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Abstract

Introduction: Bixaorellanais a species of tree in the family Bixaceae. The common usage of Bixaorellana include antipyretic, aphrodisiac,
anti diarrhoeal, antidiabetic and insect repellant. HepG2 is an immortal cell line used as a model system for studies of liver metabolism and
toxicity of xenobiotics, detection of environmental and dietary cytotoxic and genotoxic agents, understanding hepatocarcinogenesis and for
drug targeting studies. The main aim of this study is to prepare Bixaorellana bark extract and to determine the cytotoxic effects of the extract
on HepG2 cell line.

Materials and Methods: The Bixaorellana bark extract was made using Soxhlet extraction and concentrated using Rotary evaporator. The
cell viability of HepG2 cells was measured using MTT Assay. Then the gene expression analysis of the HepG2 cells was done by RNA
isolation, complementary DNA synthesis followed by Real time PCR to analyze the anticancer activity.

Results: As the concentration level increases, the cell viability dose dependently decreases. By modulating the expression of apoptotic
signaling molecules, the drug was able to inhibit the proliferation of the cancer cells.

Conclusion: This study demonstrated that bark extracts of Bixaorellanawere cytotoxic against BCl 2 mRNA and BCI-xL mRNA induced
apoptosis on the human cells. Active components were probably responsible for anticancer activity. MTT assay showed that as the
concentration of treated Bixaorellana bark extract increases, the cancer cell viability decreases.

Keywords: BCI2 mRNA and BCI-xL mRNA, Bixaorellana bark extract, HepG2 cancer cell line, Cytotoxicity, MTT Assay.

INTRODUCTION

Cancer is a dreadful disease caused by abnormal and uncontrolled cell division. The cancer cells have the ability to potentially
invade other parts of the body. About 6 million new incidences of cancer are reported yearly worldwide and more than 70% of
all cancer deaths occurred in low and middle income countries. Deaths from cancer are projected to continue rising worldwide
with an estimated 12 million deaths by 2030 [1]. HepG2 cells are Human liver cancer cell lines. Human Hepatocellular
Carcinoma (HCC) constitutes about 85% of primary liver cancer recorded in cancer data banks. The synchronous occurrence
of HCC may be due to different risk factors, such as chronic viral hepatitis B or hepatitis C infection, aflatoxin exposure, alcohol
consumption and iron overload [2]. Even though curative therapy can be achieved by surgical treatments such as resection or
liver transplantation and other therapies such as chemotherapy, radiotherapy, thermal ablations and using targeted medicines.
However, the treatment of HCC is very disappointing because many tumors stay asymptomatic for a long time and in the
absence of effective screening programs. Natural products have a long history of being used as an anti-cancer agent. Many plant
compounds isolated from plants are employed in chemotherapy. More than 50%of the drugs used in clinical trials are from
natural sources. Many plant metabolites induce apoptosis in cancer cells but not in normal cells, thus making them potential
drug leads [3]. Interestingly, a number of non-nutrient chemicals from plants and fruits have also been reported to possess
anticancer activity, certain products from plants are known to induce apoptosis in neoplasticism cells but not in normal cells
[4]. The development of chemotherapeutic or chemo preventive agents for hepatocellular carcinoma is important in order to
help reduce the mortality caused by this disease. Plants have many photo chemicals with various bioactivities, including
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antioxidant, anti-inflammatory and anti-cancer functions. Some studies have reported that extracts from natural products such
as medicinal herbs, fruits and vegetables have positive effects against cancer compared with other treatment options such as
hormonal treatment or chemotherapy and radiotherapy, etc. [5]

Bixaorellana (also known as achiote) is a species of tree in the family Bixaceae. They have simple, broad leaves and are native
to Central America. But it is grown in many countries worldwide. Bixaorellanais used in traditional medicine. The tree has been
used in Ayurveda, the folk medicine practices of India, where different parts of the plant are thought to be useful as therapy.
The popular uses of Bixaorellana are antipyretic, aphrodisiac, anti-diarrhoeal, anti-diabetic and insect repellant [6]. A number
of ailments, including tonsillitis, asthma, pneumonia, colonic problems, migraine, jaundice, sunstroke, and burns, have been
treated with formulations made from the seeds and leaves of the B.orellana tree [1]. Our team has extensive knowledge and
research experience that has translate into high quality of publications [7-20]

Numerous studies have demonstrated the enzymatic antioxidant properties of plant extracts and their ability to reduce lipid
peroxidation. Therefore, an initiative has been taken to study the effects of B.orellana bark extract against the extract's cytotoxic
effects on the HepG2 cell line.

MATERIALS AND METHODS:

Chemicals:

Trypsin EDTA, fetal bovine serum (FBS), antibiotics- antimycotics, Dulbecco’s modified Eagle’s medium (DMEM) and
phosphate buffered saline (PBS) were purchased from Gibco, Canada. JC-1 (5,5,6,6 - tetrachloro - 1,1,3,3 - tetraethyl
benzimidazolecarbocyanine iodide) and real time PCR kit (MESA Green) were purchased from Invitrogen, USA. All the
chemicals used were extra pure of analytical grade.

Extract preparation:

The Bixaorellanabark powder was Soxhlet extracted with 70% ethanol. The extract was then filtered with Whatman no.1 filter
paper and the solvent evaporated at reduced pressure by using a Rotary evaporator apparatus to get a viscous mass, which was
then stored at 4° until used.

Cell viability assay:

HepG2 cells were seeded at a density of 5x105 cells/wells in 96 well plates and allowed to attach to the well overnight. After
incubation, cultured cells were stimulated with various concentrations of Bixaorellana bark extracts in triplicate and incubated
at 370C in a 5% humidified CO2 incubator for 24 hours. Subsequently, 3-(4,5- dimethylthiazole 2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was added to each well and incubation was continued for a further 4h at 37°Celsius. To dissolve the formazan
formed from MTT, the cells were resuspended in 200 ul dimethyl sulfoxide (DMSO), and the optical density (OD) of the
solution was determined using a spectrometer at a wavelength of 570 nm. The experiments were repeated 3 times,
independently. The mean optical density (OD) + SD for each group of replicates was calculated. The entire procedure was
repeated 3 times. The inhibitory rate of cell growth was calculated using the equation:

% Growth inhibition = (1 - ODextract treated)/OD negative control x 100.
Gene expression analysis by Real Time PCR:

mRNA expression levels were examined using Real Time PCR. The total RNA was isolated by using Tri Reagent (Sigma).
Total RNA (2 ug) from each sample was reverse transcribed using a commercial Superscriptlll first strand cDNAsynthesis kit
(Invitrogen, USA) according to the manufacturer’s protocol. Real time-PCR was carried out in a MX3000p PCR system
(Stratagene, Europe). Reaction was performed using MESA Green PCR master mix (It contains all the PCR components along
with SYBR green dye.) Eurogentec, USA. The specificity of the amplification product was determined by melting curve
analysis for each primer pair. The data were analyzed by comparative CT method and the fold change is calculated by 2—CT
method described by Schmittgen and Livak (2008) using CFX Manager Version 2.1 (Bio Rad, USA).
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Statistical analysis:

Data were expressed as the means + SD of 3 individual experiments performed in triplicate. Statistical analysis was performed
using the one-way ANOVA and p<0.05 was considered to indicate a statistically significant result.

RESULT AND DISCUSSION:

Many contemporary medications are developed using various pharmacologically active components of herbal medicines.
Understanding plant toxicity and protecting living beings from natural toxins are both made easier by studying medicinal plants
[21]. However, it has been noted that the complete contents of a whole herb show a substantially higher synergistic impact than
a single specific active component. Several anticancer researches have focused on the potential of pure substances [22]. The
antiproliferative effect of Bixaorellana was estimated by MTT Assay. The color intensity is directly proportional to the amount
of line cells. The amount of cell viability is calculated in terms of percentage corresponding to the different concentration of
bark extract. At control, the cell viability is 100%. When 50pg/ml of bark extract is used, the cell viability is 80%, 100 pg/ml
the viability is 60% and for 200 pg/ml the viability is 50% (Figure 1). This shows that as the concentration of the extract
increases, there is a significant decrease in the cell viability, which further implies that the higher concentration level (i.e) 100
microgram and 200 microgram has significantly inhibited at least 50% of the HepG2 cancer cell proliferation compared to the
lower concentration (i.€) 50 pg/ml. The optimal dose is found in terms of inhibitory concentration. Therefore, the higher
concentration can be considered as the optimal dose.

The pro- and anti-apoptotic byproducts of apoptotic genes control apoptosis. The Fas, Caspase, and Bcl-x family of proteins
are among the most significant proteins. The Bax/Bcl-2 pathways are used to achieve many pharmacological components for
anti-tumor growth and efficacy in vitro [23,24]. Apoptotic gene expression is very variable in vivo and is linked to the clinical
and pathologic uniqueness of tumor growth and metastasis. Bcl-2 and Bax protein expression and clinical prognostic variables,
however, have varying relationships [252627].

This study elucidates the underlying mechanisms after finding that B. orellana extract, particularly at concentrations of
200pg/ml, triggers HepG2 cell death. The Bax family is known to play a significant part in cell apoptosis. After being treated
to B. orellana extract at escalating doses (0, 50, 100, and 200ug/ml,) for 24 hours, HepG2 cells had their levels of Bax and Bcl-
2 mRNA expression evaluated using real-time PCR. In HepG2 cells, B. orellana extract, especially at the 200 pg/ml, treatment
dose, reduced the mRNA expression of the pro-apoptotic gene Bax and decreased the expression of the anti-apoptotic gene Bcl-
2 in comparison to the negative control. The BCI 2 mRNA gene showed no significant change and BCL-xL mRNA showed a
significant change in the concentration level of 100 and 200ug compared to control and low dose (Figure 2).

The bark extract of Bixaorellanapossesses potent anticancer and apoptotic inductive potential against HepG2 cells. There is a
significant decrease in the cascade activity after incubation with the bark extract in the human cell line. BCI2 mRNA is a protein
that helps control whether a cell lives or dies by blocking a type of cell death called apoptosis. This gene encodes an integral
outer mitochondrial membrane protein that blocks the apoptosis death of some cells such as lymphocytes [28]. BCI-xL mRNA
gene is found mainly in the cytoplasm of liver cancer or dies by blocking a type of cell death called apoptosis. This gene encodes
an integral outer mitochondrial membrane protein that blocks apoptotic death [29]. Trans-Geranylgeraniol, squalene, and beta-
sitosterol are the active components in B.orellanathat appear to be the main causes of the cytotoxicity and apoptotic-like
properties. B.orellanabark extractcan inhibit proliferation of HepG2 cells and promote apoptosis through Bax/Bcl-2 pathways.
There is proof that overexpressing either Bcl-2 or Bel-XI would suppress the other, demonstrating that these two proteins are
regulated in a mutually exclusive manner.

Extensive research will need to confirm whether B.orellana has the potential to enhance the antitumor effects of anti-melanoma
medications in in vivo models. This may give a better idea for the pharmacological uses in the industries.
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Figure 1: MTT assay
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Figure 2: Bcl 2 and Bel-xI mMRNA expression

CONCLUSION:

The current study demonstrated that bark extracts of Bixaorellanawere cytotoxic against BCI2 and BCI-xL mRNA induced
apoptosis on human cells. By modulating the expression of apoptotic signaling molecules, the drug was able to inhibit the
proliferation of HepG2 cancer cells. Active components are probably responsible for anticancer activity.
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