
There has been increasing interest in the use of Tc
99m-labeled red blood cells during the last decade,
particularly with the advent of in vivo labeling techniques
(1â€”4).However,the precisedistributionof Tc-99m
among the red blood cell (RBC) components is not
known. Only one available report, based on studies on
a single sample, attributes the preferential site as /3 chain
of hemoglobin (5). The extent of binding to the mem
brane, and the relative preponderance of /3-chain to
a-chain binding is still to be worked out. In an attempt
to explain the mechanism of binding we quantitated the
extent ofTc-99m binding to the membrane (protein and
lipids), to heme, and to globin (a and f3chains) of normal
RBC hemoglobin. Understanding the quantitative as
pects ofdistribution in normal Hb may have implications
in studying abnormal Hb (6).

MATERIALS AND METHODS

Ten milliliters of blood, using heparin as an antico
agulant, were drawn from the antecubital vein of six
subjects with normal adult hemoglobin (HbA). The red
blood cells, separated from the lower layer after cen
trifugation for 10 mm at 3000 rpm, were labeled with
Tc-99m using 0. 1 mg of freshly prepared and filtered
stannous chloride solution, added I 5 mm after the per
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technetate (7). Labeling efficiency in our study was of
the order of 76-88%. The cells were washed three to four
times with 10 ml normal saline each time to remove the
detachable Tc-99m and also leukocytes and platelets.
The activity removed during this process ranged between
I 5â€”23%.The radioactivity in the suspension of washed
cells with irreversibly bound Tc-99m was taken as 100%,
and these cells were used for the following studies.

Separation of hemolysate. The cells were lysed with
0.83% NH4CI Tris buffer or with a mixture of 2 volumes
water and 0.5 volume toluene. The membranous debris
was separated by filtration through Whatman No. 40
filter paper and washing with distilled water, yielding the
hemolysate. The washings were continued until two
consecutive washings of 2 ml each yielded negligible
radioactivity. Filtration was found to be more effective
than centrifugation in separating small pieces of mem
brane and getting hemolysate-free membranes. The
radioactivity in the membrane and the hemolysate was
measured in a well scintillation counter in constant ge
ometry. The lipids and proteins in the membrane were
extracted using ethanol:ether (3:1) (8) and the radio
activity in each fraction assayed.

Separation of heme and globin (5,9). The hemolysate
was treated with 20 volumes excess of 2% concentrated
HCI in acetone and the globin precipitate repeatedly
washed with cold acetone to remove any trace of acid.
The globin precipitate was separated by repeated cen
trifugation at 5000 rpm for 10 mm, and was then washed
with ether. The radioactivity in the globin and heme
fractions was assayed by counting suitable aliquots.
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Separation of a and@ chains of globin(9). The starting
buffer for chromatography consisted of 005 M urea in
2-mercaptoethanol and 0.005 M in Na2HPO4 and ad
justed to pH 6.7 with H3P04.

The Tc-99m globin pellet was dissolved in the above
buffer solution to a concentration of 4â€”10mg/mI and
purified by Sephadex G-25 column (10 X 150 mm) using
the same buffer. The purified Tc-99m globin was applied
to an equilibrated CM-cellulose column (8 X 130 mm)
freshly prepared in the above buffer. The globin chains
were then eluted at a flow rate of 1 ml/min by means of
a linear Na@-ion gradient formed by mixing 100 ml of
the starting buffer with 100 ml 0.05 M urea in 2-mer
captoethanol, 0.03 M in Na2HPO4, and adjusted to pH
6.7 with H3PO4. Three-milliliter fractions were col
lected. The Tc-99m activity profile of the eluted fractions
was obtained by gamma counting, and the optical-den
sity profile for the protein peaks by uv spectrophotometry

at 280 nm. The protein concentrations in the a and /3
bands were determined by Lowry's method (JO). The
specific activities in the a and /3 chains were then cal
culated.

The calculations of the distribution of radioactivity
were based on the sum of individual parts so as to find
relative distribution in two components. The calculation
method was conservative for the derivation of activity
in the heme, globin, membrane protein, and lipids. The
calculations for radioactivity in the chromatography
fractions were based on ratio ofcount rate to the protein
content rather than the activity in the applied volume,
thus obviating the need to account for activity lost in the
process of elution or trapped in the column.

RESULTS

The distribution of Tc-99m in various RBC compo
nents, obtained from six experiments, is given in Fig. 1.
As can be seen, most of the activity is bound to the in
tracellular components, with membrane binding ac
counting for merely 5.1 Â±3.8% of the total activity
bound irreversibly to the RBC. Within the membrane,
Tc-99m activity is divided between protein and lipid

RELATIVE DISTRIBUTION OF Tc-99u IN RED CELL COMPONENTS

He.olys ate
(94.9 + 3.8)

fractions in the ratio 12:1. The loss of radioactivity
during the separation process was insignificant, being
within the statistical variation of count rate. This is
known because all activity in washings was accounted
for.

Figure 2 shows the profile of Tc-99m activity and the
optical density in fractions, eluted from the CM-cellulose
column, indicating a- and /3-chain peaks. Most of the
Tc-99m activity appears confined to the /3 chain. The
specific activity in /3 chain is 28 Â±6 times that in the a
chain.

DISCUSSION

The distribution pattern of the Tc-99m in the red cell
components (Fig. 1) indicates that the major part is
bound to the globin, with heme and membrane binding
contributing much less. The relative binding with the
membrane lipids is negligible (0.4 Â±0.3%). The pref
erential site of binding in the polypeptide chain of the
globin is the /3 chain, where the specific activity of Tc
99m was found to be 28@ 6 times that in the a chain.
This is somewhat similar to the factor of 30 reported for
Cr-S 1 (11) indicating similarity in binding sites. The
specific-activity profile in the /3chain has a pattern like
that of the count-rate profile (Fig. 2), with a peak at an
elution volume of 21 ml. Thus the labeling in the chain
is heterogenous. These observations on six subjects with
normal a2 /32hemoglobin may be helpful in further in
vestigations on the mode of technetium-99m binding (or
lack thereof) in individuals with abnormal hemoglo
binsâ€”particularly those involving the /3chain.

The process of pertechnetate binding to the RBC es
sentially involves passive diffusion of pertechnetate into
the cell. There is no mechanism inside the cell to reduce
pertechnetate, since intracellular 99mTc04â€”,in the ab
sence of a reducing agent, readily diffuses out when the
RBC is suspended in normal saline, because of the con
centration gradient (13). The role of stannous ion in the
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FIG.2. Separationofa and(3chaInsofglobinbyCM-cellulose
column ctwomato@@aphy.Profiles we shown for Tc-99m activity and
optIcal density.
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FIG.1. RelativedistributionofTc-99minred-cellcomponents.
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intracellular reduction of pertechnetate, which results
in binding the Tc-99m to the hemoglobin, has been well
documented (5,7,14). Both pretinning and posttinning
have been used with success, with theory favoring pre
tinning (15), but experimental evidence not upholding
it. The formation of stannous oxide from stannous
compounds has been implicated for larger amounts of
technetium bound to the cell membrane (16). For this
reason, freshly prepared and filtered stannous chloride,
or a lyophilized source of tin, favors a better yield of in
tracellular label. Although a lower concentration of
stannous ion has recently been shown to give satisfactory
yields, the addition of excessive stannous ion does not
affect the yield (17) and is unlikely to alter the binding
site.

The studies of reaction kinetics with chromate binding
to Hb, using first-order kinetics and evaluation of the
overall equilibration constant, have shown that the heme
group may participate in a rate-limiting step in the re
duction of Cr042 to Cr3@ (18). Further, Hb binds
Cr042 6-10 times faster than the nonheme proteins
and peptides or amino acids (18). In the case of per-S
technetate binding, however, this situation seems dif
ferent, since no reduction mechanism inside the cell is
evident. We are uncertain about the role played by heme
in pertechnetate binding. Understandably, the site of
binding is the same for both Cr and Tc. Possibly there
is a difference in the reduction mechanism and the rate
and kinetics of the reaction.
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