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Objective: Genistein is an isoflavone compound that has been proven to have anticancer activity and is capable of
binding to estrogen β receptors with Selective Estrogen Receptor Modulators (SERMs) properties, and has a strong
affinity to inhibit the development of cancer cells. This study is to determine the optimum conditions of the
reaction in the synthesis process of compounds labeled 131I-genestein which can be potential for application of
breast cancer diagnosis.
Methods: Synthesis of 131I-Genistein compound labeling using the Chloramine-T iodination method. This method
uses several parameter optimizations, including: pH conditions, the amount of chloramine-T oxidizer and sodium
metabisulfite reducing agent. The radiochemical purity of the 131I-Genistein compound was determined using thin
layer chromatography TLC-SG F254, and measured by SCA (Single Channel Analyzer). The radiochemical purity of
labeled compounds must fulfill the requirements of the United States of Pharmacopeia.
Results: Optimization of the synthesis conditions of the 131I-Genistein compound was obtained at pH 8, the amount
of chloramine-T 0.225 mg, and the amount of Na-Metabisulfite 0.342 mg, with 30 min reaction time. This op-
timum condition produces radiochemical purity of 95.02 � 0.76%.
Conclusion: Products labeled 131I-Genistein meet radiochemical purity requirements according to USP re-
quirements. The labeled compound is expected to be able to be used to detect breast cancer through a binding
mechanism with estrogen receptors β.
1. Introduction

Breast cancer arises due to abnormal cell growth that duplicates un-
controllably and becomes malignant in the breast. There are many types
of breast cancer, in general, ductal carcinoma in situ (DCIS) and invasive
carcinoma. Other types, such as phyllodes and angiosarcoma tumors are
very rare [1].

In the US in 2019, there will be an estimated 268,600 new cases of
invasive breast cancer diagnosed in women; 2,670 cases diagnosed in
men; and an additional 62,930 cases of in situ breast lesions ductal car-
cinoma in situ [DCIS] or lobular carcinoma in situ [LCIS] diagnosed in
women, and invasive female breast cancer incidence rates increased
slightly, by 0.4% per year [1]. In Indonesia, the highest incidence of
cancer in women is occupied by breast cancer, which is 42.1 per 100,000
population with an average death rate of 1.7 per 1000 population in 2018
[2].
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Expression approaches of estrogen receptors (ER), progesterone re-
ceptors (PgR), and HER2 receptors, and evaluation of clinical variables,
such as nodal involvement, tumor size, histological type, tumor grade,
and surgical margins, are widely used to determine treatment and also a
prediction of effective breast cancer prognosis [3, 4].

Genistein [40,5,7-trihydroxyisoflavone] (C15H10O5) is an isoflavone
that is mostly found in soybeans. In nature, Genistein is in free form
(aglycone) or glycosylated with O-β-D-glucoside derivative in position 7
and inactive form [5]. The results of in-silico testing using molecular
docking method showed that genistein interacts with β-estrogen re-
ceptors, and strong bonds form and produce higher interaction stability
[6]. In addition, the results of in-vitro studies indicate that Genistein
selectively binds to ERβ with a strong affinity to inhibit the development
of cancer cells [7].

Genistein also has been proven to have many pharmacological ac-
tivities including inhibiting the work of the enzyme tyrosine kinase in
preventing the development of breast cancer cells [8, 9]. Genistein can
st 2020
rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:ramdhani07@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2020.e04780&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2020.e04780
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.heliyon.2020.e04780


D. Ramdhani et al. Heliyon 6 (2020) e04780
induce apoptosis in BRCA wild-type-1 and mutant BRCA cancer cells,
induce apoptosis in breast cancer cells by reducing the level of expression
of miR-155, micro-RNA, has the potential to inhibit Skp2 expression in
breast cancer cells as an anticancer effect [10, 11, 12].

Iodine-131 has radioisotope emitting characteristics of γ and β par-
ticles, with the gamma energy specifications of 364 keV and β particles,
and has a half-life of 8.1 days, and is widely used in applications in the
field of nuclear medicine as radiotracers and radiotherapy [13]. I-131 can
also be used for molecular imaging using SPECT because it produces
γ-ray emissions during decay. Radiolabeling I-131 withmolecules usually
involves electrophilic aromatic substitution of phenolic or trialkyl-
stannylated substrates using oxidizing agents (eg, Chloramine-T and
iodogens); this usually produces high radiochemical yield [14]. Synthesis
of 131I-Genistein labeled compound is intended as a compound for the
diagnosis of breast cancer through specific reminder of estrogen
receptors.

2. Materials and methods

Thin layer chromatography plate (TLC-SG F254) (Merck®), dose
calibrator (Victoreen®), 5 μL micropipette, 10–100 μL, and 100–1000 μL
(Eppendorf®), analytic balance (Mettler Toledo® Type AL 204), oven
(Memmert®), Single Channel Analyzer (SCA) (ORTEC®), syringe (Ter-
umo®), 10 mL glass vial.

Genistein (Sigma-Aldrich®), aquabides pro injection (IKA Pharma®),
0.1 N hydrochloric acid (Merck®), phosphate buffer 0.02 N pH 7.4,
dimethyl sulfoxide (Merck), Whatman 1 paper, chloramine-T (Sigma-
Aldrich®), chloroform (Merck®), methanol (Sigma-Aldrich®), sodium
hydroxide 0.1 N; 0.5 N (Merck®), sodium metabisulfite (Merck®),
radionuclide I-131 in the form of dilute Na131I, universal pH indicator
(Merck®).

2.1. Optimization of pH

The optimum pH testing is done by varying the pH of 7, 8, and 9. 200
μl Genistein stock solution plus 30 μl chloramine-T solution. The pH is
adjusted by adding 0.1N HCl or 0.1N NaOH. Then, the solution in the
microcentrifuge tube is added 5–7 MBq/50 μl Na131I and incubated at
room temperature while shaken with a mixer shaker for 30 min.

Then each microcentrifuge tube was added 60 μl Na2S2O5, and pu-
rification was carried out by liquid-liquid extraction using chloroform 3
times. The water phase and the chloroform phase are taken and then the
activity is measured with a dose calibrator. Radiochemical purity in the
aqueous phase was determined by thin layer chromatography and elec-
trophoresis methods.
Table 1. Formula for determining the pH labeling optimization of 131Iodine-genistei

Genistein (10 mg/1mL) Na131I (1.2 MBq/μL) Chloramine-T (37.5 mg/5 mL)

200 μL 50 30 μL
200 μL 50 30 μL
200 μL 50 30 μL

Table 2. The results of pH optimization on iodine-131-genistein labeling.

pH Impurities Product

I2 (%)

7 0.08 � 0.02

8 0.68 � 0.38

9 0.1 � 0.013

2

2.2. Optimization of chloramine-T and Na2S2O5 concentrations

Optimization of chloramine T concentration in the labeling technique
with Iodine-131 is to make a difference in the amount of 10, 20, 30, 40,
and 50 μl which will be added to every 5 microsentrifuge tubes that
already contain 200 μl genistein solution. The two solutions are then
shaken to dissolve completely. The pH is adjusted by adding NaOH 0.1 N
and HCl 0.1 N to achive the optimum pH. Then, 50 μl of Na131I were
added to each solution and incubated at room temperature and shaken
with a mixer shaker for 30 min so that the mixture dissolved completely.
Na2S2O5 solution with variations in the amount of 20, 40, 60, 80, and 100
μL was then added, and the shaking was done again. The final solution is
then purified using the liquid-liquid extraction method using chloroform
as much as 3 times.

The aqueous and chloroform phases are separated, and their radio-
active activity is measured by dose calibrator. Radiochemical purity in
the aqueous phase was determined by thin layer chromatography and
electrophoresis methods. The optimum amount of chloramine-T is used
in optimizing the amount of genistein ligands.

2.3. Percentage of radiochemical purity of compounds labeled 131I-
Genistein

131I-genistein radiochemical purity measurements were carried out
by thin layer chromatography using TLC-SG F254 and electrophoresis
method. The radiochemical purity of 131I-Genistein is determined by the
side products formed namely I2 and I� which are impurities product.
Determination of I2 impurities are carried out by the TLC method using
the chloroform mobile phase. Whereas, for the measurement of the
percentage of impurities I� done by electrophoresis method using
whatman paper no.1 with phosphate Buffer 0.2 N pH 7.4 as an electrolyte
solution. Electrophoresis equipment installed with a voltage of 350 V in
60 min. The results of TLC-SG F254 and electrophoresis were measured
by radioactive activity with SCA (Single Channel Analyzer).

The radiochemical purity of a labeled compound 131I-Genistein is
calculated based on the percentage of I2 and I� (impurity) using the
following equation.

%I2 ¼Number of counts in top
Total number of counts

� 100%

%I¼Number of counts in top
Total number of counts

� 100%

Calculation of labeled compounds 131I-genistein.

% 131I-Genistein ¼ 100% - (% I2 þ% I�) [15].
n.

pH NaOH
0,1 N (μL)

HCl
0,1 N (μL)

Na2S2O5 (28.5 mg/5mL)

7 - 5 60 μL
8 - - 60 μL
9 15 - 60 μL

Radiochemical Purity (%)

I�(%)

28.77 � 1.95 71.14 � 1.97

3.30 � 0.23 96.01 � 0.62

6.52 � 0.19 93.27 � 0.20



Figure 1. Results of pH optimization in the synthesis of compounds labeled
131I-Genistein.

Figure 2. Results of Chloramine-T and Na2S2O5 optimization in the synthesis of
compounds labeled 131I-Genistein.
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3. Results

3.1. Optimization of pH conditions

The physicochemical properties of Genistein is considered in the se-
lection of pH optimization. Determination of pH 7, 8 and 9 in the iodine-
131 labeling process with Genistein through pH adjustment with the
addition of 0.1 N HCl solution or 0.1 N. NaOH, and The composition of
the formula in determining the pH optimization is in Table 1.

The results of pH optimization in the synthesis of 131I-Genistein
labeled compounds are in Table 2 and Figure 1. The results of pH opti-
mization obtained pH 8, with radiochemical purity of 96.01% � 0.62.
3.2. Optimization of Chloramine-T and Na2S2O5 concentrations

The synthesis of labeled compounds 131I-Genistein using the
chloramine-T method. The amount of chloramine-T determines the
amount of oxidized iodine to bind to the genistein compound and de-
termines the radiochemical purity of the formed compound. The
chloramine-T concentration used was 37.5 mg/5 mL. In this study, the
volume of chloramine-T varied from 10, 20, 30, 40 and 50 μL.

Sodium metabisulfite solution was added immediately after the re-
action time with a concentration of 2 times the concentration of
chloramine-T. The concentration of sodium metabisulfite used in this
study was 28.5 mg/5 mL. The volume of sodium metabisulfite varies to
20, 40, 60, 80, and 100 μL. The formula for determining the optimization
of chloramine-T and Na2S2O5, and the results of radiochemical purity are
in Table 3 and Figure 2.

The result of optimization of chloramine-T was 30 μL and sodium
metabisulphite was 60 μL, with the obtained radiochemical purity of
95.84% � 3.27.

4. Discussion

Optimization of the Genistein labeling process with Iodine-131
through the chloramine-T method under alkaline pH conditions.
Table 3. The results of chloramine-T and Na2S2O5 optimization on 131I-Genistein lab

Genistein (μL) Chloramine-T (μL) Na2S2O5 (μL)

200 10 20

200 20 40

200 30 60

200 40 80

200 50 100

3

Genistein tends to be stable at neutral and basic pH. However, the sta-
bility of Genistein will decrease and be limited to strong base conditions
[15]. Optimization results on the synthesis of compound 131I-Genistein
were obtained at pH 8, with DMSO as a solvent. Genistein has high sol-
ubility in organic polar solvents such as ethanol, acetone, and DMSO but
has lower solubility in water and dissolves under alkaline conditions [16,
17].

These results are also in line with the results of optimizing the
labeling of genistein compounds with technetium-99m radioisotope
with pH 8 as the optimum pH with purity reaching 91.97% �
1.43% [18]. Optimization results at pH 8 indicate that this pH ap-
proaches physiological conditions, where the mechanism of action of
genistein as an estrogen receptor antagonist will be stable, and can
perform its function as an estrogen receptor antagonist beta sub unit
[19].

The synthesis of compounds labeled 131I-Genistein using the
chloramine-T method. The chloramine-T method is very widely used
because it produces higher radiochemical purity compared to other
methods [14]. Chloramine-T is a strong oxidizing agent which can
oxidize radioactive iodine through radioiodination reaction by electro-
philic substitution in the structure of genistein compounds to produce
compounds labeled 131I-Genistein. The following is the reaction between
chloramine-T and iodine:

CH3-C6H4SO2NaNCl þ H2O → CH3-C6H4SO2NH2 þ NaOCl

NaOCl þ HI → HOI þ NaCl [21].

Sodium metabisulfite is a reducing agent used to stop the labelling
reaction by reducing Iþ back to I� so that there is no damage to the
structure of genistein compounds and prevents the formation of many
impurities I� that is formed [20].
eling.

Impurities Product Radiochemical Purity (%)

I2 (%) I� (%)

0.98 � 0.24 10.91 � 0.49 88.09 � 0.73

0.77 � 0.17 11.55 � 0.85 87.67 � 0.67

0.26 � 0.05 6.20 � 3.22 95.84 � 3.27

1.73 � 0.22 12.17 � 0.91 86.09 � 0.68

0.91 � 0.19 13.03 � 4.53 86.05 � 4.73
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5. Conclusion

Synthesis of labeled compounds 131I-Genistein obtained optimum
conditions including pH 8, the amount of chloramine-T 30 μL (37.5 mg/5
mL), the amount of Na2S2O5 60 μL (28.5 mg/5 mL), the number of
genistein ligands 200 μL (10 mg/1 mL), and 30 min reaction time with
radiochemical purity of 95.02 � 0.76%. These results meet the radio-
chemical purity requirements set by USP for labeled compounds more
than 90%. The labeled compound of 131I-Genistein is expected to be used
as a radiotracer for the diagnosis of breast cancer.
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