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Size-exclusion get chromatography using Sephadex
G-25 was first used by Persson and Liden (1) for

studying a method of labeling human serum albumin.
Because this technique has greater potential than thin
layer chromatography for the separation of labeled

proteins, chelates, and various technetium complexes,
it had been recommended by Eckelman et at. (2,3) for

use in the analysis of Tc-99m-labeled compounds.
Subsequently, several artifacts of the method, including
oxidation of technetium within the column and binding
to the gel (4,5), have made this technique unsatisfactory
for critical analysis. Competitive adsorption of Tc-99m
to the support gel can be partly avoided by using the inert
solid-phaseBiogelP-l0 (6). Otherdisadvantagesof gel
chromatography include the need for a large sample,
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prolonged fractionation time, and limited resolution. In
search of a method without these problems, we evaluated
high-pressure liquid chromatography (HPLC) with an
appropriate size-exclusion chromatographic column.

Applications of HPLC for the analysis of Tc-99m
agents have been reported using a weakly basic anion
exchange column (7â€”9)and a reverse-phase ultrasphere
octadecylsilyl (ODS) column (8,10). Both ofthese col
umns separate various components of Tc-99m com
plexes, based either on net charge or on lipophilicity. An
HPLC method for the separationofvarious components
based on molecular size would be useful in the analysis
of radiolabeled compounds.

Recently, a new line of aqueous size-exclusion
spherogel columns has been introduced ( 1 1 ) and has
shown promise for rapid separation of proteins and en
zymes(12,13).

In this paper, we report the application of an HPLC
methodology using a Spherogel-3000 TSK SW column
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High-pressurelIquIdchromatography(HPLC) can be performedwith an aque
ous size-exclusioncolumnto separate proteinsor other macromoleculeson the
basisof molecularsize. An HPLC systemwith a Spherogel-TSKSW columnwas
modIfied to detect simultaneously uv absorption and radioactivity. Characteristic
retentIontimes (RI) were determinedfor pure humanserumalbumIn(HSA) (RI
= 17mm)andpertechnetate(RI = 28.5mm).Whenanalysiswasperformedon
Ic-99m HSA preparations,Ic-99m radioactIvItywas resolvedInto five different
peaks, with RI rangingfrom 10.2 to 28.5 mm. Lessthan 2% radioactivItywas as
sociated wIth the pertechnetate peak, whereas the remaining Ic-99m was protein
bound.Mostof the actIvity(90 % ) correspondedto the albuminpeak, and7% was
boundto contaminantsofhighmolecularweightwfthRIs of 10.2 and 14 mm.RapId
separationof variousradiochemicalcomponentsdifferingIn molecularsize pro
vides an ImprovedbasIs for understandIngthe blodistrlbutionof a Ic-99m HSA
preparation.Thistechniquewouldbe usefulforthe preparationandanalysisof var
bus radlolabeledmacromoleculessuchas enzymes, Immunogiobulins,and other
proteins.
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for the radiochemical analysis of Tc-99m-labeled human
serum albumin (HSA).

MATERIALS AND METHODS

Radiopharmaceuticals. A vial* containing 21 mg HSA
and 0.23 mg stannous tartrate was reconstituted with 1
ml of sterile distilled water, after which 3 ml of genera
tor@etuted* pertechnetate containing 10â€”660mCi of
Tc-99m was added. The mixture was incubated for 20
mm before analysis.

HPLC apparatus and procedure.An HPLC systemt
consisting of a solvent metering pump (Model 1bA),
UV-VIS detector (Model 153), and sample-injection
valve (Model 210) was used in an isocratic mode. A
Spherogel-TSK SW (Grade 03000 SW) columnt was
connected to a sample-injection valve through a short
precolumn of the same grade. The column tube is of
stainless steel (7.5 X 600 mm), and packed with hydro
philic spherical and porous gel (particle size 10 Â±2 s and
protein molecular weight exclusion limit, 3 X i0@dat
tons). The size ofthe sample loop is 100 zl, and a 10â€”50
@tlsample was injected into the column. The column was

etuted at a flow rate of 1 ml per mm with elution buffer,
pH 7.0 (either 0.02M morpholinopropane sulfonic acid
(MOPS) in 0. 15M NaCl, or 0. 1M phosphate buffer).
The eluant from the column was monitored by a uv de
tector and a sodium iodide scintillation detector. The uv
absorbance at 254 nm and the radioactivity were re
cordedon a dual-channelstrip-chart recorder.

To determine the recovery of Tc-99m from the col
umn, pertechnetate was injected into the column and
eluant was collected as 1-mt fractions, which were
counted in a well counter. Total radioactivity recovered
was compared with a duplicate injectate.

Radiochemical purity of Tc-99m HSA preparations
was also determined for comparison purposes using
conventional chromatographic methods including: (a)
paper chromatography in 85% methanol, (b) silica-gel
thin-layer chromatography in 85% methanol, (c) gel
chromatography with Biogel P-lO and with saline as an
eluant, and (d) trichloroacetic acid precipitation (14).
Tc-99m HSA was incubated with heparinized fresh
human blood for 30 mm to test for the stability of Tc
99m HSA preparation and transchelation of plasma
components. At the end of this incubation, the blood was
centrifuged and 50â€”100jzl of plasma was injected into
the HPLC column.

RESULTS

With the above HPLC system, characteristic retention
times(RT) weredeterminedfor HSA andTcO@.

A control HSA vial was reconstitutedwith I ml water
and 3 ml 0.9% saline (no Tc-99m activity). This nonra
dioactive preparation was injected into the HPLC system
to obtain the uv absorbance pattern of HSA and stan
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FIG. 1. Determination of retention times (Ri) of HSA and free
pertechnetatebyaqueoussize-exclusionHPL.C.RI of pertechnetate
is28.5 mm,determinedbyradioactivftyelutionprofileof @â€œ1CO
(shaded).RI of HSA Is 17 mm, determined by uv absorbance of
nonradloactiveHSA preparation containing stannoustartrate.

nous tartrate solution (Fig. 1). A standard etution ra
dioactivity profile of the pertechnetate was also deter
mined (Fig. 1). Single peaks with respective retention
times of 17 mm for HSA and 28.5 mm for pertechnetate
were obtained and confirmed in over 50 trials. More than
97%of the injectedTc-99mwaselutedfrom thecolumn.
The uv absorbance of the unlabeled HSA preparation
demonstrated two components of higher molecular
weight, with retention times of 10.2 and b4.4 mm

When multiple samples from different vials of Tc-99m
HSA were prepared and analyzed, the Tc-99m radio
activity was resolved into five different peaks with re
tention times 10.2, 14, 17, 24, and 28.5 mm. A typical
radiochemical analysis profile of a Tc-99m HSA prep
aration is shown in Fig. 2. Less than 2% of the injected
activity was associated with the pertechnetate peak (28.5
mm retention time) while the remaining Tc-99m activity
is protein bound. Ninety percent of the injected activity
corresponded to the albumin peak (17 mm retention
time), and 6% of the activity appeared with a retention
time of 14 mm. These results were obtained consistently
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FIG. 2. HPLCradiochromatogram of Tc-99m HSA, with uv ab
sorbance similar to unlabeled preparation. Tc-99m radioactlvfty
profile shows five components with RI of 10.2, 14.4, 17, 24, and
28.5 mm. Predominantpeak of radioactlvfty corresponds to HSA
peakwfthRT 17mm.
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in 20 determinations. Similar results were found with
both MOPS and phosphate buffer systems. There was
no significant alteration of the radiochemical composi
tion of the Tc-99m HSA preparation analyzed at 30-mm
intervals for 3 hr following preparation. Results are
summarized in Table 1.

Following incubation of Tc-99m HSA with fresh
human blood for 30 mm, an analysis of the plasma
sample demonstrated 70â€”80%of the Tc-99m activity
associated with the albumin peak (Fig. 3). The remain
ing Tc-99m activity was eluted in five different peaks,
four of which corresponded to peaks observed with
analysis ofTc-99m HSA. A fifth peak observed at 26.4
mm had the maximum non-albumin-bound Tc-99m
activity.

The results of chromatographic analysis of Tc-99m
HSA by differentmethodsare presentedin Table 2. The
amount of free pertechnetate in the Tc-99m HSA
preparation varied from 1 to 7% depending upon the
analytical method. Paper and silica-gel thin-layer
chromatography in 85% methanol showed 3-6% free
pertechnetate, whereas column chromatography and
trichloroacetic acid precipitation showed 6â€”7%free
pertechnetate.

DISCUSSION

Pertechnetate can be eluted from a Spherogel-TSK
SW HPLC column as a single peak with a characteristic
retention time of 28.5 mm. More than 97% of the in
jected Tc-99m activity can be eluted from the column,
in contrast with Sephadex gel columns which exhibit
nonspecific binding of up to 78% of applied radioactivity
(6).

The results in Table 2 show that the amount of free
pertechnetate in the Tc-99m HSA preparation, as de
termined by the HPLC method, is less than 2% and is
lower than the values for free pertechnetate determined
by other conventional methods (Table 2). The Spherogel
column separates the total Tc-99m-bound activity
(98.5%) into four different components with retention
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TABLE2. DETERMINATIONOF Tc-99m
BINDING TO HSA

96.89 3.1 1 (2.30â€”4.10)

94.19 5.81 (3.12â€”9.35)

93.69 6.31 (5.86â€”7.63)

92.90 7.10(4.80â€”9.00)

98.56 1.44 (0.87â€”3.00)

1.Whatman,No.1
& 85% methanol

2. SIlicagel 85%
methanol

3. Biogel,P-10
& 0.9% NaCI
eluant

4. Trichloroacetic
acidprecipitation

5. HPLC Spherogel
TSK-SWcolumn

* N 4.

t@ and range.

TABLE1. RADIOCHEMICALANALYSISOF
Tc-99m HSA BY AQUEOUS SIZE

EXCLUSIONHPLC

110.2 mmNot defined0.89 Â±0.47214.4
mmNot defined5.77 Â±1.30317mmAlbumin90.63Â±

3.15424

mmNot defined1.30 Â±0.75528.5mme9mTcO4@1.44Â±
1.04

. N 5.
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FIG.3. HPLCradiochromatogramof a mixture of Tc-99m HSAand
plasma. Radioactivity profile shows six components; 75% of ra
dioactivitycorrespondsto HSApeak,whilemostof remainingra
dioactivltyappearsin a distinctpeakwithRT26.5mm.Thisdoes
notcorrespondto pertechnetate.

times ranging from 10.2 to 24 mm, providing a more
detailed radiochemical analysis of Tc-99m HSA prep
arations than can be obtained in a short time by more
conventional analytical methods. Albumin binds 90%
of the Tc-99m activity, whereas the components of
higher molecular weight, with retention times of 10.2and
14 mm, bind about 7% of the Tc-99m. These high-mo
lecular-weight components have not yet been charac
terized but may represent globulin contaminants of al
bumin, or perhaps polymers of albumin. After in vitro
incubation with blood, Tc-99m HSA is relatively stable,
with 70-80% of the Tc-99m activity still bound to at
bumin (Fig. 3). The peak at 26.4 mm (Fig. 3) had the
maximum non-albumin-bound Tc-99m activity. Based
upon retention-time identification of the non-albumin
bound Tc-99m, this component is not free pertechnetate
but appears to be a low-molecular-weight plasma com
ponent with a retention time of 26.4 mm.
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Recently Wong et al. (15) have shown that size-ex
clusion HPLC with js-Bondagel columns can be used for
the detection of free pertechnetate in Tc-99m HSA
preparations, but a combination of z-Bondagel columns
was necessary to separate free pertechnetate from Tc
99m-bound HSA. In this paper we have demonstrated
that a Spherogel SW column separates various radio
chemical components in Tc-99m HSA preparations with
high resolution. In addition, the column does not appear

to promote intracolumn oxidation or binding of Tc-99m
to the gel within the column.

Separation of various radiochemical components
differing in molecular size provides an improved basis
for understanding the biodistribution of Tc-99m HSA
preparations. By modifying a standard HPLC system
to obtain simultaneous analysis of uv absorbance and
radioactivity following column fractionation of the ra
diolabeled compound, a record is rapidly obtained, ob
viating the need for sample collection, counting, and

calculation of results. This method of separation is useful
for determination of optimal compounding conditions,
monitoring preparation and storage, and providing data

for assessment of biologic turnover and distribution for
dosimetric considerations.

Routine analysis of clinical radiotracer preparations
by HPLC is not currently recommended, nor is it nec
essary to obtain this level of precision in clinical quality
control. The rapidity of analysis and ease of operation
of the technique, however, would make it useful for this
application.

FOOTNOTES

C Union Carbide, Tuxedo, NY.

t Beckman Instruments, Inc., Somerset, NJ.
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