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Radiopharmaceuticals are used in procedures of nuclear medicine for the diagnosis and treatment of 
illnesses. Fluorine-18(

18
F) is a positron emitter produced in cyclotron. It is used to get 

18
fluorodeoxyglucose (

18
F-FDG) that is a radiopharmaceutical utilized in the positron emission 

tomography scan. The aim of this work was to evaluate the in vitro effect of an extract of Ginkgo biloba 
extract (EGb) on the distribution in blood cells (BC) and plasma (P) compartments and on the binding to 
the blood constituents of the 

18
F-FDG using precipitation with trichloroacetic acid (TCA). EGb was not 

capable to interfere on the distribution of the 
18

F-FDG on the BC and P compartments. However, this 
extract was capable of interfering significantly (p<0.05) on the fixation of the 

18
F-FDG on IF-P (in all the 

concentrations tested, P<0.05) and IF-BC  in 1% TCA concentration from  14.04±1.13 to 10.23±1.92 
(40mg/ml, EGb) and to 9.35 ±1.57 (400mg/ml/EGb), in 5% TCA concentration from 14.83±3.78  to 
11.15±1.64 (40mg/ml, EGb)  and to 10.23±1.6 (400mg/ml, EGb). In conclusion, the analysis of the results 
indicates that the EGb was not capable to interfere on the distribution of the 

18
F-FDG on P and BC 

compartments, however, alter the fixation of the 18FDG on IF-P and IF-BC.  
 
Key words: 

18
Fluorodeoxyglucose, blood compartments, radiopharmaceutical, Ginkgo biloba, medicinal plants. 

 
 
INTRODUCTION 
 
Radiopharmaceuticals or radiobiocomplexes are employ-
ed in nuclear medicine for diagnostic and/or treatment of 
diseases or to study blood flow, morphology of organs, 
bioavailability and metabolism of drugs (Saha, 2010). An 

important step to understand the mechanism of 
localization of radiopharmaceuticals in a specific target, 
as well as they are cleared from blood or eliminated from 
the body or the rate at which their excretions  occur,  it  is
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the determination of their binding to the blood proteins. 
The secure determination of the binding of radiophar-
maceuticals to the plasma (P) and blood cell (BC) 
constituents can aid to understand the interference of 
various conditions on the distribution of radiopharmaceu-
ticals in the body (Saha, 2010). To investigate the 
radiobiocomplexes-protein binding, these complexes of 
protein-bound-radiobiocomplex must be separated from 
the free radiobiocomplex. This has been accomplished by 
precipitation of the proteins with precipitating agents, as 
trichloroacetic acid (TCA) (Freitas et al., 2007) or ethanol 
(Fernandes et al., 2007). 

Fluorine-18 (
18

F) is the positron emitter radionuclide 
(half life of 109.77 minutes) produced in cyclotron mostly 
used to positron emission tomography (PET) scan. It is 
utilized to get 

18
fluorodeoxyglucose (

18
F-FDG), that is a 

radiolabeled glucose analogue (Aus et al., 2005; Saha, 
2010; Velasques de Oliveira et al., 2010a). 

18
FDG-PET 

provides insight into the biological behavior of tumors 
rather than their morphological appearance (Velasques 
de Oliveira et al., 2010b). PET is useful to determine in 
vivo physiological and biochemical processes of non-
invasive character (Phelps, 2000). PET can target 
several biological features of tumors including glucose 
metabolism, cell proliferation, tissue perfusion, and 
hypoxia (Rohren et al., 2004; Zhang et al., 2007).  
Following malignant transformation, a range of tumors 
can be characterized by elevated glucose consumption 
and subsequent increased uptake of the radiolabeled 
glucose analogue FDG (Rohren et al., 2004; Zhang et al., 
2007).  

Normal distribution of 
18

F-FDG includes high uptake in 
the brain, in the kidneys and bladder because of renal 
clearance (Jager, 2005). Some authors have already 
reported that in mice, dogs, and man, the 

18
F-FDG clears 

from the other organs and it is excreted to a large extent 
in the urine. Reymond et al. (2007) have observed that 
the 

18
F-FDG on the blood decreases rapidly with the time.  

Jeghers et al. (1990) have reported that the reversible 
and non-reversible interactions of small molecules with 
macromolecules, such as proteins. These bindings can 
interfere with the bioavailability, the rate of elimination, 
the access to the action site/target, and with the 
metabolism (Jeghers et al., 1990). Moreover, authors 
have pointed out that in nuclear medicine, it is essential 
the understanding and quantification of this phenomenon 
in order to anticipate the behavior in vivo of radiotracers 
(Velasques de Oliveira et al., 2010b). In addition, authors 
have reported that several synthetic (Nigri et al., 2002) 
and natural medications (Moreno et al., 2007; Moreno et 
al., 2008a; Moreno et al., 2008b; Moreno et al., 2008c; 
Souza et al., 2011) are capable of interfering with the 
biodistribution and/or on the radiolabeling of blood 
constituents. These considerations show the importance 
of the studies about the effect of medications on the 
behavior of the  radiopharmaceuticals.  This  fact  has  an  

 
 
 
 
additional importance if the natural medications are 
considered, due to the consumption of natural products, 
as food, additives or medication, has been growing all 
over the world (Simões et al., 2007; Steenkamp et al., 
2013).  

Ginkgo biloba extract (EGb) is a medicinal herb, which 
comes from leaves of the ginkgo tree, one of the oldest 
living plant species (Simões et al., 2007). This extract has 
several effects, including, increases the blood flow, acts 
as platelet activating factor antagonism and prevents the 
membrane against the damage caused by free radicals 
(Simões et al., 2007). Moreover, EGb scavenges free 
radicals such as hydroxyl radicals and superoxide anions 
(Moreno et al., 2004; Simões et al., 2007). The redox 
properties of this extract are probably due to the 
presence of the flavonoids (Moreno et al., 2004). 
Considering the publications in the PubMed (http//: 
wwwnobi.nlm.nih.gov/sites/entrez, at april 18, 2013) there 
are no references on the effect of natural drugs on the 
fixation of 

18
F-FDG on blood constituents, and this fact 

has stimulated the evaluation of the effect in vitro of a G. 
biloba extract on the distribution of the 

18
F-FDG on the 

blood compartments (plasma and blood cells) and on the 
blood proteins (plasma and cellular) with TCA.   
 
 
MATERIALS AND METHODS 

 
Ethical guidelines 
 
All the experimental procedures followed the Ethical Guidelines of 
the Instituto de Biologia Roberto Alcantara Gomes, Universidade do 
Estado do Rio de Janeiro with the protocol number CEA/129/2006. 
The experiments were carried out with heparinized whole blood 
withdrawn from Wistar rats (male, 3 months of age, about 300 g). 
 
 
Radiopharmaceutical production  

 
18

F-FDG was obtained through the synthesis module Tracer Lab 
MX of GE Medical System, Benelux SA–Belgium. The production 

and all the controls were performed by the the Departamento de 
Radiofarmácia, Instituto de Engenharia Nuclear, Comissão 
Nacional de Energia Nuclear, Rio de Janeiro, Brazil.   
 
 

Preparation of the extract 

 
An aqueous extract was prepared mixing 4 gram of G. biloba 

(Herbarium Laboratório Botânico LTDA, lot number 535036) in 10 
ml of 0.9% NaCl (saline). The mixture was centrifuged (clinical 
centrifuge, 1500 rpm, 5 min). The supernatant was considered to 
be 400 mg/ml and denominated 100% solution. Dilutions were 
performed with saline that was also used as a control. A 
spectrophotometric analysis (Analyser, 800M, São Paulo, Brazil) of 
the undiluted extract was carried out and the absorbance was 
determined to each 20 nm in the range 400-700 nm. The 
absorbance at 440 nm was considered the marker of the quality 
control of preparation of this extract. All the prepared extracts to be 
used in the experiments must have the optical density of 0.162 
(Figure 1). 
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Figure 1. Absorption spectrum of the extracts of Ginkgo biloba used in the 

experiments. The pattern of the absorption spectrum of the extracts of Ginkgo biloba 
used in the experiments. It presents the highest measure of the optical density (0.162 
± 0.014) at 440 nm. This condition has permitted to control the conditions to prepare 

the extracts and has been used as a marker. 
 

 
 

Protein-binding 
 
Fresh anticoagulated whole blood (3 ml) was incubated for 1 h with 

300 l of the G. biloba extract solution in the concentrations of 40 or 
400 mg/ml at room temperature. NaCl 0.9% was used as control. 

After that, 100 l of 
18

F-FDG (3.7 MBq) was added and incubated 
for more 20 min. Blood preparations were centrifuged and plasma 

(P) and blood cells (BC) were isolated. Aliquots (25 l) of P and BC 
were also precipitated with 1 ml of freshly prepared solution of TCA 
in various concentrations (0.1, 0.5, 1.0, 5.0, 10.0 and 20.0%). In this 
condition, soluble (SF) and insoluble (IF) fractions from plasma and 
blood cells were separated. All samples, (P, BC, IF-P, SF-P, IF-BC 
and SF-BC) were counted in a well counter with NaI(Tl) crystal 

(Clinigamma, gamma counter, Packard Instrument Company, mod 
C5002, USA).  

 
 
Percentage of radioactivity determination 

 
The percentage of radioactivity (%ATI) (i) in P was determined 
dividing the counts in P by sum of the counts in P plus BC,  (ii) in 
BC was determined dividing the counts in P by sum of the counts in 
P plus BC, (iii) in IF–P was determined dividing the counts in IF–P 
by the sum of the counts in IF–P plus SF–P and (iv) in IF–BC was 
determined dividing the counts in IF–BC by the sum of the counts in   
IF–BC plus SF–BC. The values found were multiplied by 100. The 
values are mean of 5 isolated experiments.  

 
 
Statistical analysis 

 
Statistical analysis (ANOVA test, with significance level P<0.05, n = 
5) was utilized to compare the %ATI of  radiopharmaceutical  in  the 

blood constituents and the various TCA concentrations.  

 
 
RESULTS AND DISCUSSION 
 
Figure 1 shows the pattern of the absorption spectrum of 
an EGb used in the experiments. It presented the highest 
measure of the optical density (0.162 ± 0.014) at 440 nm. 
This condition has permitted to control the conditions to 
prepare the extracts used in the assays and it was used 
as a marker. 

Table 1 shows the distribution of the 
18

F-FDG on 
plasma and cellular compartment of the whole blood from 
Wistar rats that were incubated with the G. biloba extract. 
The %ATI for 

18
F-FDG was found mainly in the plasma 

compartment. This extract, in the two concentrations, was 
not capable to alter distribution of the 

18
F-FDG in both 

compartments. Table 2 shows the fixation of the 
radioactivity in insoluble fractions obtained from plasma 
(IF-P) samples precipitated with different TCA concentra-
tions. These samples of plasma were obtained from 
whole blood incubated with 

18
F-FDG and with an EGb or 

saline. The extract, in the two used concentrations (40 
and 400 mg/ml), was capable to increase the fixation of 
the 

18
F-FDG in the IF-P. The fixation of the radioactivity in 

IF-P in the control, in general, has increased with the 
concentration of TCA used. The % of radioactivity that 
was found in the IF-P with the various TCA concen-
trations  from   whole   blood  treated  with  the  G.  biloba 
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Table 1. Distribution of the radioactivity of the 
18

F-FDG in the plasma and cellular compartment of the blood from 

Wistar rats treated with G. biloba extract.   
 

Samples Cellular compartment Plasma compartment 
18

F-FDG (control) 16.83 ± 4.92 83.17 ± 4.92 
18

F-FDG + extract 40mg/ml 15.32 ± 3.18 84.68 ± 3.18 
18

F-FDG + extract 400mg/ml 17.61 ± 2.91 82.39 ± 2.91 
 

Fresh whole blood (3 ml) was incubated for 1 h with 300 l of the vegetable extract of G. biloba in the concentrations 

of 40 and 400 mg/ml. NaCl 0.9% was used as control. After incubation 100 l of 
18

F-FDG (100Ci; 3.7 MBq) was 
added and incubated for additional 20 min. After that, the blood preparations were centrifuged and plasma (P) and 

blood cells (BC) were isolated. Statistical analysis with ANOVA test, significance level P < 0.05, n = 5, was utilized. 
Note that the difference between the %ATI of treated samples with the extract (40 and 400 mg/mL) and controls is 
not significant (p>0.05). 

 

 
 

Table 2. Distribution of the radioactivity of the 
18

F-FDG in the plasma (IF-P) of the blood from Wistar rats treated with 

Ginkgo biloba extract. 
 

TCA 

concentration (%) 

Control 

(Mean ± S.D.) 

Insoluble fraction (Mean ± S.D.) 

Extract concentration 
(40 mg/ml) 

Extract concentration 
(400 mg/ml) 

0.1 2.29 ± 1.15 6.23 ± 1.08* 5.32 ± 0.94* 

0.5 1.92 ± 0.68 5.12 ± 0.91* 4.26 ±1.23* 

1.0 1.98 ± 0.48 4.89 ± 1.11* 4.11 ± 0.82* 

5.0 2.16 ± 0.41 5.23 ± 0.62* 5.01 ± 1.30* 

10.0 2.72 ± 1.01 5.04 ± 0.92* 4.12 ± 0.93* 

20.0 3.92 ± 0.44 6.09 ± 0.73* 5.75 ± 0.89* 
 

Fresh whole blood (3 ml) was incubated for 1 h with 300 l of the vegetable extract of G. biloba in the concentrations 

of 40 and 400 mg/ml. NaCl 0.9% was used as control. After incubation 100 l of 
18

F-FDG (100Ci; 3.7 MBq) was 
added and incubated for more 20 min. After that the blood preparations were centrifuged and plasma (P) and blood 

cells (BC) were isolated. Aliquots (25 l) of P and BC were also precipitated with 1 ml of solution of trichloroacetic 
acid (TCA) in various concentrations (0.1, 0.5, 1.0, 5.0, 10.0 and 20.0%). Statistical analysis with ANOVA test,  
significance level P < 0.05, n = 5, was utilized. *Note that the difference between the %ATI of treated samples with 
the extract (40 and 400mg/mL) and controls is significant (p<0.05). 

 

 
 

extract was statistically (p<0.05) higher than in the 
control. 

Table 3 shows the fixation of the radioactivity in 
insoluble fractions obtained from blood (IF-BC) samples 
precipitated with TCA concentrations. These samples of 
blood cells were obtained from whole blood that was 
incubated with 

18
F-FDG and with an EGb or saline. It was 

observed that the fixation of the radioactivity in IF-BC in 
the control depends on the TCA concentration. The 
presence of the extract influenced the results and has 
statistically (p<0.05) decreased the %ATI on IF-BC in 
almost all the concentrations of the TCA. 

The purpose of this investigation was to verify the 
action of an extract of G. biloba extract on the distribution 
of the 

18
F-FDG on the blood constituents. Although the 

EGb was not capable to interfere on the distribution of 
this radiopharmaceutical on the BC and P compartments, 
it was capable to interfere significantly (p<0.05) on the 
fixation of the 

18
F-FDG in IF-P and in IF-BC. These 

findings are worthwhile due to this interference might 

bring some complications in the interpretation of exami-
nations done with 

18
F-FDG patients that are using an 

extract of G. biloba. Our investigation with an extract of 
G. biloba is related to the fact that there is considerable 
evidence that the bioavailability of radiopharmaceuticals 
may be also altered by disease states, but also by a 
variety of drugs (natural and synthetic) (Bernardo-Filho et 
al., 2005). Moreover, the distribution of a radiopharma-
ceutical depends on its fixation on the blood constituents 
(Gano et al., 2009). If these factors are unknown, this fact 
may lead to the deficient visualization of organ, being 
necessary to repeat the procedure resulting in unneces-
sary exposure to the radiation or even misdiagnosis 
(Bernardo-Filho et al., 2005; Saha, 2010).    

Authors have reported that the biodistribution, the rate 
of elimination, the access to the target organ and the 
metabolism depends on the interaction of the radio-
pharmaceutical with plasma proteins (Freitas et al., 
2007). Although the introduction of 

18
F-FDG has provided 

a valuable tool for the study,  the  glucose  metabolism  in  
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Table 3. Distribution of the radioactivity of the 
18

F-FDG in the blood cell (IF-BC) of the blood from Wistar rats treated 

with G. biloba extract. 
 

 

TCA 

concentration (%) 

Control 

(Mean ± S.D.) 

Insoluble fraction (Mean ± S.D.) 

Extract concentration 
(40mg/ml) 

Extract concentration 
(400mg/ml) 

0.1 5.30 ± 2.01 5.17 ± 1.51 4.91 ± 0.97 

0.5 11.91 ± 2.62 9.25 ± 1.37 8.12 ± 1.33 

1.0 14.04 ± 1.13 10.23± 1.92* 9.35± 1.57* 

5.0 14.83 ± 3.78 11.15± 1.64* 10.23± 1.6* 

10.0 10.02 ± 2.57 10.36± 1.71 8.94 ±2.43 

20.0 7.38 ± 3.09 6.25± 1.39 5.23 ± 1.38 
 

Fresh whole blood (3 ml) was incubated for 1 h with 300 l of the vegetable extract of G. biloba in the concentrations 

of 40 and 400 mg/ml. NaCl 0.9% was used as control. After incubation, 100 l of 
18

F-FDG (100Ci; 3.7 MBq) was 
added and incubated for additional 20 min. After that, the blood preparations were centrifuged and plasma (P) and 

blood cells (BC) were isolated. Aliquots (25 l) of P and BC were also precipitated with 1 ml of solution of 
trichloroacetic acid (TCA) in various concentrations (0.1, 0.5, 1.0, 5.0, 10.0 and 20.0%). Statistical analysis with 
ANOVA test, significance level P < 0.05, n = 5, was utilized. *Note that the difference between the %ATI of treated 
samples with the extract (40 and 400 mg/mL) and controls is significant (p<0.05). 

 
 
 
normal and in disease tissue in conjunction with PET for 
brain, heart and tumors studies as well as research, there 
are no publications in the PubMed about studies of 
possible interactions of the 

18
 F-FDG with natural drugs. 

The pharmacokinetic behavior of radiopharmaceuticals 
also depends on the fixation of the radiotracer on the 
blood proteins.  

Moreover, a part of the radiopharmaceutical that 
reaches the blood is bound to the plasma proteins (Gano 
et al., 1989) and to blood proteins (Freitas et al., 2007). 
The central idea of this study is to verify if the EGb 
extract is capable to interfere in the fixation of the 18F-
FDG in the IF-P and IF-BC due to the impact of this 
alteration on the bioavailability of the radiopharmaceutical 
and the undesirable consequences. It is known that the 
radiopharmaceutical uptake in organs may depend on its 
biochemical characteristics as well as the binding to 
blood constituents.  

The correct determination of the binding of radioactivity 
on blood elements would be worthwhile for several 
reasons (i) to better understand how a drug is capable of 
modifying the biodistribution of radiopharmaceuticals, (ii) 
to evaluate the specific characteristics of the binding of 
each radiopharmaceutical to its targets in the blood, (iii) 
to avoid misdiagnosis, (iv) to avoid the repetition of 
examinations, (v) to avoid erroneous visualization and 
elucidation  of the organ and (vi) to reduce the radiation 
dose to patients (HladikIII et al., 1987; Santos-Oliveira 
and Machado, 2011). 

 According to Jeghers et al. (1990) are necessary new 
methods for the determination of protein binding for each 
class of radiopharmaceuticals (Jeghers et al., 1990). The 
findings obtained in this study indicated in Tables 1, 2 

and 3 may aid to understand the rapid elimination of the 
18

F-FDG.   
Some authors have demonstrated that the natural 

products G. biloba (Moreno et al., 2004), Uncaria 
tomentosa (Moreno et al., 2007) and Paullinia cupana 
(Freitas et al., 2007) are able to interfere with the labeling 
of red blood cells with 

99m
Tc and alter the fixation of the 

sodium pertechnetate to the precipitated blood proteins 
(plasma and cells proteins). 

 According to Aleixo et al. (2012), the extract of G. 
biloba interferes on the distribution of the sodium [

123
I] 

iodide (Na
123

I) on the compartments as well as on the 
fixation on the plasma and blood cells proteins (Aleixo et 
al., 2012). The findings presented in Table 1 have 
revealed that G. biloba extract was not capable of inter-
fering on the distribution of the 

18
F-FDG in the plasma 

and cellular compartments. However, it was capable to 
interfere on the fixation of the 

18
F-radio-pharmaceutical 

on the insoluble fraction obtained from plasma and 
cellular proteins (Tables 2 and 3) isolated from whole 
blood incubated with the G. biloba extract. It is possible to 
suggest that the chemical compounds present in G. 
biloba extract may alter these bindings, increasing or 
decreasing the radioactivity on the IF of the blood 
constituents.   

In conclusion, as the biodistribution also depends on 
the fixation of the radiopharmaceuticals on the blood 
proteins and although, the experiments were carried out 
with animals, it is necessary to have precaution and to 
think about unexpected consequences in the bioavailabi-
lity of the 

18
F-FDG in patients that are undergoing G. 

biloba.  
This conclusion is due to  EGb  altering  the  fixation  of  
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the 

18
F-FDG on the blood proteins. 
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