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Abstract 

______________________________________________________________________________________________________________ 

Objective: This study aimed to evaluate the cytotoxic activity of a niclosamide–caffeic acid 
multicomponent cocrystal against T47D breast cancer cells. 

Methods: The multicomponent cocrystal was prepared using the solvent-drop grinding method. 
Cytotoxic activity was assessed using the Microculture Tetrazolium Test (MTT) assay.  

Results: The results demonstrated that both niclosamide alone and the niclosamide–caffeic acid 
multicomponent cocrystal exhibited cytotoxic effects against T47D cells, with IC50 values of 2.92 
μg/mL and 2.50 μg/mL, respectively. Microplate spectrophotometric analysis confirmed a 
concentration-dependent decrease in cell viability for both treatments. Notably, the 
niclosamide–caffeic acid multicomponent cocrystal displayed a more pronounced cytotoxic 
effect than niclosamide alone.  

Conclusions: These findings suggest that the formation of niclosamide–caffeic acid 
multicomponent crystals may enhance anticancer potential and warrant further investigation 
as a promising therapeutic approach for breast cancer treatment. 

Keywords: breast cancer, niclosamide, caffeic acid, multicomponent crystal, cytotoxicity, T47D 
cells, MTT assay. 

 

INTRODUCTION 

Breast cancer is one of the leading causes of cancer-
related mortality among women worldwide, with a 
steadily increasing incidence in both developed and 
developing countries. According to the Global Cancer 
Observatory (GLOBOCAN), breast cancer accounts for a 
substantial proportion of newly diagnosed cancer cases 
in women, and its burden continues to rise in low and 
middle-income countries, including Indonesia1,2. Despite 
advances in early detection and targeted therapy, the 
prognosis for patients with advanced or metastatic 
breast cancer remains poor, highlighting the urgent 
need for novel and effective therapeutic approaches3,4. 

Drug repurposing, the strategy of identifying new 
therapeutic applications for existing drugs, has gained 
considerable attention in oncology research due to its 
cost-effectiveness, established safety profiles, and 
accelerated development timelines5,6. Niclosamide, an 
FDA-approved anthelmintic drug, has recently been 
recognized for its promising anticancer properties 

through multiple mechanisms, including the inhibition 
of Wnt/β-catenin, STAT3, and NF-κB signaling 
pathways7–10. However, its poor aqueous solubility and 
limited bioavailability pose significant challenges to its 
clinical translation in cancer therapy11–13. 

One potential strategy to overcome these limitations is 
the formation of multicomponent cocrystals, which can 
enhance physicochemical properties such as solubility, 
dissolution rate, and stability, thereby improving 
pharmacological activity14–18. Caffeic acid, a naturally 
occurring phenolic compound with antioxidant and 
anticancer activities, has been investigated as a 
coformer in pharmaceutical cocrystallization to improve 
drug performance19,20. The combination of niclosamide 
and caffeic acid in a multicomponent crystal system may 
provide synergistic or additive effects, potentially 
enhancing cytotoxicity against breast cancer cells. 

In this study, we developed a niclosamide–caffeic acid 
multicomponent crystal using the solvent-drop grinding 
method and evaluated its cytotoxic activity against 
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T47D human breast cancer cells. The cytotoxic effects 
were assessed using the Microculture Tetrazolium Test 
(MTT) assay, and the half-maximal inhibitory 
concentration (IC50) values were determined. This work 
aims to provide insights into the potential of 
niclosamide–caffeic acid multicomponent crystals as a 
novel formulation approach to improve the anticancer 
efficacy of niclosamide. 

MATERIALS AND METHODS 

Materials and Instruments 

Pure niclosamide (≥98% purity) was obtained from 
Sigma-Aldrich (USA), while caffeic acid was procured 
from MarkHerb (PT EBM Saintifik dan Teknologi, 
Bandung, Indonesia). Analytical-grade ethanol was 
supplied by Brataco Chemical (Indonesia). The T47D 
human breast carcinoma cell line. Cell culture reagents, 
including Roswell Park Memorial Institute medium 
(RPMI-1640), fetal bovine serum (FBS), penicillin–
streptomycin, and trypsin–EDTA, were purchased from 
Gibco (Thermo Fisher Scientific, USA). The MTT reagent 
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] was sourced from Sigma-Aldrich (USA). The 
niclosamide–caffeic acid multicomponent crystals were 
prepared via the solvent drop grinding (SDG) technique. 
Cell viability measurements were performed using a 
Bio-Rad microplate reader (USA) at a wavelength of 550 
nm. Additional equipment included a CO2 incubator 
(Thermo Scientific, USA) for cell maintenance, a Class II 
biosafety cabinet (Thermo Scientific, USA) for aseptic 
handling, and an inverted microscope (Nikon, Japan) for 
morphological observation. 

MTT Assay for Cell Viability 

The MTT colorimetric assay was performed to evaluate 
the viability of T47D human breast cancer cells based on 
mitochondrial reductase-mediated reduction of the 
tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide into insoluble formazan. 
Cells were seeded in 96-well plates at a density of 1 × 
104 cells per well in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS) and 1% penicillin–
streptomycin, followed by a 24-h incubation at 37 °C in 
a humidified atmosphere containing 5% CO₂ to allow 
cell attachment. Serial dilutions (0.1–100 µg/mL) of the 
test samples—pure niclosamide and the niclosamide–
caffeic acid multicomponent crystal—were prepared in 
RPMI-1640 containing 0.1% DMSO and applied to the 
cultures for 48 h. Untreated cells and vehicle-treated 
cells (0.1% DMSO) served as controls, with each 
treatment condition performed in triplicate. After the 
exposure period, 10 µL of MTT solution (5 mg/mL in 
PBS) was added to each well and incubated for an 
additional 4 h to allow formazan formation. The culture 
medium was then carefully removed, and the resulting 
crystals were dissolved in 100 µL of DMSO. Absorbance 
was measured at 550 nm using a Bio-Rad microplate 
reader, and cell viability was calculated as a percentage 
relative to the untreated control. Dose–response 
relationships were analyzed, and IC50 values were 
determined by linear regression analysis. The 

experimental procedure was adapted from a previously 
reported method with slight modifications 21. 
Morphological alterations, such as cell shrinkage, 
rounding, membrane blebbing, and reduced confluence, 
were examined under an inverted microscope at 100× 
magnification. 

Data Analysis 

Data are presented as the mean ± standard deviation 
(SD), n = 3. Statistical analyses were performed using 
GraphPad Prism version 8.4.0 (GraphPad Software, San 
Diego, CA, USA). Half-maximal inhibitory concentration 
(IC50) values were determined by fitting the dose–
response curves to a linear regression model, in which 
percentage cell viability was plotted against the 
logarithm of compound concentrations. The 
concentration corresponding to 50% cell viability was 
extrapolated from the fitted curve. Comparisons 
between treatment groups were carried out using two-
way ANOVA followed by Bonferroni's multiple 
comparisons test, comparing niclosamide–caffeic acid 
multicomponent crystal to niclosamide at the same 
concentration. Statistical significance was accepted at p 
< 0.05. 

RESULT AND DISCUSSION 

In Vitro Cytotoxic Activity Against T47D Breast 
Cancer Cells 

Table 1 and Figure 1 present the cytotoxic effects of 
niclosamide and the niclosamide–caffeic acid 
multicomponent crystal (cocrystal) on T47D breast 
cancer cells after 48 h of exposure at various 
concentrations. Both treatments demonstrated a dose-
dependent reduction in cell viability compared to the 
untreated control (100% ± 0.000). 

At the highest concentration tested (100 μg/mL), 
niclosamide reduced cell viability to 4.71% ± 2.736, 
whereas the cocrystal formulation resulted in 20.48% ± 
2.253 viability, with the difference being highly 
significant (****, p < 0.0001). At 10 μg/mL, the viability 
values for niclosamide and the cocrystal were 24.23% ± 
0.580 and 22.40% ± 2.888, respectively, with no 
statistically significant difference. At lower 
concentrations (0.1 and 1 μg/mL), both treatments 
exhibited reduced cytotoxicity, with niclosamide 
generally showing slightly higher cytotoxicity than the 
cocrystal at 0.1 μg/mL (97.88% vs. 75.38%, *** p < 
0.001). 

The calculated IC50 values indicated that the cocrystal 
had a slightly lower IC50 (2.50 μg/mL) compared to 
niclosamide (2.92 μg/mL), suggesting a marginally 
higher potency of the cocrystal formulation in inhibiting 
T47D cell viability. Graphical data (Figure 1) further 
confirm these trends, illustrating the dose-dependent 
cytotoxic effect for both treatments, with the steepest 
viability drop observed between concentrations of 1 
μg/mL and 10 μg/mL. 

The present findings indicate that both niclosamide and 
the niclosamide–caffeic acid cocrystal possess 
significant cytotoxic activity against T47D breast cancer 
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cells in vitro, with a dose-dependent profile. The slightly 
lower IC50 value of the cocrystal suggests that 
incorporation of caffeic acid in a multicomponent 
crystal form may enhance the anticancer potential of 
niclosamide. This enhancement may be attributed to 
improved physicochemical properties, such as solubility 
or stability, commonly observed in pharmaceutical 
cocrystals 22. 

The observation that the cocrystal exhibited higher cell 
viability than niclosamide at the highest tested 
concentration (100 μg/mL) could indicate differences in 
drug release kinetics or cellular uptake, consistent with 
prior reports that cocrystallization can modulate 
dissolution rate and bioavailability20,23,24. However, the 
slightly superior potency (lower IC50) of the cocrystal 
formulation suggests that at therapeutically relevant 
concentrations, the combination of niclosamide with 
caffeic acid may provide enhanced cytotoxic efficacy. 

These results align with previous studies reporting 
niclosamide’s anticancer activity through multiple 
mechanisms, including Wnt/β-catenin inhibition, STAT3 
suppression, and mitochondrial uncoupling7,8. 
Moreover, caffeic acid itself has been documented to 

exert anticancer effects through antioxidant activity, 
induction of apoptosis, and cell cycle arrest 25–28. The 
cocrystal approach may therefore provide a synergistic 
benefit, not only by improving drug solubility but also 
by introducing the bioactivity of caffeic acid into the 
formulation. 

Our findings corroborate the work of Grifasi et al. 
(2015), who demonstrated that niclosamide cocrystals 
exhibited improved dissolution rates compared to the 
pure drug, potentially translating to enhanced biological 
activity23. Additionally, the present study extends these 
observations by demonstrating that such 
physicochemical modifications can have measurable 
effects on cytotoxicity against breast cancer cells. 

The data suggest that the niclosamide–caffeic acid 
cocrystal could serve as a promising candidate for 
further development in breast cancer therapy, 
potentially overcoming some limitations associated 
with niclosamide’s poor aqueous solubility. Further in 
vivo pharmacokinetic and mechanistic studies are 
warranted to fully elucidate the therapeutic advantages 
of this multicomponent crystal system.

 

Table 1: Cell viability (mean ± SD) of T47D breast cancer cells treated with niclosamide or niclosamide–caffeic acid 
multicomponent crystal (cocrystal) at various concentrations, and statistical significance between the two treatment 
group. 

Concentration (µg/mL) 
Niclosamide 

(Mean ± SD) 

Niclosamide–Caffeic Acid Cocrystal 

(Mean ± SD) 

Significance vs 

Niclosamide 

Control 100 ± 0.000 100 ± 0.000 - 

100 4.71 ± 2.736 20.48 ± 2.253 **** 

10 24.23 ± 0.580 22.40 ± 2.888 ns 

1 68.75 ± 4.175 72.98 ± 9.034 ns 

0.1 97.88 ± 2.027 75.38 ± 3.219 *** 

IC50 (µg/mL) 2,92 2,50 - 

ns, not significant (p ≥ 0.05); * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001. 

Values represent mean ± standard deviation (SD), n=3. 
Statistical analysis was conducted using two-way 
ANOVA followed by Bonferroni's multiple comparisons 
test, comparing niclosamide–caffeic acid 

multicomponent crystal to niclosamide at the same 
concentration. The symbol “–” indicates that statistical 
comparison was not applicable for control groups. 

 

Figure 1: Percentage viability of T47D breast cancer cells after 48 h exposure to (a) niclosamide and (b) niclosamide–
caffeic acid cocrystal. All values are expressed as means (n = 3) ± SD. 
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Cell Morphology Observation 

Microscopic examination showed that T47D breast 
cancer cells in the control group were able to maintain a 
typical epithelial-like morphology, with intact cell 
membranes and a tightly adherent growth pattern. In 
contrast, exposure to pure niclosamide and the 
niclosamide– caffeic acid cocrystal induced distinct, 
concentration-dependent morphological alterations, 
including cell shrinkage, rounding, membrane blebbing, 
and reduced confluence, with the most pronounced 
changes observed at 100 µg/mL (Figure 2). At 
intermediate concentrations (10 and 1 µg/mL), partial 
cell detachment and decreased cell density were 

apparent, whereas minimal alterations were noted at 
0.1 µg/mL relative to the control. These morphological 
changes are indicative of apoptotic and cytotoxic 
processes, aligning with previous reports in cancer cells, 
where structural disruption and cell rounding are 
associated with decreased viability and apoptosis 
induction29,30. Notably, the cocrystal-treated group 
exhibited more extensive morphological damage than 
the pure niclosamide group at equivalent 
concentrations, suggesting an enhanced cytotoxic effect 
of the cocrystal, potentially attributable to improved 
cellular uptake and increased interaction with 
intracellular targets.

 

(a)  

(b)  
Figure 2: Morphological changes of T47D breast cancer cells after 48-hour treatment with (a) pure niclosamide and (b) 
niclosamide– caffeic acid cocrystal observed under inverted microscope. Viable cells are indicated by the green arrow, 
whereas the yellow arrow highlights cells exhibiting morphological alterations. Cell morphology was examined using 
an inverted microscope at 100x magnification. 
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CONCLUSIONS 

This study demonstrates that both niclosamide and the 
niclosamide–caffeic acid multicomponent crystal exhibit 
potent, dose-dependent cytotoxicity against T47D 
breast cancer cells. The cocrystal formulation showed a 
slightly lower IC50 value than niclosamide, suggesting 
marginally enhanced potency. These findings indicate 
that cocrystallization with caffeic acid may offer a 
promising strategy to optimize the anticancer potential 
of niclosamide, potentially by improving its 
physicochemical properties and introducing 
complementary bioactivity. Further mechanistic and in 
vivo studies are warranted to validate these in vitro 
results and explore the therapeutic applicability of this 
formulation in breast cancer treatment. 
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