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ABSTRACT 
 

 

Colorectal cancer (CRC) is one of the leading cancers and the carcinoembryonic antigen 
(CEA) is a tumor marker widely used in diagnosis since it is overexpressed in tumor cells. 
Acid nucleic aptamers with high affinity and specificity for this antigen become promising 

molecules for CRC diagnosis by imaging. However, due to the action of nucleases in vivo, 
they have been investigated for association with liposomes, such as long-circulating and pH-

sensitive liposomes (SPHL) that can be destabilized in the tumor region releasing aptamers 
and contributing to the CRC diagnosis by scintigraphy. In this work, SpHL containing 
DOPE, CHEMS and mPEG2000-DSPE were characterized by analyzing mean diameter, 

polidispersity index and zeta potential. The anti-CEA aptamers Apt3 and Apt3-Amino were 
labeled with tecnethium-99m and the encapsulation efficiency (EE) of 99mTc-Apt3 in the 

SpHL by dehydration-rehydration (modified DRV) and freeze-thaw (FT) were analyzed, both 
in the presence of cryoprotectants. Biodistribution and scintigraphic images were performed 
at 1h and 4h post-injection of 99mTc-Apt3-amino, 99mTc-Apt3-SpHL or 99mTc-Apt3-amino-

SpHL complexes in Balb/c healthy mice.  The SpHL dispersions were homogeneous. The 
radiolabeling yield with technetium-99m was over 90% for all complexes. By the 

dehydration-rehydration method, the SpHL increased over 200% after encapsulation 
procedure. By the freeze-thaw method, the SpHL size increased only 13.7%. Free 99mTc-
Apt3-amino showed to be cleared by renal via with high levels of radioatictivity in the kidney 

and bladder, however, the 99mTc-Apt3-SpHL and 99mTc-Apt3-amino-SpHL clearly indicated 
high uptake by liver and spleen. The biodistribution of 99mTc-Apt3-SpHL showed significant 

uptake of radioactivity by stomach and thyroid indicating less stability of the Apt3 
radiolabelling in relation to Apt3-amino.  

 

 

1. INTRODUCTION 

 

 

According to the World Health Organization, colorectal cancer is one of six main cancers that 

cause deaths worldwide. The number of new cases is expected to rise by about 70% over the 
next two decades. A number of risk factors have been associated with their development: 

unhealthy lifestyle, exposure to occupational or environmental carcinogens, radiation and 
some viral infections such as Hepatitis B and Human Papilloma Virus [1].  



The understanding of the molecular processes in cells for the treatment of diseases is of great 
importance in nuclear medicine. Among the alterations, there are changes regarding the 

expression and/or function of membrane receptors, with consequent systemic disorders in the 
metabolism, signaling pathways and proliferation of these cells [2]. Thus, the study of 

membrane receptors in cells becomes extremely important in research, diagnosis and therapy 
of cancer, especially in the case of proteins located on cell surfaces. In colorectal cancer, 
carcinoembryonic antigen (CEA) overexpressed in tumor cells is the most widely used tumor 

marker for in vitro diagnosis [3]. This antigen is of most importance in cancer research and 
aptamers, due the high affinity and specificity properties, become promising molecules for 

recognition of these structures and use in diagnostic imaging. However, it is known that the 
aptamers are susceptible to nuclease action, present in the blood plasma, which may lead to 
structural changes, affecting their specificity or leading to degradation [4,5]. Thus, 

associating aptamers with drug delivery systems, such as liposomes, might be a promising 
strategy to protect them from degradation leading to greater accessibility in tumor sites [6]. 

Emphasis has been given lately to pH-sensitive liposomes of prolonged circulation (SpHL) 
that are destabilized in the tumor vicinity due to acid pH. Moreover, such formulations are 
ideal for use in the diagnosis of cancer due to their small size. As a result, liposome might 

accumulate into tumor areas because of Enhanced Permeability and Retention effect [7]. This 
strategy may allow greater release of encapsulated aptamers in tumor sites and contribute to 

diagnosis of CRC by scintigraphy. 
 
In this study, the anti-CEA aptamers Apt3 and Apt3-amine, labeled with Technetium-99m     

(99mTc), were tested for their encapsulation in SpHL and these formulations were evaluated in 
Balb/c healthy mice by scintigraphic images (SPECT) and biodistribution studies.  

 
The aptamers were synthesized by Integrated DNA Technologies (IDT) and their sequences 
are presented in Table 1. The difference between these two aptamers is a six carbon chain 

ended by an amino group in the terminal 3' portion of the aptamer Apt3-amine. The aptamers 
secondary structures are presented in Figure 1. 

 
 

Table 1: Aptamers Apt3 and Apt3-amino sequences 

 

Aptamer Sequence towards 5´to 3´ 
Molecular 

weight (kDa) 

Apt3 

5’-TCG CGC GAG TCG TCT GGG GAA CCA TCG AGT 

TAC ACC GAC CTT CTA TGT GCG GCC CCC CGC 
ATC GTC CTC CC-3’ 

 

22,02 

Apt3-
amine 

5’-TCG CGC GAG TCG TCT GGG GAA CCA TCG AGT 
TAC ACC GAC CTT CTA TGT GCG GCC CCC CGC 

ATC GTC CTC CC/3AmMC6T/-3’ 

22,1 

 
 

 
 
  



 
 

Figure 1: Aptamers secondary structure prediction. (A) Structure of Apt3. (B) 

Structure of Apt3-amine, which includes the addition of an amine group at the 3’ end.  

 

 
2. METHODS 

 

 

SpHL containing DOPE, CHEMS and mPEG2000-DSPE (40 mM total lipid concentration; 
molar ratio 5.7:3.8:0.5, respectively) were prepared by hydration of the lipid film method 
described by Bangham et al. [8]. This method involves the lipids solubilization in an organic 

solvent, followed by evaporation of this solvent forming a dry lipid film in the flask bottom. 
Then, the dried lipid film is hydrated with aqueous solution. This hydration is performed with 

stirring, aiming at the formation of liposomes of MLV type, with distribution of 
heterogeneous particles. The physicochemical characteristics (mean size and polydispersity 
index) were performed by Photon correlation spectroscopy and zeta potential) by Dynamic 

light scattering – DLS.  
 

Aptamers Apt3 and Apt3-Amine were labeled with 99mTc by the direct method [9] obtaining 
the 99mTc-Apt3 and 99mTc-Apt3-amino complexes and radiochemical impurities such as 
99mTcO4

- and 99mTcO2 were determined. The labeling yield was determined by thin layer 

chromatography (TLC) using silica gel (TLC-SG) as the stationary phase. The mobile phase 
used was acetone, for determining the TcO4

-
 percentage and 0.9% NaCl solution with 5% 

ammonium hydroxide to evaluate the TCO2 percentage.  
 
The 99mTc-Apt3 encapsulation efficiency (EE) in the SpHL by dehydration-rehydration 

(modified DRV) and freeze-thaw (FT) were analyzed, both in the presence of sucrose as 
cryoprotectant. In the modified DRV method, SpHL was submitted to freeze-drying process 

by lyophilization followed by controlled rehydration in the presence of 99mTc-Apt3. In FT 
method, SpHL containing 99mTc-Apt3 was frozen in liquid nitrogen and subsequently thawed 
in a water bath at 37 °C/5 minutes. The FT step was repeated three times. 

 
To determine the EE of 99mTc-Apt3 complex in the SpHL, they were purified after 

encapsulation by ultracentrifugation at 205.000 x g for 2 hours/4 ºC, and the radioactivity 
obtained in the pellet and supernatant were considered as the encapsulated and free 
complexes, respectively. A small percentage of the radiolabeled complex can be adsorbed to 

the surface of lipid membranes, making radioactivity measurements in the pellet as the sum 
of the quantities encapsulated and adsorbed on the SpHL. The following formula was used: 

 
Total encapsulation (%) = {c.p.m. pellet / (c.p.m. pellet + c.p.m. supernatant)} x 100 

 



In order to calculate the percentage of adsorbed 99mTc-Apt3 complex by the modified DRV 
method, a sample containing 1 ml of lyophilized SpHL was rehydrated with 0.8 ml of 0.9% 

NaCl (w/v) and vortexed for 3 minutes. Then, 200 uL of 99mTc-Apt3 complex were added to 
final volume of 1 ml. Subsequently, the dispersion was ultracentrifugated (205.000 x g, 2h, 4 

°C). By using the FT method, a sample containing 1 ml of SpHL was ultracentrifuged and 
200 uL of the supernatant were removed.  Then, 200μL were added to the solution containing 
the 99mTc-Apt3 complex. The dispersion was held in a water bath at 37 °C for 15 minutes. 

Subsequently, the dispersion was ultracentrifugated (205.000 xg/ 2h/ 4 °C). For both 
methods, the radioactivity present in the pellet formed after ultracentrifugation was calculated 

as percentage of the drug adsorbed to the membrane surface. 
 
The tests were performed on two different days, test 1 and test 2, respectively. For each test, 

two samples containing 1 mL of SpHL were used. In the first, was determined the total 
encapsulation (encapsulated + adsorbed) and the second, was determined as adsorbed 

complex. The encapsulation was determined by the difference between the fractions of the 
samples (1 - 2). 

 

The release profile of complex 99mTc-Apt3-SpHL in plasma was performed at 37 °C. Samples 
containing 92 uL of purified SpHL after encapsulation by modified DRV or FT methods were 

diluted in 1000 uL of mice plasma and incubated at 37 °C under constant stirring. After 0.5, 
1, 2, 4 and 18 hours, aliquots were removed and added to AMICON filters (50 kDa). The 
filters were coupled to Eppendorf tubes and centrifuged (15.000 x g) for 30 minutes. The 

amount of radioactivity retained on the filter was considered as the encapsulated radiolabeled 
complex and the percentage of the released complex was determined according to the 

equation below: 
 

% release = (c.p.m. filtered / c.p.m. filter + c.p.m. filtered) x 100 

 
Biodistribution and scintigraphic images (approved by the Ethics Committee on Animal 

Experiments of UFMG, Protocol 108/2014) were performed at 1h and 4h post injection of 
99mTc-Apt3-amine, 99mTc-Apt3-SpHL or 99mTc-Apt3-amine-SpHL complexes in 3 groups of 
Balb/c healthy mice, age 6-8 weeks, weight 20-25 g. After euthanasia, the radioactivity was 

determined in organs and tissues of interest and the results expressed as the percentage of 
injected dose per gram of tissue (%ID/g). 

 
 

3. RESULTS 

 
 

The SpHL presented an average size of 110.9 nm and polydispersion index of 0.090. The zeta 
potential in PBS, 0.9% NaCl, 10 mM NaCl and 1 mM NaCl, and water were -4.13; -3.43; -
23.47; -53.67 -62.80, respectively. In the EE test, the results obtained from radiation in the 

pellet and supernatant after encapsulation by the modified DRV method and subsequent 
ultracentrifugation are described in Table 2. 

 
 
 

 
 



Table 2: Total encapsulation and adsorbed 99mTc-Apt3 in the SpHL by the modified 

DRV method 

 

n Totala (%) Adsorbedb (%) Encapsulation* (%) 

1 43.5 18.6 24.9 
2 35.1 17.6 17.5 

Mean 39.3 18.1 21.2 

SD 4.2 0.5 3.7 

a: encapsulated + adsorbed; b: adsorbed. 
* The EE was calculated as the difference of the fractions obtained from total encapsulation 

total (encapsulated + adsorbed) and adsorbed complex for each test. 
 
The EE of 99mTc-Apt3 complex in the SpHL by the modified DRV method was 21.2%. 

However, the SPHL size increased over 200% after encapsulation procedure (Table 3). 
 

 

Table 3: Size of SpHL before and after encapsulation of complexo99mTc-Apt3 by 

modified DRV method  
 

samples 
size (nm) 

Before encapsulation After encapsulation 

Bath 1 109,6 
401,771 
500,492 

Bath 2 138,4 
321,291 
822,052 

1: Test 1; 2: Test 2. 

 
 
The EE of 99mTc-Apt3 complex in the SpHL by FT method are described in Table 4. The EE 

was only 4.4% (n = 2). It was observed that 90% of the SpHL vesicles had sizes smaller than 
117 nm before encapsulation. After encapsulation, 90% of the vesicles increased their sizes 

up to 133 nm, an increase of only 13.7% compared to initial size. 
 

 

Table 4: Total encapsulation and adsorbed 99mTc-Apt3 in the SpHL by FT method 

 

n Totala (%) Adsorbedb (%) Encapsulation* (%) 

1 12.8 7.2 5.6 

2 10.8 7.7 3.1 
Mean 11.8 7.5 4.4 

SD 1.0 0.3 1.3 

a: encapsulated + adsorbed; b: adsorbed. 

* The EE was calculated as the difference of the fractions obtained from total encapsulation 
total (encapsulated + adsorbed) and adsorbed complex for each test. 
 

 
The Figure 2 represents the release profile of 99m Tc- Apt3 complex encapsulated in SpHL by 

modified DRV and FT methods, respectively. 
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Figure 2: Release profile of the 99mTc-Apt3 complex encapsulated in SpHL by the 

modified DRV method (n=2) (A) and the freeze-thaw method (FT) (n=3) (B) 

 

 
For the modified DRV method, 26.4% of 99mTc-Apt3 complex released from the SpHL after 
30 minutes of incubation in plasma at 37 °C. No additional increment in the level of 99mTc-

Apt3 complex released was observed over time. It is assumed that the adsorbed complex can 
be contributed to the increase of the initial complex, which then was transferred to the 

plasma, in the first minutes.  By the FT method, the release was 44.6% after 30 minutes. This 
value increased to 53.9% after 4 hours and then remained stable during the whole 
experiement. 
 

Although the encapsulation by the method FT have resulted in a lower rate of encapsulation 
(EE) and higher rate of release of the radiolabeled complex in plasma, relative to the 

modified DRV method, the SpHL encapsulated by method FT resulted in vesicles with 
negligible increase in the size and uniform distribution. Thus, the encapsulation by FT was 

chosen to further biodistribution and scintigraphic images studies. 
 

Free 99mTc-Apt3-amine complex biodistribution is represented in Figure 3, and confirms the 

results obtained by scintigraphic images (Figure 4). A higher uptake was observed in the 
kidneys, consistent with renal excretion as major route of elimination. [10] The percentage of 

uptake in the kidneys was 6.90% (1h) and 5.43% (4h). Scientific literature confirms that 
soluble molecules are eliminated quickly by the renal system [11]. 
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Figure 3: Biodistribution of free  99mTc-Apt3-amine complex in Balb/c healthy mices 

(n=5)  

 

 
Other organs, especially the stomach, thyroid, liver and spleen, showed low uptake up 4 

hours after intravenous administration. This data is extremely important because it suggests 
that radiochemical impurities (99mTcO4

- and 99mTcO2) are within the recommended limits. It 
is known that the 99mTcO4

- when present in the circulation is preferably captured by thyroid 

and stomach, while the 99mTcO2 is captured by the liver and spleen [12]. 
 

 

 
 

Figure 4: Scintigraphic images obtained after administration of free  99mTc-Apt3-amine 

complex in BALB/c healthy mice. Images at 1h (A) and 4h (B) in color gradient 

 

 

The biodistribution of 99mTc-Apt3 and 99mTc-Apt3-amine complex encapsulated in SpHL are 
shown in Figures 5A and 5B, respectively. It was observed that there was a change in 

biodistribution profile of these complexes. In addition to capture in the kidney, there was also 
an accumulation in the liver and spleen, which is to be expected due to the metabolism of 
SPHL by phagocytic cells of the mononuclear phagocyte system (MPS) [13,14]. Noteworthy 

was the value found in the stomach and thyroid to the 99mTc-Apt3-SpHL which is higher than 
for 99mTc-Apt3-amine-SpHL. 
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Figure 5 - Biodistribution of 99mTc-Apt3-SpHL in Balb/c healthy mices (n=5) (A) 

and 99mTc- Apt3-amine-SpHL in Balb/c healthy mices (n=6) (B) 

 

 

For the 99mTc-Apt3-SPHL, the% ID/g in the liver (7.79% and 5.10%) was higher than for 
99mTc-Apt3-amine-SPHL (3.50% and 2.81%), after 1h and 4h of administration (Table 5). 

This may be due to higher encapsulation of 99mTc-Apt3 complex in SpHL on the day of the 
experiment. 

 
 

Table 5: Biodistribution in the liver and spleen (% ID/g) of free  99mTc-Apt3-amine, 
99mTc- Apt3-SpHL and 99mTc-Apt3-amine-SpHL, in Balb/c mice healthy, after 

intravenous administration 

 

Complex 

Organ 

Liver Spleen 

1h 4h 1h 4h 

free 99mTc-Apt3-amine  1,28 0,98 0,24 0,20 
99mTc-Apt3-SpHL 7,79 5,10 3,72 3,05 

99mTc-Apt3-amine-SpHL 3,50 2,81 3,84 2,92 

 

 
Table 5 showed that when encapsulated in SPHL, the% ID/g due to free 99mTc-Apt3-amine 
increased in the liver more than 200%, from 1.28% and 0.98% (1h and 4h) to 3.50% and 

2.81% (1h and 4h). In the spleen, the% ID/g for free 99mTc-Apt3-amine was 0.24% (1h) and 
0.20% (4h). When encapsulated in SPHL, the% ID/g increased over 1000%, to 3.84% (1h) 

and 2.92% (4h). These results confirm the hepatobiliary excretion route as the main 
mechanism of lipid systems such as liposomes [15]. 
 

The Table 6 represents the values of % ID/g, to the stomach and thyroid concerning free 

99mTc-Apt3-amine, 99mTc-Apt3-SpHL and 99mTc-Apt3-amine-SpHL detected in animals after 

1h and 4h. 



 
Table 6: Biodistribution in the stomach and thyroid (% ID/g) of free  99mTc-Apt3-amine, 

99mTc- Apt3-SpHL and 99mTc-Apt3-amine-SpHL, in Balb/c mice healthy, after 

intravenous administration 

 

Complex 

Organ 

Stomach Thyreoid 

1h 4h 1h 4h 

free 99mTc-Apt3-amine  0,62 0,41 0,45 0,38 
99mTc-Apt3-SpHL 10,34 6,29 3,55 0,86 

99mTc-Apt3-amine-SpHL 3,62 1,80 2,03 1,26 

 
 

For 99mTc-Apt3-SpHL, the% ID/g in the stomach was 10.34% and 6.29%, after 1h and 4h 
post administration. In the thyroid, the values were 3.55% and 0.86% after 1h and 4h, 
respectively. For 99mTc-Apt3-amine-SpHL, the% ID/g was 3.62% and 1.80% in the stomach 

(1h and 4h) and 2.03% and 1.26 % in the thyroid (1h and 4h), values lower than those found 
for 99mTc-Apt3-SpHL. It is known that impurities such as 99mTcO4

- can accumulate in these 

organs contributing to reduced quality of scintigraphic images. However, the control of 
radiochemical impurities was performed after 99mTc radiolabeling for Apt3 and Apt3-amine 
(radiolabel yield of 96.4% and 96.3%, respectively). These results lead us to assume that the 

encapsulation process may have contributed to increase the dissociation of 99mTc of aptamers, 
especially vortexing and the cycles of freeze/thaw used in the process. It is noteworthy that 
the freeze/thaw has a well-known effect of causing nucleic acid molecules fragmentation. 

 
We can suppose that the 99mTc-Apt3 complex was less stable after encapsulation in SpHL and 

administration in vivo, due the absence of the six-carbon chain with a terminal amine group 
(spacer), which is present in 99mTc-Apt3-amine. These spacers are widely used in order to 
move away the radionuclide-binding site of the biomolecule [16], preventing changes in its 

conformation. Spacers often used are simple hydrocarbon chain [17] or long molecules as 
politetilenoglicol (PEG) [18]. Conformational changes in the molecules can lead to decreased 

affinity for its target and this process is also likely to occur with the aptamers. 
 
Scintigraphic images of 99mApt3 and 99mApt3 amino encapsulated in SpHL are shown in 

Figure 6. Given that EE of complex by the FT method was low (4.4%), SPECT images did 
not reflect clearly the doses distributed in organs (Figures 6A and 6B). 

  
 



 
 

Figure 6 - Scintigraphic images obtained after administration of 99mTc-Apt3-SpHL (A 

and B) and 99mTc-Apt3-amine-SpHL (C and D), in Balb /c healthy mice. Images at times 

of 1h (A and C) and 4h (B and D) in color gradient 

 

 
The uptake in the liver vectorized by liposomes was consistent with the results of 

biodistribution. The uptake in the liver, observed by color density, is higher for 99mTc-Apt3-
SpHL (Figures 6A and 6B) than 99mTc-Apt3-amine-SpHL (Figures 6C and 6D). This 

probably is due to greater encapsulation of the complex as previously mentioned. 
 
It was expected that the stomach was evidenced in the images given the high radioactivity 

uptake in the 99mTc- Apt3-SpHL biodistribution (Table 6). However, this was not seen 
probably due the image was hidden by the uptake in the liver. The uptake by thyroid, 

however, was showed in Figures 6A and 6B, thus confirming the biodistribution results for 
99mTc-Apt3-SpHL presenting a % ID/g of 3.55 (1h) and 0.86 (4h). 
 

 

4. CONCLUSION 

 

 

Despite the SpHL formulations used in this work have been well characterized; the 

encapsulation capacity was low probably due to the size of the aptamer molecule. New SpHL 
formulations, alternative conjugation forms and aptamers with reduced size should be 

investigated for CRC diagnosis by scintigraphy using liposomes as aptamers carriers. 
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