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Abstract. Tapak Dara plant (Catharanthus roseus (L) G. Don) has five potential alkaloid
compounds as anticancer compounds. This study aims to determine the potential of
alkaloid as an anticancer Chronic Lymphocytic Leukemia (CLL) with B-Cell lymphoma2 receptor (Bcl-2). The method of this research is in silico. The compounds used are,
vinblastine, vincristine, vindensine, vinflunine, and vinorelbine as well as chlorambucil
(leukeran), prednisone, and venetoclax control compounds. The receptor used is B-Cell
lymphoma-2 (Bcl-2) with a 2O2F PDB code. The docking process is done with PyRx
software. The affinity binding value of vinblastine (-7.2 kcal/mol), vincristine (-3.2
kcal/mol), vindensine (-3.6 kcal/mol), vinflunine (-7.2 kcal/mol), vinorelbine ( -7.1
kcal/mol), chlorambucil (-6.0 kcal/mol), prednisone (-8.0 kcal/mol), and venetoclax (-9.2
kcal/mol). The amiso acid residues that have similarities with the control compound are
on vinflunine (Glu133, Asp108, Phe109, Phe150, Phe147); vinorelbine (Asp108,
Gly142, Phe150, Phe147, Phe109); and vinblastine (Ser133). The five vinca alkaloids are
predicted to be effective as anticancer Chronic Lymphocytic Leukemia (CLL), namely
vinflunine, vinorelbine, and vinblastine.
Keywords: Catharanthus roseus (L) G. Don; Bcl-2; Alkaloid; Chronic Lymphocytic
Leukemia; Apoptosis, Docking

1

Introduction

Tapak dara (Catharantus roseus (L) G. Don) is one plant that is widely distributed in the
tropics including the family Apocynaceae. The spread of this plant is very broad in Indonesia
so it has various regional names. The virgin can grow in the lowlands to the highlands with an
altitude of 800 meters above sea level [1]. Tapak dara (Catharanthus roseus (L) G. Don) is a
type of plant used by the community as a traditional medicine.
Various studies that have been carried out have found that the Catharanthus roseus (L) G.
Don contain active chemicals that can be used as raw materials for medicines. This plant is
identified as containing 130 bioactive ingredients [1]. Some contents of active compounds are
catharantine, vinblastine, vincristine, vindoline, and catharoseumine [1]. Vinblastine and
vincristine have been known to be used as cancer drugs extracted from the leaves of
Catharanthus roseus (L) G. Don [2]. Catharanthus roseus (L) G. Don contains vinblastine,
vincristine, leurosine, catharanthine, and lochanerine alkaloids which are efficacious as
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anticancer [3]. According to Yusransyah, Pratiwi, & Khaerunnisa (2016), Catharantus roseus
(L) G. Don have alkaloid compounds namely vincristine, vinorelbine, vinflunine, vinblastine,
and vindensine [4].
Chronic Lymphocytic Leukemia (CLL) is the result obtained (not present at birth) from
mutations (changes) of DNA (genetic material) from the spinal cord cells that develop into
lymphocytes [5]. Leukemia has various types, including Chronic Lymphocytic Leukemia
(CLL), Acute Lymphoblastic Leukemia (ALL), Chronic Myeloid Leukemia (CML), and
Acute Myeloid Leukemia (AML) [6]. Leukemia is a cancer of white blood cells and starts in
the spinal cord and blood, then this cancer will spread throughout the body including the brain
[7]. Chronic Lymphocytic Leukemia (CLL) is a type of leukemia that originates from
lymphocytes called B-cells [8]. CLL as a blood cancer, can spread throughout the body
including lymph nodes, spinal cord, and other organs [9]. CLL is characterized by
proliferation and accumulation of CD5-positive cells in the blood, spinal cord, and lymph
nodes [10]. It has been reported, in CLL the capacity to produce clonal B cells is obtained in
Hematopoietic Stem Cells (HSC) [11]. CLL can be initiated by loss or increase in
chromosomal material, such as delesi 13q, deletion 11q, and trisomy 12 followed by
mutations and more aggressive leukemia [12].
Bcl-2 is a B-cell lymphoma/leukemia-2 and a second protein from various proteins found
in lymphoma [13]. As the name implies, this gene was discovered due to its involvement in Bcell malignancy, where chromosomal translocation occurs which then activates most of the
genes in non-Hodgkin's B cell follicular lymphoma [13]. Protein B-cell lymphoma-2 (Bcl-2) is
a regulator of the apoptosis process [14]. Bcl-2 is coded by the BCL2 gene derived from
follicular lymphoma as a translocation protein on chromosomes number 14 and 18 [15]. This
protein is located in the mitochondria, smooth endoplasmic reticulum and perinuclear
membrane of blood cells [15]. Bcl-2 expression has been reported in hematologic malignancy
[16].
Apoptosis is one of the main mechanisms of cell death in cancer therapy [17]. Apoptosis
is often associated with programmed cell death [18]. Apoptosis involves the role of
mitochondria, mitochondrial organelles have two groups of Bcl-2 proteins [19]. Unlike most
oncogenes as proliferation promoters, Bcl-2 has the function of preventing cell death [20]. The
B-Cell lymphoma-2 (Bcl-2) gene is first known in folucular B-cell lymphoma as the gene that
regulates the chain of immunoglobulin bonds in the transliter breakpoints [21]. Bcl-2 protein
was found to inhibit cell death. Genesis tumors can be caused not only by unlimited cell
proliferation, but also by apoptotic disorders [22].

2

Methods

2.1 Preparation of Protein Macromolecul
Bcl-2 anti-apoptosis is a protein that plays a role in cell apoptosis. Apoptosis is one of the
keys to cancer treatment. Bcl-2 gene expression is known in hematologic malignance, one of
them is Chronic Lymphocytic Leukemia, which is one type of leukemia that attacks blood
cells. Drug compounds that are often used in the treatment of Chronic Lymphocytic Leukemia
(CLL) are venetoclax, prednisone, and chlorambucil (leukeran). The initial step is to prepare
the target protein and ligand to be used. A two-dimensional protein structure can be
downloaded from bank data proteins with the site http://www.rscb.ord/. The selected

antiapoptotic Bcl-2 receptor identity is 2O2F. Macromolecules are sterilized using the PyMol
application.
2.2 Ligan Preparation
The ligand used can be downloaded from PubChem with the site
http://PubChem.ncbi.nlm.nih.gov with the .sdf format. Ligan is converted to .pdb format using
the Discovery Studio 2016 Client application. The ligands used were five alkaloid compounds
from the Tapak Dara plant (Catharantus roseus (L) G. Don) namely vinblastine, vincristine,
vindensine, vinflunine, and vinorelbine. While control compounds are drug compounds that
have been proven to be a drug for Chronic Lymphocytic Leukemia (CLL) diseases, namely
venetoclax, prednisone, and chlorambucil (leukeran).
2.3 Analysis and Visualization of Docking Results
The results of bond energy scores on the five alkaloid ligands by docking method using
PyRx application are vinblastine (-7.2 kcal/mol), vincristine (-3.2 kcal/mol), vindensine (-3.6
kcal/mol), vinflunine ( -7.2 kcal/mol), vinorelbine (-7.1 kcal/mol). And comparative ligands
are chlorambucil (-6.0 kcal/mol), prednisone (-8.0 kcal/mol), and venetoclax (-9.2 kcal/mol).

3

Result

Testing ligand test of alkaloid compounds and comparative ligands on Bcl-2 antiapoptotic
receptors was carried out using PyRx application. The position of Alkaloid LigandsComparison Ligand (Venetoclax) can be seen in Figures 1, 2, 3, 4, and 5.

Figure 1. Vinblastine-Venetoclax

Figure 2. Vincristine-Venetoclax

Figure 3. Vindensine-Venetoclax

Figure 4. Vinflunine-Venetoclax

Figure 5. Vinorelbine-Venetoclax

The position of Alkaloid Ligands-Comparison Ligand (Prednisone) can be seen in
Figures 6, 7, 8, 9, and 10.

Figure 6. Vinblastine-Prednisone

Figure 7. Vincristine-Prednisone

Figure 8. Vindensine-Prednisone

Figure 9. Vinflunine-Prednisone

Figure 10. Vinorelbine-Prednisone

The position of Alkaloid Ligands-Comparison Ligand (Chlorambucil) can be seen in
Figures 11, 12, 13, 14, and 15.

Figure 11. Vinblastine-Chlorambucil

Figure 12. Vincristine- Chlorambucil

Figure 13. Vindensine- Chlorambucil

Figure 14. Vinflunine- Chlorambucil

Figure 15. Vinorelbine- Chlorambucil

From the results of visualization of the binding sites of alkaloid ligands with comparative
ligands it is known that vinblastine has the same inherent side as the comparative ligand
venetoclax, vinflunine and vindensine have the same inherent side as the comparative ligand
chlorambucil. Based on the interaction of Bcl-2 antiapoptotic amino acid residues, Table 1
shows residual amino acids.

Table 1. Residual Amino Acids

4 Discussion
Most patients who experience CLL experience high sensitivity to treatment [23].
Treatment given to CLL sufferers such as chemotherapy or other treatments can cause
complications in CLL patients or even make the cancer worse [12], [24]. The thing that causes
CLL to get worse is because of the interaction between CLL cells and other cell types, such as
stromal cells, T cells and nurse-like cells in the lymph node [6]. One solution offered to
handle CLL sensitivity is to use herbal plants. Based on the results of research, herbs have few
side effects than commercially made chemical drugs [25]–[27]. Based on this, researchers
conducted an analysis of the content of the Catharanthus roseus (L) G. Don plant which can
be used as an alternative to the CLL drug.
Based on the results of data analysis there are 2 compounds that have many similarities
amino acid residues so that it can be used as a BCL-2 activator that functions in cell apoptosis.
The two compounds contained in Catharanthus roseus (L) G. Don are Vinflunine and
Vinorelbine. There have been previous studies on the plant Catharanthus roseus (L) G. Don
has examined the effects of these plants on apoptosis of cancer cells [28]. This research was
conducted by Yusransyah et al., (2016) conducted to test the efficacy of breast cancer [4]. The
results of his study showed no effect on vetiver plants against breast cancer apoptosis. In
Malaysia the Catharanthus roseus (L) G. Don is believed to be used as a traditional cancer
drug [29].
There are 3 different mechanisms for apoptosis-experienced cells, namely: (1) apoptosis
originating from signals in cells (via mitochondrial pathways), (2) apoptosis due to the
stimulation of death activators that bind to cell surface receptors namely TNF, and (3)
Neurons and other cells have different paths unlike the previous 2 paths (without caspase)
[18]. However, each cell has a different mechanism in apoptosis [30].

5 Conclusion
Based on data analysis and discussion, Catharanthus roseus (L) G. Don plant is most
likely to be used as a natural substitute for CLL drugs. The active compound in Catharanthus
roseus (L) G. Don which can be used as anti-cancer is Vinflunine and Vinorelbine. This
research is still in the stage of estimating the effects of a compound through computational

estimates, further research is recommended to do testing in the laboratory whether the active
compound contained in Catharanthus roseus (L) G. Don can actually be used as a CLL drug.
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