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Abstract
Breast cancer is one of the most common malignant tumors found in women and has become as the 
second cause of death in women after cervical cancer. We successfully synthesized technetium-99m 
labeled Human Serum Albumin nanoparticle (99mTc-HSA nanoparticle); a radiopharmaceutical which 
potentially used for application in lymphoscintigraphy technique for tracing lymphatic system. This 
study was aims to obtain pre-clinical data from 99mTc-HSA nanocolloid in Sprague Dawley female rats 
given 7, 12-dimethylbenzeneanthracene (DMBA) - induced cell proliferation in the breast tissues. The 
rats are divided into two groups, one groups are given DMBA and observed for 5, 8 and 12 weeks and 
the other group is without any treatment as control. Biodistribution study of 99mTc-HSA nanoparticle 
was conducted to identify the accumulation of this agent in the popliteal and lumbar lymph nodes and 
the other tissue compare to normal rats.  99mTc-HSA nanoparticle shown good accumulation in popliteal 
lymph node  2.90 + 1.32  %ID;  0.81 +  0.47 %ID and 1.04 + 0.46  %ID  at one hour post-injection 
in 5, 8  and 12 weeks respectively. The popliteal extraction (PE) was estimated with value 87.92 %, 
74.07%, 71.79% in 5, 8 and 12 weeks respectively. This result showed that 99mTc-HSA nanoparticle is 
very promising compound to be lymphoscintigraphy agent in detection of breast cancer.
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Biodistribusi 99mTc-HSA-nanopartikel pada kelenjar limfa hewan model 
yang diinduksi 7,12 Dimethylbenz(a)anthracene 

Abstrak
Kanker payudara merupakan salah satu tumor ganas yang paling umum ditemukan pada wanita 
dan menjadi penyebab kematian kedua pada wanita setelah kanker serviks. Nanopartikel Human 
Serum Albumin berlabel teknesium-99m (99mTc-HSA-nanopartikel) adalah radiofarmaka yang 
berhasil disintesis di PSTNT-Bandung yang berpotensi digunakan untuk melacak sistem limfatik 
dalam aplikasi teknik limfoskintigrafi. Penelitian ini bertujuan untuk memperoleh data pra-klinis 
dari 99mTc-HSA-nanopartikel pada tikus betina Sprague Dawley yang diberikan bahan karsinogenik 
7,12-dimethylbenzeneanthracene (DMBA) yang menginduksi proliferasi sel di jaringan payudara. 
Hewan coba dibagi menjadi dua kelompok dimana kelompok pertama diberi DMBA dan diamati 
masing-masing selama 5, 8 dan 12 minggu dan satu kelompok lainnya tanpa perlakuan sebagai kontrol. 
Studi biodistribusi 99mTc-HSA-nanopartikel dilakukan untuk mengidentifikasi akumulasi 99mTc-HSA-
nanopartikel di kelenjar getah bening popliteal, lumbar dan jaringan lainnya dibandingkan dengan 
tikus normal. 99mTc-HSA-nanopartikel menunjukkan akumulasi yang baik di kelenjar getah bening 
popliteal 2.90 + 1.32  %ID;  0.81 +  0.47 %ID dan 1.04 + 0.46  %ID pada satu jam pascainjeksi 
masing-masing pada kelompok pengamatan hewan 5, 8 dan 12 minggu. Nilai ekstraksi popliteal (PE) 
pada masing-masing kelompok hewan uji 5, 8 dan 12 minggu adalah 87.92 %, 74.07%, 71.79%. 
Hasil ini menunjukkan bahwa 99mTc-HSA-nanopartikel merupakan senyawa yang berpotensi sebagai 
radiofarmaka untuk limfoskintigrafi dalam mendeteksi kanker payudara.
Kata kunci: limfoskintigrafi, 99mTc-HSA-nanopartikel, kanker payudara
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1.	 Introduction

The prevalence of breast cancer in 
Indonesia is increasing and causing of death 
because it usually detected at an advanced 
stage. Most of breast cancer patients will 
survive if the cancer can be detected at the 
early stage. Therefore, accurate early detection 
is highly desirable so that appropriate therapy 
can be given before the primary tumors 
become widely spread.1

Lymphoscintigraphy is a technique in 
nuclear medicine to trace lymphatic vessels 
by injecting a colloidal radiopharmaceutical 
subcutaneous or intradermal which provides 
the results of scintigram imaging from 
the lymphatic system using a gamma 
camera.2  In the case of breast cancer, the 
lymphoscintigraphy technique is very useful 
to identify the tendency of breast cancer 
become metastasized  by observing the 
accumulation of radiopharmaceuticals at the 
first lymph node to receive lymphatic drainage 
from a tumor site, which is known as sentinel 
lymph nodes (SLN).3-6 Several colloidal 
radiopharmaceuticals have been developed 
for lymphoscintigraphy and sentinel node 
localisation in breast cancer.7,8 The other 
research also developed modification of 
radiopharmaceuticals for cancer sentinel 
nodes with bind to the mannose receptor.9-11

Human serum albumin-nanoparticles 
labeled with technetium-99m (99mTc-HSA 
nanoparticles) is a radiopharmaceuticals 
which has been successfully synthesized. 
This radiopharmaceutical made from the 
albumin protein with a form of nanometer 
spherical particles (100-200 nm) which has 
ideal particle size for lymphoscintigraphy.12-16 

The study of administration 
7,12-dimethylbenz(a)anthracene (DMBA) 
in animals shows that breast cancer will 
occur after passing through a series of 
administration of these compound. DMBA is 
a pro-oncogene compound that will be active 
after a metabolic process. The use of DMBA 
is based on biological properties which able 
to convert normal tissue into cancer tissue 
through the mechanism of free radicals.17,18 

This study was conducted in order 
to determine of 99mTc-HSA nanoparticles  

accumulation in the popliteal and lumbar 
lymph nodes as a SLN model in animal 
model induced by DMBA. The results of 
this study are expected to present biological 
data of 99mTc-HSA nanoparticles that is 
very useful as radiopharmaceuticals for 
lymphoscinthigraphy and identify SLN in 
breast cancer.

2.	 Methods
The main material used in this 

study are human serum albumin (Sigma), 
glutaraldehyde (Sigma), sodium pyphosphate 
(E.Merck), SnCl2 (WAKO) and [99mTc]
Pertechnetate  from 90Mo/99mTc generators 
(Ansto) for preparation of 99mTc-HSA-
nanoparticle. 

7 ,12-dimethylbenz(a)anthracene 
(DMBA) (Sigma) as carcinogenic agent. 
Ketamine HCl (ketalar / Pfizer) and xylazine 
(seton 2% / Calier) are used for anesthesia 
procedures.

HSA nanoparticles was measured 
by Particle Size Analyzer (HORIBA). 
Radioactivity was measured using dose 
calibrator (Victoreen), TLC-scanner (AR-
2000, BIOSCAN) and a Single Channel 
Analyzer with NaI(Tl) detector (Ortec, Model 
4890)

2.1.	 Preparation of Animal Model
Animal studies were conducted in 

accordance with ethical approval of Ethics 
Committee for Care and Use of Experimental 
Animal - National Nuclear Energy Agency 
No: 003/KEPPHP/BATAN/V/2017. Animals 
were fed and housed in stainless steel cages in 
rooms with a temperature 25 ± 5 ° C, humidity 
of 35-60% and drank water ad libitum. 

At first, 120 mg of DMBA was dissolved 
in carefully to 30 mL corn oil in centrifugation 
tube and homogenised by whirlimixer. 

For the biodistribution study, 9 female 
Sprague-Dawley rats at 8 weeks of age 
administered DMBA orally 2 times a week 
for 5 weeks with a dose of 20 mg/kg BW and 
3 others animals without any treatment as 
control. Animals were weighed weekly and 
beginning 5 weeks post-DMBA and palpation 
was carried out around the mammary breast 
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area to find out the presence of a tumor 
nodules. 

2.2.	 Preparation HSA nanoparticles
HSA nanoparticle were prepared by a 

desolvation technique as described by Oekar et 
al. Briefly, 120 mg of HSA was dissolved into 
a glass vial with 1,2 mL of purified water. Then 
4,8 mL of ethanol was added dropwise under 
stirring at room temperature until the solution 
become turbid.  After the desolvation process, 
44 µL of 2,5% glutaraldehyde solution was 
added to induced particle cross linking and 
purified water was added to a solution up to 8 
mL. The process was continued under stirring 
of the suspension over a time period of 24 h. 
The resulting nanoparticle was heated for 2 
hours at 70ºC, and centrifuged 2 times at 5000 
rpm for 20 minutes. The precipitate formed 
is dispersed in 8 mL of purified water (stock 
solution). 100 µL of HSA-nanoparticles from 
stock solution was put into a glass vial and 
900 µL of purified water was added then 
mixture was homogenize with whirlimixer 
and measures by Particle Size Analyzer

2.3.	 Radiolabeling of HSA-nanoparticles 
with technetium-99m
At first, 200 μL Sn-pyrophosphate 

solution (containing SnCl2 37,5 mg as reductor 
and 5 mg Na-pyrophosphate as co – ligand 
which diluted in 5 mL of water) was added 
into vial containing 50 μL HSA-nanoparticle. 
pH of the mixture was neutralized by addition 
of HCl 0,1 N then incubated for 15 minutes. 
Furthermore, 0,3-0,5 mL (1 mCi) of freshly 
eluted pertechnetate solution (99mTcO4-) was 
added into the vial. The reaction mixture was 
mixed and incubated for other 15 minutes in 
room temperature. 

2.4.	 Radiochemical yield determination of 
99mTc-HSA nanoparticles 
Radiochemical yield of 99mTc-HSA 

nanoparticles and other metabolites of 
99mTc were determined by thin layer paper 
chromatography and cellulose acetate 
electrophoresis. Chromatography system 
are developed in ITLC-SG/ ethanol: water: 
ammonium mixture (2:5:1), Whatman 3 MM/

Methanol 95% and Whatman 3 MM/HCl. 

2.5.	 In vivo studies
Biodistribution study of 99mTc-HSA 

nanoparticles was carried out on 9 animals 
administered DMBA and 3 others animals 
without any treatment DMBA. For the control 
9 animals administered DMBA were divided 
into 3 groups of animals (n=3). First group 
was 5 weeks post-DMBA, second group 8 
weeks post-DMBA and third group 12 weeks 
post-DMBA (rats that have formed breast 
cancer)

Animals were anesthetized with a 
mixture of ketamine HCl (dose 0,16 mL / 
200 g BB) and xylazine 2% (dose 0,06 mL 
/ 200 g BB) before the test. 20 L of  99mTc-
HSA nanoparticles carrying + 30 µCi of 
radioactivity was injected intradermally into 
left footpad of the animal. After injection, 
the footpad was massaged for 30 second. 
After 60 min injection, a 30 µL solution of 
the blue dye (patent blue V, SIGMA) in water 
was administered to the footpad. Ten minutes 
after the second injection, each animal was 
sacrificed by decapitation.19,20 The popliteal 
and lumbar lymph nodes and tissues of interest 
were removed, weighed, and the radioactivity 
counts were determined with Single Channel 
Analyzer

The popliteal extraction (PE) was 
estimated according to the method  as 
follows:21

PE = (%ID popliteal - %ID lumbar) - 100% 
(ID popliteal)

3.	 Result and Discussion
99mTc-HSA nanoparticles are 

radiopharmaceuticals made from human 
serum albumin in the form of nanometer 
which are dispersed in water for injection. As 
seen at Figure 1, on determination of particle 
size showed that of HSA-nanoparticle 
has an ideal particle size 100-200 nm for 
lymphoscintigraphy techniques. 

Quality control of the 99mTc-HSA 
nanoparticles was assessed by thin layer paper 
chromatography to distinguish and quantify 
the amounts of radioactive contaminants (free 
99mTcO4, 

99mTcO2 and 99mTc-pyrophosphate). 
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99mTcO2 was determined by using ITLC-SG/
ethanol: water: ammonium mixture (2:5:1) as 
the mobile phase where the 99mTcO2 at the point 
of spotting while free 99mTc and 99mTc-HSA 
nanoparticles moved with the solvent front 
(Fig. 2). In Whatman 3 MM using methanol 
95% as the solvent, free 99mTc moved with the 
solvent front, while 99mTc-HSA nanoparticles 
and 99mTcO2 remained at the spotting point 
(Fig. 3). The remaining 99mTc-pyrophosphate 
as co-ligand was determined by Whatman 3 
MM/HCl 1 N where 99mTc-pyrophosphate was 
found in Rf 0,5 and 99mTc-HSA nanoparticles 
moved with the solvent front (Fig. 4). 
Therefore, by calculating the free 99mTcO4-, 
99mTcO2 and 99mTc-pyrophosphate, labeling 
efficiency of the 99mTc-HSA nanoparticles 
could determine. 99mTc-HSA nanoparticles 
provide high radiochemical yield > 90% and 
can be used to carry out in vivo test. 

In this experiment, the site specific 
carcinogen, DMBA was employed as an agent 

to induce mammary carcinoma in Sprague 
Dawley (SD) rats. The oral administration of 
DMBA activates cellular cytosolic receptor 
aryl hydrocarbon receptor (AhR). Activated 
AhR translocates into the nucleus and 
combines with AhR nuclear translocation 
protein. The AhR/ARNT complex induces 
gene transcription by binding to specific DNA 
recognition sites upstream to AhR responsive 
genes. This tumorigenesis involves AhR 
dependent up-regulation of cytochrome P450 
(CYP1A1 and CYP1B1) enzymes, which 
metabolize DMBA into a mutagenic epoxide 
intermediate that forms DNA adducts. These 
DNA adducts are associated with mutations 
and the malignant transformation associated 
with polycyclic aromatic hydrocarbons 
(PAH)-mediated carcinogenesis.17 This 
mechanism will form a malignant tumor in 
breast. When a malignant tumor occurs in 
breast on 12 weeks post-DMBA, a lymphatic 
fluid will flow to the sentinel lymph node 

Figure 1. Particle size of HSA-nanoparticle

Figure 2. Chromatogram profile of 99mTc-HSA 
nanoparticles and TcO2  with ITLC-SG/
Et-OH/H2O/NH3(2:5:1)

 
Figure 3. Chromatogram profile of 99mTc-HSA 

nanoparticles and TcO4- with Whatman 3 
MM/Metanol 95%

 
Figure 4. Chromatogram profile of 99mTc-HSA 

nanoparticles and 99mTc-pyrophosphate 
with Whatman 3 MM/HCl 1 N
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Table 1. Biodistribution of 99mTc-HSA nanoparticles in rats at 1 h post-intradermal injection

Organ Control 5 weeks
post DMBA

8 weeks
post DMBA

12 weeks
post DMBA

Popliteal* 3.43 + 1.54 2.90 + 1.32 0.81 + 0.47 1.04 + 0.47
Lumbar* 0.23 + 0.20 0.35 + 0.20 0.21 + 0.07 0.29 + 0.06
Popliteal Extraction# 93.40 87.92 74.07 71.79
Blood^ 2.38 +0.71 2.38 +0.40 0.63 +0.46 1.01 +0.15
Liver^ 0.64 +0.66 0.77 +0.19 1.41 +0.19 1.30 +0.03
Spleen^ 1.16 +0.63 1.16 +0.57 1.26 +0.40 1.20 +0.80

* Expressed as %ID
# (%ID popliteal-%ID lumbar ) x 100 / (%ID popliteal)
^ Expressed as %ID/g

Figure 5. Biodistribution of radioactivity at 1 h 
post intradermal injection of 99mTc-HSA 
in popliteal and lumbar lymph node

(SLN) which defined as the first regional 
lymph node to receive tumour cells through 
the lymphatic system. 22 Sentinel node biopsy 
procedures was used in this model of breast 
cancer by injecting 99mTc-HSA nanoparticles 
a radioactive tracer that helps the surgeon to 
locate the sentinel nodes during experiment.

The radiopharmaceuticals for sentinel 
node detection should have rapid migration 
from injection sites to the sentinel node and 
prolonged retention of the radioactivity in the 
sentinel node.23

In this experiment we observed the 
accumulation of 99mTc-HSA nanoparticles 
in the popliteal and lumbar lymph nodes 
as a SLN model in 5, 8 and 12 weeks post 
DMBA administration. In this model breast 
cancer was developed to malignant with a 
presence of a tumor nodules after 12 weeks 
post administration of DMBA. 99mTc-HSA 
nanoparticle showed good accumulation 
in popliteal lymph node as sentinel node in 
this experimental model at one hour post-

injection (Fig. 5). The radioactivity levels 
at the popliteal lymph node were decreased 
respectively at 5, 8, 12 weeks post DMBA 
administration when breast cancer developed 
to malignant compare to the control group. 
In the other hand, the radioactivity levels at 
the lumbar lymph node, the secondary lymph 
node in this model was increase with an 
increase of breast cancer.

Popliteal extraction (PE) is a 
parameter to estimate the selectivity of the 
radiopharmaceuticals to the sentinel lymph 
node. The high PE value means that the 
radiopharmaceutical was accumulated in the 
sentinel lymph node, and if the value of PE 
is low means the radiopharmaceutical could 
pass through sentinel node to secondary 
lymph node easily. The value of PE at 1 
h post intradermal injection of 99mTc-HSA 
nanoparticles in control and 5, 8, 12 weeks 
post DMBA administration was shown on 
Table 1. The PE was estimated with value 
87,92; 74,07; 71,79 on 5, 8, 12 weeks post 
DMBA administration respectively at 1 hour 
post injection while value PE of control 
animal was 93,40. This result indicated that 
99mTc-HSA nanoparticle could pass through 
sentinel node to secondary lymph node in this 
animal model.

99mTc-HSA nanoparticle also showed 
radioactivity level in blood, liver and spleen 
at one hour post intradermal injection. These 
in vivo behaviors showed that 99mTc-HSA 
nanoparticle migrated from the injection site 
to peripheral lymph vessels, traveled through 
lymph node chain, and then emerged in the 
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blood without being taken up directly into 
peripheral blood vessels. Since 99mTc-HSA 
nanoparticle was a colloidal particle, it might 
be recognize by macrophage in the liver and 
spleen. The increase of radioactivity 99mTc-
HSA nanoparticles in the liver 5, 8, 12 weeks 
post DMBA administration compared to the 
control group because liver is the crucial 
organ responsible for detoxifying process, 
is shown to exhibit increased sensitivity 
to carcinogenesis induced by chemical 
carcinogens like DMBA, formation of breast 
cancer during administration of DMBA has 
metabolism in the liver and induce extensive 
liver damage carried out by oxidative stress 
and metabolism of DMBA by CYP450 
enzyme.18

4.	 Conclusion
This study demonstrated that a 

99mTc-HSA nanoparticles were exhibited 
accumulation in sentinel lymph node of breast 
cancer in animal model. 
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