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The in vitro viability, chemotaxis, and labeling stability of leuko-
cytes labeled using ®mTc-exametazime stabilized with methyl-
ene blue were evaluated and compared with those obtained
using nonstabilized *¥mTc-exametazime. Methods: Two identi-
cal leukocyte populations, from 30 healthy donors, were labeled
simultaneously using freshly prepared and 2-h-old stabilized
9mTc-exametazime. The following quality control techniques
were performed on each labeled leukocyte sample: eosin Y
staining, chemotaxis radioassay, and labeling stability at 2 h
after labeling. Results: Eosin Y staining showed a cell viability of
at least 98% in all samples, without a significant statistical
difference between the populations. Chemotactic indices ob-
tained with leukocytes labeled with freshly prepared, unstabi-
lized °9mTc-exametazime were statistically greater than those
obtained using %*mTc-exametazime stabilized with methylene
blue (z = 2.41; P < 0.02). Labeling stability at 2 h after labeling
was the same for both populations. Conclusion: The use of
9mTc-exametazime stabilized with methylene blue for leukocyte
radiolabeling does not affect either cell membrane integrity or
labeling stability but can cause a decrease in the cell chemo-
tactic capacity that discourages its clinical use.
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/ \ mixture of methylene blue and phosphate buffer w.

cult or impossible. Moreover, other possible disadvantages
are a decrease in the viability of WBCs and a negative effect
on their function.

Recently, Hung et al.2) described a method for labeling
WBCs with ®"Tc-exametazime stabilized with methylene
blue and phosphate buffer. Hung et al. lightened the dark
blue color of the dye by diluting the labeling medium with
12.6% acid citrate dextrose mixed with 0.8% NacCl, volume
in volume. They also showed that WBCs can be labeled
with a high labeling efficiency (LE), a long-lasting in vitro
stability, and a preserved in vitro viability (trypan blue
technique). We developed a WBC labeling method with
stabilized®®"Tc-exametazime and saline but using 186
methylene blue instead of the 250-500 used by Hung et
al. and using a labeling medium with 50% leukocyte-poor
plasma. We also achieved a reasonable LE and in vitro
viability (eosin Y technique)J,4). However, both studies
have two serious drawbacks to recommending the use of
methylene blue in WBC labeling: the limited number of
experiments performed (6 in the series of Hung et al.; 8 and
10 in our series) and the lack of testing for WBC function.

The purpose of our study was to test the usefulness of
9MTc-exametazime stabilized with methylene blue in the
labeling of leukocytes, using our own method and a large
series of blood samples, and to study the chemotactic ca-
pacity of the labeled WBCs.

as

a_lp_proved by the Food and Drug Ad.m|n|strat|on as a Stfali'/iATERl ALS AND METHODS
lizing agent for®Tc-exametazime in 1995. However, in ) - -
the Ceretec (Amersham International, Buckinghamshirgreparation of Stabilized and Nonstabilized

U.K.) package insert{*"Tc-exametazime stabilized wit

methylene blue and phosphate buffer is indicated only for
brain imaging studies and not for labeling white blood cellé
(WBCs) (1). The reason is probably the dark blue appeag'

h 9mTc-Exametazime

Exametazime fractions were previously prepared as follows:
each vial of Ceretec was reconstituted with 2.1 mh-phrged
9% NacCl sterile solution and split into 0.5-mL portions in
eparate Mfilled sterile vials. These were stored-a#t0°C, for a

ance of the mixture of stabilized"Tc-exametazime—meth- yaximum of 1 mo, until their use. Nonstabiliz84Tc-exameta-

ylene blue and isolated leukocytes, which makes separatigfe was obtained by adding 1.1 mL fre¥iTc-pertechnetate to

of the free®*"Tc-exametazime from the labeled cells diffieach thawed exametazime fractiéfTc-pertechnetate was ob-

tained from a generator that had been eluted within the previous

24 h. Radioactivity was always approximately 1,110 MBq.
Stabilized °"Tc-exametazime was obtained fro#f™c-exa-

metazime prepared in the same way but using 1.0 ¥l c-

pertechnetate and approximately 1,400 MBq. Two minutes later,
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0.1 mL methylene blue (0.6 mg/mL in saline) was added to tHkiid was immediately removed. Both filters and the fluid from the

vial. lower chamber were also removed. Each filter and the upper and
The osmolarity and pH of six samples of both stabilized anldwer liquids were put into test tubes and counted i @unter

nonstabilized*"Tc-exametazime were analyzed using an osmoniLKB-Wallac 1282 CompuGamma; Wallac, Turku, Finland) 48 h

eter (Krioscop 800; Slamed, Frankfurt, Germany) and a pH meteter.

(model 125; Corning, Medfield, MA). Therefore, we analyzed the The chemotactic index (Cl) described by English and Clanton

osmolarity and pH of six samples of nonstabiliZéd@Tc-exameta (8) was calculated as follows:

zime, following the manufacturer’s instructions, from an entire ) o )

vial of Ceretec. The lipophilic fraction $P™Tc-exametazime was Radioactivity bound to lower filter

Cl= - — . X 10°
analyzed in all cases using the chloroform extraction technigjue ( Total radioactivity placed in chamber

Blood Samples In all cases, chambers containing Hank’s solution, instead of

Two 45-mL samples of venous blood collected over 6 mL aci@emotactic factor, were used to evaluate the random chemotaxis.
citrate dextrose were obtained from 30 healthy blood donor, he ranc_iom index (RI) was calculated as desc_rlbed ab_ove. The
Written informed consent was obtained from all donors. Th I/RI ratio was used to compare the chemotactic capacity of the

leukocyte-rich pellet was obtained from each blood—acid citra %ukocytes labeled V\_”th unstablllzéamTc-exametamme and the
kocytes labeled with methylene blue—stabili2&t c-exameta

dextrose sample using the hydroxy-ethyl-starch sedimentati

technique according to the consensus protocol of the Internatioﬁ%:(lpe'v_t Stability. Th inina labeled leukocvt |
Society of Radiolabelled Blood Elemen®).( n Vitro Sta ”y', € remaining fabeled leukocyte samples,
suspended in Hank’s solution, were stored at 37°C for 2 h. The in

Radiolabeling of Mixed Leukocytes with Stabilized and vitro cell-labeling stability at this time was determined by cen-
Nonstabilized " Tc-Exametazime trifuging both unstabilized and stabilize¥™Tc-exametazime—
Each leukocyte-rich pellet was gently resuspended in 0.5 m@beled leukocytes and measuring the amoun®®&Tc activity
cell-free plasma using a polypropylene Pasteur-type pipette. Afound to the cells.
terwarc_i,_ 0.5 mLTc-exametazime+£340 MBq, freshly prt_apared Statistical Analysis
or st_ab|||zej 2h Pefore) was _added to each sample. The 'DCUbat'onA paired-sample statistical test was used to analyze the results.
medium was mixed by swirling each test tube and was incubated
for 15 min at room temperature.
Immediately after inchation, 4 mL cell-free plasma were addé?iESULTS
to each test tube. Afterward, both tubes were centrifuged aj 15Radiochemical Purity of 9™ Tc-Exametazime
for 5 min. The pellet containing the leukocytes labeled witlPreparations
methylene blue an®"Tc-exametazime was clearly seen because The 99Tc-exametazime prepared without a stabilizing
the plasma was light blue. Therefore, the plasma supernatggfent i = 30) had a mean radiochemical purity of 95.5%
cgntaining the unboun&™Tc-exametazime wa; easily. removeqsp, 3.3%: range, 92.7%-98.2%). The 2-h-old methylene
i e s of 8 poopyene Pasteurype pete Pl 28ue-Sabiized> Tc-exameazime had a mean radiockem
Hank's solution (GIBCO, Life Technologies Ltd., Paisley, U.K.)'C}’lI purity of 86.7% (SD, 3.2%: range, 77.1%-91.0%).
to yield a cell suspension of 8 107 leukocytes per milliliter. Osmolarity and pH of Stabilized and Nonstabilized
9mTc-Exametazime Preparations
The osmolarity of stabilize®"Tc-exametazime prepara
tions ranged from 305 to 309 mOsm/L (mean, 307
Radioactivity bound to cells mOsm/L; SD, 1.4 mOsm/Ln = 6), and the pH ranged from
7.0 to 7.6 (mean, 7.3; SD, 0.B;= 6). The osmolarity of
unstabilized®*"Tc-exametazime preparations ranged from
In Vitro Viability Test.Eosin Y staining was performed on each3pg to 313 mOsm/L (mean, 311 mOsm/L; SD, 1.9
labeled leukocyte suspension. _ _ mOsm/L;n = 6), and the pH ranged from 7.0 to 8.0 (mean,
Chemotaxis Radioassay® chemotaxis radioassay was per7_5; SD, 0.3n = 6). The osmolarity of*"Tc-exametazime

formed .by modifying the technique of Gallin et az){ using obtained from an original unfractionated Ceretec vial
conventional Boyden chambers (Nucleopore Corp., Pleasanton

CA). The chemotactic factor was generated in two steps. First, g&nged from _313 to 317 mOsmi/L (mean, 315 mOsm/L; SD,
1ug endotoxin Escherichia coli055:B5, L6529; Sigma, St. Louis, +-5 MOsm/L;n = 6), and the pH ranged from 8.2 to 9.0
MO) dissolved in 2QuL saline were added to 1Q0L donor-cell- (mean, 8.7; SD, 0.2 = 6).

free plasma. Second, 50L qf this gndotoxm-actlvated plasma Quality Control of ®™Tc-Exametazime-Labeled
were added to 1,000L Hank’s solution. lﬁeukocytes

The lower compartment of the Boyden chamber was filled wit . -
chemotactic factor {200 pL). Two 3-um polycarbonate filters LE. Leukacytes were labeled with unstabilize¥#Tc-

(Millipore Corp., Molsheim, France) were placed so as to Separa%ametazime with a mean LE of 63.5% (SD, 13.6%; range,

the lower compartment from the upper. The upper compartmeh-1%—83.9%n = 30). Leukocytes from the same donors
was filled with 200 L cell suspension. After exagtl3 h of Wwere labeled with 2-h-old methylene blue—stabili2&drc-

incubation at 37°C, the cells of the upper compartment were gené¥ametazime with a mean LE of 58.7% (SD, 12.6%; range,
suspended with the aid of a Pasteur-type glass pipette, and all 8&3%—79.7%n = 30).

Quality Control of the Labeled Leukocytes
LE. The LE was calculated by the equation:

LE (%) =

Total radioactivity added .
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In Vitro Stability. The radioactivity that remained boundDISCUSSION
to the leukocytes labeled with unstabiliz&dTc-exameta Many agents have been described as stabili2Mgc-
zime, afte 2 h stored at 37°C, ranged from 92.5% t0 98.4%y ametazime9—13. But only methylene blue and cobalt
(mean, 96.0%; SD, 1.5%) = 30). The activity that ré- - rige have been described with regard to their usefulness

mained bound to the leukocytes labeled with 2-h-old metlfBr leukocyte labelingZ,14—15. However, none has been
ylene blue—stabilize®™Tc-exametazime, aft h stored at . ' M T
37°C, ranged from 92.9% to 98.5% (mean, 96.0%:; s%‘fgsx)epdefi’g)'abe"”g WBCs in either the United Stats (
04N = i i '
it.:ti/;’tirc]:all 3g?ﬁ;he results for the two populations did no We performed this study to clarify the possibility of using
y ' methylene blue as a stabilizing agent for labeling WBCs.

Eosin Y StainingAt least 98% of the mixed leukocyte "~ 18.7 hvl blue i h labell di
samples, labeled with either stabilized or unstabili¥&dic- 'Usmg 8.75ug methylene blue in each labeling medium
instead of the 250-50Q.g used by Hung et al.2}, we

exametazime, did not concentrate the dye. ; ) i
Chemotaxis Radioassalyeukocytes labeled with unsta-avoided t.h'e problems associated with the dark blue colqr of
bilized *"Tc-exametazime preparationa & 30) had a the stabilizer; therefore, we can perform our labeling
mean CI/RI ratio of 10.4 (SD, 8.8; range, 1.4—38.4). LedDethod with or without methylene blue. Moreover, using
kocytes from the same donors, labeled with 2-h-old StthiS amount of methylene blue achieved a fair stabilization:
lized %"Tc-exametazime, had a mean CI/RI ratio of 8.8 h after thé®"Tc-exametazime stabilization, we obtained a
(SD, 7.3; range, 1.3-32.2). The CI/RI ratios from the twgean lipophilic fraction of 86.7%. The pH and osmolarity
populations were statistically differert € 2.41;P < 0.02). of this stabilized solution were in the physiologic range.
Variations in CI/RI ratios were derived from variations in In our department, we label a maximum of two different

the ClI values (Table 1). leukocyte samples simultaneously, to avoid undesirable
TABLE 1
Chemotaxis Radioassay
Leukocytes labeled with unstabilized Leukocytes labeled with stabilized
9mTc-HMPAO 9mTc-HMPAO

Sample no. Cl RI CI/RI Cl RI CI/RI
1 1.3 0.9 1.4 1.2 0.9 1.3
2 3.4 2.4 1.4 2.7 2.1 1.3
3 1.0 0.7 1.4 5.4 1.0 5.4
4 4.2 1.9 2.2 2.9 15 1.9
5 1.6 0.7 2.3 0.7 0.5 1.3
6 3.5 0.8 4.4 2.3 0.7 3.3
7 3.8 0.8 4.7 5.1 0.9 5.7
8 12.5 2.4 5.2 9.9 2.9 3.4
9 7.0 1.3 5.4 3.6 0.7 5.2
10 3.8 0.6 6.4 3.5 0.6 5.9
11 5.2 0.8 6.5 4.7 0.8 5.9
12 3.4 0.5 6.8 2.8 0.4 7.1
13 30.4 4.4 6.9 36.0 4.5 8.0
14 4.8 0.7 6.9 2.5 0.7 3.5
15 8.5 1.0 8.5 1.9 0.9 2.1
16 4.3 0.5 8.6 6.4 0.6 10.7
17 13.2 15 8.8 11.8 1.9 6.2
18 7.5 0.8 9.4 7.8 0.7 111
19 9.5 1.0 9.5 3.1 0.9 3.4
20 8.1 0.8 10.1 3.0 1.1 2.7
21 7.3 0.7 10.4 8.5 0.9 9.4
22 12.8 1.1 11.6 5.5 1.2 4.6
23 11.6 1.0 11.6 4.5 0.8 5.6
24 6.8 0.5 13.5 5.5 0.6 9.1
25 12.2 0.9 13.6 18.8 0.8 23.5
26 26.2 1.6 16.4 19.4 1.7 11.4
27 35.6 1.4 25.4 14.4 1.5 9.6
28 23.9 0.9 26.6 25.8 0.8 32.2
29 35.0 1.2 29.2 18.5 1.0 18.5
30 19.2 0.5 38.4 15.2 0.7 21.7

Cl = chemotactic index; Rl = random index.
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