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Previous work suggested that the immunosuppressive drug 
cyclosporin (CsA) was associated with significant decreases 
in red blood cell (RBC) radiolabeling efficiencies. To test this 
relationship, we studied jive normal, adult male subjects who 
had received a single oral dose of CsA. Blood samples were 
drawn at 0, 1, 2, and 4 hours postdosage. In vitro labeling of 
RBCs by a commercial stannous-pyrophosphate preparation 
method was done on all samples and the labeling efficiencies 
calculated. Mean labeling efficiency for all subjects was 
95.7% ± 1.7%. CsA concentration was determined on these 
samples by fluorescent polarization immunoassay (with a 
polyclonal antibody which detects the parent compound and 
some metabolites), using an Abbott TDx. The concentrations 
ranged from 0 ng/ml at predose to peak concentrations up to 
1,897 ng/ml postdose. We found no significant effect (r = 
0.17) ofCsA concentration in whole blood up to 1,897 ng/ml 
upon labeling efficiency of RBCs. This is contrary to the 
original work of Allen et al. We postulate that the stannous
pyrophosphate used in our labeling procedure may be respon
sible for overcoming binding difficulties encountered with CsA 
in previous work. 

Medical advancements in the field of transplantation have 
incorporated the diagnostic capabilities of nuclear medicine 
procedures to aid in diagnosis, follow-up, and maintenance 
of the growing range of transplant patients. Some nuclear 
medicine procedures such as gastrointestinal bleeding and 
gated heart studies require labeling red blood cells (RBCs) 
with a radioactive isotope. In transplant patients, immuno
suppressive drugs are critical for life-long suppression of graft
versus-host disease and to prevent acute and chronic rejection 
episodes. For example, CsA has been proven to substantially 
improve the survival rates of liver transplant patients (1 ). In 
addition, the use of CsA seems to have resulted in fewer 
episodes of infections when compared to azathioprine regi
mens (2). 

CsA is known to be extremely hydrophobic and 60%-70% 
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binds to erythrocytes in whole blood (3). CsA binds to cyto
solic proteins within the erythrocyte and saturates the eryth
rocytic membrane bilayer. This suggests that CsA binding to 
erythrocytes may limit the binding of other chemicals, which, 
when introduced into the blood, may normally bind to the 
RBCs. Such drugs as digoxin and prozasin are known to 
decrease the labeling efficiency of RBCs ( 4). It is possible that 
CsA might also decrease the labeling efficiency of RBCs. In 
addition, CsA has been linked with the interference of ion 
transportation and inhibition of the sodium-potassium (Na
K) pump in human RBCs (5). Temperature, hematocrit, and 
metabolite concentrations of CsA affect the balance between 
the plasma and cellular component of whole blood of CsA 
(6). 

A study by Allen eta!., has indicated a negative relationship 
between CsA concentration and RBC labeling efficiency. Our 
follow-up study involved the same issue of whether or not 
CsA concentration affects RBC labeling efficiency. 

MATERIALS AND METHODS 

Our study was conducted with five normal, male volun
teers. Their ages ranged from 20 to 29 yr. All subjects were 
given I 0 mg/kg of oral CsA according to their total body 
weight. Four 2-ml samples of whole blood were drawn into 
separate heparinized tubes from each individual. The first 
samples were baseline, drawn before CsA administration. 
Next, samples were drawn at I, 2, and 4 hours post-CsA 
administration. 

A comparison study was also conducted on the addition of 
CsA to whole blood taken from a normal control volunteer. 
The study was set up using five test tubes; each contained 
heparinized whole blood. Tube I was the control tube (con
taining no CsA), while varying amounts of CsA were added 
to the remaining tubes (500, 1,000, 1,500, and 2,000 ng/ml 
of CsA, respectively). The samples were incubated for 3 hr 
and then labeled in vitro with the following method. 

The RBCs from all subjects were labeled with technetium-
99m (99mTc) pertechnetate using a modified in vitro labeling 
technique ( 7). Modifications included the use of two 1-ml 
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whole blood aliquots for duplication, 0.1 ml of stannous 
pyrophosphate (maximum: 36-~g tin ion), 0.1 ml of 4.4% 
ethylenediaminetetraacetic acid (EDT A), and 1.3 ± 0.3 ml of 
~~mTc pertechnetate. 

CsA concentrations in each of the samples were measured 
by both high pressure liquid chromatography (HPLC) and 
fluorescent polarization immunoassay (FPIA). FPIA meas
ures parent compound and some metabolite components, 
while the HPLC method measures only parent compound 
(see Table 1). 

RESULTS 

RBC labeling efficiency was plotted against in vivo CsA 
concentration in whole blood. Individual curves for each of 
the five patients were recorded for baseline, l, 2, and 4 hr 
post-CsA dosage. Mean labeling efficiencies were 95.1 %, 
94.7%, 95.4%, 96.8%, and 96.9%, respectively, corresponding 
to an overall mean for all patients of 95.7% (s.d. = l. 7), for 
the range ofCsA concentration 0-1,897 ng/ml (see Fig. l and 
Table 2). Linear regression analysis upon all points revealed 
a correlation of r = 0.17 (no statistical significance) for the 
relationship of CsA concentration upon RBC labeling effi
ciency. 

An addition of CsA to normal whole blood also showed no 
decrease in labeling with increased CsA concentration. The 
mean labeling efficiency was 94.6% (s.d. = 2.5) and a nonsig
nificant correlation (r = 0.3) was found for CsA concentration 
affecting the labeling efficiency of RBCs (see Fig. 2 and Table 
3). 

TABLE 1. In Vivo CsA Concentrations of Parent 
and Metabolite Compounds 

CsA with CsA Parent 
Time Metabolites Drug (ngf 

Subject (hr) (ngfml) ml) 

0 <100 3.08 
1 431.18 499.52 
2 1892.11 1847.24 
4 1666.52 1218.88 

2 0 <100 6.41 
1 510.64 636.94 
2 1821.91 1632.14 
4 1897.89 1654.36 

3 0 <100 8.49 
1 658.01 724.66 
2 1660.10 1521.20 
4 1656.82 1370.97 

4 0 <100 8.98 
1 1442.68 1402.52 
2 1683.47 1463.28 
4 1850.80 1617.80 

5 0 <100 7.60 
1 1201.53 1245.58 
2 1458.81 1174.65 
4 864.95 612.18 
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FIG. 1. Comparison of ABC labeling efficiency in vivo from 0-4 hr 
post-CsA administration for all five subjects. 

DISCUSSION 

Parent Compound and Metabolite Affinity for 
RBCs 

CsA's known affinity for RBCs in whole blood (8-10) was 
suggested by Allen et a!. as a possible cause for decreased RBC 
labeling efficiency in cardiac transplant patients. The authors 
found that trough blood levels had a tagging efficiency of96% 
compared with a 2-hr postdose efficiency of 44% (I 1). In 
contrast, our study of single-dose subjects showed no signifi
cant changes in labeling efficiency with CsA concentrations 
up to 2,000 ngjml, as determined by the HPLC method. 

A review of previous research studies reveals that parent 
CsA is metabolized by a liver enzyme into as many as 25 
different metabolites present in whole blood (12). Of these 
metabolites, M 17 > M l > CsA, in the affinity for RBCs, and 
together they predominate in both spiked normal blood and 
in transplant patients (6,10). In addition, metabolites have 
been found to exceed parent CsA in total concentration in 
whole blood, in liver, heart, and kidney transplant patients 
(13,14). Therefore, further research into possible CsA metab
olite interference with the 99mTc labeling process, rather than 

TABLE 2. Percent RBC Labeling Efficiency for 
Various CsA Concentrations 

Baseline 0-500 

92.2 97.3 

94.1 

96.1 

96.5 

97.3 

X:95.2 97.3 

CsA Concentration (ng/ml) 

500-1,000 

95.7 

93.1 

94.9 

94.6 

1,000-1,500 

95.4 

96.2 

95.8 

1,500-2,000 

97.4 

96.0 

97.4 

92.4 

97.4 

95.9 

98.8 

94.7 
96.5 
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Cyclosporin Concentration vs. % RBC Tag 
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FIG. 2. CsA diluted in normal whole blood shows no significant 
decrease in ABC labeling efficiency, in vitro, for CsA concentrations 
up to 2,000 ng/ml. 

parent CsA per se, may shed additional light on the mecha
nisms involved. 

Possible Contribution of Labeling Methods to 
Efficiency Differences 

A sharp contrast was found between our study and that 
performed by Allen et al. ( 11 ). Although in vitro methods of 
labeling were utilized in both studies, the in vitro methods 
were not the same. Allen et al. utilized an in vitro kit similar 
to that developed by Brookhaven National Laboratory. This 
in vitro kit is cited predominantly in literature where the 
labeling efficiency of RBCs exceeded 98%, providing kit 
precautions were followed (15). However, our study did not 
use a kit designed especially for in vitro RBC labeling; we 
used commercially available pyrophosphate kits (Mallinck
rodt Medical, St. Louis, MO) and ETDA. This procedure is 
currently in use in our radiopharmacy and labeling efficiencies 
have been greater than 95% ( 7). 

The possibility that differences in labeling methods are 
responsible for the discrepancy between the results of the two 
studies is puzzling. Maysheva et al. (16) and Srivastava et al. 
( /7) reported that the labeling efficiency is dependent upon 
the quantity and the chemical form of the stannous ion. Since 
both methods of labeling generally yield at least 95% effi-

TABLE 3. In Vitro CsA Concentrations with 
Corresponding Labeling Efficiencies in Whole 

Blood 

Total Plasma Volume Labeling 
CsA Assay Assay Correction Efficiency 

(ngfml) (mCi) (mCi) Factor (%) 

2,000 4.20 0.139 2.711 96.7 

1,500 4.34 0.151 2.719 96.5 

1,000 3.90 0.328 2.736 91.5 

500 3.73 0.289 2.735 92.3 

0 4.10 0.161 2.711 96.0 
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ciency, it is intriguing to ask why a labeling method that uses 
a pyrophosphate kit as the source of stannous ion results in 
such high labeling efficiencies in the presence oflarge concen
trations of CsA. 

At the current time, the labeling mechanism is believed to 
involve the binding of reduced 99mTc pertechnetate to the 
intracellular proteins, specifically the beta chain of the he
moglobin. within the RBCs (15,18,19). ROC-associated CsA 
is bound greater than 90% to a cytosolic protein (20). How
ever, when based upon weight, hemoglobin is present at a 
concentration -500 times more than that of the CsA-binding 
protein (21). Since CsA binds to a cytosolic protein rather 
than hemoglobin, our results lead us to question the impor
tance of hemoglobin as the primary binding site in the labeling 
process, when a pyrophosphate kit is used as a source of 
stannous ions. 

The exact role that the stannous pyrophosphate complex 
plays in the labeling procedure is not known. However, it is 
known that pyrophosphate has an affinity for RBCs (22) and 
that it absorbs onto the surface of RBCs ( 15 ). Surface labeling 
of the RBCs in vitro, due to an unexplained mechanism of 
the stannous pyrophosphate complex, would explain the lack 
of a labeling efficiency response to increased concentrations 
ofCsA. 

Previous research has questioned the possibility of surface 
labeling. When investigating the effect of RBC surface charge 
on labeling efficiency, Seldin et al. (23) initially suggested that 
the majority of the label is not associated with hemoglobin. 
As much as 80% of the label could possibly be associated with 
intracellular components or the membrane itself. However, 
this hypothesis could not be substantiated; eventually they 
hypothesized that increased RBC membrane permeability, 
due to loss of RBC surface charge, was responsible for their 
results. 

Mackey et al. (24) studied the effect of the anticoagulants, 
heparin and acid-citrate-dextrose (ACD), on hemoglobin and 
membrane-binding of mongrel RBCs. The distribution of 
membrane activity was reported to be as high as 58% ± 9% 
when ACD was used instead of heparin, during in vitro studies 
(24). Therefore, different combinations of reactants and 
methods of labeling may affect binding efficiency, as well as 
the distribution and site of the labeling itself. 

CONCLUSION 

We found no significant correlation between the concentra
tion of CsA and the in vitro labeling efficiency of RBCs with 
99mTc pertechnetate. Although our results can not be defini
tively explained, we feel there is a possible link with the in 
vitro labeling method that utilizes a stannous pyrophosphate 
preparation and the "unresponsiveness" of RBC labeling ef
ficiencies to high CsA concentrations. Regardless of whether 
the CsA concentration was due to subjects taking the drug, or 
an addition of the drug to normal blood samples. the labeling 
yield was above 90%. Since our subject samples contained 
mainly CsA parent compound, the effects ofCsA metabolites 
on labeling efficiency remains unknown. Further studies on 
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the involvement of the RBC membrane, the binding of CsA 
and its metabolites to erythrocytes, and the stannous pyro
phosphate complex in the labeling process are suggested. 
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