 m! of the dialyzed
preparation was added to a column containing
16 g of DEAE-cellulose adsorbent.* Gradient
elution with a flow rate of 20-25 ml 'hr was
employed with one liter of 0.01 M pH 8 so-
dium phosphate buffer in the mixing chamber
and 500 ml of 0.30 M monosodium phosphate
in the reservoir. Effluent fractions of 8 ml
were collected and examined for protein con-
tent by measurement of the optical density at
280 mpu in a Beckman DU spectrophotometer.
Electrophoretic identification(8) of the chro-
matogram fractions was performed after ultra-
filtration. Total protein determinations were
made by standard biuret procedure(8). Radio-
activity of 2 ml aliquots of the chromato-
graphic fractions was measured in a thallium-
activated sodium iodide well scintillation
counter. Localization of the radioactivity in
the whole serum and chromatographic frac-
tions was ascertained after paper electrophore-
sis by means of an end window Geiger-Muller
counter. employing a continuously recording
counting-rate meter, and the distribution of
radioactivity was compared with protein dis-
tribution, as determined by bromphenol blue
staining. Radioactivity was determined on
duplicate unstained and stained strips without
detection of significant difference.

Results. The chromatographic distribution
of the normal serum proteins. of serum albu-
min and of radioiodinated albumin are illus-
trated in Fig. 1. The pattern of the serum
chromatogram is typical of that obtained with
normal serum when this technic is emploved.

* We are indebted to Dr. E. A, Peterson and H. A.
Sober of the Laboratory of Biochemistry, Nat. Can-
cer Inst., for the DEAE-cellulose (1.3% nitrogen)
utilized for this study.
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FIG. 1. Chromatogram of normal human serum
and I albumin, Protein distribution is indicated
by solid line, albumin distribution by shaded area,
and radioactivity (I'® albumin) by broken line.
The radioactive albumin represents only a very
small fraction (less than 19%) of the total amount
of albumin in the serum. The serum proteins dis-
tribution pattern is normal(8). The near coinei-
dence of the major peak of radioactivity elution
with a peak of serum protein elution is probably
fortuitous for this serum protein peak is normally
present and contains largely alpha-1, alpha-2 and
beta globulins.

and the distribution of native serum albumin
also agrees with previous experience(8).
However, the difference between serum albu-
min and radioiodinated albumin distribution
is readily apparent.

The effluent region containing almost all of
the radioactivity (800 to 1400 ml) was sub-
divided into 9 equal parts. Aliquots from the
effluent fractions in each part were pooled,
concentrated by ultrafiltration and examined
by electrophoresis. There was no demon-
strable radioactivity in the ultrafiltrate. After
electrophoresis of these pools the distribution
of radioactivity was found to coincide with
the location of albumin in every instance.
The quantity of albumin and radioactivity in
each of these regions are presented in Table I.
Combined fractions 1-4 were composed almost
entirely of albumin yet were of low specific
activity. Although the greatest radioactivity
(I3 albumin) was found in combined frac-
tions S and 6, there was a further relative in-
crease in radioactivity in pools 7-9 as the to-
tal albumin content decreased further in the
final portions of the chromatogram. Fig. 2
illustrates the electrophoretic protein and ra-
dioactivity distribution in the regions where
albumin elution was greatest (865-928 ml)
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TABLE 1. Distribution of Albumin and Radioac-
tivity in Combined Fractions of Chromatogram

Effluent.
Combined
fraction Albumin Radioaectivity
% of Amtof Total epm/mg

Effluent protein albumin* epm albumin
t  wvol (ml) present (mg) ——(X10®)——
1 801- 864 98 173 469 2.7
2 865- 928 99 191 936 4.91
3 929- 992 100 156 951 6.07
4 993-1056 98 103 1003 9.73
5 1057-1120 90 63 1543 24.49
6 1121-1184 53 41 1775 43.40
7 1185-1248 70 29 1188 40.95
8 1249-1312 74 21 964 45.90
9 1313-1376 21 7 499 71.31

* Obtained by determining total protein content
(biuret) and albumin content by electrophoresis.
t Chromatogram region indicated on Fig. 1.

and where the radioactivity elution was great-
est (1121-1184 mi). The total recovery of
1331 albumin from the column was 91% of
the amount applied.

Discussion. The difference observed in the
present studies, between the chromatographic
distribution of iodinated albumin preparations
and native human serum albumin, was marked
and striking. Two other iodinated albumin
preparations have been similarly chromato-
graphed and the distribution of iodinated al-
bumin in each instance was found to resemble
that reported here. Whether this change is
attributable to the addition of radioiodine or
to some step in the separation and steriliza-
tion of albumin remains to be determined.

Oxidizing agents such as hydrogen per-
oxide, used for converting iodide to iodine in
I'31 albumin manufacture, have been shown
to change the biologic properties of rabbit al-
bumin(12). It cannot be determined from
the present study whether the 5-fold excess of
hypochlorite is responsible for the changes
observed.

Certain immunochemical and biochemical
properties of human or mouse serum albumin
may be altered following iodination to a level
averaging 15 or more iodine atoms per albu-
min molecule.t However, in the RISA-T3
preparation used in this study only one iodine
atom was present for each 5.5 molecules of
albumin making it unlikely that excessive io-

t Steinfeld, J. L., unpublished observations.
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FIG. 2. Electrophoretic protein and radioactivity
distribution are compared in chromatogram re-

gions of greatest albumin content (Region 2) and
of greatest radioactivity content (Region 6).

dination is the reason for the differences be-
tween native and iodinated albumin shown in
Fig. 1. Although on the average there is less
than one iodine atom per albumin molecule it
is possible that heavy iodination of some
albumin molecules may have altered their
chromatographic properties. It is also pos-
sible that iodination occurred primarily on
albumin molecules with distinctive chemical
and chromatographic properties, either nor-
mally present or produced during albumin
separation and sterilization. Iodination in-
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creases the dissociation of the phenolic hy-
droxyl groups(13). The resultant increased
acidity of the iodinated molecules may be re-
sponsible for the separation from the bulk of
non-iodinated molecules on the DEAE-cellu-
lose column.

Radiation may alter albumin. A total dose
of 50.000 roentgen equivalent physical (rep)
to albumin in a solution of 0.2 mg albumin
ml can alter its biologic properties(14). How-
ever. increasing the albumin concentration to
5 mg ml partially protects against the damag-
ing eftects of irradiation. The RISA-T3
preparation used here was exposed to a rela-
tively low radiation dose. receiving approxi-
mately 10.000 rep in a solution containing 50
mg of albumin per ml. Also. the biologic
characteristics of this I'*! albumin prepara-
tion compare favorably with those previously
reported(2). Following intravenous admin-
istration to man of RISA-T3 preparations. a
constant rate of iodinated albumin degrada-
tion during 30-day periods of observation has
been repeatedly observed.! This would sug-
gest that the iodinated albumin preparation
that was chromatographed had not been se-
verely damaged by radiation. for radiation
damaged albumin preparations contained
variable amounts of rapidly degraded iodin-
ated albumins.

Studies to determine which of the many
possibilities discussed above were responsible
for altering the iodinated albumin so that its
chromatographic behavior differed from that
of native serum albumin are being under-
taken. Further. the significance of these chro-

DAB anp BNA on TNPSH

matographic differences in terms of biologic
properties remains to be elicited.

Summary. The chromatographic behavior
of radioiodinated albumin preparations was
found to differ markedly from that of native
serum albumin on anion-exchange (DEAE-)
cellulose adsorbent columns. The signifi-
cance of this observation is discussed.
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Various experimental procedures and nu-
merous agents will influence the total non-
protein sulthydryl (TNPSH) content of rat
and mouse livers(1-8). Scalding, ligation

* Supported by the Elks Cancer Fund through
Purdue Research Fn.

trauma, exposure to cold or shock, restraint
and subcutaneous injections of adrenalin,
have been shown to cause a marked drop in
the total non-protein sulfhydryl concentra-
tion. Over the past 2 years(9,10), research
conducted in this department has revealed



