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RESUMO

Células e moléculas sdo marcadas com tecnécio-99m (**"Tc) e usadas na obtencéo
de imagens em medicina nuclear. Produtos naturais e sintéticos podem interferir na
marcacdo de constituintes sanguineos com %°™Tc. A sucralose é um adocante
utilizado em alimentos e bebidas, sendo indicado para individuos com dietas de
restricdo caldrica como obesos e diabéticos. O objetivo desse estudo foi avaliar o
efeito do adocante comercial com sucralose: (i) na marcacdo de constituintes
sanguiineos com *™Tc; (i) na morfologia das hemécias e (iii) na biodistribuicdo dos
radiofarmacos pertecnetato de sédio (Na**"TcO,) e acido
dietilenotriaminopentacético marcado com **™Tc (**"Tc-DTPA) em ratos Wistar. No
estudo in vitro, amostras de sangue de animais foram isoladas e incubadas com
diferentes concentracbes da solucdo de sucralose ou solucdo de NaCl 0,9%
(controle). No tratamento in vivo, animais foram tratados com sucralose em
diferentes doses ou solucdo de NaCl 0,9% (controle) e em diferentes tempos.
Amostras de sangue foram isoladas e a marcacdo de constituintes sanguineos com
9MTe foi realizada. Plasma e células foram isolados por centrifugacdo. Fracées
soltivel e insoluvel de plasma e células sanguineas também foram separadas
utilizando-se acido tricloroacético a 5% e centrifugacdo. A radioatividade em cada
fracdo foi contada e a porcentagem de radioatividade incorporada (%ATI) foi
calculada. Distensfes sanguineas foram preparadas, fixadas, coradas e a morfologia
das hemacias foi avaliada em microscopia Optica. Para os estudos de
biodistribuicdo, os animais foram tratados com sucralose em diferentes doses e em
diferentes tempos (1h e 8 dias). Como controle animais foram tratados com solugéo
de NaCl 0,9%. ApoOs o tratamento, os animais foram anestesiados, realizada a
administracdo do radiofarmaco via plexo ocular. Depois de 10 minutos, 0os animais

foram sacrificados, os 6rgaos e tecidos foram isolados, pesados e feita a contagem
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do percentual de atividade administrada que foi incorporada por grama de tecido
(%ATI/g). Nos experimentos de marcacédo de constituintes sangiiineos com **™Tc
nos estudos in vitro e in vivo, a sucralose nédo alterou a %ATIl nos compartimentos
plasméatico e celular, e ndo alterou a fixacdo do *"Tc nas fracdes sollveis e
insolaveis do plasma e da célula (p>0,05%). Nao houve alteracdo significativa na
morfologia das hemécias (p>0,05%). Os resultados obtidos na biodistribuicdo do
radiofarmaco pertecnetato de sédio (Na®™TcO,) mostrou aumento significativo
(p<0,05) na captacao deste radiofarmaco nos rins no estudo agudo (1h). No estudo
cronico (8 dias), ndo houve alteracdo na captacdo do Na®*"TcO, (p>0,05%). Os
resultados do estudo agudo (1h) com o radiofarmaco **"Tc-DTPA mostrou alteracdo
significativa (p<0,05%) na captacdo deste radiofarmaco nos seguintes Orgaos:
tiredide, estbmago, pancreas, muasculo e baco. Considerando-se estes resultados,
sugere-se que o uso da sucralose poderia interferir com procedimentos de medicina
nuclear relacionados a biodistribuicdo de radiofarmacos, mas nédo poderia interferir
em procedimentos relacionados com a marcacdo de constituintes sanguineos e
morfologia das hemacias. O estudo teve carater multidisciplinar com a participacao
das seguintes areas de conhecimento: Radiobiologia, Fisico-quimica,
Endocrinologia, Morfologia, Hematologia e Nutrig&o.

Palavras-chaves: acido dietilenotriaminopentacético, adocante, biodistribuicéo,
constituintes sanguineos, morfologia, pertecnetato de sédio, radiomarcacédo, ratos

Wistar.



1 INTRODUCAO

A prevaléncia de doencas crénicas nao-transmissiveis (DCNT) esta
aumentando no mundo e de forma alarmante, sendo considerada como um
importante problema de satde publica ?. Estudos epidemioldgicos tem relatado um
crescimento rapido no aparecimento de DCNT, que esta relacionada a obesidade,
ao diabetes tipo 2, a reducdo da tolerancia a glicose e outras complicacbes como
hipertensédo, doencas cardiovasculares, faléncia renal, apnéia do sono, artrite e até
mesmo o cancer &Y,

Ressalta-se que o sobrepeso e a obesidade atingem mais de 1,1 bilhdo e 312
milhdes de adultos em todo mundo, respectivamente ‘. Nestes casos, o uso de
adocantes artificiais, como a sucralose, torna-se necessario por apresentarem baixo
valor cal6rico e nutritivo, sendo recomendado para individuos com dietas especiais
©®)

Como conseqiéncia do aumento da expectativa de vida, mesmo com o0
aparecimento de DCNT, torna-se importante implementar técnicas de exames e
diagndsticos a fim de prevenir e/ou tratar doencas que necessitem de avaliacao e/ou
intervencdo precoce. Dentre os procedimentos que tem contribuido para auxiliar os
diagnésticos, destacam-se as técnicas de imagens cintilograficas da medicina
nuclear, a tomografia por emissédo de foton unico (SPECT, single photon emission
computed tomography) e a tomografia por emissdo de pésitrons (PET, positron
emission tomography) (9.

Durante os exames de medicina nuclear, sdo administradas quantidades
minimas de estruturas de interesse biomédico marcadas com radionuclideos
denominadas de radiofarmacos ou radiobiocomplexos para fins de diagndéstico e/ou

terapia @. O ®™Tc é o radionuclideo mais utilizado para obtencédo de imagens



diagnosticas tipo SPECT. O processo de marcacdo desses radiofarmacos, que
podem ser de natureza molecular ou celular, com **"Tc depende de um agente
redutor, sendo o cloreto estanoso (SnCl,) o mais utilizado ©.

Produtos naturais ou sintéticos podem alterar a marcacdo de constituintes
sanguineos com **™Tc, seja em ensaios in vitro %Y, seja em ensaios in vivo 23,
Além disso, alteracdes na morfologia das hemacias ‘¥ e na biodistribuicdo de
radiofarmacos também podem ser observadas 9.

Essa pesquisa foi motivada por tentar identificar uma possivel interacéo
radiofarmaco-sucralose, que despertaria grande interesse para a area de medicina
nuclear, jA que este adocante tem seu consumo livre para todas as idades e esta
presente em diversos produtos industrializados de consumo comum 7. Um
paciente que utiliza sucralose poderia precisar realizar um procedimento de imagem
em medicina nuclear. Além disso, nédo foram encontrados na literatura pesquisada®®
dados sobre a influéncia da sucralose na marcagéo de constituintes sanguineos com
9MTc, na morfologia das hemacias e na biodistribuicdo dos radiofarmacos
Na**"TcO, e ®"Tc-DTPA.

Assim, o objetivo deste estudo foi avaliar o efeito do adogante comercial com
sucralose: (i) na marcacdo de constituintes sangiiineos com *™Tc; (ii) na morfologia
das hemécias e (iii) na biodistribuicdo dos radiofarmacos Na*™TcO4 e ®“™Tc-DTPA
em ratos Wistar.

Este trabalho foi realizado no Laboratério de Radiofarméacia Experimental
(LRE), do Departamento de Biofisica e Biometria do IBRAG (Instituto de Biologia
Roberto Alcantara Gomes) da Universidade do Estado do Rio de Janeiro (UERJ) em
colaboracdo com o Servico de Medicina Nuclear do Hospital Universitario Pedro

Ernesto (HUPE/UERJ) e com o Departamento de Ciéncias Fisiologicas do IBRAG



(UERJ). Os experimentos foram possiveis através de convénio firmado entre a
UERJ e a Universidade Federal do Rio Grande do Norte (UFRN), sob a orientacdo
do Professor Doutor Mario Bernardo Filho, e na vigéncia dos auxilios concedidos

pela CAPES, FAPERJ e CNPaq.



2 REVISAO DE LITERATURA
2.1 Sucralose
A sucralose € um adocante nao-nutritivo e ndo-calérico derivado da sacarose
utilizado em alimentos. Possui boa estabilidade fisico-quimica e € sollvel em agua,
podendo ser utilizado em alimentos e bebidas sem perder seu sabor durante o
processamento e armazenamento 61923,

A sucralose nao € hidrolisada no lumen instestinal, sendo pouco absorvida e
metabolizada. A excrecdo da sucralose em seres humanos € semelhante aquela
encontrada em ratos, coelhos, cachorros e camundongos. Observa-se que em
animais de laborat6rio, apds uma dose oral de sucralose, aproximadamente 10-35%
€ absorvida, em contraste com o observado em humanos, em que a absorgéo gira
em torno de 15% 42 apresentando um pico de concentracéo plasmatica em torno
de 2 horas ap6s o consumo (202630,

Estudos sobre a farmacocinética da sucralose realizados em diferentes
espécies animais e em seres humanos mostram que este adocante apresenta
limitada absorcdo, rapida excre¢do urinaria e fecal, ndo possuindo bioacumulagéo

(6,20,26-29)

A seguranga no uso da sucralose tem sido estabelecida e relatada em uma

s?3132) - Efeitos observados em dietas com altas

série de estudos toxicolbgico
concentracdes de sucralose foram caracterizados como secundarios a reducao na
ingestdo alimentar e por ser uma substancia osmoticamente ativa. A elevada
osmolaridade da sucralose explicaria um maior consumo de agua e,
consequentemente, aumento do ceco e do peso dos rins, sendo ambos,
e (21,31,32).

considerados como uma resposta fisiologica a presenca do adocant

Apesar da sucralose e outros adocantes artificiais (acesulfame-K, aspartame,



ciclamato, neotame, sacarina, esteviosideo) serem consumidos mundialmente em
alimentos e bebidas, ndo ha relatos na literatura *® a respeito da interacdo destes

adocantes com radiofarmacos.

2.2 Medicina nuclear, tecnécio-99m e suas aplicacdes em saude

O ®“™c é um radionuclideo largamente utilizado em procedimentos de
medicina nuclear para obtencdo de imagens do tipo SPECT (single photon emission
computed tomography) 33,

Os radiofarmacos ou radiobiocomplexos séo estruturas moleculares ou
celulares marcadas com um radionuclideo emissor de radiacdo gama, beta positiva
ou raios-X (captura eletrénica) para fins diagnésticos ou com beta negativa para fins
terapéuticos ©¥. O radionuclideo mais utilizado em cintilografias por emisséo de féton
Unico (SPECT) é o *™Tc em virtude de suas caracteristicas quimicas e fisicas, tais
como facil obtencdo através do gerador *Mo/®™Tc, emissdo de féton de 140 keV,
meia vida fisica de 6 horas e impacto ambiental desprezivel ©33).

Os procedimentos, realizados em medicina nuclear, sdo importantes por
produzirem imagens de excelente qualidade com baixas doses de radiacao e baixa
exposicdo do paciente 3*3%) 0 ®™c também vem sendo utilizado na pesquisa
cientifica basica para a marcacédo de estruturas bioldgicas e moléculas como modelo
experimental para avaliacéo de efeitos de produtos naturais e sintéticos (436:37:38),

Desta forma, pesquisas experimentais, realizadas em nosso laboratério, tém
sugerido que produtos naturais e sintéticos podem alterar a marcacdo de
constituintes sanguineos, a morfologia das hemacias e a biodistribuicdo do

radiofarmaco Na®™TcO,. Estes estudos se revestem de grande relevancia, pois o

comportamento inesperado de um radiofarmaco pode acarretar um diagnostico



inadequado e/ou a necessidade da repeticdo do exame, expondo o paciente a dose

adicional de radiacéao ©°.

2.3 Marcacdao de constituintes sangiiineos com tecnécio-99m

O processo de marcacédo de hemécias com *°™Tc representa uma técnica de
grande relevancia em medicina nuclear ©3*®. Hemacias marcadas com *™Tc tem
sido muito utilizadas em medicina nuclear para varias aplicacdes importantes em
exames diagnosticos, como avaliacdo do pool sanguineo, avaliagdo da perfusao
miocardica, deteccdo de hemorragias, sequestro esplénico de hemécias,
hemorragias no trato gastrintestinal, hemangiomas, trombose venosa profunda, entre
outros %49,

Quando leucdcitos sdo marcados com *MTc, esse complexo pode ser usado
para localizar infeccfes e inflamacdes. Caso a marcacdo seja feita com plaquetas,
sua utilizagdo auxilia na deteccdo de trombose venosa “9.

O P "Tc¢ também pode ser utilizado na marcacdo de outras substancias e
auxiliar no diagndstico clinico, no qual as suas aplicacdes variam de acordo com a
especificidade de cada radiofarmaco “.

Nos procedimentos de marcacdo com *°™Tc é necesséria a presenca de um
agente redutor, sendo o cloreto estanoso (SnCl,) o composto quimico mais utilizado
para esta finalidade ©. A acdo deste agente permite a reducéo da valéncia do **™Tc
de +7 para +3 ou +4, possibilitando uma elevada eficiéncia de marcacao, isto é, a
fixacdo do *™Tc as hemacias de forma mais eficiente ©49.

Na ligacdo *"Tc-hemécias tem sido sugerido que: (i) o fon estanoso (Sn*?) é
transportado através de canais de calcio para o interior das células, ligando-se ao

componente celular; (ii) o ion pertecnetato vai para o0 meio intracelular através do



sistema de transporte transmembrana do tipo banda-3; (iii) ao mesmo tempo, o ion
pertecnetato, dentro da célula na presenca do Sn*> é reduzido e se liga
principalmente & cadeia beta da hemoglobina 749,

Estudos tém demonstrado que diversos produtos naturais e sintéticos podem

alterar a morfologia (qualitativa e quantitativamente) das hemacias 44959,

2.4 Morfologia das hemacias

A analise morfoldgica tem sido usada como um método para avaliar os efeitos
de produtos naturais e sintéticos nas hemacias ®?. Alteracdes na membrana das
hemacias podem ser quantificadas através de medidas morfométricas, como a

relacdo perimetro/area ©%%%

. Assim, os dados obtidos com esta técnica podem
auxiliar na compreenséao dos efeitos destes produtos na marcacédo de hemacias com

9mTe,

2.5 Biodistribuicdo dos radiofarmacos pertecnetato de sédio (Na*®™TcO,) e
acido dietilenotriaminopentacético marcado com tecnécio-99m (**"Tc-DTPA)

A biodistribuicdo de uma substancia € um parametro farmacologico que esta
relacionado com a velocidade e a extensdo de absorcédo de determinada dose de
alguma substancia, a partir de uma curva dose/resposta em determinado periodo de
tempo na circulacéo sistémica ou sua excre¢éo na urina ©¥.

Apds administracdo no plexo venoso orbital, o radiofarmaco Na*"TcO, é
distribuido pelo sistema vascular e € captado, principalmente, pelo estdmago,
intestino, tiredide e glandulas salivares ©.

O ®™c-DTPA é usado principalmente para observacdes do fluxo renal, da

taxa de filtracdo glomerular e em preparacbes de aerossois para avaliagdo da



ventilacéo pulmonar 559,

Ap6s administracdo via plexo venoso orbital, o *™Tc-DTPA é distribuido
sistemicamente através da vasculatura, concentrando-se principalmente nos rins em
virtude de sua excrecdo ser urindria e por isso, este radiofarmaco se torna util para
andlise de imagens relacionadas aos rins ©7%9,

A depuracéo plasmatica do *™Tc-DTPA é rapida e estima-se estar proxima de
70 minutos. Sua meia-vida bioldgica € de cerca de 1 a 2 horas. A taxa de excrecao
urinaria é de cerca de 90% em 24 horas e sua ligacao as proteinas plasmaticas €é de
5% a 10% em 1 hora ©.

Muitos fatores, além da doenca, como drogas sintéticas (medicamentos),
drogas naturais (plantas medicinais), dieta, procedimentos médicos invasivos,
radioterapia, cirurgias, imunossupressao, diadlise renal, podem afetar a

biodisponibilidade dos radiofarmacos %99,
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ABSTRACT

This work evaluates effects of the sweetener with sucralose on the labeling of blood
constituents with technetium-99m ( °**™Tc), on the morphology of red blood cells (RBC) and on
the biodistribution of sodium pertechnetate in Wistar rats. Animals were treated with
sweetener for 8 days. Blood samples were withdrawn and the assay of labeling of blood
constituents with *™Tc was performed. Blood cells (BC) and plasma (P) were isolated.
Aliquots of BC and P were also precipitated, soluble and insoluble fractions separated. The
radioactivity in each fraction was counted and percentage of incorporated radioactivity
(%ATI) determined. Blood smears were prepared, fixed, stained and the qualitative and
quantitative morphology of the RBC was evaluated under optical microscopy. In
biodistribution experiments, sodium pertechnetate was administrated, organs and tissues
isolated, radioactivity was counted and percentage of incorporated radioactivity per gram
(%ATI/g) determined. The data showed no significant alterations in %ATI, morphology of
RBC and in %ATI/g in the studied organs.

Keywords: biodistribution, blood, morphology, sweetener, technetium-99m

INTRODUCTION

Sucralose is a non-caloric and non-nutritive
sweetener derived from sucrose, has high
water solubility and excellent physico-
chemical stability (Mann et al., 2000). This
sweetener is used in foods and beverages, as

well as in baking, without loss of sweetness
during processing and storage presenting
safety for human consumption (Grice &
Goldsmith, 2000).

Other studies in animals and humans have
shown that sucralose is not hydrolysed in the
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intestinal lumen, to exhibit limited absorption,
rapid urinary excretion and faecal excretion in
an unchanged form (John et al., 2000). Plasma
peak concentration is about 2 hours (1.0 a 3
hours) after the oral dose (Baird et al., 2000;
Roberts et al., 2000).

At higher doses, sucralose decreases diet
palatability, = food  consumption,  food
conversion efficiency as well as body and
organ weight gain (Goldsmith, 2000).

Red blood cells (RBC) labeled with
technetium-99m  (®*™Tc) is wused as
radiopharmaceutical in nuclear medicine (Olds
et al., 2005). Labeling of blood constituents
with *™Tc has been successfully used as assay
to evaluate the interference of in vitro or in
vivo treatment with synthetic or natural
products with radiopharmaceuticals (Fonseca
et al., 2007; Benarroz et al., 2008). Moreover,
the analysis of the morphology of the RBC has
been used a method to evaluate the effects of
drugs on shape of these cells (Frydman et al.,
2008).

The radiopharmaceutical sodium pertechnetate
is uptaken by stomach, intestinal tract, thyroid
and salivary glands (Saha, 2004). However,
factors as synthetic or natural drugs, dietary
conditions could affect the biodistribution of
radiopharmaceuticals (Bernardo-Filho et al.,
2005).

Although widely consumed by diabetics and
by subjects for weight control, no data about
diary consumption of sucralose sweetener and
the biodistribution of radiopharmaceuticals or
effects upon the shape of RBC have been
described. Thus, the aim of this work was to
evaluate the in vivo effects of chronic
treatment with sucralose sweetener on the
labeling of blood constituents with *™Tc, on
the morphology of the RBC, and on the
biodistribution of sodium pertechnetate.

MATERIAL AND METHODS

Animals

Wistar rats (3-4 months, 250-350g) were
housed in an environmentally-controlled room
(25+2 °C), with free access to water and food.
Experimental procedures were conducted in
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accordance with the Department Committee of
Animal Care of the Instituto de Biologia
Roberto Alcantara Gomes, Universidade do
Estado do Rio de Janeiro (protocol number
CEA/134/2006).

Sweetener
The commercial sweetener with sucralose
(Linea®, lot 060908, expiration date,

September 2008) used in this study was
purchased from Linea Nutricdo e Ciéncia
(Brazil).

Chronic sweetener treatment

For  radiolabeling and  morphological
evaluation of RBC, the animals (n=10, for
each dose) were treated with sweetener at
different doses (0.5, 5 and 50 mg/kg) for 8
days. For biodistribution procedure, the
animals (n=12, for each dose) were treated
with sweetener (0.5 and 50 mg/kg) for 8 days.
As control groups, animals (n=10) were
treated with saline solution (0.9% NaCl). The

sweetener solutions were prepared
immediately  before  the  experimental
procedures.

Labeling of blood constituents with *™Tc

Samples of heparinized blood were withdrawn
from animals 24 hours after sweetener
treatment. This labeling assay was described
elsewhere (Bernardo-Filho et al.,, 1983).
Briefly, stannous chloride solution (1.20
ug/ml) (Sigma Chemical Co., St Louis, USA)
was added and incubation continued for 60
minutes at room temperature. After this period
of time, ®™Tc (3.7MBqg), as sodium
pertechnetate gNagngcO4), recently milked
from a **Mo/®"™Tc generator (Instituto de
Pesquisas Energéticas e Nucleares, Comissao
Nacional de Energia Nuclear, Brazil) were
added and incubation was continued for 10
minutes. These samples were centrifuged
(1500 rpm, 5 min) to separate plasma (P) and
blood cells (BC). Aliquots of P and BC were
also precipitated in trichloroacetic acid (5%)
solution and centrifuged (1500 rpm, 5 min) to
isolate soluble (SF) and the insoluble fractions



(IF). The radioactivity in each aliquot of P,
BC, SF-P, IF-P, SF-BC and IF-BC were
determined in a well gamma-counter
(Automatic Gamma  Counter, Packard
Instrument Co, lllinois, USA) and the
percentage of incorporated radioactivity
(%ATI) was calculated as described elsewhere
(Bernardo-Filho et al., 1983).

Morphological evaluation of red blood cells
Smears were prepared with blood samples
from animals in vivo treated with sweetener or
with saline solution as control group, dried,
fixed and stained by May-Grinwald-Giensa
method (Junqueira & Carneiro, 2004). Five
slides per blood sample were analyzed and
five fields were evaluated per slide. After that,
images of the RBC were acquired (Optronics,
USA) from slides for qualitative morphology
analysis under optical microscopy (x1000,
Olympus, BX  model, Japan). For
morphometric  analysis of RBC, the
perimeter/area ratio was obtained from images
by specific program (Image ProPlus Software,
USA).

Biodistribution of sodium pertechnetate

After the in vivo treatment with sweetener or
saline, Na®™TcO, (3.7 MBq) were injected by
ocular plexus and the animals were sacrificed
10 minutes later. Organs were isolated and
weighed (pancreas, testis, stomach, kidney,
spleen, intestine, heart, lung, liver, thyroid,
bone, muscle, brain and blood), and
radioactivity was counted in a well counter
(Automatic Gamma  Counter, Packard
Instrument Co, Illinois, USA). The percentage
radioactivity per gram of each tissue or organ
(%ATI/g) was calculated as described
elsewhere (Moreno et al., 2007).

Statistical analysis

Data is reported as (meanstSD) from
radiolabeling assay (%ATI), perimeter/area
ratio and %ATI/g. Each treated group was
compared with control group by One way
analysis of variance-ANOVA with a p<0.05.
InStat Graphpad software was used to perform
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statistical analysis (GraphPad InStat version
3.00 for Windows 95, GraphPad Software,
San Diego California, USA).

RESULTS

Figure 1 shows the effect of chronic in vivo
treatment with sweetener at different doses
for 8 days on the labeling of blood cells (BC),
insoluble fraction of plasma (IF-P) and
insoluble fraction of blood cells (IF-BC) with
9MTc. The results indicate that the sweetener
was not capable of significantly altering
(p>0.05) the radiolabeling of blood
constituents.
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Figure 1: Effect of chronic in vivo treatment
with sweetener on the labeling of blood
constituents with *™Tc. Wistar rats were
treated with sweetener for 8 days. (o) Blood
cells, (m) insoluble fraction of plasma, (m)
insoluble fraction of blood cells.

Figures 2 and 3 represent photomicrographs
of the blood smears from animals treated with
saline solution (control) and with an aqueous
sweetener solution at the highest dose used
(50mg/kg) for 8 days. Qualitative
morphological analysis by the comparison
between these figures suggests that the
sweetener solution used did not induce
important changes on shape of RBC when
observed under optical microscopy.

The perimeter/area ratio of RBC from animals
treated with an aqueous sweetener solution at
different doses for 8 days is shown in Figure
4. This data suggests that no modification on
perimeter/area ratio of the RBC is induced by
chronic in vivo sweetener treatment.

The effect of sweetener treatment on the
biodistribution of radiopharmaceutical



sodium pertecnetate is shown in Table 1. Data
in this table indicate that treatment with
sweetener did not alter significantly (p>0.05)
the biodistribution of sodium pertechnetate on
organs and tissues evaluated.

Figure 2: Photomicrography of blood smears
from animals treated with saline (control
group). Blood smears were prepared, dried,
fixed and staining by May-Griinwald-Giensa
method. The morphology of red blood cells
was evaluated under optical microscopy
(x1000) after image capture.

Figure 3: Photomicrography of blood smears
from animals was treated with sweetener
(50mg/kg) for 8 days. Blood smears were
prepared, dried, fixed and staining by May-
Grinwald-Giensa method. The morphology
of red blood cells was evaluated under optical
microscopy (x1000) after image capture.

DISCUSSION

In this study the effects of a chronic in vivo
treatment with sweetener on the radiolabeling
of blood constituents, on the qualitative and
quantitative morphology of the RBC and on

12

the biodistribution of Na®*™TcO, were
evaluated. The concentrations and treatment
time with sweetener used were similar to
plasma peak concentration (ranging 141 to
455 ng/ml) and the time to peak blood levels
(1.0 to 3 h) in human beings reported by
Roberts et al., 2000 and Baird et al., 2000.
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Figure 4: Effect of chronic in vivo treatment
with sweetener on the perimeter/area ratio of
RBC from animals treated with sweetener for
8 days. Morphology of RBC was evaluated
under optical microscopy (x1000) after image
captures, morphometric measurements
(perimeter and area) were carried out and
perimeter/area calculated.

Table 1

Effects of the sweetener on the biodistribution
of sodium pertechnetate in Wistar rats.

Effects of the sweetener on the biodistribution
of Na*"TcO, in Wistar rats. Animals were
treated with sweetener for 8 days or with
saline solution as control group, Na**"TcO,
was administered, organs and tissues were
isolated and weighed. Radioactivity was
counted and the percentages of radioactivity
per gram of each organ (%ATI/g) were
calculated.

Organs  %ATI/g

And Sweetener (mg/kg)

tissues 0.00 0.50 50.00
Pancreas 0.20+0.04 0.37+0.07 0.38+0.05
Testis 0.14+0.01 0.14+0.01 0.13+0.01
Stomach 2.02+0.38 1.12+0.12 1.44+0.09
Kidney 058+0.04 057+0.05 0.56+0.05
Spleen 0.29+0.03 030+0.03 0.34+0.03
Intestine 0.36+£0.05 0.49+0.07 052+0.04
Heart 0.33+£0.03 024+0.03 0.34%0.03
Lung 0.68+0.03 0.84+0.08 0.89+0.06
Liver 050+0.04 060+0.06 0.58+0.04
Thyroid 4.53+0.69 3.25+068 3.57+0.34
Bone 0.15+0.01 0.21+0.02 0.19+0.01
Muscle 0.11+0.01 010+0.01 0.11+0.01
Brain 0.04+0.01 0.04+0.01 0.04+0.01
Blood 1.05+£0.07 1104011 1.33+0.10




The results obtained in this study by
radiolabeling assay indicate that the sweetener
solutions have not affected the labeling of
blood constituents (Figure 1). In the assay of
labeling of blood constituents with *™Tc,
cellular (hemoglobin) and plasma proteins are
labeled and a reducing agent is necessary
(Early & Soddee, 1995; Owunwanne et al.,
1995). Some authors have suggested that
sucralose treatment does not alter the glycated
hemoglobin (Grotz et al., 2003; Reyna et al.,
2003) and C-peptide levels (Mezitis et al.,
1996) as well as serum biochemistry (Baird et
al., 2000). Thus, the compounds present in
sweetener used would not present redox action
or interact with sites on plasma or cellular
proteins related with the *™Tc.

No qualitative alteration on the shape of the
RBC from Wistar rats treated with sweetener
was observed (Figures 2 and 3). This result was
confirmed by the quantitative morphological
analysis (perimeter/area ratio) of these cells
(Figure 4). Studies have demonstrated that
sucralose has not induced morphological
modifications on cells of central nervous
system (Grice & Goldsmith, 2000). In addition,
other data have suggested no alteration on
haematologic profile after treatment with this
sweetener. However, in these studies were not
investigated the effects of sucralose on RBC
(Baird et al., 2000).

Taken together, the data obtained with assay of
radiolabeling of blood constituents and
morphological analysis suggest that the chronic
in vivo treatment with sweetener used did not
present important effects on the membrane of
RBC and could not influence the ion
membrane transport systems.

Data obtained in the biodistribution assay
indicates that chronic in vivo treatment with
sweetener could not also alter the uptake of
Na*™TcO, in specific organs and tissues (Table
1). The development of models to study the
normal biodistribution and elimination pattern
of sucralose may help to understand the
sweetener interaction with
radiopharmaceuticals and to observe of the
possible change. Moreover, these findings are
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relevant to justify the use of the sucralose by
the human beings.

In conclusion, the results presented in this
study have important interest to a better
understanding of the actions of the sucralose
sweetener on blood constituents and on the
interactions with radiopharmaceuticals.
Moreover, the experimental models used could
be worthwhile so as to verify some properties
related with chemical compounds that the
human beings could be using daily.
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RESUMO

Neste estudo foram avaliados efeitos do
adocante com sucralose na marcacdo de
constituintes  sangiiineos com *™Tc, na
morfologia de hemécias e na biodistribuicdo
do pertecnetato de sddio em ratos Wistar.
Animais foram tratados com adocgante durante
8 dias. Amostras de sangue foram retiradas e a
marcacdo de constituintes sangiineos com
9MT¢ foi realizada. Células sangiiineas (CS) e
plasma (P) foram isolados. Aliquotas de CS e
P foram precipitadas, fragBes insolavel e
solavel foram separadas. A radioatividade em
cada fracdo foi contada e o percentual de
radioatividade incorporada (%ATI),
determinado. Distensdes sangiineas foram
preparadas, fixadas, coradas e analise
morfoldgica, qualitativa e quantitativa, de
hemacias foi avaliada sob microscopia oOptica.
Nos experimentos de  biodistribuigdo,
pertecnetato de sodio foi administrado, érgdos
e tecidos isolados, a radioatividade contada e o
percentual de radioatividade incorporada por
grama (%ATI/g), determinada. Os dados
sugerem que ndo houve alteragOes
significativas no %ATI, morfologia de
hemacias e no %ATI/g.
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Abstract

Effects of sucralose on the labeling of blood constituents with technetium-99m
(**™Tc) and on the morphology of red blood cells (RBC) were evaluated. Blood samples
from Wistar rats were treated with sweetener and the labeling of blood constituents with
(**™Tc) was performed. Radioactivity in blood constituents was counted and percentage
of incorporated radioactivity (%ATI) determined. Blood smears were prepared for
morphology evaluation of RBC. No significant alteration in %ATI of blood constituents

and morphology of RBC were observed.

Key words: blood; morphology; sweetener; technetium-99m; Wistar rats
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1. Introduction

Sucralose (1,6-dichloro-1,6-dideoxy-p-D-fructofuranosyl-4-chloro-4-deoxy-o.-
D-galactopyranoside) is a unique non-caloric and non-nutritive sweetener derived
from sucrose and about 600 times sweeter than sucrose (Grice and Goldsmith,
2000).

This sweetener was selected for commercial development because it has an
excellent taste profile, high water solubility and physico-chemical stability of
sucralose allow it to be used in acid beverages and baked goods without loss of
sweetness during processing and storage (Sims et al., 2000).

Pharmacokinetic studies carry out in different animal species and in human
beings have showed that sucralose presents limited absorption, rapid urinary
excretion, faecal excretion of unchanged sucralose and minimal metabolism of the
absorbed material with no bioaccumulation (Sims et al., 2000; John et al., 2000a;
Roberts et al., 2000; Wood et al., 2000). Sucralose is not hydrolysed in the intestinal
lumen, poorly absorbed and an elimination profile in humans similar to those found
in the rat, rabbit, dog and mouse (Sims et al., 2000; John et al., 2000a; Wood et al.,
2000; John et al., 2000Db).

Red blood cells (RBC) labeled with technetium-99m (**™Tc) have been used as
radiopharmaceutical for a number of applications in nuclear medicine (Niemeyer et
al., 1995; Harel et al., 2005; Wong et al., 2004; Olds et al., 2005; Verdu et al., 2005;
Cortes et al., 2003; Jin et al., 2004; Benarroz et al., 2008a).

The labeling of blood cells (BC), plasma (P), soluble (SF) and insoluble (IF)
fractions of these blood constituents with ®™Tc has been successfully used as in
vitro assay to evaluate the interference of synthetic or natural products with the

labeling of blood constituents (Fonseca et al., 2005; Frydman et al., 2008). For
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examples, studies have demonstrated that a guava extract altered the fixation of the
9MTc on the blood constituents (Abreu et al., 2006). In another study using the same
experimental assay was not capable to verify alterations using a Passiflora edulis
flavicarpa extract (Rebello et al., 2008). Moreover, the analysis of the morphology of
the RBC has been used a method to evaluate the effects of drugs on shape of these
cells (Benarroz et al., 2008b; Rocha et al., 2008).

Despite clinical and experimental studies have suggested that compounds
present in foods, as sweetener, interact and modify the effects of therapeutic drugs
(Grenier et al., 2006; Wonneman et al., 2006); no data have been related about the
interactions of sucralose with the labeling of the blood constituents with 99mTc, as
well as its effects on the morphology of the RBC, at least when a search in the
PubMed (www.ncbi.nlm.nih.gov) was carried out.

In this work was evaluated the in vitro effects of a commercial sweetener
with sucralose on the labeling of blood constituents with 99mTc and on the

qualitative and quantitative morphology of the RBC.
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2. Materials and Methods
2.1. Animals

Adult male Wistar naive rats (3-4 months of age, body weight 250-350g)
were housed, five per cage, in an environmental controlled room. Animals had free
access to water and food and ambient temperature was kept at 25 + 2°C.
Experiments were conducted in accordance with the Department Committee of
Animal Care of the Instituto de Biologia Roberto Alcantara Gomes (protocol number

CEA/134/2006).

2.2. Sweetener

The commercial sweetener with sucralose (Linea®, lot 050314, validity March
2009) used in this study was purchased from Linea Nutricdo e Ciéncia (Linea,
Brasil). A search in the PubMed (www.ncbi.nlm.nih.gov) was carried out in July 31th,
2009 about the interactions of sucralose with the labeling of the blood constituents

with 99mTc, as well as its effects on the morphology of the RBC.

2.3. Preparation of sweetener solution
The solutions were prepared adding 40 mg of commercial sweetener (500
ng of sucralose and lactose as vehicle) in 10 ml of saline solution (NaCl 0.9%) and

shaken during 1 minute. This solution was considered to be 4 mg/ml.

2.4. Assay of labeling of blood constituents with *™Tc
Heparinized blood (500 pl) was withdrawn from Wistar rats and in vitro treated
with 100 pl of sweetener solution at different concentrations (0.06, 0.12, 0.25, 0.5,

1.0, 2.0 and 4.0 mg/ml) or with a saline solution (NaCl 0.9%) alone, as control, for 1



21

hour (room temperature). This assay of labeling was described elsewhere (Pereira et
al., 2008). Briefly, following 500 pl of stannous chloride solution (1.20 pg/ml) (Sigma
Chemical Co., St Louis, USA) was added and the incubation continued for further 1
hour. After this period of time, 100 pl of **™Tc (3.7MBq), as sodium pertechnetate
(Na**™TcO,), recently milked from a **Mo/**™Tc generator (Instituto de Pesquisas
Energéticas e Nucleares, Comissao Nacional de Energia Nuclear, Brasil) were
added and the incubation was continued for 10 minutes. These samples were
centrifuged (1500 rpm, 5 min) to separate P and BC. Aliquots of P and BC were also
precipitated in 1.0 ml of trichloroacetic acid (5%) and centrifuged (1500 rpm, 5 min)
to isolate SF and IF that contain the proteins (Manada et al., 2006). The radioactivity
in each aliquot of 20 ul of P, BC, SF-P, IF-P, SF-BC and IF-BC were determined in a
well gamma-counter (Packard, model C5002, lllinois, USA) and the percentage of
incorporated radioactivity (%ATI) was calculated as described elsewhere (Pereira et

al., 2008).

2.5. Morphological evaluation of red blood cells

Histological preparations were carried out with blood samples in vitro treated
with the sweetener solutions during 60 min at room temperature, or with saline
solution as control group. Blood smears were prepared, dried, fixed and staining by
May-Grinwald-Giensa method (Junqueira and Carneiro, 2008). After that, the
images of the RBC were acquired (Optronics, USA) from blood smears to qualitative
morphology analysis under optical microscopy (x1000, Olympus, BX model, Japan).
To morphometric analysis of RBC the perimeter/area ratio was obtained from images

by specific program (Image ProPlus Software, USA).
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2.6. Statistical analysis

Data are reported as (means £ SD) from radiolabeling assay (%ATI, n=10 for
each sweetener concentration) and morphometric analysis (perimeter/area ratio, five
smears for each sweetener concentration and five fields for each smear). Each
treated group was compared with control group by One way analysis of variance -
ANOVA with a p<0.05 as significant level. InStat Graphpad software was used to
perform statistical analysis (GraphPad InStat version 3.00 for Windows 95,

GraphPad Software, San Diego California, USA).
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3. Results

Figure 1 shows the %ATI in the compartments of BC and P from blood
samples treated with sweetener solutions at different concentrations. These data
indicate that the sweetener at all concentrations has not significantly (p>0.05)
modified the labeling of blood cells. Consequently, the distribution of radioactivity

between BC and P compartments was not altered.

<Insert figure 1 here>

The figure 2 shows the %ATI in IF-P and SF-P from blood samples treated
with sweetener solutions at different concentrations. Similar to the labeling of cellular
proteins with %°™Tc, the data indicate that the sweetener solutions at all
concentrations studied not significantly (p>0.05) modified the radioactivity fixation on

plasma proteins because no alteration of %ATI on IF-P was observed.

<Insert figure 2 here>

Figure 3 shows the %ATI in IF-BC and soluble SF-BC fractions of blood cells
from blood samples treated with sweetener solutions at different concentrations.
These data indicate that the treatment with these solutions has not significantly
(p>0.05) modified the fixation of the **™Tc on the cellular proteins due to no alteration

of %ATI on BC was observed at all concentrations studied.

<Insert figure 3 here>
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The figures 4 and 5 show the photomicrographs of the blood smears from
blood treated with saline solution (control) and with an aqueous sweetener solution
at the highest concentration used (4.0 mg/ml), respectively. The qualitative
morphological analysis by the comparison between these figures suggests that the
sweetener solution used not induce important changes on shape of RBC observed

under optical microscopy.

<Insert figures 4 and 5 here>

The figure 6 shows the perimeter/area ratio for RBC from blood samples

treated with aqueous sweetener solution at different concentrations. The analysis of

these data indicates that the sweetener solutions used didn’'t modify the

perimeter/area ratio of the RBC.

<Insert figure 6 here>
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4. Discussion

As publications about the interactions of sucralose with the labeling of the
blood constituents with **™Tc, as well as its effects on the morphology of the RBC
was not found in the PubMed, this fact have stimulated these studies using a
commercial preparation with sucralose.

The assay of labeling of RBC is based on the reducing agent (Sn*?) action on
pertechnetate (**"TcO.,) ions into the RBC and subsequent binding of the reduced
9MTc to cellular proteins, mainly to p chain of the hemoglobin (Dewanjee et al.,
1982). The cytoplasm membrane transport systems as the band-3 and calcium
channels seem to be involved with the transport of the ions *°"TcO, and Sn*?
respectively (Callahan and Rabito, 1990; Gutfilen et al., 1992; Sampson, 1996).
Changes in membrane transport could induce morphological alteration on
membrane shape and they could be evaluated by qualitative and quantitative
morphology analysis. This technique could bring relevant information about the
biological effects of drugs on RBC and it has been also used as a complementary
assay to study the effects of drugs on the assay of labeling of RBC with **"Tc
(Oliveira et al., 2003).

In this study was evaluated the in vitro effects of a sweetener at different
concentrations (0.06 up to 4.0 mg/ml, with sucralose at 130 up to 8000 ng/ml) on
radiolabeling of blood constituents and on morphology of the RBC. These
concentrations of sweetener was used basing on studies demonstrating that the
plasma peak concentration of sucralose in human beings was observed to be about
262 ng/ml (ranging 141 to 455 ng/ml) (Roberts et al., 2000).

The results obtained in this study by radiolabeling assay indicate that the

sweetener solutions has not affected the labeling of RBC due to no significant
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modification on distribution of **™Tc between BC and P compartments was verified
(figure 1). The same result was observed in vivo study rat treatment with sucralose
for 8 days (Rocha et al., 2008).

To verify if the aqueous sweetener solutions used could cause
morphological modifications at membrane of RBC and to alter the labeling of these
cells with ®™Tc, smears of blood samples were prepared and, after appropriated
fixation and staining, qualitative (figures 4 and 5) and quantitative (figure 6) analysis
was carried out under optical microscopy. The gqualitative analysis comparing RBC
from blood samples incubated with saline solution and RBC from blood samples
incubated with the aqueous sweetener solution at the higher concentration used (4.0
mg/ml) suggests that the treatment with this solution did not alter the shape of the
RBC. RBC from blood samples incubated with sweetener solution at lowest
concentrations used (0.06, 0.12, 0.25, 0.5, 1.0 and 2.0 mg/ml) did not present
alterations on their shape (data not shown).

The absence of effects of the sweetener on the shape of RBC was
confirmed by the quantitative analysis, at least when no modifications in the
perimeter/area ratio of these cells were not found (figure 6). These results from
qualitative and quantitative morphology analysis of RBC could be related to absence
of effects of sweetener on the uptake or fixation of ®™Tc in these cells. These
findings are in accordance with other authors that have demonstrated that sucralose
has not induced morphological modifications on cells of central nervous system®. In
addition, other data have suggested no alteration on haematologic profile after
treatment with this sweetener (Baird et al., 2000). However, in these studies not was
evaluated the effects of sucralose on RBC.

The presented data obtained with these assays of labeling of RBC with *°™Tc
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and morphology analysis suggest that the sweetener used not present important
effects on the membrane of RBC not influencing the ion membrane transport
systems and/or redox action. These results have relevant interest to a better
comprehension about the actions of the commercial sweetener with the BC.

Other data showed in this work suggest that the aqueous sweetener
solutions have not also altered the fixation of **"Tc on IF-P and IF-BC (figures 2 and
3). In the assay of labeling of RBC with **™Tc plasma proteins are labeled and also
depends on the reducing agent action at different proteins sites and albumin is, in
general, the main protein involved (Early and Soddee, 1995). The influence on the
labeling of plasma proteins with **"Tc could be used as assay to evaluate the effects
of drugs on these structures (Fonseca et al., 2005; Abreu et al., 2006). Some
authors have suggested that sucralose treatment does not alter the glycated
hemoglobin and glycosylated hemoglobin or C-peptide levels as well as serum
biochemistry (Baird et al., 2000; Grotz et al., 2003; Reyna et al., 2003; Mezitis et al.,
1996). These data could be in agreement with the absence of effects of the studied
sweetener solution on the labeling of IF-P and IF-BC with **™Tc. Thus, the
compounds present in commercial sweetener used would not present redox action
or interact with sites on plasma or cellular proteins that are sites of fixation for *™Tc
in assay of labeling of blood constituents with **™Tc.

In conclusion, the data presented in this work suggest that the commercial
sweetener with sucralose used not modify the labeling of blood constituents with
9MTc and not induce important alterations in the morphology of RBC. Moreover,
these experimental models could be worthwhile to try to verify some properties

related with chemical compounds that the human beings could be daily using.
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FIGURE LEGENDS

FIGURE 1: Effect of commercial sweetener on the distribution of the **"Tc in the
plasma (P) and blood cells (BC) compartments in the assay of labeling of blood
constituents with **™Tc. Heparinized blood samples from Wistar rats were treated
with sweetener (60 minutes) at different concentrations and after with SnCl, (1.2
ng/ml, 60 minutes) and in sequence with Na**"TcO, (3.7 MBg, 10 minutes). Plasma
(P) and blood cells (BC) were isolated by centrifugation (1500 rpm, 5 minutes). The

radioactivity was counted and the %ATI calculated. (m) BC and (o) P.

FIGURE 2: Effect of commercial sweetener on fixation of **"Tc in insoluble (IF) and
soluble (SF) fractions of plasma (P) in the assay of labeling of blood constituents
with ®°™Tc. Heparinized blood samples from Wistar rats were treated with sweetener
(60 minutes) at different concentrations and after with SnCl, (1.2 pg/ml, 1h) and in
sequence with Na**™TcO, (3.7 MBq, 10 minutes). Insoluble and soluble fractions of
plasma (IF-P and SF-P) were obtained by precipitation with trichloroacetic acid (5%)
and centrifugation (1500 rpm, 5 minutes). The radioactivity in these fractions was

counted and the %ATI were calculated. (o) IF-P and (o) SF-P.

FIGURE 3: Effect of commercial sweetener on fixation of **™Tc in insoluble (IF) and
soluble (SF) fractions of blood cells (BC) in the assay of labeling of blood
constituents with **"Tc. Heparinized blood samples from Wistar rats were treated
with sweetener (60 minutes) at different concentrations and after with SnCl, (1.2
ug/ml, 60 minutes) and in sequence with na®*™TcO, (3.7 MBg, 10 minutes). Insoluble
and soluble fractions of blood cells (IF-BC and SF-BC) were obtained by

precipitation with trichloroacetic acid (5%) and centrifugation (1500 rpm, 5 minutes).
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the radioactivity in these fractions was counted and the %ATI were calculated. (A)

IF-BC and (A) SF-BC.

FIGURE 4: Photomicrography of blood smears from blood samples treated with
NaCl 0.9% solution (control group). Samples of whole blood from Wistar rats were
treated with NaCl 0.9% solution during 60 minutes. Blood smears were prepared,
dried, fixed and staining by May-Grinwald-Giensa method. The morphology of red

blood cells was evaluated under optical microscopy (x 1000) after image capture.

FIGURE 5: Photomicrography of blood smears from blood samples treated with the
commercial sweetener. Samples of whole blood from Wistar rats were treated with
sweetener (4.0 mg/ml) during 60 minutes. Blood smears were prepared, dried, fixed
and staining by May-Grinwald-Giensa method. The morphology of red blood cells

was evaluated under optical microscopy (x 1000) after image capture.

FIGURE 6: Effects of a commercial sweetener on the perimeter/area ratio of red
blood cells. Samples of whole blood from Wistar rats were treated with sweetener at
different concentrations during 60 minutes. Blood smears were prepared, dried, fixed
and staining by May-Grinwald-Giensa method. The morphology of red blood cells
was evaluated under optical microscopy (x 1000) after image captures of five fields
for each smear and five smears for each sweetener concentration. After that,
morphometric measurements (perimeter and area) were carried out and

perimeter/area calculated.
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Abstract

Effects of sucralose sweetener on blood constituents labeling with technetium-99m
(**™Tc) on red blood cell (RBC) morphology, sodium pertechnetate (Na**"TcO,4) and
diethylenetriaminepentaacetic acid labeled with **"Tc (**™Tc-DTPA) biodistribution in
rats were evaluated. Radiolabeling on blood constituents from Wistar rats was
undertaken for determining the activity percentage (%ATI) on blood constituents.
RBC morphology was also evaluated. Na®*™TcO, and **™Tc-DTPA biodistribution was
used to determine %ATIl/g in organs. There was no alteration on of RBC blood
constituents and morphology %ATI. Sucralose sweetener was capable of altering
%ATI/g of the radiopharmaceuticals in different organs. These findings are

associated to the sucralose sweetener in specific organs.

Key words: biodistribution, blood, morphology, sweetener, Na**"TcO.,, **"Tc-DTPA.
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1. Introduction

Sucralose is a non-caloric and non-nutritive sweetener halogenated sucrose
derivative used in foods and beverages (Bello and Hajnal, 2005; Grotz and Munro,
2009). There is plenty evidence that sucralose and sucralose-mixture products are
safe for use in food (Grice and Goldsmith, 2000; Grotz and Munro, 2009).

Absorption, distribution, metabolism and elimination studies in several
different experimental models, including humans, have shown sucralose is not
hydrolysed in the intestinal lumen, with limited absorption, rapid urinary excretion
and unchanged faecal excretion. Also, these results show that the rate of sweetener
elimination is similar to that in humans (Roberts et al., 2000; Sims et al., 2000).

Sucralose has been shown to be absorbed with a plasma peak concentration
about 2 hours (1.0 to 3 hours) after oral dose in humans (1.0 mg/kg to 10.0 mg/kg)
(Baird et al., 2000; Roberts et al.,, 2000). Following an oral dose of sucralose,
approximately 10-35% is absorbed in laboratory animals contrasting with about 15%
in humans (McNeil, 1987; Kille et al., 2000). The Food and Drug Administration (FDA,
1999) recommends exposure to sucralose remains below the previously established
ADI (acceptable daily intake) of 5.0 mg/kg of body weight per day for sucralose, and
exposure to hydrolysis products will stay far below the non-effective level of 30
mg/kg.

Blood constituents labeled in vitro with technetium-99m (**™Tc) are used as
radiopharmaceuticals in some nuclear medicine procedures, for evaluating cardiac
function (Niemeyer et al., 1995), volemia (Harel et al., 2005) and detection of
gastrointestinal bleeding sites (Olds et al., 2005). The labeling process of cellular
and molecular structures with **"Tc depends on a reducing agent, such as stannous

ion (Dewanjee et al., 1982). In vitro labeling of blood constituents (blood cells,
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cellular and plasma proteins) with *™Tc has been used successfully to evaluate the
influence of in vitro or in vivo treatment with synthetic or natural products with
radiopharmaceuticals (Fonseca et al., 2007; Bustani et al., 2009).

Synthetic or natural products alter the radiolabeling of blood constituents
acting on cellular membrane (Bernardo-Filho et al., 2005). These findings have
stimulated the RBC qualitative and quantitative morphological analysis as a method
for evaluating if drug effects on blood constituents labeling with **™Tc process are
caused by alteration of RBC shape (Li et al., 1999; Benarroz et al., 2008).

Factors, such as synthetic drugs (Gomes et al.,, 2002), medicinal plants
(Moreno et al., 2007) and dietary conditions (Passos et al., 2002) have been
described as affecting the radiopharmaceutical biodistribution.

Sodium pertechnetate (Na*™TcO,) is distributed throughout the vasculature,
being concentrated in the stomach, intestinal tract, thyroid and salivary glands after
ocular plexus administration (Saha, 2004).

Diethylenetriaminepentaacetate labeled with *™Tc (**"Tc-DTPA) is distributed
throughout the vasculature after ocular plexus administration, being concentrated in
the kidney; therefore, this radiopharmaceutical is a useful renal imaging agent (Lee et
al., 2007; Zhang et al., 2008).

Since there is no interaction data with radiopharmaceuticals and effects on
RBC shape, as sweeteners are largely consumed by diabetics and patients for
weight control, the aim of this study is to evaluate in vivo effects of a commercial
sucralose sweetener on labeling of blood constituent with **"Tc, on the RBC

morphology and on biodistribution of sodium pertechnetate and *™Tc-DTPA.
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2. Materials and Methods
2.1. Animals

Adult male Wistar naive rats (3-4 months, 250-350g) were caged in fives, in
an environmentally controlled room. Animals had free access to water and food with
ambient temperature kept at 25 + 2 °C. Experiments were conducted in accordance
with the Department Committee of Animal Care of the Instituto de Biologia Roberto

Alcantara Gomes (protocol number CEA/134/2006).

2.2. Sweetener
The commercial sweetener with sucralose (Linea®, lot 060908, validity

September 2008) used was purchased from Linea Nutricdo e Ciéncia (Linea, Brasil).

2.3. Sweetener treatment

For radiolabeling and morphological evaluation of the RBC, the animals
(n=10, for each dose) were differently treated with sweetener (0.5, 5 and 50 mg/kg)
for 60 minutes. In other experiments, animals (n=10), were treated with sweetener at
50 mg/kg for varying periods (0, 15, 60 and 120 minutes).

For the biodistribution procedure, the animals (n=12, for each dose) were
treated with sweetener (0.5 and 50 mg/kg) for 60 minutes to the radiopharmaceutical
sodium pertechnetate, and dosed with a higher dose (50 mg/kg) to the
radiopharmaceutical *°™Tc-DTPA for 60 minutes. As control groups, animals (n=10)
treated with saline solution (0.9% NacCl).

The sweetener solutions were prepared immediately before the experimental

procedures.
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2.4 Blood constituent labeling assay with *°"Tc

Heparinized blood samples (500 ul) were taken after sweetener dosage and
using the labeling assay as described elsewhere (Bernardo-Filho et al., 1983).
Shortly after this, 500 pl of stannous chloride solution (1.20 pg/ml) (Sigma Chemical
Co., St Louis, USA) was added and the incubation continued for 60 minutes at room
temperature. Next, 100 ul of *™Tc (3.7 MBq), such as sodium pertechnetate
(Na®®™TcO,), recently milked from a **Mo/**™Tc generator (Instituto de Pesquisas
Energéticas e Nucleares, Comissdo Nacional de Energia Nuclear, Brasil) was added,
and the incubation was continued for 10 minutes. These samples were centrifuged
(clinical centrifuge, 5 min) to separate plasma (P) and blood cells (BC). Aliquots of P
and BC were also precipitated in 1.0 ml of trichloroacetic acid (5%) and centrifuged
(clinical centrifuge, 5 min) to isolate soluble (SF) and the insoluble fractions (IF)
which contain the proteins. The activity in each aliquot of 20 ul of P, BC, SF-P, IF-P,
SF-BC and IF-BC was measured by a well gamma-counter (Packard, model C5002,
lllinois, USA) and the percentage of incorporated radioactivity (%ATI) using a prior

calculation (Bernardo-Filho et al., 1983).

2.5. Red blood cell morphological evaluation

Histological preparations were made with blood samples from animals in vivo
dosed with sweetener or with saline solution for the control group (item 2.3). Blood
smears were prepared, dried, fixed and stained by the May-Grinwald-Giensa method
(Barcia, 2007). Five slides per blood sample were analyzed and five fields were
evaluated per slide. Next, the RBC images were obtained (Optronics, USA) from
slides for qualitative morphology analysis under optical microscopy (x1000, Olympus,

BX model, Japan). Images using a specific program (Image ProPlus Software, USA)
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were used for the RBC perimeter/area morphometric ratio analysis.

2.6. Biodistribution of sodium pertechnetate and **"Tc-DTPA

After in vivo dosage with sweetener or saline, 0.3 ml of a *™Tc solution, such
as sodium pertechnetate (7.4 MBq, 28.24 MBqg/kg), recently milked from a
Molibdenium-99/Technetium-99m generator, or **"Tc-DTPA (0.3 ml), obtained from a
commercial DTPA kit (Comissdo Nacional de Energia Nuclear - CNEN) with a
labeling yield greater than 95% (radiochemical control), were injected by ocular
plexus. After 10 min the animals were sacrificed following the Ethical Committee of
the Institution criteria. The organs were isolated and weighed (pancreas, testis,
stomach, kidney, spleen, intestine, heart, lung, liver, thyroid, bone, muscle, brain and
blood) and counted in a well counter (Automatic Gamma Counter Packard, USA).

The per gram activity percentage of each organ (%ATI/g) was calculated.

2.7. Statistical analysis

Data was (means + SD) of radiolabeling assay (%ATIl, n=10 for each
sweetener dose), morphometric analysis (perimeter/area ratio, five slides for each
sweetener dose and five fields for each slide) with sodium pertechnetate and *™Tc-
DTPA biodistribution (%ATIl/g, n=12 for each sweetener dose). Each treated group
was compared with the control group by One way analysis of variance — ANOVA with
a p<0.05 as significant level using Bonferroni post test. InStat Graphpad software was
used for statistical analysis (GraphPad InStat version 3.00 for Windows 95, GraphPad

Software, San Diego California, USA).
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3. Results

The effect of in vivo dosage with sucralose at different doses for 60 minutes
on the blood cell labeling of (BC), plasma insoluble fraction (IF-P) and blood cell
insoluble fraction (IF-BC) with **"Tc is shown in Figure 1. The results show the
sweetener was not capable of significantly altering (p>0.05) the BC radiolabeling, as
well as the fixation of ®™Tc on IF-P and IF-BC fractions.

To ascertain whether the period of treatment with sweetener could alter blood
constituents radiolabeling, animals were given a sweetener solution at a higher dose
(50mg/kg) for a longer time. Figure 2 shows the effect of in vivo dosage for a
different period with sucralose on the labeling of BC, IF-P and IF-BC with *™Tc.
Results show the sweetener, for different times at the higher dose used (50mg/kg)
was not capable of significantly altering (p>0.05) the BC radiolabeling, as well as the
fixation of **™Tc on IF-P and IF-BC fractions.

Photomicrographs of blood smears from animals treated with saline solution
(control) and with an aqueous sweetener solution at the highest dose used
(50mg/kg) for 60 minutes are shown in Figures 3 and 4. Qualitative morphological
analysis by comparison between these figures shows the sweetener solution used
did not induce important qualitative changes in the RBC shape when seen under
optical microscopy.

RBC perimeter/area ratio from blood samples of animals treated with an
agueous sweetener solution at different doses for 60 minutes is shown in Figure 5,
where there is no modification on RBC perimeter/area ratio.

To ascertain whether the time with sweetener treatment could alter the RBC

morphology, animals were treated with a sweetener solution at a higher dose
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(50mg/kg) for longer. Blood smear photomicrographs of blood taken from animals
treated with sweetener solution at a higher dose (50mg/kg) are shown in figure 6,
and figure 7, 120 minutes after the treatment. Similar to the result for the 60 minutes,
there were no RBC modifications when the animals were treated with the sweetener
solution for 120 minutes.

Figure 8 shows the RBC perimeter/area ratio from animals treated with
sweetener solution for different periods. This data confirms the absence of effects of
the sweetener solution at a higher dose (50mg/kg) on the RBC morphology with no
modifications on the perimeter/area ratio.

The sweetener solution effect on the radiopharmaceutical sodium
pertecnetate biodistribution is shown in table 1, indicating sweeteners could
significantly increase (p< 0.05) the uptake of sodium pertechnetate on kidney in both
concentrations used (0.5 and 50 mg/kg). Uptake of this radiopharmaceutical in other
organs was not significant (p>0.05).

Table 2 shows the effect of sweetener solution on the radiopharmaceutical
9MTc-DTPA biodistribution, where sweeteners significantly alter (p< 0.05) the
radiopharmaceutical distribution in the pancreas, stomach, spleen, muscle and

thyroid according to the concentration used (50 mg/kg).

4. Discussion

In vivo sweetener treatments at different doses and for different periods of
time were evaluated on blood constituent radiolabeling and on the RBC qualitative
and quantitative morphology. Sodium pertechnetate and *™Tc-DTPA biodistribution
was evaluated in animals treated with sweetener at different doses. Sweetener

concentrations were used based on studies showing the sucralose plasma peak
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concentration in human beings is about 262 ng/ml (ranging 141 to 455 ng/ml)
(Roberts et al., 2000) and the peak blood levels occurred between 1.0 to 3 hr after an
oral dose in humans (Roberts et al., 2000; Baird et al., 2000).

Radiolabeling assay results show the sweetener solutions did not affect RBC
labeling due to any significant modification of **™Tc distribution between cellular and
plasma compartments or **"Tc fixation on soluble and insoluble of blood cells and
plasma fractions (Figures 1 and 2). The cytoplasm membrane transport systems such
as the band-3 and calcium channels are involved with the transport of the **™TcO,
and Sn*? ions, respectively (Callahan and Rabito, 1990; Gutfilen et al., 1992;
Sampson, 1996). Based on results of our study, the sucralose sweetener does not
interfere with ion transport mechanisms (Sn*? and **™TcO,).

In fact, there is no qualitative morphological alteration of RBC shape of Wistar
rats treated with the sweetener (Figures 3 and 4). Absence of effects of the sweetener
on RBC shape was confirmed by the quantitative analysis, at least when the
perimeter/area ratio of these cells was considered (Figure 5 and 8). These results
from qualitative and quantitative RBC morphology analysis are related to absence of
effects of sweetener on the uptake or fixation of **"Tc in these cells. These results are
relevant for a better understanding of the actions of the commercial sweetener in
blood cell physiology.

The influence on the plasma proteins labeling with **™Tc is used as assay for
evaluating the effects of drugs on these structures (Abreu et al., 2006). Sucralose
treatment does not alter the glycated hemoglobin (Grotz et al., 2003; Reyna et al.,
2003) and glycosylated hemoglobin or C-peptide levels (Mezitis et al., 1996), as well
as the serum biochemistry (Baird et al., 2000), as has been pointed out. This data

could be in agreement with the absence of effects of the sweetener solution studied
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on the labeling of plasma and cellular proteins with *°™Tc.

The results show that the commercial sweetener with sucralose can alter the
uptake of radiopharmaceutical **"Tc-sodium pertechnetate in kidneys. There was
also a significant increase of radioactivity in kidney, spleen and thyroid with Mentha
crispa, possibly being the effects of the extract and/or by the generation of active
metabolites (Santos-Filho et al., 2007).

In view of these findings, there was a necessity to study the effects of the
sucralose sweetener on biodistribution of a radiopharmaceutical, such as **"Tc-
DTPA, which is used for renal function evaluation. The results indicate the sweetener
changed the uptake of this radiopharmaceutical in different tissues (pancreas,
stomach, spleen, thyroid and muscle). However, sweetener with sucralose at higher
doses was not able to alter the uptake of *™Tc-DTPA in the kidneys.

Many of the effects of sucralose sweetener were assumed to be secondary to
a decrease in food consumption or the consumption of large amounts of sucralose, a
non-nutritive, poorly absorbed and osmaotically active substance (Goldsmith, 2000).
Caecal enlargement in these cases is a physiological response to the increased
osmolarity of the caecal contents. The increased body weight relative to kidney
weight may be a physiological response to the altered water balance, which means
that the increase in kidney weight may be related to increased water intake
(Goldsmith, 2000).

Although this study was carried out with rats treated with sucralose sweetener,
the results help to explain the biological sucralose effects, as well as the mechanisms
of interaction with cells, transport, excretion and uptake by biological tissues.

In conclusion, a word of caution is necessary in interpreting these examinations

in humans when the effect of these sweeteners on radiopharmaceuticals is
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considered, since they can alter the Na®*"TcO, and **™Tc-DTPA biodistribution.
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FIGURE CAPTIONS

FIGURE 1: Effect of in vivo treatment with sweetener on the blood constituent
labeling with **™Tc. (o) Blood cells, (N) insoluble fraction of plasma, (m) insoluble

fraction of blood cells. The values are shown as averages + SD.

FIGURE 2: Effect of in vivo treatment with sweetener on the blood constituent
labeling with *™Tc. (o) Blood cells, (N) insoluble fraction of plasma, (m) insoluble

fraction of blood cells. The values are shown as averages + SD.

FIGURE 3: Photomicrography of blood smear samples from animals treated with
saline (control group). The morphology of red blood cells was evaluated under

optical microscopy (x1000) after image capture.

FIGURE 4: Photomicrography of blood smear samples from animals treated with the
commercial sweetener at the highest dose (50mg/kg) for 60 minutes. The
morphology of red blood cells was evaluated under optical microscopy (x 1000) after

image capture.

FIGURE 5: Effects of in vivo treatment with a commercial sweetener on the

perimeter/area ratio of red blood cells. The values are shown as averages + SD.

FIGURE 6: Photomicrography of blood smear samples from animals treated with
sweetener at 50 mg/kg, immediately after (control group). The morphology of red

blood cells was evaluated under optical microscopy (x1000) after image capture.
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FIGURE 7: Photomicrography of blood smears from samples of blood from animals
treated with the commercial sweetener at the higher dose (50mg/kg), 120 minutes
after the treatment. The morphology of red blood cells was evaluated under optical

microscopy (x 1000) after image capture.

FIGURE 8: Effects of in vivo treatment with a commercial sweetener on the

perimeter/area ratio of red blood cells. The values are shown as averages * SD.

TABLE FOOTNOTES

TABLE 1: Effects of in vivo treatment with a commercial sweetener on the sodium
pertechnetate biodistribution. The values are shown as averages + SD. (*) p< 0.05

when compared with control group.

TABLE 2: Effects of in vivo treatment with a commercial sweetener on the *™Tc-
DTPA biodistribution. The values are shown as averages = SD. (*) p< 0.05 when

compared with control group.
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TABLE 1: Effects of the sweetener on sodium pertechnetate biodistribution in Wistar

rats.

Organs %ATI/g
and Sweetener (mg/kg)
tissues 0.00 0.50 50.00
Pancreas 0.41+£0.05 0.41 +0.08 0.56 + 0.07
Testis 0.17+0.01 0.14 £ 0.02 0.15+0.01
Stomach 2.77 £0.50 1.81+0.18 1.87+0.22
Kidney 0.43+0.04 0.65+0.06* 0.67+0.05*
Spleen 0.36 +£ 0.02 0.39 +0.03 0.39+£0.04
Intestine 0.72+0.11 0.76 + 0.06 0.85+0.06
Heart 0.50 £ 0.03 0.42 + 0.06 0.50 £ 0.06
Lung 0.91 +£0.09 1.06 £ 0.22 1.09+0.10
Liver 0.75+0.04 0.83+0.10 0.84+0.11
Thyroid 4.77 £ 0.57 5.61+041 5.30 £ 0.59
Bone 0.23 £ 0.02 0.27 +0.03 0.26 + 0.02
Muscle 0.15+0.01 0.14 £ 0.02 0.15+0.01
Brain 0.04 £ 0.005 0.04 + 0.004 0.04+£0.01
Blood 1.41 +0.09 1.39+0.18 1.39+0.11




rats.

TABLE 2: Effects of the sweetener on the ®™T¢-DTPA biodistribution in Wistar

Organs
and Sweetener (mg/kg)
tissues 0.00 50.00
Pancreas 0.32+0.14 0.20+0.03 *
Testis 0.13+0.04 0.10 £ 0.03
Stomach 0.40+0.16 0.24+0.12*
Kidney 2.13+0.84 2.10+0.94
Spleen 0.22 £ 0.09 0.14 £ 0.05*
Intestine 0.27 £ 0.09 0.28+0.11
Heart 0.33+0.17 0.20 £ 0.07
Lung 0.49 +0.14 0.50 + 0.18
Liver 0.20 £ 0.07 0.17 £ 0.06
Thyroid 0.34 £ 0.04 0.55+0.12*
Bone 0.19+0.10 0.13+0.02
Muscle 0.20 £ 0.07 0.12+0.05*
Brain 0.03+0.01 0.03+0.01
Blood 0.85+0.25 0.56 +0.24
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4 COMENTARIOS, CRITICAS E CONCLUSOES

A pesquisa experimental tem sido utilizada ao longo dos anos como um
veiculo para se conhecer e entender mais a respeito do funcionamento do corpo
humano, a medida que pesquisas feitas em animais de laboratério, principalmente
roedores, como no caso desta tese, servem como base para pesquisas em seres
humanos.

Além disso, a tentativa de reproduzir os efeitos em animais de laboratorio e
relaciona-los a seres humanos é devido a descoberta de novos tratamentos e a
prevencao de doencas.

Pesquisadores enfrentam desafios diariamente quando tentam colocar em
pratica situacfes complexas do dia a dia. Ao elucidar problemas relacionados a
saude do individuo, sem deixar de lado o trabalho ético e profissional, o pesquisador
deve aprender com os resultados sejam eles satisfatorios ou ndo, desempenhando
uma visao critica e um pensamento amadurecido a respeito do objeto da pesquisa.

O Professor com titulo de doutor vislumbra ter seu préprio grupo de pesquisa,
seu laboratorio e suas linhas de pesquisa, contudo, depende do apoio de instituicdes
de amparo a pesquisa, que estdo cada vez mais atuantes.

O funcionamento de um laboratério também depende financeiramente do
apoio de Instituicbes de Ensino Superior (IES) e pesquisa a fim de garantir o
desempenho de seus trabalhos. Progressivamente, as IES estdo se envolvendo
cada vez mais no compromisso de fomentar projetos de pesquisa.

A participagdo em congressos cientificos e a publicacdo de artigos em revistas
indexadas também é fundamental para o crescimento de um grupo de pesquisa.

Apbés a obtengdo do titulo, acredita-se que o profissional esteja apto a
desenvolver atividades de pesquisa, publicacdes, projetos e que também seja capaz

de ministrar aulas em suas areas de concentracdo / especializacdo, abrindo o
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caminho para o mercado de trabalho, fazendo com que o titulo seja um diferencial
em meio a outros profissionais. Além disso, a formacédo de recursos humanos,
orientando alunos, em diferentes nives (iniciacdo cientifica, mestrado e doutorado) é
fundamental para a implementacdo de conhecimentos e desenvolvimento de
tecnologia.

Ingressar no Programa de PoOs-graduacdo em Ciéncias da Saude da
Universidade Federal do Rio Grande do Norte (UFRN) foi importante para dar
continuidade a minha carreira profissinal. Sendo assim, me foi possivel aprender e
observar mudancas e avancos nesta area de concentracdo, bem como agregar
outros valores, como capacidade de investigacdo, critica, aperfeicoamento e
criatividade.

O trabalho experimental foi todo realizado no LRE da UERJ, em uma
excelente parceria desempenhada com a UFRN. Os créditos foram obtidos a partir
das atividades cientificas do LRE / UERJ, participacdo em congressos e atividades
académicas complementares em outros cursos de PG da UERJ.

O aprendizado adquirido com a convivéncia com alunos de iniciacao
cientifica, mestrandos e doutorandos, além de professores doutores e mestres de
diferentes cursos e formagbes constituiu-se em um grande desafio e foi
extremamente enriquecedor.

Entretanto, posso considerar que o trabalho desenvolvido com radiofarmacos
foi de fato dificil, porém, estimulante, bem como escrever artigos cientificos e
submeté-los para avaliacdo de revistas internacionais. O trabalho desenvolvido fez
parte da linha de pesquisa do LRE do Departamento de Biofisica e Biometria
(UERJ).

A escolha do adocante com sucralose surgiu naturalmente devido a minha



67

formacdo académica em Nutricdo. A investigacdo de seus efeitos na marcacao de
hemacias com *™Tc, na morfologia das hemacias e na biodisponibilidade dos
radiofarmacos Na**"TcO, e *™Tc-DTPA foi pertinente, pois a sucralose tem sido
indicada para consumo entre individuos diabéticos, obesos, em restricdo calorica ou
até mesmo individuos ou gestantes com intolerancia a glicose.

No tratamento in vitro amostras de sangue isoladas de animais foram
incubadas com sucralose em diferentes concentracdes, apds, foi realizada a
marcacdo das heméacias e a analise qualitativa e quantitativa dessas células,
modelos amplamente estudados e utilizados no LRE / UERJ. No tratamento in vivo,
o animal foi tratado com diferentes doses de sucralose em diferentes periodos de
tempo e apos, realizada a marcacdo das hemacias e a analise qualitativa e
guantitativa dessas células. Como controle, foi utilizada solucdo salina (NaCl 0,9%).

Para os experimentos de biodistribuicdo, os animais foram tratados in vivo
com sucralose em diferentes doses e depois, foi realizada a aplicacdo do
radiofarmaco via plexo ocular. No estudo agudo, apés 1h da administracdo do
adocante, o radiofarmaco Na**"TcO, foi injetado, aguardados 10 minutos os animais
foram sacrificados em cémaras de gas carbdnico, os 6rgdos foram removidos,
pesados e levados ao contador de radioatividade (contador gama). Outros animais
foram utilizados para o estudo agudo com o radiofarmaco **"Tc-DTPA e os mesmos
procedimentos foram realizados. No estudo crénico, apos 8 dias de tratamento com
sucralose em diferentes doses, 0s animais foram anestesiados, receberam o
radiofarmaco Na**™TcO, via plexo ocular e sacrificados ap6s 10 minutos. Os 6rgaos
foram removidos, pesados e a radiagdo contada em contador gama. O percentual de
atividade incorporada por grama de tecido foi calculado nos estudos de

biodistribuicdo. Como controle, foi utilizada solugdo salina (NaCl 0,9%).
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Este trabalho, apesar de ser experimental, tem carater multidisciplinar, pois foi
realizado em colaboragcdo com o Setor de Medicina Nuclear e o Laboratério de
Endocrinologia do HUPE / UERJ e através do convénio entre duas Universidades
publicas, a UERJ e a UFRN. Essas parcerias possibilitaram novas idéias e
perspectivas, além de agregar conhecimentos de diferentes areas.

Os resultados deste estudo viabilizaram a publicacdo do artigo cientifico:
“Chronic sucralose sweetener on the labeling of blood constituents with technetium-
99m, morphology of red blood cells and on the biodistribution of sodium
pertechnetate in rats” em revista internacional de indice de impacto 0,353 - Brazilian
Archives of Biology and Technology publicado no ano de 2008 e classificado em
Qualis B internacional.

Outros resultados geraram mais dois artigos: “Sucralose sweetener does not
modify radiolabeling of blood constituents and morphology of red blood cells”, aceito
para publicacdo na revista internacional de indice de impacto 0,731 — Medicinal
Chemistry Research e “In vivo effects of sucralose sweetener on blood constituents
radiolabeling, on red blood cell morphology and on radiopharmaceutical
biodistribution in rats” submetido para publicagdo na revista internacional de indice
de impacto 1,114 - Applied Radiation and Isotopes.

Além destes, ainda participei da elaboracéo de outros trabalhos desenvolvidos
no LRE / UERJ, que geraram outras publica¢des, que seguem:

i) Benarroz MO, Fonseca AS, Rocha GS, Frydman JNG, Rocha VC, Pereira
MO, Bernado Filho M. Cinnamomum zeylanicum Extract on the Radiolabelling of
Blood Constituents and the Morphometry of Red Blood Cells: in vitro assay. Applied

Radiation and Isotopes, v. 66, p. 139-146, 2008;
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i) Benarroz MO, Rocha GS, Pereira MO, Presta GA, Geller M, Fonseca AS,
Bernardo Filho M. Effects of Cinnamomum zeylanicum Treatment on Radiolabeling of
Blood Constituents and Morphology of Red Blood Cells in Wistar Rats. Brazilian
Archives of Biology and Technology, v. 51, p. 143-149, 2008;

iii) Frydman JNG, Rocha VC, Benarroz MO, Rocha GS, Pereira MO, Fonseca
AS, Bernardo Filho M. Assessment of effects a Cordia salicifolia extract on the
radiolabeling of blood constituents ando n the morphology of red blood cells. Journal
of Medicinal Food, v. 11, 767-772, 2008;

iv) Frydman JNG, Fonseca AS, Rocha VC, Benarroz MO, Rocha GS, Pereira
MO, Pereira MJ, Bernardo Filho M. Acetylsalicylic acid and morphology of red blood
cells. Brazilian Archives of Biology and Technology, 2008 — in press;

v) Pereira MO, Rocha GS, Pereira MJ, Fonseca AS, Bernardo Filho M.
Fenoprofen effects on the labeling of blood constituents with technetium-99m on the
morphology of red blood cells and on the plasmids. Brazilian Archives of Biology and
Technology, v. 51, p. 135-141, 2008.

Verificou-se que a sucralose ndo altera a marcagdo de hemacias, isto €, ndo
houve alteracdo na captacdo do *™Tc entre os compartimentos celular e plasmaético
e na sua fixacdo nas fragfes sollveis e insoluveis do plasma e da célula no estudo
in vitro e nos tratamentos in vivo agudo e crénico (p > 0,05).

Os resultados obtidos para a analise qualitativa e quantitativa das hemacias
nos estudos in vitro e nos tratamentos in vivo agudo e crbnico sugerem que a
sucralose nao altera a forma nem a razao perimetro / area das hemacias (p > 0,05).

Nos estudos de biodistribuicdo realizados com os radiofarmacos Na*™TcO, e
9MTc-DTPA em ratos tratados com sucralose em diferentes doses, foram observadas

alteracdes significativas na captacdo do Na®*™TcO,4 nos rins nas diferentes doses
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utilizadas (p < 0,05). J& com o radiofarmaco *"Tc-DTPA foram observadas
alteracdes significativas na captacdo nos seguintes oOrgdos: tiredide, estdmago,
baco, masculo e pancreas (p < 0,05).

N&o foram observadas alteracdes na captacdo do radiofarmaco Na**™TcO,
nos 6rgaos dos animais tratados com sucralose em diferentes doses por um periodo
de 8 dias (p > 0,05).

O adocante com sucralose foi obtido em comércio local (supermercado) em
duas versoes: po6 e liquido. A versao em p6 foi utilizada no estudo in vitro e diluida
imediatamente antes da sua utilizacdo. Nos tratamentos in vivo foi utilizado adocgante
liquido e diluido conforme as doses estabelecidas para cada estudo imediatamente
antes da sua utilizacéo.

Os dados obtidos neste trabalho séo relevantes, pois descrevem algumas das
interacBes entre a sucralose e os radiofarmacos Na®™TcO, e *°™Tc-DTPA. Além
disso, até o momento, ndo foram encontrados relatos dos efeitos do uso da
sucralose sobre radiofarmacos, podendo auxiliar na explicacdo dos efeitos biol6gicos
da sucralose, bem como o0s mecanismos de interagbes celulares, transporte,
excrecao e absorcdo por células e/ou tecidos.

Embora os resultados apresentados sejam experimentais, podem ser Uteis
para compreensdo de problemas associados a interpretacéo inadequada de exames
de medicina nuclear e/ou a necessidade de repeticdo deste tipo de procedimento
clinico em pacientes que estejam fazendo uso deste adocante.

A sucralose tem sido muito utilizada por individuos em diferentes estados de
saude e idades, tornando relevantes estudos a seu respeito. Portanto, colaborar com
0 meio cientifico com informacgfes da pesquisa basica pode, em algum aspecto,

trazer esclarecimentos sobre 0 uso agudo ou crénico de adocantes artificiais.
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Sendo assim, deixo meu sentimento de contribuicdo para o progresso da

ciéncia e, por conseguinte, para o desenvolvimento da sociedade.
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ABSTRACT
Molecules and cells are labeled with technetium-99m (**™Tc) and used to obtain
images in nuclear medicine. Natural and synthetic drugs interfere with the labeling of
blood constituents with *™Tc. Sucralose is a sweetener used in foods and beverages
being indicated for individuals with energy-restricted diets. The aim of this study was
to evaluate the effect of the sweetener sucralose on: (i) labeling of blood constituents
with *°™Tc; (i) morphology of red blood cells; (iii) biodistribution of sodium
pertechnetate (Na®*"TcO,4) and diethylenetriaminepentaacetic acid labeled with *°™Tc
(**"™Tc-DTPA) in rats. For in vitro study, blood samples from Wistar rats were
withdrawn and incubated with sucralose at different concentrations. For in vivo study,
animals were treated with sucralose at different doses and periods of time. After that,
radiolabeling procedure was carried out. Blood cells and plasma were separated by
centrifugation, soluble and insoluble fractions of blood cells and plasma were isolated
by precipitation in trichloroacetic acid and centrifugation. Radioactivity in each
fraction was counted and the percentage of incorporated radioactivity (% ATI) was
calculated. Blood smears were prepared, fixed, stained and the qualitative and
quantitative morphology of the red blood cells was evaluated under optical
microscopy. In biodistribution experiments, animals were treated, acute (1 hour) and
chronicaly (8 days), with sucralose at different doses and periods of time. As controls,
blood samples and animals treated with 0.9% NaCl. Animals were anesthetized,
radiopharmaceuticals were administared by via ocular plexus and, 10 minutes after,
the animals were sacrificed, organs and tissues were isolated, radioactivity was
counted and percentage of incorporated radioactivity per gram (%ATI/g) determined.
In vitro and in vivo studies of labeling of blood constituents with *™Tc showed no

significant (p> 0.05%) alterations of the % ATI in plasma and blood cells as well as, in
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the fixation of ®*™Tc on insoluble and soluble fractions of plasma and cells. There was
no significant alterations in the morphology of red blood cells. Biodistribution assay
showed a significant increase (p<0.05) of Na**"TcO, uptake in kidneys in the acute
study. In the chronic study, no significant (p>0.05%) change in the uptake of
Na®™™TcO,. Acute sweetener altered significantly (p<0.05%) the % ATI/g of *™Tc-
DTPA in: thyroid, stomach, pancreas, muscle and spleen. In summing up, acute
sweetener with sucralose could interfere with the biodistribution of Na**™TcO, and
9MTc-DTPA, but could not interfere with the labeling of blood constituents with **™Tc
and morphology of red blood cells. The study was multidisciplinary involving the
following areas of knowledge: Radiobiology, Physical Chemistry, Endocrinology,
Morphology, Hematology and Nutrition.

Keywords: biodistribution, blood constituents, diethylenetriaminepentaacetic acid,

morphology, radiolabeling, sodium pertechnetate, sweetener, Wistar rats.
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