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1. Introduction

Cancer is a leading cause of morbidity and mortality worldwide, with increasing incidences attributed
to lifestyle factors, environmental exposures, and genetic predispositions. Despite significant advances
in treatment, including surgery, chemotherapy, and immunotherapy, many cancers remain resistant to
conventional therapies. The search for novel and effective anti-cancer agents, particularly from natural
sources, has gained momentum in recent years. Among these sources, medicinal plants have proven to
be a rich reservoir of bioactive compounds with potential anticancer properties.

The Berberis genus, comprising over 500 species, is renowned for its medicinal properties, primarily
attributed to its alkaloid content. Alkaloids such as berberine, palmatine, and berbamine have
demonstrated diverse pharmacological activities, including anti-inflammatory, antimicrobial, and anti-
cancer effects. Recent studies have highlighted the importance of these alkaloids in cancer therapy,
prompting further investigation into their molecular mechanisms and therapeutic potential.

This article seeks to investigate the anti-cancer effects of alkaloid-rich extracts from the Berberis genus
using a two-pronged approach: in silico molecular modeling and in vitro cell-based assays. These
methods offer a comprehensive understanding of the interactions between alkaloids and cancer-related
targets, as well as the effects of these compounds on cancer cell viability.
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2. Materials and Methods
2.1. Collection of Plant Material and Extraction of Alkaloids

Berberis species, including Berberis vulgaris and Berberis aristata, were selected for their known
alkaloid content. The plant materials were collected from local sources, authenticated, and dried.
Alkaloid extraction was performed using solvent extraction methods, followed by purification through
column chromatography to obtain alkaloid-rich extracts.

2.2. In Silico Analysis

To investigate the anti-cancer potential of alkaloids, in silico molecular docking studies were carried
out using the software AutoDock Vina. The following steps were involved:

. Target Selection: Key cancer-related targets such as epidermal growth factor receptor (EGFR),
vascular endothelial growth factor receptor (VEGFR), and p53 were selected based on their roles in
tumor growth and metastasis.

. Ligand Preparation: The structures of berberine, palmatine, berbamine, and other alkaloids
were retrieved from the PubChem database.

. Molecular Docking: The ligand molecules were docked to the targets, and the binding energies
were analyzed to assess the potential of these alkaloids to inhibit target activity.

Additionally, QSAR modeling was employed to predict the anti-cancer activity of alkaloid derivatives
by analyzing their physicochemical properties and structure-activity relationships.

2.3. In Vitro Cell Line Studies

In vitro assays were performed using human cancer cell lines, including breast cancer (MCF-7), lung
cancer (A549), and colon cancer (HT-29) cells. The cells were cultured in appropriate media and
treated with varying concentrations of alkaloid-rich extracts. Cell viability was assessed using the MTT
assay, and apoptosis was evaluated through flow cytometry analysis.

2.4. Statistical Analysis

Data from the in vitro assays were analyzed using statistical software, and results were expressed as
the mean + standard deviation (SD). Statistical significance was determined using one-way ANOVA,
followed by post hoc testing.

3. Results
3.1. In Silico Docking Results

Molecular docking studies revealed that berberine and berbamine exhibited the strongest binding
affinities to the selected cancer targets. Berberine, in particular, showed a high binding affinity for the
EGFR and VEGFR, which are critical for the regulation of tumor angiogenesis and growth. The
interactions were stabilized through hydrogen bonding and hydrophobic interactions, suggesting that
these alkaloids could effectively inhibit the activity of these targets.

3.2. QSAR Modeling
The QSAR analysis revealed that the presence of methoxy and hydroxyl groups in the alkaloid
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structure contributed significantly to their anti-cancer activity. Based on the prediction models,
alkaloid derivatives with modifications to these functional groups were suggested as potential
candidates for further evaluation.

3.3. In Vitro Cytotoxicity Assays

The MTT assay demonstrated that alkaloid-rich extracts from Berberis species exhibited dose-
dependent cytotoxicity against all tested cancer cell lines. Berberine was particularly effective against
the MCF-7 breast cancer cells, with an IC50 value of 18.5 uM. Flow cytometry analysis confirmed
that berberine induced apoptosis in MCF-7 cells, as evidenced by an increased number of early and
late apoptotic cells.

3.4. Apoptosis and Mechanism of Action

The alkaloid extracts induced apoptosis through the mitochondrial pathway, as evidenced by the
release of cytochrome ¢ and the activation of caspases 3 and 9. Moreover, Western blotting revealed
that berberine downregulated the expression of anti-apoptotic proteins Bcl-2 and upregulated pro-
apoptotic proteins such as Bax.

4. Discussion

The combined in silico and in vitro findings suggest that alkaloid-rich extracts from the Berberis genus
possess significant anti-cancer potential. The molecular docking results indicate that the alkaloids
interact with key cancer-related targets, such as EGFR, VEGFR, and p53, which play pivotal roles in
cell proliferation, angiogenesis, and apoptosis. In vitro studies further corroborated these findings,
showing that alkaloid extracts can effectively inhibit cancer cell growth and induce apoptosis in a dose-
dependent manner.

These results highlight the importance of Berberis alkaloids as potential chemotherapeutic agents.
While the in vitro findings are promising, further studies are needed to assess the pharmacokinetics,
bioavailability, and potential toxicity of these compounds in vivo.

5. Conclusion

This study provides strong evidence for the anti-cancer potential of alkaloid-rich extracts from the
Berberis genus. The use of in silico molecular docking and in vitro assays has identified key cancer
targets and mechanisms of action. These findings warrant further research into the clinical application
of Berberis-derived alkaloids as adjuncts to current cancer therapies. Future studies should focus on
optimizing the structure of these compounds to enhance their efficacy and reduce side effects.
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