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ABSTRACT —Purpose: The labeling of red blood cells (C) with *MTeis employed in clinical nuclear medicine for avariety of
diagnostic procedures. Drugs can ater thislabeling method and modlfy the disposition of the radiopharmaceuticals. In this paper,

theinfluence of glucantime on thelabeling of blood consxltuentswnh *Mcwas reported. M ethods: Blood waswithdrawn fromrats
and incubated with glucantime. Stannous chloride and “"Tc were added. After centrifugation, plasma (P) and (C) were isolated.

Samples of P and C were precipitated with TCA 5%, centrifuged and insoluble (IF) and soluble fractions (SF) separated. The
percentagesof total activity injected (%ATI) in C, IF-Pand | F-C were cal culated (p<0.05). Results: The %ATI on C decreased from
control to following concentrationsof glucantime (6.25%;12.5%;25%;50%;100%), respectively: 94.06+1.29 (control) to 77.15+2.79;
t0 76.68+1.88; t0 75.15+2.79; to 72.64+4.40 and t0 63.05+3.84. On | F-C the %ATI decreased from control to all the concentrations of
glucantime(3.125%;6.25%; 12.5%; 25%;50%; 100%), repectively: 93.34+1.18 (control) to 78.81+2.76; to 74.76+4.82; t0 74.02+5.32; to
64.35+4.82; t0 62. 81+1 97 and t054.55+3.58. Conclusions. Thiseffect was probably dueto products present in thisdrug that may

complex withions (Sn ?and " TcO 4) or have adirect or indirect effect on intracellular stannousion concentration.
KEYWORDS: Glucantime™, Radionuclides, Sodium Pertechnetate, Technetium-99m, Stannous Chlorideand Red Blood Cells.

I ntroduction

Antimonial compounds have formed the basisfor the treatment
of leishmaniasissince 1911. Oneof theseantimonia compounds
is N-methyl meglumine antimoniate, commercialy known as
Glucantime™ (Rhodia, Brazil), whichisthepreferred drugforthe
treatment of al clinical forms of leishmaniasis. Human
leishmaniasisisdistributed worldwide, but mainly inthetropics
and sub-tropics, with aprevalence of 12 million casesaswell as
an approximate incidence of 0.5 million cases of visceraz\l

leishmaniasisand 1.5 million cases of cutaneous|eishmaniasis .
It is a paraditic disease caused by at least 17 species of the
Leishmania protozoan parasite. The parasitesaretransmitted as
flagellated promastigote forms from host to host by the bite of
infected sandflies. In the mammalian host the parasites survive
and multiply as an amastl gote form in the phagolysosome of
mononuclear phagocytes The antileishmanial activity of the
glucantime™ occurs by interfering with glycolysis and b-
oxidation of fatty acids in amastigotes, depleting intracellular
ATP levels or by inhibiting the enzymes of the glycolytic via
Thisintracellular amastigote form, which survives and divides
intissue macrophages, thereby causing the disease, isthe targgat
for drug therapy (antimonial compounds, such as glucantime .

Another class of drugsthat isused in human diseases, mainly
for diagnostic procedures are the radiopharmaceuticals. In

nuclear medicine, they represent apowerful tool in diagnostic
and therapy procedures, aswell as having contributed to the
comprehension of many phenomenarelated to human bei ngs

The most widely employed radionuclide used as a
radiopharmaceutical in nuclear medicine diagnostic
proceduresistechnetium-99m (99mTc), in theform of sodium
pertechnetate (N a99mTcO4) 99mTc has been used to Iabel
molecules, cells™ biological spemesasDuges;angrlna and
Schistosoma mansoni and cgeélular structures such as
leukocytes and red blood cells ™. This radionuclide is the
most frequently used in clinical nuclear medicine dueto its
wide availability from a 99-M olybdenum/Technetium-99m
(99M0/99mTc) generator, Iow radlanon dose to the patient
and low environmental i mpas:t

Theinfluence of drugs on thelabeling of blood elements(red
blood cells, plasmaand cellular proteins) with “"Tc hasbeen
reported. Any drug that altersthelabeling on thetracer could
be expected to m0d|fy the disposition of the
radlopharmaceutlcals

Red blood cells (C) labeled with 99mTc (99mTc-C) have come
intowideusein clinical nuclear medicinefor several important
applications, including imaging of the cardiovascular system,

1.Universidade Federal do Rio Grande do Norte (UFRN), Centro de Biociéncias, Departamento de Microbiologia e Parasitologia. Av. Salgado Filho,

n° 3000 - 59078-970, Natal/RN, Brazil.
2. Aluno do Curso Médico de Graduag&o-UFRN.

3.Prof. Dr. Da Universidade Federal de Pernambuco, Departamento de Biofisica e Radiobiologia e do Programa de Pos-Graduagdo em Ciéncias da

Salide-UFRN.

4.Prof. Dr. da Universidade do Estado do Rio de Janeiro, Instituto de Biologia Roberto Alcantara Gomes, Departamento de Biofisica e Biometria

e do Programa de Pos-Graduagdo em Ciéncias da Salide-UFRN.

Acta CirGrgica Brasileira - Vol 20 - Supl n° 1 2005 - 81



detection and localization of gastrointestinal hemorrhage,
measurement of red cell volume and spleenimaging. 99mTc-C
may be done using aninvitro technique, by in vivo methods,
or by acombi nat|on of these two, sometimes called in vitro/
in vivo Iabelmg These labeling methods depend on the
presence of areducing agent 1and stannouschlorideiswidely
employed for this purpose .

The presence of medication (synthetic or natural drugs) in
the patient’s blood, as well as labeling conditions, can have
an effect on the labeling of blood elements or can alter the
characteristic and/or labeling process of the
radiopharmaceuticals, changl ng their biological behavior and/
or labeling effici ency . The proceduresin nuclear medicine
are based on the observations of a pattern of changes on the
fixation of the radiopharmaceutical in specific targets.
Unexpected alterations caused by factors other than disease
may cause an imprecise diagnosis. Thus, the presence of the
disease may be missed and/or underestimated ' 110

Thereisno reported in vitro study of glucantime interaction
with radionuclides. Therefore, in thisstudy, we have evaluated
theinfluence of glucantimeon thelabehng of red blood cells,
plasma and cellular proteins with™"Te usi ng an in vitro
procedure.

Methods

The experiments with the animals were carried out and the
guidelines established by the Centro de Ciéncias da Salide,
Universidade Federa do Rio Grande do Norte were followed.
The animalswere not sacrificed in thiswork. Red blood cells
were Iabesl 7egd9 with 99mTc using a previously reported
procedure

Heparinized whole blood was withdrawn from male Wistar
rats (n=9; 3 months old; 200-250g). Samples of 500mL of the
blood were gently mixed and incubated with 100mL of different
concentrations(3.125%; 6.25%; 12.5%; 25.0%; 50.0%; 100.0%)
of glucantime solution, which were prepared using a saline
solution (0.9% NaCl) as solvent. All these different
concentrations were prepared using a solution pattern of

glucantime(1,5¢/5mL-Rhodia, Brazil), or with 100mL of 0.9%
NaCl for the control samples, for 60 min, at room temperature.
After this incubation period, a freshly prepared stannous
chloride solution (500mL of 1.2 mg/mL), in the form of
SnCl2.H20 (Reagen, Quimibras Industrias Quimicas SA,
Brazil), was added and the incubation continued for another
60 min. Then, 100mL of 99mTc (3.7MBg/mL), intheform of
sodium pertechnetate, recently milked from a 99Mo0/99mTc
generator (Instituto de Pesguisas Energéticas e Nucleares,
Comissao Naciona de EnergiaNuclear, Sdo Paulo, Brazil) was
added and the incubation was continued for another 10 min.
These sampleswere centrifuged (1500rpm/5min) and plasma
(P) and red blood cells (C) were separated. Aliquots of 20mL
of Pand C werealso precipitated with 1.0 mL of trichloroacetic
acid (TCA) 5% and solublefraction (SF) and insolublefraction
(IF) wereisolated. Theradioactivity in P, C, SF-P, IF-P, SF-C
and IF-Cwasdetermined inawel | counter (Clinigamma, gamma
counter, LKB, Wallac, Finland). Thus, the percentage of
radioactivity (%ATI) |n each fraction was calculated, as
previously described””’ . Briefly, to determine %ATI the
radioactivity present in C, IF-P and IF-C was divided,
respectively, by theradioactivity in P+C, |F-P+SF-Pand | F-
C+SF-C. The obtained values were multiplied by 100. The
experiments were repeated nine times (different samples of
whole blood withdrawn from three groups of 3 animals each)
and the means and standard deviations were determined.
Statistical analysis was performed by Kruskal-Wallis and
Mann Whitney tests, p<0.05.

Results

Table 1 shows the distribution of radioactivity in C and P
from blood treated with different concentrations of glucantime.
Analysis of the results indicates that there was a significant
(p<0.05) decreasein radioactivity uptake by Cinthe presence
of glucantime from control (without glucantime) to the
concentrations of glucantime (3.125%, 6.25%, 12.5%, 25%;
50% and 100%, respectively): from 94.06+1.29 (control) to
92.59+2.08; to 77.15£2.79; to 76.68+1.88; to 75.15+2.79; to
72.64+4.40 and to 63.05+3.84.

TABLE 1 — Effect of Glucantime™ on the labeling of Red Blood Cells (C) and Plasma (P) in the Blood with Technetium-99m (99mTc)

(%ATT)
Concentrations of
Glucantime (%) C P

0.000(control) 94.06 + 1.29 593 +£1.29
3.125 92.59 £2.08 7.40 +£2.08
6.250 77.15+£2.79 22.84+2.79
12.500 76.68 £ 1.88 23.31+1.88
25.000 75.15+£2.79 24.64 £2.79
50.000 72.64 £ 4.40 27.35+4.40
100.000 63.05+3.84 36.94 +£3.84
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Samples of heparinized blood were incubated with
glucantime™ solution (0.00%; 3.125%; 6.25%; 12.5%; 25.0%;
50.0% and 100.0%). Then, stannous chloride and 99mTc were
added. These samples were centrifuged and plasma (P) and

red blood cells (C) were separated. The %ATI in Pand C was
calculated. The values are the mean + standard deviation. A
statistical analysis (Kruskal-Wallisand Mann Whitney tests,
p<0.05) was used to compare the results.

TABLE 2 — Effect of Glucantime™ on the labeling of Soluble Fraction (SF-C) and Insoluble Fraction (IF-C) of Red Blood
Cells Proteins in the Blood with Technetium-99m (99mTc)

(%ATTI)
Concentrations of
Glucantime (%) IF-C SE- C

0.000(control) 93.34+1.18 6.65 +£1.18
3.125 78.81+£2.76 21.18 £2.76
6.250 74.76 £ 4.82 25.23+4.82
12.500 74.02 £5.32 2597 +5.32
25.000 64.351+4.82 35.64 £4.82
50.000 62.81+1.97 37.18 £ 1.97
100.000 54.55+3.58 45.44 +3.58

Samples of heparinized blood wereincubated with glucantime
solution (0.00%; 3.125%; 6.25%; 12.5%; 25.0%; 50.0% and
100.0%). Then, stannous chloride and 99mTc were added.
These sampleswere centrifuged and plasma (P) and red blood
cells (C) were separated. Aliquots of C were precipitated with

trichloroacetic acid (TCA) 5% and soluble fraction (SF) and
insolublefraction (IF) of C were separated. The %ATI inIF-C
and SF-C was cal culated. The values are the mean + standard
deviation. A statistical analysis (Kruskal-Wallis and Mann
Whitney tests, p<0.05) was used to compare the results.

TABLE 3—Effect of Glucantime™ on the labeling of Soluble Fraction (SF-P) and Insoluble Fraction (IF-P)
of Plasma Proteins in the Blood with Technetium-99m (99mTc)

(%ATI)
Concentrations of
Glucantime (%) IF-P SF-P
0.000 (control) 90.09 +2.72 9.90 £2.72
3.125 81.42 +5.81 18.57 £ 5.81
6.250 77.08 £4.28 2291 +£4.28
12.500 76.08 £3.18 2391 +£3.18
25.000 74.42 £5.51 25.57+£5.51
50.000 71.79 £5.01 28.20+5.01
100.000 70.95 £3.16 29.04 +£3.16

Samples of heparinized blood wereincubated with glucantime
solution (0.00%; 3.125%; 6.25%; 12.5%; 25.0%; 50.0% and
100.0%). Then, stannous chloride and 99mTc were added.
These sampleswere centrifuged and plasma (P) and red blood
cells(C) were separated. Aliquots of Pwere precipitated with
trichloroacetic acid (TCA) 5% and soluble fraction (SF) and
insolublefraction (IF) of Pwere separated. The %ATI in|F-P
and SF-Pwas cal culated. The values are the mean + standard
deviation. A statistical analysis (Kruskal-Wallis and Mann
Whitney tests, p<0.05) was used to compare the results.

Table 2 shows the distribution of radioactivity in soluble
fraction (SF-C) and insoluble (IF-C) fraction of red blood cell
proteins from blood treated with different concentrations of
glucantime. Analysis of the resultsindicates that therewasa
significant (p<0.05) reductioninradioactivity fixationin IF-C
from control to all the concentrations of glucantime (3.125%,
6.25%, 12.5%, 25%; 50% and 100%, respectively): 93.34+1.18
(control) to 78.81+2.76; to 74.76+4.82; to 74.02+5.32; to
64.35+4.82; 10 62.81+1.97 and to 54.55+3.58.
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Table 3 showsthe distribution of radioactivity in solublefraction
(SF-P) andinsolublefraction (IF-P) of plasmaproteinsfromblood
treated with different concentrations of glucantime. Analysis of
the results indicates that there was no significant (p>0.05)
reductioninradioactivity fixationin |F-Pwiththetested glucantime
concentrations when compared with contral.

Discussion

The evidence that drugs can affect either radiolabeling or
biodigtribution of red blood cellsin the context of nuclear medicine
isindisputable. A number of researchershaveturned their attention
to in vitro testing of drugs with labeled red cdlls. A theragoemlc
drug can also modify the nature/amount of the =~ Tc-
radiopharmaceutical boundto blra%odh a[el mgﬂgt%md thismay result
in unexpected behavior of the ™

Any chemical, physical or biologica agent which dters (i) the
chemicdl identity of thetracer, (ii) the physiologica status of the
organof interest, or (iii) itshinding capability to plasmaproteinsor
other blood elements, could be expected to modify the
radiopharmacoki net|c and disposition of theradiopharmaceutical
in the specific target Some factors, such as red blood cells
condition, excess ve gpplication of heparin, inadequate preparation
of the reducing agent, (which is easly oxidized and must be
prepared in a vacuum prior to its application),%jnmproper
concentration of the reducing agent, poor quality of ~ Tcand a
number of devices, materid sor agentsinteractingwith thelebel ing
elements/process can interfere in the labeling procees oo

Whenadl thesefactorsabovewere considered optimd,, the presence
of drugsand normd dietary intakein theblood streammay interact
with blood €lements or any component of thelabeling process. In
this case, they may: (i) act asan oxidant or areducing agent; (ii)
change the permeability of the cellular membrane or (jij) occupy
the penechnexate TcO ) and/or stannous ions (Sn 2) binding
stes . The oxidation efféct would i impair reduction of e chy
the stannous ion (stannous to stannic ion), compromising its
binding and fixation of the radionuclide to the b-chain of
hemoglobin. In contrast, the anti-oxidant effect would increase
thered blood cell mdplasmaprotanlabelmge‘flgency protecting
the stannous ion from the oxidative process " The cellular
membrane permeability could impair the Iabellng process by
compromising the active transport of the pertechnetate ion by
blocking the anionic trangport of band-3 protein, responsible for
chloride/bicarbonate exchanges and possibly by the transport of
the pertechnetateion by blocking thecalcium channels, impairing
the stannous ion flow through the membrane or causing
morphologica changesin the cellular gnlenbrme h| ndering the
free diffusion of the pertechnetateion ™" . Anin vitro method of
labeling red blood cell and plasma proteinsisa practica way of
evaluating these effects.

Inthelabeling process of red blood cellswith %"Tc, the stannous
and pertchenetate ions pass through the plasma membrane.
Sequentid stages of the intracellular Iabellng process include
reduction of 99mTc pertechnetate by Sn , Subsequent binding
of the reduced "Tc to hemoglobln o and transmembrane
transport of S and 4 into the internal compartment of
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thered blood cdlls. Theband- 3montra15port systemandcacium
channels may beinvolved in thlstransport

We have previously shown that glucantime can alter the
bi odls!tgn butioninvivo of techneti un- -99m-methylenediphosphonic
acid ( Tc-MDP) in Wigtar rats . Now, in this work, we have
studied the effect of glucaqtlmeong'nglabellngof red blood cells,
plasmaand cdlular proteinswith — Tc by in vitro process.

Glucantimeis prepared by the reaction of pentavaent antimony
with N-methyl-D-meglumineand the extent of polymerizationin
the composition of meglumine antimoniate may influence the
pharmacokineticsof drug ddivery, uptekebytheramloendothelld
system, and intracellular distribution of pentavaent anti mony
Although the exact mechanism of the effect of glucantime onthe
labeling of red blood cdllsisnot fully made clear, we suggest that
it may beexplanedz(l) by adirect inhibition (chelating action) of
thereferredions(Sn and *"Tco ), (i) by damageinducedinthe
plasmamembrane (membraneperfneshility), or (jii) by competition
of the cited ions for the same binding sites (pertechnetate and
stannous ions).

Red blood cell proteinscan beIabeIedW|th Tc mainly intheb-
chain of the hemoglobin mol ecule™. The fixation of this
radioactivity was likely modified by glucantl me in al the
concentrations. When these concentrations of glucantime were
incubated with whole blood, there was a significant decrease in
thefixation of " Tcin the red blood cell proteins. This probably
!;gnocwrred dueto the oxidation effect that wouldimpair reduction of
Tc by the stannous ion affecting binding and fixati 05‘120f the
radionuclideto the b-chain of the hemoglobin molecule ™

Plasma proteins were also labeled with technetium-99m. e
labeled plasma proteins have been used to locate the placenta, to
evauate cardiac function and pulmonary perfusion, to degtlarml ne
blood volume and to study gastrointesting protein loss™. The
fixation of this radioactivity does not seem to be modified by
glucantimesolution. Another possibility |sthat therewasablocking
of the labeling inside the cdlls, but the “"Tc (free) could be
precipitated with the red blood cell ghost.

Studies performed evaluarung the interference of Maytenus
ilicifolia Paulhmacupana and other medicind plants, revealed
areduction in C and P, indicating the presence of an oxidative
effect, increasing ggnevd ence of sannousionto +4 and reducing
thefixationof the ™ Tc.

Inconclusion, our experimental datashow that thelabeling of red
blood cdll with technetium-99m and thefixation of thisradionuclide
to insoluble fractions of cellular proteins can be decreased in the
presence of glucantime when an in vitro technique to label red
blood cellsisemployed. We suggest that thiseffect may bedueto
the Products resent in thisdrug may (i) complex with theseions
(Sn an cO ) or (ii) have a direct or indirect effect on
intracell uIar stanrious ion concentration. Furthermore, this study
allowsfor the assessment of the effect of glucantime on direct or
indirect oxidant properties.
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RESUM O — Objetivo: A marcagdo de hemécias sangliineas (C) com *™I¢ é muito utilizada nos procedimentos diagnosticos na
medi cinanucl ear. Drogas podem alterar este método de marcacdo e modificar abiodisponibilidade deradiof armacos. Nestetrabal ho,

foi avaliadaainfluénciade glucantime namarcacdo de el ementos sangliineos com "Tc. Métodos: Sanguefai retirado de ratos e
incubado com glucantime. Adicionou-secloreto estanoso e e, Apobscentrifugacdo, plasma(P) e (C) foramisolados. Amostrasde
P e C foram precipitadas com TCA 5%, centrifugadas e separadas em fracfes soltveis (FS) einsollveis (FI). Os percentuais de
atividadetotal injetada (%ATI) em C, FI-Pe FI-C foram calculados (p<0,05). Resultados: O %ATI em C diminuiu, em relacéo ao
control e, nas segui ntes concentractes de glucantime (6,25%;12,5%; 25%;50%;100%), respectivamente: 94,06+1,29 (controle) para
77,15+2,79; para76,68+1,88; para 75,1542, 79; para72,64+4,40 epara63,05+3,84. EmFI-C, 0 %ATI diminuiu, emrelacdo ao controle, em
todasas concentragdes de glucantime (3,125%;6,25%;12,5%;25%;50%; 100%), respectivamente: 93,34+1,18 (controle) para78,81+2,76;
para74,76+4,82; para74,02+5,32; para64,35+4,82; para62,81+1,97 epara54, 552+3 ?8 Conclusfes: Este efeito provavelmentefoi
devido a produtos presentes nesta droga que podem se complexar comions(Sn e "TcO ) ou ter um efeito direto ou indireto na
concentracdo intracelular do ion estanoso.

DESCRITORES: Glucantime. Radionuclideos. Pertecnetato de sadio. Tecnécio 99m. Cloreto estanoso. Hemécias.
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