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ABSTRACT

Clinical images are worthwhile in Health Siences and their analysis and correct interpretation aid the
professonals,such as physicians, physiotherapists and occupationd therapists, to make decisons and take
subsequent therapeutic andbr rehabilitation measures. Other factors, besides the state of thedisease, may interfere
and affect the bioavail ability of the radiopharmaceuticals (radiobiocomplexes) and the qudity of the SPECT and
PET images. Furthermore, the labeling d some of these radiobiocomplexes, such as plasma proteins, white blood
cdls and red bood cell's, with ®™T, can also be modified. These factors include drugs (synthetic and natural) and
dietary conditions, as well as ome medical procedures (invasive or non-invasive), such as radiation therapy,
surgical procedures, prostheses, cardioversion, intubation, chemoperfusion, externa massage, immunotherapy,
bload transfusion and hemodialysis. In conclusion, the knowledge abou these factors capalle of interfering with the
bioavailability of the radiobiocomplexes is worthwhile for secure diagnais. Moreover, the dewelopment of
biological modelsto sudy these phenomena is highly relevant and desirable.
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INTRODUCTION

Clinical images are useful in the Health Sciences
and their analysis and the corred interpretation aid
the professionals, such as  physicians,
physiotherapists and accupational therapists, to
make important decisions and take subsequent
therapeutic and/or rehabilitation actions. The
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clinical procedures for obtaining images used in
nuclear medicine, are naomally associated with a
low radiation dose level for the patient and for the
staff when compared with similar procedures
using X rays. In addtion, the environmental
impact is negligible due to the half life of the main
radionuclides and the emission energy o the
radiation commonly used in nuclear medical
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procedures. The high quality of the scintigraphic
images in the single photon emission computed
tomography (SPECT) and in the paositron emisson
tomography (PET) has aided in a rapid and
efficient elucidation o the diagnosis of various
diseases or the condtion o a patient in a
rehabilitation program (Carlsson, 1995 Perkins
and Frier, 1999 Saha, 2004, Backer and Thierens,
2009.

SFECT and PET techniques use
radiopharmaceuticals (radiobiocomplexes) to study
the blood flow, the meabolism and the
morphology of a biological target (system, organ
or specific tisaes) (Carlson, 1995 Chandra,
1998. These radiobiocomplexes can also
potentialy be used to evaluate the drug
formulation and the drug delivery systems (Perkins
and Frier, 1999. Unexpected patterns of the
bicavailability of the radiobiocomplex can
normally be associated with a disease and this fact
aids in the decision about a dinical diagnosis
(Hladik 11l et al, 1987).

The development of suitable radionuclides for
labeling different radiobiocomplexes to be used in
the therapeutic technique has permitted reaching

the target to be irradiated with great seaurity and
with negligible irradiation o the tisaes in the
neighborhoad o the target (Owunwanne d al,
1995 Harbert et al, 1996).

Although the great relevance of nuclear medicine
is well characterized, some authars have reported
that other factors, in addition to the disease, can
interffere  in  the bioavalability of a
radiobiocomplex. The lackof knowledge of these
factors is undesirable, and the consequences are (i)
the possibility of misdiagnosis (misleading
information that can either mask or mimic certain
disease symptoms) and/or (ii) the repetition of the
examination with an increase in radiation dcse to
the patient (Hladik 11l et al, 1987, Sampson, 1999.

Factors that can alter the bioavailability of
radiobiocomplexes

Factors, other than the state of the disease, that
could interfere and also affect the bioavailability
of the radiobiocomplexes (Hladik IIl et al., 1987,
Hesslewvood and Leung, 1994 Gomes e al.,
20029) are presented in Fig. 1.
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Figure 1 - Factorsthat can alter the bioavail ability of radiolbiocomplexes
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Furthermore, the labeing of some of these
radiobiocomplexes, such as plasma proteins,
white blood cels and red blood cdls, with
technetium-99m (®*™Tc) can also be altered
(Sampson, 1999 Gomes et al, 2002).

The influence of these factors on the
radiobiocomplex and/or in the milieu in which
this labeled complex is present could lead to
several undesirable consequences as own in
Table 1.

Table 1 - Undesirable anditions due to the influence of factors capable of altering the bioavail ability of

radiobiocomplexes

diread modification of the radiohiocomplex

alteration of the labdling efficiency of the radiobiocomplex

modification in the target
alteration in the no target

modifications in the binding sites in the plasma and Hoaod cdl s proteins

Adapted from Gomes et al, 2002a.

When a factor modifies, directly or indiredly (by
the generation o free radicals), the nature of the
radiobiocomplex and/or the biochemical and
physiological milieu to which the referred
radiotracer is exposed and/or the cdlular
structures of the tisaue (target), the consequence
may be an unexpected behavior of the
radiobiocomplex (Hlakik 1l e al, 1987,
Owunwanne € al, 1995 Gomes & al, 20(2a).

Diseases and the drug interaction with
radiophar maceuticals

Desirable drug interaction and the
bioavailabil ity of radiophar maceuticals

Among the factors indicated in Fig. 1, in
addition to the diseases, the drug interaction with
radiobiocomplexes (DIR) has been studied by
several authors and can be known a unknown.
When the DIR is known, this phenomenon can
be succesdully used in certain examinations
with pharmaawlogical intervention, such s (a)
dypyridamole, adenosine and dobutamine in
cardiac evaluations, (b) acetazolamide in brain
imaging, (¢) furosemide for evaluations of
obstructive uropathy, (d) captopril in the studies
of  vovascular  hypetension and (€
chdegystokinin in the hepatobiliary evaluations
for confirming chronic acalculous hiliary disease
by determining the maximal response of the
bladder to exogenous cholescystokinin measured
as the gedion fraction (Owunwanne & al.,
1995 Gomes et 20029).

Undesirable drug interaction and the
bioavailabil ity of radiophar maceuticals

Unexpeded patterns of the radiobiocomplex
bicavailability provoke a flurry of inquiries
regarding the quality of the administered agent;
however, these aterations in bioavail ability may
be related to the undesirable DIR. Hladik 11l et
al. (1987, Hesdewood and Leung (1994 and
Sampson (1999 have reported that various
synthetic drugs (medications) are capable of
atering the bioavailability of different
radiobiocomplexes. Moreover, other authors
have suggested that medicinal plants (natural
drugs) can be also aswciated with the DIR
(Gomes & al, 20(Ra, Santos-Filho & al, 20044,
Moreno et al, 2004).

Vincristine is a chemotherapeutic drug used in
several protocols in oncology and (i) in an
animal model, this drug has increased
significantly the uptake of the radiobiocomplex
®MTe-DTPA (diethylenetriaminepentaactic
acid) by the thymus, ovary, uterus, spleen,
kidneys, heart, stomad, lungs, liver and bone
(Britto e al., 1998, (i) it modified the
bicavailability of the *™Tc-phytate in Balb/c
mice (Mattos et al, 199a), (iii) it deaeased the
uptake of *™Tc-MDP (methylenediphasphoric
acid) by the uterus, ovary, spleen, thymus, lymph
nodes (inguinal and mesentheric), kidney, liver,
pancreas, stomadh, heart, brain and bore isolated
from animals (Mattos e al., 1999, (iv) it
deaeased the uptake of **"Tc-PYP (sodium
pyrophosphate) by the spleen, thymus, lymph
nodes (inguinal and mesentheric), kidney, lung,
liver, pancreas, stomach, heart and brain, and it
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increased the uptake by the bone and thyroid in
the treated animals (Mattos et al., 1999, (v) it
deadeased the uptake of the *"Tc-GHA
(glucoheptonic acid) by the uterus, ovary, spleen,
thymus, lymph nodes (inguinal  and
mesentheric), kidney and heart isolated from
animals (Mattos & al., 2001, and (vi) it
increased the blood pool of the radioactivity of
Ga-67 citrate (Hladik 11l et al., 1987).

In experiments with mice, mitomycin-C (i)
increased the uptake of *™Tc-MDP in thymus,
ovary, uterus, heart, stomach, pancreas, kidneys,
spleen and lungs (Gomes et al., 1998, (i)
altered the uptake of radiobiocomplexes used for
rena evaluations (Gomes & al., 2001), (iii)
modified the bioavailability of *"Tc-PYP
(Gomes et al, 2002h and (iv) interfered in the
bicavailability of the ®™Tc-phytic acid (Gomes
et al., 200%)

Buchsbaum e al, 1992 have reported PET
studies of drug interaction with brain regional
glucose metabdism. Kumakura e a (2004
have used the PET with parametric mapping to
measure the dfed of levodopa on the net
clearance of (**F-fluor-fluorodopa to brain (K,
ml/g/min). Levodopa increased the magnitude of
the net clearance of K in the left and right
putamen o healthy volunteers by 11% rdative to
the baseline condtion. In contrast, resumption of
medication with levodopa did not significantly
alter the magnitude of K in putamen o the
Parkinson's disease patients. Compartmental
analysis was used to probe the physiological
basis of the activation o K: levodopa treatment
increased the apparent distribution volume of
¥ _fluorodopa in cerebellum of both patients
and control subeds by 15%, without
significantly altering the unidiredional blood-
brain clearance or the rdative activity of DOPA
decarboxylase in putamen. It was concluded that
levodopa increased the distribution volume of
®F_fluorodopa in the brain, incressing its
avail ability for utilization in dopamine terminals.
Chen et al. (19949 have reported that, because of
its nephrotoxicity, gentamicin may cause
abnormal renal uptake to be seen in *™Tc-MDP
bore scintigraphy and the presence of the
radiobiocomplex in the kidneys, along with an
increase in renal retention. Santos e al. (1999,
in in vivo studies, have demonstrated that
cyclophosphamide is capable of altering the
effedive half-life of the radiopharmaceuticals
9"Tc-MDP and ¥™Tc-pertechnetate.

Vaenca e a. (2005 have investigated the
biodistribution of Na99mTcO4 (Na™®"TcO,) in
mice eposed to cigarette smoke. BALB/c male
mice were &posed to the smoke of nine whae
commercial cigarettes per day, three times per
day, for up to 10 days with whole body exposure
in a chamber. A control group was <am-
smoked. One day later, the exposed and control
groups of mice received 7.4 MBg0.3 ml of
Na*™®"TcO, and were sacrifieced after 30 minutes
Bones, brain, heart, intesting, kidney, liver,
lungs, muscle, pancreas, spleen, stomad, testis
and thyroid were weighed and the radioactivity
of these organs and the blood was recorded with
a gamma counter. The percentage of injeded
dose per gram of tisaue (%ID/g) was determined
for each agan. Cigarette smoke significantly
deaeased the %ID/g in red blood cdls, bore,
kidney, lung, spleen, stomadh, testis and thyroid
of the exposed mice.

Jankovic and Djokic (2009 have investigated
the influence of the sodium methotrexate and
cyclophosphamide on the organ uptake of the
radiobiocomplexes, **™Tc-2,3-dicarboxypropane-
1,1-diphosphonic  acid (*™Tc-DPD), *"Tc-
meso-2,3-dimercaptosuccinic  acid ~ (¥"Tc-
DMSA), *™TcSn  colloid and *"Tc
macroaggregated albumin (**"Tc-MAA) in two
groups of healthy male Wistar rats treated (oral
application) for 7 days. On the eghth day, each
radiobiocomplex was administered to the
animals. They were sacrificed at different time
intervals and the radioactivity in the organs of
interest was measured. The organ uptake of the
radiobiocomplexes in an additional control group
of animals was also studied. The results obtained
showed an alteration in the organ uptake of
radiobiocomplexes in the animals treated with
cytotoxic drugs. In rats treated with sodium
methotrexate, there was a higher uptake of
®"Tc.DMSA by the bones, stomach and
intestine, a higher uptake of **"Tc-DPD by the
bores, intestine, blood and muscle, a lower
uptake of *™Tc-Sn colloid by the liver and a
lower accumulation o **"Tc-MAA in the lungs.
Cyclophosphamide-treated animals  $howed
enhanced uptake of *™Tc-DMSA by the kidneys,
a twofold enhanced uptake of *™Tc-DPD by all
organs except the stomad, adecreased uptake of
®™Te-Sn colloid by the lungs, spleen and
kidneys and a significantly deaeased uptake of
99mTc-MAA by the lungs.

Brazilian Archives of Biology and Technology



Drug Interaction with Radiopharmaceuticds. a Review 17

The dfects of extracts of various medicinal
plants have been studied and (i) Santos-Filho et
al, 2004 have reported that when an animal is
treated for seven days with Mentha crispa by an
intragastric route, the bioavailability of the
Na™®™TcO, is altered and there is an increase of
the radioactivity in the thyroid; (ii) Santos-Filho
and Bernardo-Filho (2005 have demonstrated
that Hypericum perforatum decreases the
bicavailability of the Na’®"TcO, in the borg,
muscle and thyroid and increases the
bicavailability in the pancreas, (iii) Moreno et al.
(2004 have verified that the Ginkgo biloba
alters the bicavailability of Na®™"TcO, in rats.

Dietary conditions and the bioavail ability of
radiobiocomplexes

Passos e al. (2000 and Pass & al. (2002 have
also demonstrated that dietary conditions can
aso intefee with the bicavailability of
radiobiocomplexes. Pass e a (2000 have
studied the biocavailability of the
radiobiocomplex Na*™TcO,in two rat models of
mal nutrition. Three groups of rats (two-month-
old) were separated acoording to their diets: (1)
control digt, 23% protein (C); (2) protein-
restricted, receiving 8% protein (PR), both ad
libitum; and (3) energy-restricted, receiving 60%
of the control diet (ER). After 21 days of the
diet, the radiobiocomplex was injeded and the
animals were scrificed after 30 min. The
percentage of the injeded dose (%ID) and the
%ID per gram (%ID/g) were calculated and
presented a similar pattern, increasing in the
stomach and brain and deaeasing in the thyroid,
but without significant change in the kidney,
lung, liver, bone or testis in PR rats. An increase
in the %ID/g was only observed in the heart. In
the ER group the %ID/g decreased only in the
bore and did not change in the other organs. In
anather work, Passos et al. (2002 demonstrated
that the Na®"TcO, biodistribution changes in
malnourished adult rats whose mothers were
malnourished during lactation. On the first day
of lactation, the mothers were separated into
three groups, C, PR and ER. After weaning, all
pups received a control diet up to 60 days, when
Na™®"TcO, was injeded and the rats were
sacrificed after 30 min. The %ID and the %ID/g
in the thyroid, stomach, heart, bone, kidney,
lung, liver, brain, and testes were evaluated. In
the PR group, the %ID and %ID/g were

significantly higher in the stomach and lower in
the thyroid than in the C group. In the ER pups,
the %ID and %ID/g were higher in the liver,
stomach, and testes than in the C group. The
mother's nutritional status during lactation
affeded the biocavailavility of the studied
radiobiocomplex in the offspring, and this
condtion must be considered when ruclear
medicine examinations are indicated.

The type of the food seams to contribute to
unexpeded bioavailability of radiobiocomplex
(Diré @ al., 2003, Capriles et al., 2002). Capriles
et a. (2002 have studied the dfea of eggplant
extract on the biodistribution of Na®™"TcO, in
Wistar rats that were treated with eggplant
extract in drinking water (300 mg/ml) for four
weeks. *MTc was administered to the rats; after
90 min they were sacrificed and argans and
blood were isolated. The %ID increased in the
liver, while the radiobiocomplex uptake was not
modified in the other organs. It is suggested that,
since eggplant is metabadlized in the liver, this
fact could justify the alteration d the uptake in
this organ. Diré ¢ al. (2003 have studied the
influence of chayotte (Sechium edule) extracts
(decoct and macerated) on the bioavailability of
Na™®"TcO, that was administrated to male
Wigtar rats which had a had nd drunk the
extract (macerated) for 60 days. After 10 min,
the animals were sacrificed, the organs were
isolated, the radioactivity was determined in a
well counter, and the % ID/g was calculated. The
%ID/g was altered in the thyroid, lung, stomach
and blood. It was auggested that the generation
of reactive metabadlites could justify the
alteration the uptake of the radiobiocomplex by
specific organs.

Effects of invasive medical procedures in the
bioavailabil ity of radiobiocomplexes

Radiation therapy, surgical  procedures,
prostheses, cardioversion, intubation,
chemoperfusion, external cardiac massage,
immunotherapy, blood transfusion and renal
dialysis are some invasive medical proceduresin
which those authors have reported alterations in
the in vivo behavior of radiobiocomplexes and
the quality of the nuclear medicine images
(Hladik 11l et al., 1987, Hesdewood and Leung,
1994 Owunwannre ¢ al., 1995 Sampson, 1999
Kumakura et al., 2004).
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The analysis of the dfects of the radiation is
very complex. However, some alterations have
been reported in argans after radiation therapy,
such as acute inflammatory responses, late
vascular change with dbliteration of the vascular
bed and healing, including fibrosis, damage and
cdlular death. These df ects are dependent onthe
radiation dose (type and/or fractionation),
volume of the irradiated target and non-target
tissule, and mitotic activity and degree of
specialization of the eposed cdls. Soin e al.
(1977 have described the uptake of *™Tc-PYP
by hearts of a group of patients without clinical
cardiac disease who had received left chest wall
irradiation. Lutrin and Goris (1979, working
with 99mTc-pyrophsphate, and Wistow e al.
(1979, working with *™Tc-MDP, have
described an increase in the renal uptake of these
radiobiocomplexes due to theradiation. Sorkin et
al. (1978 have demonstrated a reduction in the
uptake of *™Tc-PYP by normal irradiated bore.
GonzalezVillalpando e a. (1982 have
observed scintigraphic abnarmalities of the
thyroid after irradiation of this gland. Morrison
and Stewart, 1995 have reported that a patient
with a history of breast cancer and known lung
metastases was referred for a bone scan to
investigate the cause of severe neck and right
shoulder pain. The bone scan showed a massve
uptake of the radiopharmaceutical *™Tc-MDP
by the soft tisaue surrounding the right shoulder.
A review of the patient's history indicated that
the patient had undergore radiation therapy of
the right upper tharax and breast area 14 months
previously and an acute radiation dermatitis of
the proximal right arm and shoulder had
devel oped.

Suga e al. (200) have investigated the
alteration of ®™Tc-DTPA transalveolar clearance
in an initial phase of radiation lung injury in
dogs. The DTPA transalveolar clearance was
observed to be retarded soon after irradiation and
an increased alveolar surfactant may be partly
responsible for this retarded DTPA clearance
because the aerosolized synthetic surfactant also
prolonged the clearance in non-irradiated lungs.
It is suggested that a DTPA clearance test is
sensitive for the exrly detedion o radiation lung
injury and seems helpful for clarifying the
asxciation o epithelial integrity changes and
lung surfactant in radiation lung injury.To
evaluate the correation between functional
impairment and changes in the epresson

pattern o immunohistochemical antibodies in
the erly phase of radiation-induced dysfunction
of sdivary glands, eight rabhits were
scintigraphically examined prior to and 24 h
after irradiation (Hakim et al,. 2004). The results
demonstrated a significant alteration in the
Na®"TcO, uptake by all irradiated glands.
Immunohistochemical changes were correlated
with the functional impairment manifested
scintigraphically.

Some authors have suggested that the effeds of
surgical incisions on the bioavailability of the
radiobiocomplexes are nat only limited to the
local tissue damage. Hurley (1972 has reported
abnormal findings in the skull upan both brain
and bore scintigrafies after craniotomy.
Prostheses introduced into the body during the
surgical process may cause local inflammation
and interfere with the localization o the
radiobiocomplex, as Jayabalan and Berry (1977)
and Seo and Donoghue (1980 have reported for
the ¥ Tc-PYP found in breast prosthesis and in
prosthetic valves, respectively. Vechik & al.
(1989 have performed a study with the Garren-
Edwards Gastric Bubbde (GEGB), which was
introduced as an aternative to surgery (jaw
wiring, gastrointestinal bypass and vertical
banded gastroplasty) for the treatment of morbid
obesity in patients who had failed behavior
modification therapy or dietary management for
weight reduction. Its mechanism of action is
uncleear and previous reports have not
demonstrated any  significant  consistent
alteration in gastric emptying (GE) as measured
by radionuclide techniques. To verify the dfed
of the GEGB on GE, ten dbese patients had solid
GE scans before and five weeks after endoscopic
placement of the bubde GE scans were
performed in six patients after removal. The
meal consisted of 300 uCi **"Tc-sulfur colloid in
the form of a egg sandwich and deionized water.
Images were obtained in the anterior and
posterior projections at 15-min intervals for 1 hr
(four patients) or 2 hr (six patients) and the %GE
was calculated. Unlike other studies involving
the GEGB, adjunctive therapy in the form of
dieting and behavioral modification was nat
employed in this gudy. There was a significant
delay in gastric emptying at 1 hr (pre-bubbe
mean % gastric retention = 46%; bubble mean =
57%; n = 10). After removal, the GE returned to
the baseline (mean % gastric retention = 51%; n
= 6). One mechanism of action of the GEGB
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may be delayed gastric emptying resulting in
early satiety and decreased food intake with
resultant weight loss.

Krause @ al. (1995 have reported that the
diagnosis of acute myocardial neaosis by means
of conventional eedrocardiographic criteria or
the release of cardiac enzymes is often dfficult
or even imposdble in patients with out-of-
hospital cardiac arrest due to ventricular
fibrillation with subsequent cardiopulmonary
resuscitation including several DC
countershocks.  Simultaneous  thallium-201
' T/ T c-PY P tomography was prospedively
applied to patients without typical clinical or
eledrocardiographic signs of acute myocardial
infarction within 48 h after succesdul
resuscitation from out-of-hospital cardiac arrest.
Scintigraphic evidence of acute necrosis was
present in some patients (40%) while increased
PMTc-PYP uptake by the pericardial tissue was
found in aher patients (42%). It may be
concluded that simultaneous *'TI/*"Tc-PYP
tomography is a valuable tod for evaluation of
myocardial neaosis after  cardiopulmonary
resuscitation including DC countershock. Acute
myocardial neaosis, as indicated by SFECT,
represents a potential trigger for the occurrence
of ventricular fibrill ation. Therefore, *TI/®™Tc-
PYP tomography can be recommended to guide
further diagnostic and therapeutic interventions
after cardiopulmonary resuscitation of patientsin
whom the underlying cause of the occurrence of
ventricular fibrillation is obscure. Slutsky et al.
(1977 have found an increased uptake of bore
imaging agent (**"Tc-PYP) in the tiswues of the
chest wall at the site of application o the
eledrode (defibrillation). Pugh et al. (1976 have
found “false positive” *™Tc-PYP myocardial
scintigraphies due to cardioversion. DiCola & al,
1976 have reported myocardial uptake of this
same rabiocomplex following drect current
transthoracic countershock.

Okudan et al. (2004 have used the *™Tc-DTPA
aerosol inhalation SFECT to assesss the
pumonary epithdlial membrane permeability
and to investigate the posdble application o a
permeability value as an indicator of early
alveolar or interstitial changes in patients with
blunt chest trauma. A total of 26 patients with
chest trauma were referred to the emergency
department. ®"Tc-DTPA  aerosol  inhalation
SPFECT was performed on the first and thirtieth
days after trauma. Clearance half times (T1/2)

were determined and the penetration index (PI)
was calculated on the first-minute image.
Significant changes were observed in
radioaerosol clearance and Pl. Following chest
trauma, clearance of ®™Tc-DTPA increased as a
result of breakdown o the alveolar-capillary
barrier. This increase in the eoithdial
permeability of the lung appears to be an early
manifestation d lung disease that may lead to
efficient therapy in the exrly phase. Hladik Il et
a. (1987 have reported that rib trauma
commonly accompanies external cardiac
massage since it is demonstrated in the bone
scan with **™Tc-MDP. Goldfarb et al. (1979
have reported that tissues subjected to trauma by
the passage of a nasograstric tube have been
found to show increased extra osseous uptake of
a**Tc-labeled phosphate derivative.

Turranoglu et al. (2001) have developed a study
to determine the effeds of various resuscitation
regimens on lung pefusion following
resuscitation from hemorrhagic shock. Rats were
divided into goups and the blood presaire,
rectal temperature and lung perfusion using
SFECT with a *™Tc-colloid indicator were
measured. The systolic blood pressure was
deaeased 75% by removing blood via ven
jugularis in the first three groups. Group 4 was
used as the control group, and blood volume was
not diminished. The first three groups were
resuscitated with autologous blood containing
heparine in goup 1, saline in goup 2 and
hydroxyethyl starch (HES) 6% in group 3 After
the correction o hypovolemia, all animals were
injeded with 99mTc-macroaggregated albumin
(®™Tc-MAA) via the penil vein and images were
obtained. Compared to a cortrol group, lung
perfusion was decreased significantly in groups
resuscitated with saline, and HES 6% while
perfusion was restored with autologous blood.
Choy @ al. (1981) have described that blood
transfusion influences the stabili ty of *™Tc-MDP
and, to a lesser extent, ®™Tc-PYP. As a
consequenc,e a poar hone visualization and
marked renal uptake of the *™Tc are found.
Chemoperfusion has been also dbserved to cause
a marked increase in the uptake of a bone agent,
as reported by Sorkin & a. (1979.
Imumnotherapy has been employed in the
treatment of cancers, and Bilgi et al. (1979 have
observed that patients treated with Bacillus
Camette-Guérin (BCG) may develop a systemic
granulomatosis and this granulomatosis is
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asociated with changes in the biodistribution o
®'Gacitrate that are particularly evident as
abnormal lung uptake of that radiobiocomplex.

Wolfstein et al. (1976 have reported that two
patients on chronic renal hemodalysis (HD)
developed acute neurologic symptoms and
unusual brain scan findings, including very
prominent cranial sinuses. Symptoms and scan
abnormalities reverted to normal within a few
days. DeGrad et al., 1979 in a study performed
to determine the sensitivity of *Tc-
hydrxyethylidene diphosphanate (HEDP) in
deteding @pstric  calcification complicating
chronic rena failure found that the
radiochemical interacted with saline and the
dialysate fluid to form free Na®"TcO,. This
resulted in the predictable uptake of the
pertechnetate by stomadh, thyroid, and salivary
glands. Kao et al. (2003 have reported that the
hypoxaemia occurring in patients with chronic
rena failure (CRF) during HD has long been
known. Before and after regular HD, lung
ventilation (LV) and alveolar permeability (AP)
were measured in patients with CRF, and LV
and AP were determined by *™Tc-DTPA
radioaerosal inhalation lung SPFECT aswdl asin
normal controls. After regular HD for five hours,
no significant changes in the LV images were
found. Before HD, the CRF patient group had a
significantly faster clearance rate than that of
normal controls. Moreover, the clearance rate
after HD was dgnificantly slower than that
before HD. CRF can predispose patients to LV
change and AP damage. After HD, the damage
to AP was dgnificantly improved. However,
after HD, the changein LV was nat significant.

The labeling of blood constituents and the
druginteraction

Blood constituents labeled with *™Tc areused in
clinical nuclear medicine for several important
applications, including imaging of the
cardiovascular system, detedion o
gastrointestinal bleading  sites, splenic
evaluations, volemia determination and
localization o intramuscular hemangioma
(Chandra, 1998 Harbert et al., 1996 Early and
Sodee, 1996. The main clinical use for labeled
red blood cells (RBC) lies in the provision o
functional information about left ventricular
contraction in the multiple gated acquisition
(MUGA) cardiac study (Sampson, 1999.

Moreover, this processthat involves the labeling
of blood constituents with ™Tc has been
successully used as an experimental model to
asess ®me important biological properties of
extracts of natural products (Oliveiraet al., 199,
Vidal et al., 1998, Reineger et al., 1999 Oliveira
e al., 2000, Diré & al., 2001, Moreno € al.,
2001, Lima & al., 2002, Oliveira et al., 2002,
Oliveira e al, 20033, Diré ¢ al, 2004 Santos-
Filho & a. 2004 and Santos-Filho and
Bernardo-Fil ho, 2005

The labeling o RBC with *™Tc¢ can be carried
out by several techniques: (a) by a completely in
vitro technique, (b) by in vivo methods, or (c) by
a combination of these two, called in vitro/in
vivo labeling. The labeling o RBC and dher
blood constituents with 99mTc requires a
reducing agent and the stannous ions are
frequently used for this purpose (Harbert et al.,
1996 Saha, 2004).

Some authors have described that synthetic or
natural products in the blood, as well as the
labeling condtions (temperature, number of cells
and wolume of the cell suspension), can have an
effed on the labeling of blood constituents with
¥MTc (Sampson, 1993 Hojelse @ al., 19%;
Sampson, 1996 Sampson, 1999 Braga et al.,
2000. The action d different drugs (natural and
synthetic) on the labeling o blood constituents
with radionucli des has been reported and various
important findings of posdble clinical interest
have been found (Sampson, 1996 Braga & al.,
200Q Spicer et al., 1999.

The mechanism of the fixation d 99mTc on the
blood constituents has also been studied and, in
the RBC, the cited radionuclide is mainly found
in the B-chain o the hemogobin molealle
(Rehani and Sharma, 1980, Bernardo-Filho,
1986 Srivastava & al., 1984 Cdlahan and
Rabito, 1990.

Nigri et al. (2002 have evaluated, in rats, the
effed of the most popular antiseézure drugs
(phenobarbital,  phenytoin,  carbamazepine,
clonazepam and valproic acid) on labeling o
blood constituents with *™Tc. The analysis of
the results has sown that phencbarbital (2,000
pg/ml) and clonazgpam (50 pg/ml) have
significantly reduced the RBC labding
efficiency and clonazgpam (5, 50 pg/ml) has
significantly deaeased the labeling o plasma
proteins (PP with *™Tc. With thisin vitro assay,
phenytoin, phenobarbital, carbamazepine and
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valproic acid will not interfere in the *™Tc
labeling processof RBC at the therapeutic level.
Interference is displayed at higher phenobarbital
concentrations (2,000 pg/ml). However, humans
do not tolerate this concentration. On the other
hand, a decreased RBC and PP labding
efficiency with ®™Tc may be epected for
clonazepam at therapauitic levels.

Sampson (1996 1999 had reported that
hydralazine and methyldopa significantly
deaease the labding efficiency of blood cells,
possbly through axidation o the stannous ion
present in the kit. He had also reported that other
workers have shown that, if clinical doses of
propanolol, verapamil, chlorothiazide or
frusemide are incubated with RBC, a significant
reduction in the labeling efficiency is observed.
Calcium channel blockers have been implicated
in unusual and interesting effeds in nuclear
medicine. These include increased uptake of
iodine-131-meta-iodo-benzyl guanidine (**4-
MIBG) into tumors. It is possble that nifedipine
and aher calcium channel antagonist’s block the
uptake of stannous ion into the RBC, thus
preventing proper uptake by the tracer.
Sulphasalazine therapy is well established as a
cause of hemolysisin patients with inflammatory
bowel disease. Cephalosporins have bee
reported to interfere seriously with the chemistry
of the red cdl membrane. Other drugs listed as
disrupting RBC function include cytostatics,
neurol eptics, tricyclic antidepressants,
omeoprazole and auinine. It is well known that
the concentration o stannous ion may have a
marked effect on the in vitro labding efficiency
of RBC. The same group of workers also showed
that propanolol, verapamil, chlorothiazde and
frusemide al produced quite significant
deaeases in labdling efficiency when incubated
with red cells.

Lee @ al. (1983 have studied the dfed of two
antihypertensive agents (captopril and prazosin)
and d digoxin on the dficiency of **"Tc binding
to RBCs of the rat. RBCs were labeled with
®™Tc in vivo. The findings demonstrated a
significant reduction of RBC tagging with *™Tc
in rats treated with prazosin and digoxin, but not
with captopril. The data suggest a potential
interference by patient medication with the
peformance of blood-pod studies. It was
thought that the adverse dfed with digoxin was
asciated with an ateration in red cdl
membrane transport of the tracer due to

inhibition o the sodium-potassum/ATP-ase
dependent pump. Cyclosporin has been
mentioned earlier in connection with problems in
white cell labeling. The same drug also affects
the RBC, as shown by the fact that the labding
efficiency decreases (Hesslewood and Leung,
1994). Later work has revealed that the drug
effed was influenced by the amount of stannous
ion in the kit, and that, if the kit was altered to
contain higher levels of tin, the problem
disappeared (Hladik 111 et al., 1987). Cardoso et
al. (2002, have studied the potential interference
of propandol, cyclosporine, adriamycin, and
nifedipine with thein vitro labeling o RBC with
“mTc. Blood colleded from healthy volunteers
was incubated with different concentrations of
the drugs. Two labeling methods were used.
With both methods, RBC was sparated by
centrifugation and the labeing yiedd was
determined. Results did not show significant
differences between the labeling yield for the
control group and the yield withthe different
concentrations of the tested drugs. Both labeling
methods are useful for the in vitro preparation of
¥"Tc-RBC. The absence of significant
differences in the labeling yidld indicates that in
vitro interferences observed by  some
investigators are associated with concentrations
exceading therapeutic plasma levels.

Tatum e a. (1983 made the interesting
observation that blood from patients who hed
previously received iodinated contrast media
demonstrated a sub-optimal red cell labeling
efficiency. Mean labeling efficiency deaeased
from 90 to 30%, supposedly as a result of
interference with the redox potential of the
stannous ion. The authoars recommended that
studies using *"Tc-RBC labdling using this
technique be performed prior to administration
of iodinated contrast media. Moreover, this
effed should be kept in mind in gastrointestinal
bleading studies performed using *™Tc-RBC, as
well asin cardiac imaging studies.

Other factors that can influence labeling
efficiency include the clinical condtion o the
patient and the use of intravenous cannulas
containing Teflon. In their series of patients,
heparin and chematherapeutic agents were found
to have significant adverse dfeds. It has been
postulated that heparin might compete with the
red blood cdl for the binding o stannous ion,
and chemotherapeutic agents may cause
alterations in the aythrocyte membrane. Eising
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and Sciuk (1995 obtained satisfactory in vivo
labeling in patients receiving chemotherapy and
overcame the problems of Teflon cannulas by
using a fast injection o the stannous agents,
followed by a saline flush. Spicer & al. (1999
have demonstrated that some chemotherapeutic
drugs do not alter the labdling o red blood cells
with ®™Tc,

Vento et al., (2000 have reported various drugs
capable of contributing to the dired binding o
Na™™TcO, to RBC in vivo, such as atenolol (a
beta-1 blocker), carbamazepine (an
anticorvulsant), cdlulose fiber, disulfiram (to
treat alcohdism), fluoxetine hydrochloride (an
antidepressant), lorazepam (an antianxiety and
antidepressant), lubricant eyes  drops,
multivitamins, olanzapine (an antipsychotic),
ranitidine (an H-2 antagonist), acetaminophen
(for pain), epinephrine autoinjed,
guanifensin/methorfan (an expectorant,
supressant), hydrocortisone cream and oal
magnesium/aluminum hydroxides with
simethicone (an antigas agent).

DISCUSSON

The normal bicavailability and eimination
pattern o a radiobiocomplex may be altered
under pathophysiological condtions because of
the changes in the tisaues. This altered biological
behavior due to diseases helps a physician to
define a diagnosis of a possble disease, as well
as ading ahe professonals, such as
physotherapists and accupational therapists, to
establish a rehabilitation program for an injuried
patient (Carlsson, 1995 Perkins and Frier, 1999,
Backer and Thierens, 2005. However, this
altered biological behavior may also be due to
interferences caused by pharmacodynamic

effeds of drugs (synthetic or natural) and the
diet. Moreover, invasive medical procedures,
sauch as radiation therapy, surgical procedures,
prostheses, cardioversion, intubation,
chemoperfusion, external cardiac massage or
other conditions that could lead a trauma,
immunotherapy, blood transfusion and renal
dialysis are other factors that could modify the
biodistribution of the radiobiocomplex (Hladik
Il et a, 1987.

Because of the importance of the DIR, the study
of the models to evaluate this phenomenon is
worthwhile. When the DIR is known, whether
desirable or undesirable, the natural consequence
is a correct diagnosis (diagnostic intervention aor
drug therapy monitoring). However, when is
unknown, it is undesirable, and the consequences
are the possbility of misdiagnosis (misleading
information that can either mask or mimic
certain disease symptoms) and/or the repetition
of the examination with an increase in radiation
dose to the patient and the professonal involved
with the procedure. There are posdble
explanations for the appearance of DIR, such as
radiopharmaceutical modification, alteration o
the labding efficiency, modification o the
target, modification o non-targets and the
ateration of the  hinding o the
radiopharmaceutical to the blood proteins.
(Hesdewood and Leung, 1994 Owunwanne &
al., 1995 Hung & al., 1996 Owunwannre € al.,
1998 Gomes et al, 2002.

Concerning o the labeling o blood dements
with ®™Tc, the exact mechanism of the dfect of
natural and synthetic substances on the labeling
of the RBC is not completely established. In
Table 2 are listed some possibilities through
which the drugs could interfere in the labeling o
blood constituents with *™Tc.

Table 2 - Possble mechanisms through which the drugs could interfere on the labeling o blood

constituents with ®™Tc

- Dired inhibition (chelating action) of the referred ions (sannous and pertechenatate)

- Damageinduced in the erythrocyte membrane with morphol ogical and morphometric dterations
- Damageinduced in the erythrocyte membrane with physiological changes

- Competition of the cited ionsfor the same binding stes on the blood cdls

- Competition of the cited ionsfor the same binding Stes on the plasma proteins

- Generation of freeradicdsthat could oxidize the stannousion

- Dired oxidation of the stannousion.
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CONCLUSION

A varigty of iatrogenic physical and caher
aggessons that cause identifiable changes in
images (SPECT and PET) are described. The
nature of these abnormalities and the profusion
of isolated reports concerning them may, at first,
be intimidating. Most, if na all, of these
abnormalities, however, might be anticipated
from an understanding of the disease processes
of a particular patient, and from insight into the
mechanisms of the radiobiocomplex behavior.
Therefore, this review emphasizes the
importance of understanding the SPECT and
PET images as an aspect of the patient care and
not as abstract exercises divorced from the
condtions of human beings in several aspects. In
conclusion, the knowledge about the DIR and
the other factors capable of interfering with the
biocavailability of the radiobiocomplexes is very
important for secure diagnosis. In addition, the
development of biological models to study this
phenomenon is highly relevant and desired.
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RESUMO

Imagens clinicas s0 valiosas em Ciéncias da
Salde ea adlise ea interpretacdo correta das
mesmas auxiliam os profissionais, como
médico, fisioterapeuta, terapeuta ocupacional, na
tomada de dedsfes e subsequentes acgles
terapéuticas e/lou de reabilitacdo. Além das
doencas outros fatores podem interferir e afetar
a biodisponibilidade dos radiof&rmacos
(radiobiocomplexos) e a qualidade das imagens
(SFECT e PET). Além dis, a marcagdo de
alguns desses radiobiocomplexos com Tc-99m,
como proteinas plasmaticas, leucécitos e
hemacias, também pode ser modificada. Entre
esses fatores, estdo drogas (sintéicas e naturais)
e condcles alimentares, assim como alguns
procedimentos médicos (invasivos e nao
invasivos), como a radioterapia, processos
cirlrgicos, proteses, cardioversdo, intubacgéo,
quimioperfusdo, massagem externa,

imunoterapia, transfusdo  sanguinea e
hemodidlise. Em conclusdo, o conhedmento
sobre esses efeitos capazes de intefeir na
biodisponibilidade de radiobiocomplexos é
altamente relevante para diagnésticos precisos.
Além dis®, o desenvdvimento de modeos
biolégicos para estudar esses fendbmenos é de
elevada importancia e desgjavel.
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