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Abstract 

Context: Breast cancer expresses high levels of the estrogen receptor alpha (ER-α). 

Aims: To investigate the potential anticancer activity of nanoliposome Hedyotis corymbosa in breast cancer cells by specifically targeting the ER-α through a 

combination of in silico and in vitro studies. 

Methods: This study used molecular docking to analyze the interaction between ER-α and active compounds from H. corymbosa. In vitro studies, the H. 

corymbosa extract was converted into nanoliposomes. The nanoliposomes' characteristics were examined, combined with tamoxifen, and applied to breast 

cancer cell cultures. Viability, proliferation, and ER-α expression were assessed, and statistical analysis was performed (p<0.05). 

Results: The findings show that H. corymbosa compounds, especially rutin, inhibit ER-α binding and act as a substrate for P-glycoprotein. Extract H. corymbosa 
selectively decreases viability in breast cancer cells (T47D) compared to non-cancerous cells (NIH3T3). Combining extracts with tamoxifen at 10 mg/mL 

enhances treatment efficacy. The combined treatment is effective for up to 72 h, reducing T47D breast cancer cell proliferation. Nanoliposomes derived from 

extract exhibit favorable characteristics, including a spherical shape, uniform size distribution, and stability. Using these nanoliposomes at 100 μg/mL with 

tamoxifen significantly reduces ER-α expression (p<0.05) without affecting cell viability.  

Conclusions: Compounds from H. corymbosa, especially rutin, inhibit ER-α binding. H. corymbosa nanoliposomes are stable for drug delivery. Combining 
tamoxifen with nanoliposomes at 100 μg/mL reduces ER-alpha expression. This shows potential for breast cancer treatment, but validation through further 

research and clinical trials is necessary.  
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Resumen 

Contexto: El cáncer de mama expresa altos niveles del receptor alfa de estrógenos (ER-α).  

Objetivos: Investigar la potencial actividad anticancerígena del nanoliposoma Hedyotis corymbosa en células de cáncer de mama dirigiéndose 

específicamente al ER-α mediante una combinación de estudios in silico e in vitro. 

Métodos: Este estudio utilizó el acoplamiento molecular para analizar la interacción entre el ER-α y los compuestos activos de H. corymbosa. En estudios in 
vitro, el extracto de H. corymbosa se convirtió en nanoliposomas. Se examinaron las características de los nanoliposomas, se combinaron con tamoxifeno y se 

aplicaron a cultivos de células de cáncer de mama. Se evaluaron la viabilidad, la proliferación y la expresión de ER-α, y se realizó un análisis estadístico 

(p<0,05). 

Resultados: Los resultados muestran que los compuestos de H. corymbosa, especialmente la rutina, inhiben la unión a ER-α y actúan como sustrato de la 

glicoproteína P. El extracto H. corymbosa disminuye selectivamente la viabilidad en células de cáncer de mama (T47D) en comparación con células no 
cancerosas (NIH3T3). La combinación de los extractos con tamoxifeno a 10 mg/mL aumenta la eficacia del tratamiento. El tratamiento combinado es eficaz 

hasta 72 h, reduciendo la proliferación de células de cáncer de mama T47D. Los nanoliposomas derivados del extracto presentan características favorables, 

como forma esférica, distribución uniforme del tamaño y estabilidad. El uso de estos nanoliposomas a 100 μg/mL con tamoxifeno reduce significativamente 

la expresión de ER-α (p<0,05) sin afectar a la viabilidad celular. 

Conclusiones: Los compuestos de H. corymbosa, especialmente la rutina, inhiben la unión de ER-α. Los nanoliposomas de H. corymbosa son estables para la 
administración de fármacos. La combinación de tamoxifeno con nanoliposomas a 100 μg/mL reduce la expresión de ER-alfa. Esto demuestra su potencial 

para el tratamiento del cáncer de mama, pero es necesario validarlo mediante nuevas investigaciones y ensayos clínicos. 

Palabras Clave: cáncer de mama; Hedyotis; liposomas; receptor de estrógenos alfa; rutina. 
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Abbreviation: ABC: ATP-binding cassette; ATCC: American Tissue Culture Collection; BCa: breast cancer; CYP: cytochrome P450; DAPI: 
4,6-diamidino-2-phenylindole dihydrochloride; E2: 17β-estradiol; ER: estrogen receptor; ER-α: estrogen receptor alpha; LBD: ligand-
binding domain; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide; MW: molecular weight; PDB: Protein Data Bank; PDI: 
polidispersity index; P-gp: P-glycoprotein; ROS: reactive oxygen species; SI: selectivity index; Tam: tamoxifen; TEM: transmission electron 
microscopy; TPSA: topological polar surface area; ZP: Zeta potential. 

 

INTRODUCTION 

The American Cancer Society has shown around 
an estimated 2.3 million new cases, with 685,000 re-
ported deaths. The case of female breast cancer (BCa) 
has surpassed lung cancer as the most commonly 
diagnosed cancer (11.7%), followed by lung (11.4%), 
colorectal (10.0%), prostate (7.3%), and stomach 
(5.6%) cancers. Female BCa death rates were signifi-
cantly higher in transitioning countries compared to 
transitioned countries (15.0 vs. 12.8 per 100,000) (Sung 
et al., 2021). The Ministry of Health of the Republic of 
Indonesia (2022), supported by Globocan (2020), stat-
ed that the prevalence of cancer in Indonesia reaches 
68,858 (16.6%) from a total of 396,914 cases. Further-
more, BCa is the leading cause of cancer death in In-
donesia and is one of the leading causes of death from 
cancer. Based on the WHO, the number of women 
diagnosed with BCa will keep increasing yearly (The 
Ministry of Health of the Republic of Indonesia, 2022).  

BCa has been classified into at least three subtypes 
(Luminal, HER2-enriched, and triple-negative) based 
on the expression of the estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal 
growth factor receptor 2 (HER2). These subtypes dif-
fer in their histopathological characteristics and 
treatment sensitivity (Harbeck et al., 2019). The estro-
gen receptor was found to be overexpressed in the 
majority of BCa. ER is also important in BCa progres-
sion and is a critical therapeutic target for hormone-
dependent BCas. The native hormone (17-estradiol) 
regulates postnatal mammary gland development by 
acting on the estrogen receptor (ER). The estrogen 
receptor alpha (ER-α) was overexpressed in approxi-
mately 70% of all BCa cases. The biomarker ER-α is 
well-known and one of the most effective molecular 
targets for endocrine therapy (Li et al., 2022; Rusidzé 
et al., 2021). The modulators of ER-α, such as tamoxi-
fen (Tam), could control ERα-positive BCas. On the 
other hand, Tam-acquired resistance was expected, 
making it a critical clinical issue in BCa therapy (Zhu 
et al., 2018). Tam was more frequently reported to 
cause hot flashes, vaginal dryness, dry eyes, and vis-
ual disturbances, while hair loss was less common 
(Haidinger and Bauerfeind, 2019). Tam can also cause 
cardiotoxicity. Furthermore, it damages the endothe-
lium, which contributes to vascular toxicity. In the 
clinic, the most common cardiac side effect of Tam 
was ischemic heart disease (Fu et al., 2022; Khosrow-
Khavar et al., 2017).  

Cancer and ER-α targeted represent significant 
health challenges, prompting the exploration of natu-
ral remedies with minimal side effects. Among these, 
Hedyotis corymbosa, commonly known as the "dia-
mond flower" and belonging to the Rubiaceae family, 
has gained attention. This plant boasts a history of 
ethnomedical use in diverse cultures, with traditional 
healers relying on it for various ailments, including 
cancer and estrogen-related disorders. The inherent 
wisdom of these traditional practices holds significant 
promise for modern medicine, prompting the need to 
bridge the gap between time-honored ethnomedical 
knowledge and contemporary scientific research 
(Seetharaman et al., 2021; Zhang et al., 2016). The 
potential of H. corymbosa as a therapeutic agent is 
closely linked to its intricate phytochemical composi-
tion. This plant boasts diverse bioactive compounds, 
including flavonoids, proteins, carbohydrates, phe-
nols, terpenoids, tannins, saponins, steroids, couma-
rin, and glycosides. Most phytochemicals detected in 
H. corymbosa by High-Performance Liquid Chroma-
tography (HPLC) analysis were rutin (4.92–15.78 
mg/g), geniposide (1.18 mg/g), asperuloside (1.45–
3.86 mg/g), scandoside methyl ester (1.49–4.11 
mg/g), oleanolic acid (0.50–0.80 mg/g), and ursolic 
acid (1.75–3.37 mg/g), which may mainly contribute 
to the anticancer effects of this species (Chen et al., 
2016; Waghdhare, 2021). Flavonol compounds such as 
derivate quercetin/rutin act as pro-oxidants, which 
can increase reactive oxygen species (ROS) so that 
apoptosis in cancer cells can occur (Foo et al., 2021; 
Gibellini et al., 2010). Ursolic acid, oleanolic acid, as-
peruloside, and scandoside methyl ester can inhibit 
BCa cell proliferation (Artanti et al., 2015; Feng et al., 
2020; Prasad et al., 2011). Geniposide suppresses es-
trogen formation, so abnormal cell proliferation does 
not work (Phatak, 2015). So, offers a promising ave-
nue for therapeutic development. As the global need 
for safer and more effective BCa treatments continues 
to grow, exploring the potential of H. corymbosa and 
its constituent compounds becomes not just a scien-
tific endeavor but a moral imperative.  

In the present era, there is a notable and encourag-
ing shift toward converging traditional herbal 
knowledge with cutting-edge technologies like nano-
technology. This amalgamation offers the potential to 
elevate the efficacy of natural remedies while mini-
mizing side effects. In particular, liposomes, lipid-
based vesicles with an amphiphilic structure, have 
emerged as a suitable option for encapsulating bioac-
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tive compounds from herbal sources. Their biocom-
patibility, controlled-release properties, and ability to 
precisely deliver therapeutic agents have made them 
a standout choice for drug delivery systems. Leverag-
ing this nanotechnological approach with herbal med-
icine can significantly enhance bioavailability, recep-
tor selectivity, and therapeutic efficacy. This amal-
gamation of ancient herbal wisdom and modern sci-
entific innovation holds the potential to revolutionize 
BCa treatment, offering a ray of hope to the countless 
individuals affected by this formidable disease (Chot-
phruethipong et al., 2020; Sandhiya and Ubaidulla, 
2020).  

In light of the burgeoning global burden of BCa, 
the rich ethnomedical uses of H. corymbosa, and the 
potential benefits of liposome encapsulation, this 
research bridges the chasm between traditional 
knowledge and advanced science. The objective is to 
investigate the cytotoxic effect of H. corymbosa extract 
encapsulated in liposomes as a potential treatment for 
BCa through ER-α block. In this study, we used mo-
lecular docking to investigate the effectiveness of a 
bioactive compound in H. corymbosa blocking ER-α. 
Then, the physicochemical and drug-likeness proper-
ties are calculated with Swiss ADME's online free 
website server. The study continued with in vitro re-
search to investigate the cytotoxic activity and ER-α 
expression of H. corymbosa nanoliposome treatment 
against T47D BCa cells.  

MATERIAL AND METHODS 

In silico studies 

Protein and ligand 

Proteins and ligands were found in the RCSB Pro-
tein Data Bank (PDB) database 
(https://www.rcsb.org/structure/1A52) and the 
PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). In this study, 
the protein of ER-α (PDB ID: 1A52) was used. The 
ligands and water molecules integrated into its three-
dimensional structures were removed using the Dis-
covery Studio Ver. 4.1 software. The native ligand 
was 17-estradiol (CID: 5757), the positive control for 
ER-α-blocker was tamoxifen (CID: 2733526), and sev-
eral bioactive compounds of H. corymbosa such as 
ursolic acid (CID 64945), asperuloside (CID 84298), 
oleanolic acid (CID 10494), rutin (CID 5280805), gen-
iposide (GEN) (CID 107848), and scandoside methyl 
ester (CID 442433). PyRx Ver. 0.8 software was used 
to perform energy minimization for each ligand. Uti-
lizing Open Babel, the SDF file format of each ligand 
was converted to PDB format. 

 

Protein-ligand docking and representation 

The ability of each bioactive compound on H. co-
rymbosa (ursolic acid, asperuloside, oleanolic acid, 
rutin, geniposide, scandoside methyl ester to bind ER-
α and 17-β-estradiol or Tam was evaluated. We want 
to compare the interaction between the ER-α-17-β-
estradiol complex and the ER-α-Tam complex (as a 
positive control) with and without a bioactive com-
pound on H. corymbosa. The potential of a bioactive 
compound on H. corymbosa to bind ER-α, thereby 
preventing ER-α interaction with the native ligand 17-
estradiol, was also analyzed. Therefore, the docking 
of ER-α-estradiol, ER-α-Tam, ER-α-ursolic acid, ER-α-
asperuloside, ER-α-oleanolic acid, ER-α-geniposide, 
and ER-α-scandoside methyl ester were established 
using Hex 8.0 software in Shape + Electro + DARS 
mode. This software was also used to identify amino 
acid residues, types, and binding energies of receptor-
ligand interactions. The molecular interactions were 
represented using the Discovery Studio Ver. 4.1 soft-
ware. 

Physicochemical and drug-like properties calculation 

Swiss ADME's online free website server (via 
http://swissadme.ch/) was used to calculate the 
physicochemical and drug-likeness properties and 
predicted with some parameters, including lipophilic-
ity, absorption, water-solubility, drug-likeness, and 
physicochemical descriptors for isolated compounds 
from H. corymbosa. 

Chemicals 

H. corymbosa extraction with ethanol was sourced 
from (Merck Co, Darmstadt, Germany). Soy phospha-
tidylcholine S-100 from (Lipoid GmBh, Germany) 
served as a component for the liposomal membrane, 
while cholesterol (Sigma-Aldrich, Singapore) was the 
stabilizer for the liposomal membrane. Methanol ob-
tained from (E. Merck, Singapore) was chosen as a 
solvent to blend liposomal components. All other 
solvents and reagents used in this research were pro-
cured from reputable suppliers and underwent 
standard preparation procedures before use.  

Plant materials and extraction procedure 

The leaves of H. corymbosa were obtained from 
UPT Materia Medica, Batu City, East Java, Indonesia 
(7°52'01.2"S and 112°31'13.2"E), graciously performed 
the taxonomical verification (specimen No. 
074/661/102.20-A/2022). The leaves of H. corymbosa 
were dried and then ground into a powder. Next, the 
powdered (700 g) H. corymbosa was macerated using 
80% ethanol (3 L) for five days. The filtrate was evap-
orated twice (each for 12 h, at a temperature of 70°C) 
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using a rotary vacuum evaporator (Novitasari et al., 
2018). 

Preparation of nanoliposomes 

The liposomes were prepared using the thin film 
hydration method (Rachmawati et al., 2020). Five 
grams of H. corymbosa extract was added to liposome 
membrane components consisted of 91 mg/mL soy 
phosphatidylcholine S-100 and 5 mg/mL cholesterol 
as a stabilizer. The lipid forming ingredients were 
then dissolved in 100 mL of methanol. The methanol 
was evaporated under a vacuum at 45°C using a rota-
ry evaporator from Büchi, Germany, for 60 min. The 
resulting thin film was hydrated with 100 mL of a 
pre-warmed solution containing phosphate buffer 
saline at 50°C for 30 min, and the appearance of a 100 
mL suspension indicated the formation of liposomes. 
The liposome suspension was further sonicated in a 
water bath sonicator for 15 min to decrease the size 
(Yusuf et al., 2019).  

Analysis of H. corymbosa nanoliposome particle 
size, polidispersity index (PDI), and Zeta potential 
(ZP) 

The nanoliposome's hydrodynamic particle size 
and ZP were determined using the Malvern Zetasizer 
3000HS (Malvern Instruments, Malvern, UK). Meas-
urements were conducted on aqueous diluted sam-
ples at a ratio of 2:1. The Malvern Zetasizer 3000HS 
utilizes photon correlation spectroscopy to measure 
the particle size distribution in the nanometer range. 
In addition to particle size, the instrument measures 
the nanoliposome's ZP, an indicator of the nanolipo-
some's surface charge and stability (Akbari et al., 
2011). 

Morphology characterization of nanoliposome with 
transmission electron microscopy (TEM) 

TEM was employed to examine the liposome 
morphology in liquid samples. The samples were 
prepared at room temperature by applying them onto 
a copper grid (S162 Formvar/Carbon 200 mesh Cu; 
Agar Scientific UK). The conventional negative stain-
ing method was used, which involved using a 0.2% 
solution of phosphotungstic acid (Yusuf et al., 2019). 
The samples were then observed under a TEM 
(Philips CM 100, The Netherlands). 

In vitro studies 

Culture cell 

The T47D human BCa cell line and the embryonic 
mouse fibroblast normal cell line NIH3T3 were ob-
tained from the American Tissue Culture Collection 
(ATCC). The T47D cells (ATCC-HTB 133) were cul-

tured in Roswell Park Memorial Institute 1640 (RPMI 
1640) medium (Gibco, USA), while the NIH3T3 cells 
(ATCC-CRL-1658) were cultured in Dulbecco's modi-
fied eagle medium (DMEM, Caisson Laboratories 
Inc., USA). Subsequently, both media were supple-
mented with 10% fetal bovine serum (Atlas Biologi-
cals, Fort Collins, CO, USA) and antibiotic (100 U/mL 
streptomycin and 100 U/mL penicillin (Gibco, USA). 
The cells were allowed to adhere to the culture dish 
and form a monolayer. Subculturing of the cells was 
performed once they reached confluence, ensuring 
optimal growth conditions for the T47D cell line. 

MTT assay 

5 × 103 T47D cells were cultured in each well of a 
96-well plate, with 100 µL of medium per well. After 
24 h of incubation, the medium was replaced with 
Tam 5 mg/mL as a positive control, and then the 
combination of Tam 5 mg/mL with various concen-
trations of H. corymbosa extract (0, 2.5, 5, 10 mg/mL) 
and H. corymbosa nanoliposomes (0, 25, 50, 100 
µg/mL). The cells were further incubated for 24, 48, 
or 72 h. After the specified incubation period, the 
medium was discarded and replaced with 0.5 mg/mL 
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazoli-
um bromide (MTT) (Biotium). The cells were incubat-
ed for approximately 4 h at 37°C in a 5% CO2 envi-
ronment. The MTT reaction was stopped by adding 
100 µL of dimethyl sulfoxide, and the plate was incu-
bated in the dark overnight to dissolve the formazan 
salt. The absorbance of the cells was measured at 630 
nm using an ELISA reader. The absorbance values 
obtained were converted to % cell viability using the 
following formula [1] (Novitasari et al., 2018). 

Cell viability (%) = 
a - b 

× 100 [1] 
c - b 

Where a: absorbance treatment; b: absorbance control medium; c: 

absorbance control cell. 

A linear regression analysis was performed to es-
tablish the relationship between the concentration of 
the extracts and the % cell viability. The equation y = 
Bx + A, derived from the linear regression analysis, 
was used to calculate the IC50 value, representing the 
concentration inhibiting 50% of cell proliferation (No-
vitasari et al., 2018). Next, the selectivity index (SI) of 
H. corymbosa against T47D and NIH3T3 cells was de-
termined using the formula [2] (Nafisah et al., 2023). 

SI = 
IC50 H. corymbosa on normal cell (NIH3T3) 

[2] 
IC50 H. corymbosa on cancer cell (T47D) 

Immunocytochemistry assay 

Immunocytochemistry testing was performed us-
ing the indirect immunofluorescence method, as de-
scribed by Deng et al. (2014), with some modifica-
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tions. Cells were seeded in a 24-well plate with a cov-
er slip (cell density of 50.000 cells/mL) with three 
replicates for 24 h. Cells were treated with 1 mL of the 
nanoliposome treatment and incubated for 24 h. Cells 
were fixed in 4% paraformaldehyde for 10 min, per-
meabilized in 0.1% Triton X-100 for 5 min, blocked in 
3% BSA for 30 min, and then incubated at 4°C over-
night with primary antibodies (Estrogen Receptor-
alpha Mouse Monoclonal Antibody) (1:500). The sec-
ondary antibody (FITC-conjugated Goat Anti-Rabbit 
IgG (1:1000) was added and incubated for 1 h at room 
temperature in a dark condition. Cells were washed 
and mounted with 4,6-diamidino-2-phenylindole 
dihydrochloride (DAPI, 1:1000, Sigma-Aldrich) in an 
aqueous mounting (Dako, Carpinteria, CA). The ob-
servation was performed using a fluorescence micro-
scope (Nikon, Eclipse E600) at a magnification of 
400×. ER-α expression was quantified using ImageJ 
version 1.52a. 

Statistical analysis 

The data obtained from the experiments were ana-
lyzed using SPSS software version 25. The results 
were presented as mean ± standard deviation (SD) 
from three independent experiments with three repli-
cates. The Kolmogorov-Smirnov test and the Levene 
homogeneity test are performed to assess the normali-
ty of the data distribution. As the data distribution 
was normal and homogenous, further analysis was 
conducted using the parametric test of ANOVA, fol-
lowed by the Tukey test to identify any significant 
(p<0.05) differences between the groups. However, 
the Kruskal-Wallis test was used if the data were not 
normally distributed. A multiple correlation test was 
performed to determine the influence of incubation 
time and H. corymbosa extract dose on cell prolifera-
tion. 

RESULTS  

Molecular interaction of H. corymbosa with ER-α 

In the binding of the ER-α and β-estradiol resulted 
in a Pi-sulfur and four hydrophobic interactions with 
a total energy of -262.25 kcal/mol (Table 1). These 
interactions involved three ER-α amino acid residues, 
including His476 from the A subunit and Met437 and 
Met438 from the B subunit. Chemical bonds and bind-
ing energy of the interaction of ER-α receptor and β-
estradiol are presented in Table 1. The hydrogen and 
hydrophobic bonds stabilized the binding of β-
estradiol and each of the six bioactive compounds 
from H. corymbosa in the ligand binding domain (Fig. 
1). The binding energy needed in those interactions 
from the lowest to the highest was -338,8 kcal/ mol 
(ER-α receptor-rutin complex), -316.7 kcal/mol (ER-α-

asperuloside complex), -315.7 kcal/mol (ER-α–
oleanolic acid complex), -304.5 cal/mol (ER-α-ursolic 
acid complex), -303.3 kcal/mol (ER-α-Tam complex), 
302.1 kcal/mol (ER-α–geniposide complex), and 297.2 
kcal/mol (ER-α–scandosidemethyl ester complex). Of 
six bioactive compounds from H. corymbosa, the ER-α-
rutin binding was the strongest due to the most chem-
ical bonds, and the eight hydrogen bonds stabilized 
them. The ER-α and ursolic acid complex showed that 
ursolic acid could block the His476, Met437, and 
Met438 of the ER-α with a hydrophobic bond. The 
scandoside methyl ester could block the Met437 and 
Met438 and then geniposide His476 of the ER-α on 
the ligand binding domain with a hydrophobic bond. 
Unfortunately, the oleanolic acid and asperuloside 
could not block the His476, Met437, and Met438 of the 
ER-α. The rutin could bind to the active site of the ER-
α. It indicated that rutin would compete with β-
estradiol. β-estradiol inhibited by rutin could block 
the active site on Met438 of the ER-α receptor with the 
strongest hydrogen bond stabilized them. 

Physicochemical data of six active compounds from 
H. corymbosa 

Table 2 and Fig. 2 compare the in silico physico-
chemical properties, lipophilicity, water solubility, 
pharmacokinetics, and drug-likeness of isolated com-
pounds from H. corymbosa with native ligand and 
Tam (positive control). All compounds' molecular 
weight (MW) ranged from 250 to 1000 g/mol, making 
them easy to absorb, diffuse, and transport through-
out the human body. Rutin, asperuloside, scandoside 
methyl ester, and geniposide have numerous hydro-
gen bonds (donor or acceptor) up to 10 hydrogen 
bonds, except for ursolic and oleanolic acid, in which 
only three hydrogen bonds). The compounds genipo-
side (86.89), scandoside methyl ester (88.05), and as-
peruloside (89.71) have smaller molar refractivities 
with values similar to the native ligand or β-estradiol 
(81,03). The predicted octanol/water partition coeffi-
cient (Log P) value of all isolated compounds revealed 
that only Tam and acid (ursolic and oleanolic) have a 
Log P value greater than 5.  

Fig. 2 depicts the ideal of physicochemical indices 
for oral bioavailability, where INSOLU is insolubility: 
0 < Log S < 6; INSATU is insaturation: 0.25 < fraction 
Csp3 < 1; FLEX is flexibility: 0 < number of rotatable 
bonds < 9: LIPO is lipophilicity: -7 < XLOGP3 < +5; 
SIZE is molecular size: 150 g/mol < molecular weight 
< 500 g/mol; and POLAR is polarity: 20 Å2 < TPSA < 
130 Å2. Only the acid group (ursolic and oleanolic) is 
similar to β-estradiol (40.46 Å2) or meets the topologi-
cal polar surface area (TPSA) criteria of 57.53. How-
ever, except for the TPSA value (155.14 Å2), genipo-
side fulfills almost all the radar bioavailability criteria, 
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such as molecular weight (388.37 g/mol), insolubility 
(2.51), unsaturation (0.71), flexibility (6), and lipo-
philicity (-1.22). So, geniposide has the potential to be 
a recommended compound for further research, ac-
cording to the bioavailability radar results (Fig. 2). 

From the standpoint of pharmacokinetic proper-
ties, all isolated compounds showed better pharma-
cokinetic properties than other compounds that did 
not violate Lipinski's rule of five, especially genipo-
side (a Lipinski's Rule of Five violation score of 0 in-

dicates that the compound has desirable property 
values and conforms well to the rule). Rutin contains 
a P-glycoprotein (P-gp) substratum that may have a 
metabolic profile similar to the native ligand and 
Tam. Tam, on the other hand, as a positive control, is 
significantly involved in cytochrome P450 (CYP) in-
teractions, particularly with CYP2C19 and CYP2D6. 
Meanwhile, bioactive compounds from H. corymbosa 
did not interact with members of the CYP enzyme 
family. 

 

Table 1. Types of bonds occurred between ligands and amino acid residue of ER-α. 

Interaction Point interaction 
Distance 

(Å) 

From chemis-

try 
To chemistry Type 

Chemistry 

bond 

Energy 

binding 

ER-α + β-estradiol 

(native ligand) 

B:MET438:SD - :LIG1 .115 Sulfur Pi-Orbitals Other Other -262.25 

B:MET437 - :LIG1 4.97 Alkyl Alkyl Hydrophobic Hydrophobic 

B:MET437 - :LIG1 5.38 Alkyl Alkyl Hydrophobic Hydrophobic 

:LIG1 - B:MET437 4.62 Alkyl Alkyl Hydrophobic Hydrophobic 

A:HIS476 - :LIG1:C 5.01 Pi-Orbitals Alkyl Hydrophobic Hydrophobic 

ER-α + tamoxifen 

(positive control) 

:LIG1 - :LIG1 4.28 Pi-Orbitals Pi-Orbitals Pi-Pi T-shaped Hydrophobic -303.34 

:LIG1 - A:LEU429 4.59 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

:LIG1 - A:ALA430 5.38 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

ER-α + ursolic acid :LIG1:C - B:MET437 3.95 Alkyl Alkyl Alkyl Hydrophobic -304.52 

:LIG1:C - B:MET437 4.85 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - A:LYS472 4.25 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - A:LYS472 3.72 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - B:MET438 4.37 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - B:ARG503 3.91 Alkyl Alkyl Alkyl Hydrophobic 

A:HIS476 - :LIG1 4.26 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

A:HIS476 - :LIG1:C 4.35 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

A:HIS476 - :LIG1:C 4.37 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

ER-α + oleanolic acid A:THR460:CB - :LIG1:O 3.43 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond -315.74 

:LIG1:H - B:ASP426:OD1 2.67 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond 

A:LEU462 - :LIG1 5.24 Alkyl Alkyl Alkyl Hydrophobic 

B:MET427 - :LIG1 5.27 Alkyl Alkyl Alkyl Hydrophobic 

B:MET427 - :LIG1 5.42 Alkyl Alkyl Alkyl Hydrophobic 

B:ALA430 - :LIG1:C 4.08 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - A:LEU462 5.10 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - A:LEU462 4.65 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - A:LEU462 4.07 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - B:MET427 4.46 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - B:LYS520 4.31 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - B:MET427 4.69 Alkyl Alkyl Alkyl Hydrophobic 

B:HIS516 - :LIG1:C 4.79 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 
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Table 1. Types of bonds occurred between ligands and amino acid residue of ER-α (continued...) 

Interaction Point interaction 
Distance 

(Å) 

From 

chemistry 
To chemistry Type 

Chemistry 

bond 

Energy 

binding 

ER-α + asperuloside A:THR460:HG1 - :LIG1:O 3.04 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond -316.66 

:LIG1:H - A:TYR459:O 2.51 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

A:HIS377:CE1 - :LIG1:O 3.70 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond 

:LIG1:H - A:THR460:O 2.37 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond 

:LIG1 - B:MET427 5.49 Alkyl Alkyl Alkyl Hydrophobic 

A:THR460:HG1 - :LIG1:O 3.04 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

:LIG1:H - A:TYR459:O 2.51 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

A:HIS377:CE1 - :LIG1:O 3.70 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond 

:LIG1:H - A:THR460:O 2.37 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond 

:LIG1 - B:MET427 5.49 Alkyl Alkyl Alkyl Hydrophobic 

ER-α + rutin A:GLN506:HE22 - :LIG1:O 2.76 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond -338.83 

A:GLN506:HE22 - :LIG1:O 2.17 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

B:ARG477:HE - :LIG1:O 2.72 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

:LIG1:H - B:ASP480:OD2 1.95 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

:LIG1:H - A:GLN499:O 2.12 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

:LIG1:H - B:ASP473:OD1 2.81 H-Donor H-Acceptor Conventional hydrogen 

bond 

Hydrogen bond 

A:MET438:CA - :LIG1:O 3.60 H-Donor H-Acceptor Carbon hydrogen bond Hydrogen bond 

:LIG1:H - :LIG1:O 2.42 H-Donor H-Acceptor Carbon Hydrogen bond Hydrogen bond 

A:ARG434:NH2 - :LIG1 2.89 Positive Pi-Orbitals Pi-Cation Electrostatic 

A:ARG503:NH1 - :LIG1 4.30 Positive Pi-Orbitals Pi-Cation Electrostatic 

A:ARG503:NH1 - :LIG1 4.34 Positive Pi-Orbitals Pi-Cation Electrostatic 

A:MET438:SD - :LIG1 4.70 Sulfur Pi-Orbitals Pi-Sulfur Other 

:LIG1 - A:MET438 4.76 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

:LIG1 - A:ARG503 4.38 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 
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Table 1. Types of bonds occurred between ligands and amino acid residue of ER-α (continued...) 

Interaction Point interaction 
Distance 

(Å) 

From 

chemistry 
To chemistry Type 

Chemistry 

bond 

Energy 

binding 

ER-α + scandoside 

methyl ester 

A:ARG434:HE - :LIG1:O 1.65 H-Donor H-Acceptor Conventional 

hydrogen bond 

Hydrogen 

bond 

-297.15 

:LIG1:H - 

B:ASP473:OD1 

2.65 H-Donor H-Acceptor Conventional 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - 

B:ASP480:OD2 

2.78 H-Donor H-Acceptor Conventional 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - 

A:GLN506:OE1 

1.95 H-Donor H-Acceptor Carbon 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - :LIG1:O 2.65 H-Donor H-Acceptor Carbon 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - :LIG1:O 2.72 H-Donor H-Acceptor Carbon 

hydrogen bond 

Hydrogen 

bond 

:LIG1 - A:MET438 5.43 Alkyl Alkyl Alkyl Hydrophobic 

:LIG1:C - B:LYS472 4.20 Alkyl Alkyl Alkyl Hydrophobic 

B:HIS476 - :LIG1:C 4.94 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

ER-α + geniposide A:GLN506:HE22 - 

:LIG1:O 

2.93 H-Donor H-Acceptor Conventional 

hydrogen bond 

Hydrogen 

bond 

-302.10 

:LIG1:H - 

B:ASP480:OD2 

2.57 H-Donor H-Acceptor Conventional 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - 

A:GLN506:OE1 

2.02 H-Donor H-Acceptor Carbon 

hydrogen Bond 

Hydrogen 

bond 

:LIG1:H - :LIG1:O 2.66 H-Donor H-Acceptor Carbon 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - :LIG1:O 2.72 H-Donor H-Acceptor Carbon 

hydrogen bond 

Hydrogen 

bond 

:LIG1:H - 

A:GLU502:OE1 

3.06 H-Donor H-Acceptor Carbon 

hydrogen bond 

Hydrogen 

bond 

:LIG1:C - B:LYS472 4.28 Alkyl Alkyl Alkyl Hydrophobic 

B:HIS476 - :LIG1 5.23 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

B:HIS476 - :LIG1:C 5.00 Pi-Orbitals Alkyl Pi-Alkyl Hydrophobic 

 
Characterization of H. corymbosa nanoliposomes 

The nanoliposomes derived from H. corymbosa ex-
tract showed a particle size diameter of 73.01 ± 39.24 
nm, with a PDI value of 0.415 ± 0.00Ð. The sample 
exhibited a single peak curve, indicating uniform 
particle size distribution (monodispersity). A narrow-
er curve showed better results in terms of particle size 
uniformity. The ZP of the sample had a significant 
value of -49.8 ± 8.24 mV (Fig. 3). A high ZP helps pre-
vent flocculation, which refers to aggregating small 
colloidal particles into larger ones. Thus, a higher ZP 
value is desirable as it helps maintain the stability of 
the nanoliposome formulation. 

The nanoliposomes formulated with H. corymbosa 
extract exhibited a spherical structure, confirming 
their vesicular nature and lamellarity characteristics. 
The membranes of the liposomes appear uniform and 
continuous, indicating a well-formed lipid bilayer 
structure. The presence of spherical particles suggests 

the coexistence of both unilamellar and multilamellar 
vesicles within the formulation (Fig. 4). 

Cytotoxic of H. corymbosa on cell viability and 
proliferation on cancerous (T47D) and non-
cancerous (NIH3T3)  

In this research, our primary objective was to 
compare the viability of two distinct cell cultures: the 
normal NIH3T3 cells and the BCa T47D cells. The 
comparison aimed to evaluate the consequences of a 
48 h treatment regimen that combined Tam with H. 
corymbosa extract. To measure cell viability, we em-
ployed the MTT assay, a well-established method for 
assessing the health and proliferation of cells. Nota-
bly, during this experiment, both NIH3T3 and T47D 
cells were subjected to the MTT solution. An intri-
guing observation emerged as dark purple crystalline 
structures formed within the cells, indicating cellular 
activity and overall viability (Fig. 5). 
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Interaction ER-α receptor + β-estradiol (native ligand) 

   

Interaction ER-α receptor + tamoxifen (positive control) 

   

Interaction ER-α receptor + ursolic acid 

   

Interaction ER-α receptor + oleanolic acid 

   

Figure 1. Illustration of ER-α (blue color), β-estradiol (dark blue color), tamoxifen/positive control (black color) and ligands 

interaction: Ursolic acid (yellow color); oleanolic acid (red color); asperuloside (purple color); rutin (green color); scandoside 

methyl ester (dusty pink color); geniposide (grey color). 
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Interaction ER-α receptor + asperuloside 

   

Interaction ER-α receptor + rutin 

  

Interaction ER-α receptor + scandoside methyl ester 

   

Interaction ER-α receptor + geniposide 

   

Figure 1. Illustration of ER-α (blue color), β-estradiol (dark blue color), tamoxifen/positive control (black color) and ligands 

interaction: Ursolic acid (yellow color); oleanolic acid (red color); asperuloside (purple color); rutin (green color); scandoside 

methyl ester (dusty pink color); geniposide (grey color) (continued…) 

 
 
 
 
 

https://jppres.com/


Permana et al. Hedyotis corymbosa nanoliposomes anticancer activity 

 

https://jppres.com  J Pharm Pharmacogn Res (2024) 12(2): 313 

 

Table 2. Physicochemicals and drug-likeness properties calculation of isolates compounds from H. corymbosa. 

Compounds 

Β-estradiol 

(native 

ligand) 

Tamoxifen 

(positive 

control) 

Ursolic 

acid 

Oleanolic 

acid 
Asperuloside Rutin 

Scandoside 

methyl ester 
Geniposide 

Molecular weight (g/mol) 272.38 371.51 456.70 456.70 414.36 610.52 404.37 388.37 

Number of hydrogen 

bond acceptor 

2 2 3 3 11 16 11 10 

Number of hydrogen 

bond donor 

2 0 2 2 4 10 6 5 

Number of rotatable 

bonds 
0 8 1 1 6 6 6 6 

Molar Refractivity 81.03 119.72 136.91 136.65 89.71 141.38 88.05 86.89 

Topoligical polar surface 

area (Å2) 

40.46 12.47 57.53 57.53 161.21 269.43 175.37 155.14 

Lipophilicity 3.40 5.77 5.88 6.06 -1.33 -1.29 -2.05 -1.22 

Water solubility Moderately 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Poorly 

soluble 

Very soluble Soluble Highly 

soluble 

Very soluble 

Gastrointestinal 

absorption 

High Low Low Low Low Low Low Low 

Blood brain barrier 

permeation 
Yes No No No No No No No 

P-glycoprotein substrate Yes Yes No No No Yes No No 

CYP1A2 inhibitor No No No No No No No No 

CYP2C19 inhibitor No Yes No No No No No No 

CYP2C9 inhibitor No No No No No No No No 

CYP2D6 inhibitor Yes Yes No No No No No No 

CYP3A4 inhibitor No No No No No No No No 

Skin permeation (cm/s) -5.11 -3.50 -3.87 -3.77 -10.55 -10.26 -11.22 -10.33 

Number of Lipinski role 

violation 

0 1 1 1 1 3 2 0 

Bioavailability score 0.55 0.55 0.85 0.85 0.11 0.17 0.11 0.11 

 
 

    

Native ligand Tamoxifen Ursolic acid Oleanolic acid 

    

Asperuloside Rutin Scandoside methyl ester Geniposide 

Figure 2. The bioavailability radar of a bioactive compound from H. corymbosa based on physicochemical data indicates oral absorption. 
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A B 

  

Figure 3. Size and zeta potential distribution in nanoliposomes from H. corymbosa extract.  

(A) Size distribution; (B) Zeta potential distribution. 

 
 

  

20,000× 40,000× 

  

100,000× 250,000× 

Figure 4. Transmission electron microscopy microphotographs of 

nanoliposomes formulated with H. corymbosa show the liposome's 

spherical shape and lamellarity. 

 

Cell Control positive (Tam) Tam + Hc 2.5 mg/mL Tam + Hc 5 mg/mL Tam + Hc 10 mg/mL 

Normal 

cell 

(NIH3T3) 

    

Breast 

cancer 

cell 

(T47D) 

    

Figure 5. Viability comparison of normal (NIH3T3) and breast cancer (T47D) cell cultures using MTT assay after 48 h treatment with tamoxifen (Tam) and 

H. corymbosa (Hc) extract combination.  

Cells exposed to MTT solution showed dark purple crystalline formation within the cell. 
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C  

 

Figure 6. Cell viability and proliferation cell culture. 

(A) There was a significant difference between the combination 

treatment group of tamoxifen with H. corymbosa extract at 2.5 mg/mL 

compared to the single dose of H. corymbosa extract (20 mg/mL) on 

normal cell NIH3T. On breast cancer T47D cells, there was a significant 

difference between the combination treatment group of tamoxifen with 

H. corymbosa extract at 10 mg/mL compared to the single dose of H. 

corymbosa extract. (B) There is a significant difference and a strong 

correlation between the significant decrease in cell proliferation and the 

longer incubation time on T47D breast cancer. (C) Comparison T47D 

breast cancer with NIH3T normal cells. 

**Significant (p<0.05) compared to single doses of 20 mg/mL H. corymbosa extract. 
*Significant (p<0.05) compared to control positive. Tam: Tamoxifen; Extract: 

from H. corymbosa. NANO: Nanoliposomes. 

 
Our investigation of the combination treatment of 

Tam with H. corymbosa extract nanoliposome at a 
concentration of 25 µg/mL revealed a decrease in cell 
viability compared to other treatments. However, this 
difference did not reach statistical significance (data 
not shown). A significant reduction in cell viability 
was observed when the combination treatment of 
Tam was administered with H. corymbosa extract at a 
concentration of 10 mg/mL, in contrast to the single 
dose of 20 mg/mL of H. corymbosa extract. Interesting-
ly, the control group treated with Tam alone exhibited 
superior results in significantly reduced cell viability 
compared to the single dose of 20 mg/mL H. corym-
bosa extract (p<0.05) (Fig. 6A). Conversely, H. corym-
bosa displayed low cytotoxicity on normal NIH3T3 
cells. Cell viability was significantly higher with the 
combination of Tam at 2.5 mg/mL (91.06 ± 10.73%) 
compared to the single dose of 20 mg/mL of H. co-
rymbosa extract (59.08 ± 0.73%). The IC50 values for 
NIH3T3 and T47D cells were calculated using a linear 
equation, resulting in values of 44.11 mg/mL (y = -
0.8427x + 87.169, R² = 0.6325) and 11.43 mg/mL (y = -
1.7049x + 68.974, R² = 0.9972), respectively. With these 
IC50 values, the selectivity index of H. corymbosa was 
determined to be 3.96 (SI > 3). 

The selected dose for proliferation analysis was 
based on the IC50 value obtained from the T47D cells, 
leading to the combination of Tam with the extract at 

10 mg/mL. In Fig. 6B, it's evident that the combina-
tion of Tam with H. corymbosa extracts at this dosage 
resulted in a progressive decrease in cell proliferation 
over each hour of incubation (58.86% at 24 h, 52.06% 
at 48 h, and 46.46% at 72 h). Our statistical analyses, 
including the Two-way ANOVA test, demonstrated 
significant differences in both incubation time and cell 
proliferation (p = 0.046), as well as between the vari-
ous doses of H. corymbosa extract and cell proliferation 
(p = 0.023) when the p-value was less than 0.05. Im-
portantly, no interaction between incubation time and 
H. corymbosa extract dose on cell proliferation was 
observed (p = 0.917). The multiple correlation test 
confirmed a significant value of Sig F < 0.05 (0.003), 
indicating a strong correlation (R-value of 0.741) be-
tween incubation time and extract dose with cell pro-
liferation, within the range of 0.61-0.80. 

ER-α mediated estrogen signaling induced 
proliferation of T47D breast cancer cells  

The ER-α mediated estrogen signalling to induced 
proliferation of T47D BCa cells. We found that BCa 
cells in T47D cells can express ER-α in negative con-
trol. ER-α expression drastically decreased in the 
treatment of a combination of Tam and 100 µg/mL 
nanoliposome of H. corymbosa compared to when only 
given the drug Tam or if only a single dose of 100 
µg/mL of H. corymbosa nanoliposomes (Fig. 7). 
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Figure 7. ER-α mediated estrogen signaling induced proliferation of T47D breast 

cancer cells. 

Indirect Immunofluorescent staining for ER-α (green) in T47D cells treated with the combina-

tion of nanoliposomes of H. corymbosa extract-tamoxifen (P0 = 0; P1 = 25; P2 = 50; P3 = 100 

µg/mL) and single doses nanoliposomes of H. corymbosa extract (P4 = 100 µg/mL). DAPI 

(blue) was used to indicate the cell nuclei. 

 
Based on the quantification of ER-α expression in 

T47D cells using ImageJ, the results indicated a signif-
icant difference in ER-α expression among the treat-
ment groups (p=0.16, p<0.05) as determined by the 
Kruskal-Wallis test. We found that in T47D cells, ER-α 
expression was highest in the negative control (26589 
± 5956.5%) or positive control with Tam (17175 ± 
3419.1%). After treatment with nanoliposomes H. 
corymbosa, expression of ER-α consistently decreased, 

especially combining nanoliposomes H. corymbosa 100 
µg/mL with Tam treatment, which the number of ER-
α expressing (6303.7 ± 409.9%) decreased with signifi-
cantly compared to the negative control (Fig. 8), indi-
cating the combination of the Tam drug and the 
nanoliposome formulation of H. corymbosa extract 
may have a potential inhibitory effect on ER-α expres-
sion in T47D cells. 

 
 
 

 

Control - 

ER-α DAPI Merge 
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P2 
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Figure 8. The combination of tamoxifen and H. corymbosa extract nanoliposomes at 100 µg/mL significantly 

decreased ER-α expression in T47D cells compared to the negative control (p<0.05).  
*Significant (p<0.05) vs. negative control. Tam: tamoxifen; Nano: Nanoliposomes from H. corymbosa extract. 

 

DISCUSSION 

ER-α is a member of the nuclear receptor super-
family and works as ligand-dependent transcription 
regulators, possessing six highly conserved structural 
and functional domains termed A through F. As the 
ligand-dependent transcription regulators, the family 
members contain a highly conserved DNA binding 
domain (DBD), also known as the C-domain (residue 
188-255), and a ligand-binding domain (LBD) referred 
to as the E-domain (residue 305-550) (Arao and Kor-
ach, 2019; Sandhiya and Ubaidulla, 2020). Notably, 
70% of BCa diagnoses are ER+, making it an im-
portant therapeutic target. As the primary circulating 
estrogen hormone, 17β-estradiol (E2) regulates many 
tissue and organ functions in physiology. E2 effects 
on cells are mediated by transcription factors and the 
estrogen receptor (ER) encoded by separate genes. 
The ERs, found at the peri-membrane, mitochondria, 
and the nucleus of cells that rely on estrogen target 
tissues, have similar and distinct regulatory poten-
tials. Estradiol binding causes a major structural reor-
ganization of the LBD, converting the inactive ER to 
the functionally active form by generating surfaces for 
enhanced ER dimer and co-regulatory protein stabil-
ity. Different intracellular ER localizations produce 
dynamically integrated and E2 signaling cascades that 
orchestrate cellular growth, differentiation, and death. 
Deregulation of E2-ER signaling is essential in initiat-
ing and progressing target tissue cancers (Bafna et al., 
2020; Yaşar et al., 2017). 

The FDA-approved drug Tam, which binds to the 
estrogen binding site of the receptor, was discovered 
through ER-directed small molecule drug discovery 
for BCa. Because these ER-directed inhibitors are non-
selective, they may eventually induce resistance in 

BCa cells and increase the risk of endometrial cancer 
development. As a result, there is an urgent need to 
develop novel drugs with alternative ER targeting 
mechanisms capable of overcoming the limitations of 
current anti-ER therapies (Bafna et al., 2020). The bio-
active compounds from H. corymbosa, like an ursolic 
acid and scandoside methyl ester, could interact with 
the ER-α receptor in the ligand binding domain. The 
LBD is a spherical region that harbors a hor-
mone‐binding site, a dimerization interface (homo‐ 
and hetero‐dimerization), and a ligand‐dependent 
co‐regulator interaction function (activation function, 
AF‐2). Dimer formation is required for ER activity 
because mutations that disrupt dimerization leave the 
receptor transcriptionally inert. This interaction could 
block the active site of His476, Met437, and Met438 of 
the ER-α, showing that ursolic acid, scandoside me-
thyl ester could be co-repressor binding in ER-α (Arao 
and Korach, 2019; Yaşar et al., 2017). Still, they have 
blocked a hydrophobic bond with weakness. Howev-
er, rutin could bind to the active site of ER-α receptor. 
It indicated that rutin would compete with β-
estradiol. β-estradiol inhibited by rutin could block 
the active site on Met438 of the ER-α receptor with the 
strongest hydrogen bond stabilized them. The rutin 
could bind to the active site on Met438 of the ER-α. It 
indicated that rutin would compete with β-estradiol. 
Interestingly, rutin can block the active site of ER-α on 
the ligand binding domain at Met438's with a hydro-
gen bond was discovered. Hydrogen bonds were 
crucial for protein structural stability and receptor 
selectivity to ligands. Moreover, the binding energy 
was lesser (-338,83 kcal/mol) and more stable and 
robust than other binding energies bioactive com-
pounds of H. corymbosa (Pace et al., 2014; Pantsar and 
Poso, 2018). 
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The accessible web server SwissADME is used to 
predict the physicochemical and drug-like properties 
of isolated compounds from H. corymbosa. Swis-
sADME is a proven free web tool for studying and 
forecasting the physicochemical characteristics, lipo-
philicity, water solubility, pharmacokinetics, and 
drug-likeness of pharmaceuticals using Lipinski's 
rule-of-five and other computer-aided drug design 
models (Cheng et al., 2012). The MW of all com-
pounds showed a range of 250 to 1000 Da. In this 
case, all isolated compounds have a MW of less than 
1000 Da, which makes them easily absorbed, diffused, 
and transported throughout the human body (Ji et al., 
2020). Rutin, asperuloside, scandoside methyl ester, 
and geniposide have up to 10 hydrogen bonds (donor 
or acceptor). The degree of flexibility of the molecule 
to rotate is affected by molar refractivity, the more 
flexible the molecule, the stronger the bias potential. 
Topological polar surface area values for acid (ursolic 
and oleanolic) are 57.53 Å2, respectively, where the 
ideal weight is <140 Å2 (Matsson and Kihlberg, 2017). 
Only Tam and acid (ursolic and oleanolic) had a Log 
P value of more than 5, indicating that Tam and acid 
of H. corymbosa have high lipophilicity and can cause 
limited absorption and rapid metabolic turnover 
(Bahmani et al., 2017). Fig. 2 depicts the ideal physico-
chemical indices for oral bioavailability, indicating 
that geniposide has the potential to be a recommend-
ed substance for future investigation. Except TPSA 
value, geniposide is one of the bioavailability radar 
criteria where INSOLU stands for insolubility (0 < 
Log S < 6), INSATU is in saturation (0.25 < fraction 
Csp3 < 1), FLEX is flexibility (0 < number of rotatable 
bonds < 9), LIPO denotes lipophilicity (-7 < XLOGP3 
< +5), and SIZE means molecular size (150 g/mol < 
molecular weight < 500 g/mol (Arnott and Planey, 
2012; Daina et al., 2017). The rule of five methodolo-
gies is just as valuable for defining drugability today. 
Then it can predict drug disposition characteristics for 
medications that meet and do not fulfill the law of 
five requirements. A utility function value of '0' im-
plies the corresponding property value is desirable, 
whereas a matter of '1' suggests that the property 
value is undesirable (Benet et al., 2016). According to 
the pharmacokinetic properties’ viewpoint, only gen-
iposide compounds indicated better pharmacokinetic 
properties than other compounds that zero violate 
Lipinski’s rule of five. Furthermore, as a positive con-
trol, Tam has also engaged in cytochrome P450 (CYP) 
interactions, particularly with CYP2C19 and CYP2D6. 
The CYP monooxygenase system is a group of en-
zymes metabolizing various drugs used in cardiology 
and oncology. The role of the CYP enzyme family is 
significant since it can develop interactions in induc-
tion (inducing rapid metabolism) or inhibition (bioac-
cumulation) medications with any of the CYP isoen-

zymes, which could have a similar metabolic profile 
to the native ligand. Overdose or toxicity can arise in 
either position (Fatunde and Brown, 2020; Wang et 
al., 2011). Meanwhile, H. corymbosa bioactive chemi-
cals did not interact with the CYP enzyme family 
members.  

Conversely, rutin comprises a P-gp substratum 
that may have a metabolic profile similar to that of the 
Β-estradiol and Tam. P-gp is a multidrug transporter 
that belongs to the ATP-binding cassette (ABC) trans-
porter superfamily and is encoded by the ABCB1 
(formerly MDR1) gene. P-gp is essential for the 
transport of tiny molecules in critical locations, such 
as cleansing the brain of possible poisons that are P-
gp substrates. Because it has a significant influence on 
drug absorption (by transporting molecules back into 
the gastrointestinal lumen), distribution (by prevent-
ing xenotoxins from entering essential tissues such as 
the brain), metabolism (by acting synergistically with 
CYP3A), and excretion (by affecting both biliary and 
renal tubular function), P-gp has received a lot of 
attention in both cancer research and the pharmaceu-
tical field. P-gp not only influences substrate absorp-
tion, distribution, metabolism, and excretion but also 
promotes multidrug resistance and drug-drug inter-
actions (Mohana et al., 2016; Satari et al., 2021). Rutin 
is a unique antioxidant flavonoid that may provide 
pharmacological benefits such as anticancer and anti-
inflammatory characteristics. Rutin suppresses the 
growth of breast, colon, lung, and prostate cancers 
and other tumors. Together with other chemotherapy 
medications, rutin may assist tumor cell prevention 
by minimizing drug resistance and adverse chemo-
therapy effects (Satari et al., 2021; Youssef et al., 2022).  

Using nano-sized particles in herbal medicine 
holds promise for enhancing bioavailability and re-
ceptor selectivity. These particles' increased active 
surface energy facilitates better interaction with bio-
logical systems, leading to improved absorption and 
bioavailability. Furthermore, the ability to target spe-
cific receptors or tissues through surface modifica-
tions enhances the selectivity of herbal medicine. Ad-
ditionally, the encapsulation of active components 
provides stability and protection, ensuring the effica-
cy and safety of the herbal medicine throughout its 
use (Chotphruethipong et al., 2020; Sandhiya and 
Ubaidulla, 2020). The TEM images of the H. corym-
bosa-containing liposomes demonstrate that the parti-
cles maintain a spherical shape and show loose ag-
glomeration. Formulation indicates good dispersion 
has been achieved, and the liposomes are well-
distributed within the system. The TEM images also 
confirm the preservation of the liposome's spherical 
structure and lamellarity, indicating the successful 
encapsulation of H. corymbosa extract within the lipo-
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somes (Akbari et al., 2011; Yusuf et al., 2019). The 
distribution of particle sizes is good because it falls 
within the range of 1-500 nm (73 nm). A low PDI val-
ue (0.451) indicates a better distribution of particle 
sizes. Polydisperse refers to a narrow sample distribu-
tion with only one peak, resulting in uniform particle 
sizes (monodispersity) (Akbari et al., 2011). In lipo-
somes, typically composed of lipid bilayers, the ZP 
can vary depending on the type of lipids used and 
their charge. These negatively charged liposomes can 
exhibit immunostimulant properties, interacting with 
immune cells and activating immune responses. As 
you mentioned, a higher ZP indicates stronger repul-
sive forces between particles, which helps prevent 
their aggregation in a suspension. Generally, liposo-
mal suspensions with absolute ZP values above 30 
mV are considered to have good stability (Honary 
and Zahir, 2013). 

In this study, BCa cells T47D showed the highest 
expression compared to other treatments because ER-
α is overexpressed in approximately 70% of BCa cases 
(Li et al., 2022; Novitasari et al., 2018). After treatment 
with nanoliposomes of H. corymbosa, the expression 
significantly decreased, especially in the combination 
of Tam and nanoliposomes at a dose of 100 µg/mL 
compared to the negative control. Unfortunately, 
combining nanoliposomes from H. corymbosa extract 
at a high 100 µg/mL dose did not significantly inhibit 
T47D BCa cells. Previous studies have reported that 
H. corymbosa significantly inhibits the growth of can-
cer cells at high doses, such as 400 µg/mL in 4T1 BCa 
cells and 800 µg/mL in A2780 ovarian cancer cells 
(Novitasari et al., 2018; Zhang et al., 2016). Therefore, 
the dose of nanoliposomes needs to be increased. 
Indeed, when the dose of H. corymbosa extract was 
increased from µg/mL to mg/mL, there was a signifi-
cant inhibition of T47D BCa cell growth in the combi-
nation treatment of Tam with H. corymbosa at doses of 
10 mg/mL, with an IC50 value of 11.13 mg/mL and S1 
= 3.96. The IC50 represents the concentration that can 
cause 50% of cancer cells to remain alive, with the 
remaining cells expected to die (Novitasari et al., 
2018). Besides that, the selectivity index (SI) is a valu-
able indicator of an extract's safety for anticancer 
therapy, determined by comparing the IC50 values of 
extracts on normal NIH3T3 cells to human cancer 
cells (T47D). An SI value exceeding three (SI > 3) is 
considered highly selective. H. corymbosa extract ex-
hibited a notable selectivity with an SI value of 3.96 
for NIH3T3 cells (Chothiphirat et al., 2019). This find-
ing aligns with the study by Rollando (2018), which 
revealed that the ethanolic extracts of H. corymbosa 
strongly inhibited T47D cell proliferation. High selec-
tivity in cytotoxic response between cancer and nor-
mal cell lines suggests the potential of this extract to 
contain vital compounds for developing a novel anti-

cancer drug (Rollando, 2018). Based on this, cell pro-
liferation can be observed at 24, 48, and 72 h at a dose 
of 10 mg/mL, and a significant correlation is ob-
served between cell proliferation, dose, and incuba-
tion time, with a decrease in cell proliferation ob-
served each hour. Drug-dose response assays, such as 
the MTT assay, are commonly used in two-
dimensional (2D) cell cultures to evaluate the efficacy 
and potency of drugs. These assays measure the re-
sponse of cells to varying concentrations of a drug 
over a specific time, usually up to 72 h (Larsson et al., 
2020). 

According to the study by Zhang et al. (2016), 
most of the phytochemical compounds detected in 
Hedyotis are derived from flavonoids and their deriva-
tives, such as quercetin or rutin (Zhang et al., 2016). 
Flavonoid compounds in Hedyotis play a role in mod-
ulating the activity of ROS-scavenging enzymes (pro-
oxidants), participating in cell cycle arrest, inducing 
apoptosis, autophagy, and suppressing the prolifera-
tion and invasion of cancer cells. ROS production 
increases when cellular homeostasis between pro-
oxidant activity and antioxidant defense is disrupted, 
and free radicals accumulate intracellularly. ROS is 
primarily generated in the electron transport chain in 
mitochondria as a byproduct of oxidative phosphory-
lation within cells. Excessive ROS production leads to 
oxidative stress. The excessive formation of ROS ul-
timately triggers cell death through increased apopto-
sis (Gibellini et al., 2010; Lin et al., 2011). However, a 
single dose of 20 mg/mL of H. corymbosa extract in-
creased the number of cells compared to the control. 
High doses can cause mutations that activate onco-
genes or deactivate tumor suppressors (P53). Muta-
tions or inactivation of P53 disrupt the balance of ATP 
produced in glycolysis and oxidative phosphorylation 
(OXPHOS) reactions. Continuous activation of gly-
colysis in cancer cells leads to the accumulation of 
glucose metabolites in lactate. Lactate can activate 
hypoxia-inducible factor 1 (HIF1) as a transcription 
factor that regulates more than 100 different genes, 
affecting various cellular activities, including glycoly-
sis, angiogenesis, invasion, metastasis, and cell sur-
vival (Pattni et al., 2017; Zheng, 2012). Additionally, 
the treatment dose should not exceed 72 h because the 
pro-oxidant activity of flavonoids from H. corymbosa 
is likely to decrease, which would result in cancer 
cells not being activated by ROS, leading to impaired 
apoptosis and continuous proliferation of cancer cells, 
potentially leading to metastasis (Foo et al., 2021; 
Larsson et al., 2020). 

CONCLUSION 

These findings indicate that all H. corymbosa com-

pounds can act as ER-α--estradiol binding inhibitors. 
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Rutin compounds have the most significant potential, 
as determined by the free binding energy and inhibi-
tion constant values, and comprise a P-glycoprotein 
substratum to transport tiny molecules in a critical 
location. H. corymbosa is highly selective in reducing 
cell viability in breast cancer cells (T47D) compared to 
non-cancerous cells (NIH3T3). Combining H. corym-
bosa extract at 10 mg/mL with tamoxifen shows better 
results. The herbal combination treatment can be ad-
ministered to cells for a maximum duration of 72 h 
because its flavonoid content acts as a pro-oxidant 
that can reduce the proliferation of T47D breast can-
cer cells. The nanoliposomes derived from H. corym-
bosa extract meet the criteria of good nanoliposomes, 
which are spherical, monodisperse, and stable. Com-
bining nanoliposomes H. corymbosa at 100 µg/mL 
doses with tamoxifen significantly decreases ER-α 
expression in T47D cells compared to the negative 
control (p<0.05). Still, they do not significantly reduce 
cell viability. 
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