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ABSTRACT:  Uninfected agarwood branch is readily available as raw material in 

agarwood plantation as new practices of agarwood plantation scheme were opted as 

substitute to the endangered wild type agarwood. The uninfected branch can be easily 

obtained during pruning process (one of plantation’s common maintenance procedure), 

throughout the years before inoculation stage. This current study aimed to investigate the 

optimal extraction process conditions of agarwood branch using ethanol as solvent system 

for maximal yield, and assess its cytotoxic effects towards MCF-7 breast cancer cells. 

Uninfected branch of Aquilaria subintegra was subjected to One Factor at a Time (OFAT) 

and Response Surface Methodology (RSM)-guided ethanolic extraction to achieve 

maximal yield. The extract was then subjected to cytotoxicity, cell attachment and cell 

viability assays, respectively. Optimization Run 2 (temperature 45 °C, solid-liquid ratio of 

1:30, 16 hours maceration) gave the highest agarwood branch ethanolic extract (ABEE) 

yield of 44.70 ± 18.9 mg/g dried material (DM).  Meanwhile Run 7 (temperature 45 °C, 

solid-liquid ratio of 1:10, 16 hours of maceration) gave the lowest yield (19.34 ± 14.1 mg/g 

DM). However, while maintaining the 16 hour-maceration, the model predicted a slightly 

lower yield of 30.232 ± 0.266 mg/g DM of ABEE with process conditions of 45 °C and 

solid-liquid ratio of 1:19 when the desirable parameters were factored in namely using (ⅰ) 

the most suitable temperature (that does not risk the bioactivities of the extract), and (ⅱ) 

an economical volume of solvent. Crude ABEE obtained from the optimal process 

conditions resulted in cytotoxicity effects on MCF-7 breast cancer cells with IC50 estimate 

of 3.645 ± 0.099 µg/mL. The extract also affected MCF-7 cell attachment and viability 

with altered morphology. More work to elucidate the mechanism of actions of the extract 

are warranted; which could further lead to development of breast cancer natural product-

based therapeutics. 

KEY WORDS:  Agarwood, Cytotoxic, Ethanolic extract, MCF-7 Breast Cancer Cells, 

Response Surface Methodology 

1. INTRODUCTION  

Cancer is a disease that can be characterized by the repetitively uncontrollable 

multiplying cells in the human body leading towards malignant tumor formations forming 

tumors with high metastatic potential [1, 2]. Breast cancer is reported as the second most 

common case among women and in Malaysia, this disease accounted for 31 % of total 
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female cancer cases [3]. This type of cancer was reported to develop in breast tissues consist 

of glands for milk production, lobules, and the connecting duct or lining that bridges these 

lobules to the nipple [4]. The risk factors that may trigger breast cancer predisposition 

include carcinogens (substances that can trigger cell mutation leading to cancer), lifestyle 

choices (e.g., unhealthy diet, smoking, and alcohol consumption), hormones, and hereditary 

[5, 6]. 

Recently, more than 60 % of clinically approved anti-cancer drugs derived from 

medicinal plants due to their efficacy and safety as well as being eco-friendly and low-cost 

[7]. Complemented with new technology and development, more work is being directed 

towards natural product investigation. One of the interesting native plants in Malaysia is 

agarwood, which has been used in many culture and communities [8, 9]. Agarwood, or its 

other names in various languages include gaharu, agar, chim-hyuang, Oudh, Jin-koh, and 

chen-xiang, is highly sought for its aromatic resin which is formed within the woody tissues 

in the heartwood of Aquilaria species such as A. malaccensis, A. crassna, A. subintegra, and 

A. sinensis [10]. It is one of the most valuable non-timber products due to its application in 

three main areas: perfume, incense, and medicine [11]. Due to the diminishing wild trees as 

a result of the high demand, agarwood has been listed in Appendix Ⅱ of CITES under 

conservation action [12]. In response to this, there has been an emergence of sustainable 

agarwood plantations and resin imitation efforts via fungal/bacterial injection into the 

woody tissues [11]. 

Ethnopharmacological activities of agarwood have been reported throughout the years 

and this led to many modern medicinal-based investigations including anti-cancer. Our 

earlier studies have demonstrated that healthy uninoculated agarwood branch ethanolic 

extract was able to inhibit MCF-7 breast cancer cells shown via in vitro sulforhodamine B 

cytotoxicity assay (SRB) with IC50 concentration of 8 µg/mL [13, 14]. The solvent screening 

was conducted eliminating distilled water, acetone, ethyl acetate, benzene, and hexane as 

the data showed ethanol to be a more versatile, safe, and suitable extraction solvent [14]. A 

follow-up cytokinetics study conducted using the same IC50 concentration then showed a 

reduced growth rate and increased death rate of MCF-7 cells [15].  Uninoculated branch 

used in the study refers to whitewood healthy tissues from trees without any resin imitation 

attempt via fungal/bacterial means. Thus, this current study aimed to investigate the optimal 

extraction process conditions of agarwood branch using ethanol as the solvent system; and 

assess its cytotoxic effects towards confirming the cytotoxicity towards MCF-7 cell growth. 

Findings from this may lead to the development of breast cancer natural product-based 

therapeutics. 

2. METHODOLOGY 

 

2.1. Plant Materials 

Healthy uninoculated agarwood branch from the Aquilaria subintegra species was collected 

from a local farm located in Sungai Kembong Hilir, Semenyih, Selangor identified by 

voucher specimens #HBL707[VS-2] by the Herbarium of Kulliyyah of Architecture and 

Environmental Design (KAED), International Islamic University Malaysia (IIUM). 

Materials were collected from the trees with an average age of 5 to 6 years old and cleaned 

on-site and delivered to the laboratory. Upon arrival at the lab, these branches were further 

inspected for any irregularities and cleaned to remove dirt/dust. Tap-water was used to wash 

them followed by oven-drying at 40 °C for 48 hours before grinding. Prepared agarwood 

branch samples were kept at 4°C until use.  
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2.2. One Factor at a Time (OFAT) for Process Conditions Screening 

OFAT was employed in this study as an initial strategy to investigate the effects of 

selected process conditions guiding the center point selections for subsequent optimization 

phase aiming for maximal yield while reducing the overall cost of operation. Powdered 

agarwood branch (5 g) was extracted with designated agitation speed (0, 50, 100, 200, 300 

rpm) [16, 17, 18], extraction time (8, 16, 24, 32, and 48 hours) [19, 20, 21], solid-liquid ratio 

(1:10, 1:20, 1:30, 1:40, and 1:50 w/v) [22. 23, 24], and temperature (ambient, 35, 45, 55, 

and 65 °C) [22, 24, 25] selected from the review of agarwood and other plant extraction 

studies.  

Accordingly, one studied parameter was varied at 5 different levels selected while 

other parameters were kept constant at their respective mid-point. Solvent extraction was 

conducted using Schott bottles placed in an incubator shaker (Ecotron, Infors, Switzerland) 

with absolute ethanol (99 %, HmbG Chemicals) as the extracting solvent. Once completed 

according to the required process conditions, the extraction mixture was filtered through a 

vacuum filter set equipped with Whatman No. 1 filter paper (pore size 11 µm) and the 

collected filtrate was dried using low temperature drying rotary evaporation (BÜCHI 

Labortechnik AG, Switzerland) and nitrogen gas flushing [26, 31, 32]. 

 

2.2.1. Data collection and analysis 

Once the extraction process was completed, dried agarwood branch ethanolic extract 

(ABEE) was subjected to analysis of yield where each crude extract weight was recorded. 

For safe storage, dried ABEE was placed in 15 mL centrifuge tubes (sterile) with air 

displacement using nitrogen gas flushing method. This method will help reduce the risk of 

sample contamination as well as material oxidation by the oxygen present in the air [26]. 

Weight data were analyzed using Microsoft® Excel and statistical analysis of yield data 

(mg/g dried material, DM) was analyzed using One Way Analysis of Variance (ANOVA): 

Tukey test (T-test) via the Minitab® 17 with significance level, α = 0.05. Significant 

difference implied that the tested parameter level may have affected the extraction of ABEE 

while no significant difference analysis suggested that the parameter tested exerted no effect 

on the extraction process. 

 

2.3.Optimization of Process Conditions (Response Surface Methodology) 

Optimization procedure for highest agarwood extract yield was carried out based on 

experimental design generated using Response Surface Methodology (RSM) by Design-

Expert® version 7.0.0 (Stat-Ease, Inc., USA) selecting temperature (A) and solid-liquid ratio 

(B) as the assessed parameters with the ABEE crude extract yield (mg/g DM) as the 

response. Face Centered Central Composite Design (FCCCD) function was employed with 

1 axial value and 5 center points consisting of a total of 13 experiments. A random 

experimental run was employed to reduce the unexplained variability effect. This design 

was used to investigate the log-transformed response based on the second-order polynomial 

model.  

Dried ABEE was weighed for analysis of yield analysis (mg/g DM) and stored at 4°C 

until further use. Data analysis was conducted in Design-Expert® version 7.0.0 (Stat-Ease, 

Inc., USA) via ANOVA and 3D response surface. Also, model validation experiments were 
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conducted to assess the optimal conditions estimated and recommended by the extraction 

model, factoring in the desirable parameters namely using (ⅰ) the most suitable temperature 

(that does not risk the bioactivities of the extract), and (ⅱ) an economical volume of solvent. 

 

2.4. In vitro cytotoxic and anti-cancer screening assays 

ABEE obtained from the extraction using the recommended (validated) process 

conditions was subjected to cytotoxic and anti-cancer screening assays (cell attachment and 

cell viability).  

 

2.4.1. Cell lines 

MCF-7 breast cancer cell line (ATCC® HTB-22™) and VERO cell line (ATCC® CCL-

81™) were obtained from American Type Culture Collection.  

 

2.4.2. Chemicals and reagents 

Powdered and liquid Dulbecco’s modification of eagle’s medium (DMEM), fetal bovine 

serum (FBS), antibiotics (100 U/ml penicillin, 0.1 g/l streptomycin), accutase (cell 

detachment solution) and Cell Count Reagent SF were obtained either from Gibco (United 

States) or Necalai Tesque (Japan). Other chemicals such as sodium bicarbonate, 

hydrochloric acid, sodium hydroxide and trypan blue dye were from Sigma-Aldrich (USA). 

Industrial grade ethanol that was used for sanitization was also obtained from local 

suppliers. Dimethylsulfoxide (DMSO) was obtained from Merck Millipore (Germany). 

 

2.4.3. Cell attachment assay (CAA) 

The modified assay manipulated the trypan blue dye exclusion method to assess the 

ability of ABEE in cell attachment disruption and inhibition whereby cell attachment is 

crucial for adherent-type cells for proliferation [27]. Any resistance and interruption of the 

attachment process may result in cell death and population density reduction. In this assay, 

ABEE was adjusted to 100 µg/mL using dimethylsulfoxide (final DMSO concentration less 

than 1 % v/v) and deionized distilled water (ddH2O) followed by introduction to the culture 

flask at the time of cell inoculation (seeding). After 24 hours of incubation (37 °C, 5 % 

CO2), trypan blue dye exclusion procedure was conducted for viable cell number estimation 

and data was analyzed between treated and control group (cell flask with 1 % v/v DMSO as 

sample). DMSO percentage of more than 1 % (v/v) may affect the reliability of data since 

higher concentration of DMSO is toxic to cells [28]. Viability reduction in treated cells may 

point to the ability of the ABEE in preventing cells from attaching and/or causing cells to 

detach from the substrate; cumulatively referred to as anti-attachment activities. 

 

 

 

2.4.4 Cell viability assay (CVA) 
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This modified protocol also manipulated the trypan blue dye exclusion method to 

investigate the cytotoxic or ability of ABEE to kill or inhibit an already adherent/active cells 

[27]. Cells were seeded into growth flasks at 1 x 105 cells/mL and allowed to proliferate for 

24 hours before ABEE introduction at 100 µg/mL. Then, the culture flask was incubated for 

another 24 hours (37 °C, 5 % CO2) followed by the trypan blue dye exclusion protocol. 

Viable cell numbers compared to the control (1 % v/v DMSO as sample) in this assay can 

be inferred as the ability of the sample to inhibit active cells. 

 

2.4.5 Cell cytotoxicity assay using Cell Count Reagent SF (CCRSF) 

This protocol followed the provided guidelines by Necalai Tesque for their CCRSF 

product. ABEE cytotoxicity potential in this work was investigated using Cell Count 

Reagent SF. This in vitro screening assay was established by Dojindo Molecular 

Technologies Inc. that utilized the highly water-soluble tetrazolium salt (WST-8 [2-(2-

methoxy-4- nitrophenyl)-3- (4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, 

monosodium salt]) [29]. The WST-8 salt produces water-soluble formazan dye reduced in 

presence of electron mediators such as dehydrogenases in viable cells resulting in orange 

colored dye formazan. The amount of formazan measured is directly proportional to the 

viable cell number. The assay started with viable cells seeding into a 96-well culture plate 

at 5 x 104 cells/mL in 90 µL of DMEM-FBS. Cell-loaded plates were incubated for 24 hours 

(37 °C/5 % CO2) followed by the addition of serially diluted concentrations of ABEE (in 

triplicates) at 10 µL/well and further incubation for 48 hours. After that, CCRSF dye was 

introduced to the system at 10 µL/well and plates were further incubated for 4 hours. Data 

acquisition was done by optical density (OD) measurement at 450 nm using Multiskan™ Go 

(Thermo Scientific™, USA) and further analyzed through the Graphpad Prism 7 software to 

obtain the non-linear regression IC50 values and the dose-response curve for the sample. 

3. RESULTS AND DISCUSSION 

In the natural product investigation, extraction is considered the gatekeeper or the critical 

step that allows the optimal collection of desired compounds related to the bioactivities [30, 

31]. The basic requirement of plant-type extraction includes pre-treatment of the sample that 

includes cleaning, drying, and grinding of selected plant samples followed by the extraction 

process based on the design selected. In accordance, the first step towards optimized natural 

product extraction was to conduct a process conditions selection through the One Factor at 

a Time (OFAT) method. This method varies one factor at a time while the other parameters 

were kept constant to observe the singular parameter effect of the process.  

In this study, conventional solid-liquid extraction was selected due to its versatility, 

simplicity, and economical aspects. This versatile technique may be further improved by 

process conditions manipulation aiming towards an economical-safe optimized operation 

that includes the time of extraction, the temperature of extraction, sample-solvent ratio, and 

agitation requirement for yield as target function [32]. 

 

3.1 Process Conditions Screening via One Factor at a Time (OFAT) Method 

A previous study in our lab has concluded that ethanol was the most suitable and versatile 

solvent system for rapid solid-liquid extraction of agarwood branch with minimal loss and 

risk of contamination [13, 14, 15]. Following this, the current study attempted to screen and 

select the optimal process conditions (agitation, time, temperature, and solid-liquid ratio) 
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required to obtain high yield of ABEE before proceeding to the optimization phase. Table 

1 summarizes the effects of process conditions on the yield of agarwood branch ethanolic 

extract (ABEE). The yield obtained throughout the experiments was between 2.008 to 5.120 

g/g (%). 

The yield data were then analyzed statistically using One Way Analysis of Variance 

(ANOVA): Tukey test (T-test) via the Minitab® 17 significance level, α = 0.05 to determine 

any significant difference of the process conditions studied against the yield of ABEE.  

 
Table 1. Summary of the effects of process conditions on yield of agarwood branch ethanolic extract 

(ABEE). Experiments were conducted in triplicate sets (n = 3 ± s.d.). 

Parameters Agitation 

(rpm) 

Time 

(hours) 

Temperature 

(°C) 

Solid-liquid 

ratio (w/v) 

Yield 

percentage 

(mg/g DM) 

Standard 

deviation 

Agitation (rpm) 0 24 45 1:30 22.42 3.00 

 50 24 45 1:30 27.00 5.58 

 100 24 45 1:30 22.14 3.92 

 200 24 45 1:30 28.72 1.15 

 300 24 45 1:30 29.52 5.66 

Time (hours) 100 8 45 1:30 27.95 4.83 

 100 16 45 1:30 37.25 5.96 

 100 24 45 1:30 32.48 8.25 

 100 32 45 1:30 32.41 7.15 

 100 40 45 1:30 26.50 0.71 

Temperature (°C) 100 24 Ambient 1:30 20.08 2.40 

 100 24 35 1:30 30.39 5.38 

 100 24 45 1:30 28.08 0.64 

 100 24 55 1:30 34.42 2.23 

 100 24 65 1:30 27.76 8.09 

Solid-liquid ratio (w/v) 100 24 45 1:10 39.52 3.34 

 100 24 45 1:20 35.12 3.35 

 100 24 45 1:30 28.07 0.87 

 100 24 45 1:40 51.20 9.59 

 100 24 45 1:50 34.46 6.13 

 

3.1.1 Agitation Effect on ABEE Yield  

Fig. 1a shows the generated bar chart of the T-test of mean yield against agitation speed 

(0, 50, 100, 200, and 300 rpm). It can be observed that all five-agitation speed tested shared 

the same designation ‘A’ indicating no significant difference (p > 0.05). The data can be 

interpreted as similar yield may be achieved when using any of these 5 agitation speeds 

(including 0 rpm; no agitation) for the extraction of agarwood branch using ethanol solvent 

system. Hence, following the economical point of view, agitation speed was suggested to 

be excluded from the optimization phase thus omitting the use of the shaker function. 

For a simple and economical extraction process, many researchers opted for the 

maceration technique that required almost zero operating conditions. Samples were mixed 

with the solvent of choice and left to diffuse into the surrounding solvent at room 

temperature. The extraction process halted when equilibrium was reached between the 

solute inside the plant material and the concentration in the solvent [26]. In the case of 

agarwood extraction, several studies have been observed to employ simple maceration and 

percolation techniques [16, 17 18, 33]. However, experimental comparison data was not 

provided by these studies. 
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Fig.1. The mean yield percentage (g/g %) vs a) agitation speed (rpm) and b) extraction time plots generated 

based on the One Way Analysis of Variance: T-test analysis. All tested agitations were in the same ‘A’ 

group indicating no significant difference between them. Thus, both parameters were excluded from the 

optimization phase. Zero agitation and 16 hours (green bars) were selected constants in the optimization 

phase. 

 

3.1.2 Extraction Time Effect on ABEE Yield  

Fig. 1b shows the generated bar chart of the T-test of mean yield against extraction time 

tested (8, 16, 24, 32, and 48 hours). When observed, all extraction time tested resulted in 

the same category ‘A’ indicating no significant difference when analyzed statistically. It can 

also be suggested that after 8 hours of extraction, the solute and solvent have reached 

equilibrium. In this case, 16 hours point was selected to be used as a constant in the 

optimization stage to ensure exhaustive extraction and solute-solvent equilibrium. 

The efficiency of extraction time is highly dependent on the temperature, agitation speed 

employed, and solid-liquid ratio used [26]. In this study, five different time points (Table 1) 

were selected based on previous studies [19, 20, 34]. Longer extraction time indicated a less 

efficient extraction process since longer exposure to high temperature increases the risk of 

degradation of heat-sensitive compounds resulting in extracts void of or with suboptimal 

bioactive properties [21, 35]. 
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3.1.3   Extraction Temperature Effect on ABEE Yield 

Fig. 2 shows the generated bar chart of the T-test of mean yield against temperature 

tested. The analysis showed that at the temperature of 55 °C, the mean yield obtained was 

the highest noted as ‘A’ while other temperature levels with lower mean yield were 

categorized as ‘B’. The presence of two distinct categories denotes that there is a significant 

difference between the levels of temperature tested and values may affect the overall 

efficacy of ethanolic extraction of agarwood branch. Thus, 55 °C was selected as the mid-

point for further optimization process conforming to the idea of lower temperature 

extraction reduce the risk of heat-sensitive compounds thermal degradation.  

Temperature plays a significant role in effective extraction process and proper selection 

of temperature levels would dictate the end-product obtained [36]. Higher temperature will 

increase the kinetic energy of the solvent allowing more effective molecule breaking and 

increase the vibration of solute molecules expediting the diffusion process into the solution. 

Plant samples are weakened and softened when exposed to the high temperature allowing 

the compounds in the cell membrane to dissolve more readily [37]. Higher temperature 

usually enhances the solubility and increases the diffusion of solute in the plant material 

into the surrounding solvent reducing the overall extraction process duration [22, 37]. 

However, high-temperature extraction could result in heat-sensitive compounds and 

nutritional degradation, non-enzymatic browning reactions, and accumulation of unstable 

extraction products [23, 37]. In this study, five temperature levels were selected based on 

previous studies [23, 24, 37]. 

Fig. 2. The mean yield percentage (g/g %) vs temperature (°C) plot generated based on the One Way ANOVA: 

T-test analysis. Tested parameters were categorized in the two different groups indicating significant 

difference. Thus, 55 °C (green bar) in ‘A’ category was selected as mid-point targeting maximum yield in the 

subsequent optimization phase. 

 

3.1.4   Solid-liquid (SL) Ratio Effect on ABEE Yield 

Fig. 3 shows the generated bar chart of the T-test of mean yield percentage vs solid-liquid 

ratio tested. Interestingly, the ratios analyzed were divided into 3 categories i.e., ⅰ) category 

A with the highest mean yield, ⅱ) category AB with the intermediate mean yield and ⅲ) 

category B as the lowest mean yield obtained. Different categories result suggested that 

solid-liquid ratio play a significant role in the efficacy of ethanolic extraction of agarwood 

branch. While three conditions of solid to liquid ratio (1:20, 1:40, and 1:50) were found to 
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be in the same category as AB, indicating no significant differences, ratio 1:20 was selected 

as the mid-point for the subsequent optimization phase. This is to reduce solvent 

consumption, abiding by the economical extraction process with the target to achieve a 

maximal yield of extract. 

A suitable solid-liquid ratio would help increase the maximum yield of extraction since 

higher substance diffusion can be achieved with a reduced mass transfer barrier [23]. 

Despite the favorable effect, a suitable limit must be identified to reduce solvent waste by 

observing the optimal ratio since solvent abundance can lead to waste while too much solid 

(plant material) can lead to incomplete extraction. Thus, analysis of the solid-liquid ratio 

was crucial to observe and select the suitable value for an efficient extraction process. In 

this study, five different ratios were selected based on previous work [22, 23, 24, 37]. In this 

current work, the solid-liquid ratio of 1:20 was selected as the mid-point of the optimization 

phase in the effort to reduce the solvent consumption while targeting to achieve a maximal 

yield of extract. 

Fig. 3. The mean yield percentage (g/g %) vs SL ratio (w/v) plot generated based on the One Way ANOVA: 

T-test analysis. Tested parameters were categorized in the three different groups indicating the significant 

difference. Thus, SL 1:20 ratio (green bar) in category ‘AB’ was selected to reduce the consumption of solvent 

while targeting maximum yield in the subsequent optimization phase. 

 

 

3.1.5  Summary on the Effects of selected Process Conditions on Extraction of 

ABEE using OFAT 

Natural product investigation usually involves a good extraction process that serves as a 

fundamental starting point for the identification of compounds and their bioactive 

properties.  Since no universal extraction method can be directly applied due to the diversity 

of the phytochemicals in the plant material, it is practical to conduct a preliminary screening 

of effective process conditions [37]. The idea of having a good extraction is that the process 

must be rapid, maximal, and economical while maintaining the efficiency of the target yield 

or biological response. It is noteworthy that this study focuses only on the yield as the 

response for the OFAT extraction phase. In compliance, the designed OFAT phase has 
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conditions for optimization while excluding the extraction time and agitation where they 

were kept constant during the optimization process at 16 hours and 0 rpm, respectively. The 

temperature of 55 °C was selected as mid-point for the optimization process conforming to 

the idea of lower temperature extraction reduce the risk of heat-sensitive compounds thermal 

degradation. Meanwhile, an SL ratio of 1:20 was selected as the mid-point of the 

optimization phase in the effort to reduce the solvent consumption while targeting to achieve 

a maximal yield of extract. 

   

3.2 Optimization of Selected Process Conditions for ABEE Extraction 

Based on the process conditions obtained through OFAT experiments; an optimization 

study was designed to obtain the maximum yield under the most suitable process conditions. 

Response Surface Methodology (RSM) in Design-Expert® version 7.0.0 (Stat-Ease, Inc., 

USA) with FCCCD function was used with temperature (A) and solid-liquid ratio (B) as the 

parameters to be assessed. Coded levels of independent variables and responses (yield of 

ABEE) are displayed in Table 4. 

Table 2  shows that Run 2 (temperature of 45 °C, solid-liquid ratio of 1:30, 16 hours of 

maceration period) gave the highest ABEE yield of 44.70 ± 18.9 mg/g DM while Run 7 

(temperature of 45 °C, solid-liquid ratio of 1:10, 16 hours of maceration period) gave the 

lowest yield (19.34 ± 14.1 mg/g DM).  

 

 
Table 2. Coded Face Centered Central Composite Design (FCCCD) for optimization of process conditions to 

obtain maximum ABEE yield (mg/g dried material, DM). A represented temperature with midpoint 55 °C 

and B represented SL ratio with midpoint 1:20 both from previous selection and screening section. 

Extraction was performed using maceration technique for 16 hours. Responses recorded were based on 

triplicate experimental sets (n = 3). 

Exp. run Extraction temperature (°C) Solid-liquid ratio (w/v) ABEE yield (mg/g DM) 

A Code B Code 

1 65 +1 30 +1 35.31 ± 1.74 

2 45 -1 30 +1 44.70 ± 18.9 

3 55 0 20 0 29.54 ± 0.283 

4 65 +1 20 0 31.55 ± 2.91 

5 55 0 10 -1 20.21 ± 2.73 

6 45 -1 20 0 29.34 ± 0.53 

7 45 -1 10 -1 19.34 ± 14.1 

8 55 0 30 +1 35.89 ± 1.47 

9 55 0 20 0 28.41 ± 1.04 

10 55 0 20 0 30.69 ± 3.08 

11 55 0 20 0 30.73 ± 4.63 

12 65 +1 10 -1 21.67 ± 4.38 

13 55 0 20 0 31.16 ± 1.29 

Note: To simplify analysis and reporting, solid-liquid ratio is denoted as the liquid part of the ratio only, with 

the solid part maintains at 1 in all cases. 

 
 

 

 

 

3.2.1  Model Prediction and Statistical Analysis 

Applying natural logarithmic transformation on the model, the correlation between the 

response variable Y (ABEE yield) and the parameters assessed was expressed by the 

following second-order polynomial quadratic equation: 
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ln 𝑌 =  +2.504 − 0.021𝐴 + 0.1152𝐵 − 8.7431 × 10−4𝐴𝐵 + 3.3430 × 10−4𝐴2 − 8.868 × 10−4𝐵2 (1) 

where Y is the ABEE extraction yield (mg/g DM), A is the coded variable for extraction 

temperature (°C), and B is the coded variable for solid-liquid ratio (w/v). Table 5 shows the 

summary of ANOVA that was used to examine the adequacy of the model and identify the 

significant factors.  

Based on Table 3, the model F-value was 58.22 (p-value < 0.0001) implying a 

significant model with a 0.01 % chance that a model F-value this large could occur due to 

noise. The F-value and p-value confirmed that the model could represent the actual 

relationship between parameters investigated and response with significance. The lack of fit 

F-value analyzed was 2.35 indicating non-significant relative to pure error and p-value 

0.2138 indicating that there is only a 21.38 % chance that a lack of fit this large could occur 

due to noise. The lack of fit analysis evaluates the failure of the model and insignificant 

analysis dictates that the model fits the actual data [25, 38]. The model R2 value was 0.9765 

and the adjusted Radj
2 value was 0.9597 indicating that the model fits well to the actual data. 

The difference between R2 and Radj
2 was very small, suggesting close agreement between 

the theoretical and experimental data for the polynomial model. The predicted R2
pred value 

was 0.8424 indicating a good model prediction ability that was able to predict the response 

value. The difference between Radj
2 and Rpred

2 was less than 0.20 indicating reasonable 

agreement between the model and response collected. The coefficient of variation 

percentage (CV %) was 1.41 % in which a model with CV % < 5% is considered acceptable 

suggesting precision, reliability, and reproducibility of data [25, 39].  

Meanwhile, the solid-liquid ratio (B and B2) and temperature/solid-liquid ratio 

interaction (AB) were found to be significant factors affecting the extraction. However, 

temperature (A and A2) were not significant factors. These findings agree with a previous 

study that found the interaction between temperature and solid-liquid ratio to be positively 

affecting the ethanolic extraction of agarwood branch [14]. 

 

Table 3. ANOVA data for the regression model for ABEE extraction. 

Source Sum of squares DF Mean square F-value p-value 

Model 0.6516 5 0.13 58.22 <0.0001a 

A 0.0004 1 4.071 x 10-4 0.180 0.6833b 

B 0.6020 1 0.60 267.66 <0.0001a 

AB 0.0306 1 0.031 15.590 0.0078a 

A2 0.0031 1 3.087 x 10-3 1.370 0.2798b 

B2 0.0217 1 0.022 9.660 0.0171a 

Residual 0.0157 7 2.249 x 10-3   

Lack of fit 0.0100 3 3.348 x 10-3 2.35 0.2138b 

Pure error 0.0057 4 1.425 x 10-3   

Cor. total 0.6700 12 0.13   

CV % =1.41 %      

R2 = 0.9765      

R2
adj = 0.9597      

R2
pred = 0.8424      

A – temperature (°C), B – SL ratio (w/v), a significance p-value < 0.05, b significance p-value > 0.05 

3.2.2  Response Surface Analysis 

To visualize the interaction of parameters on ABEE yield, a three-dimensional (3D) 

response surface diagram was plotted using Design-Expert® version 7.0.0 software (Fig. 

4).  
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Design-Expert® Software
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As shown in Fig. 5, solid-liquid and temperature have an inverse proportional 

relationship towards the yield of ABEE in which a combination of higher solid-liquid ratio 

(1:30) and lower temperature (45 °C) resulted in a higher yield of ABEE. It is generally 

accepted that a higher solvent volume will increase the extraction yield and higher 

temperature also promotes extraction of natural product. Additionally, solvent polarity may 

also affect the overall process in which ethanol solvents have been reported to promote the 

extraction of mid to high polar compounds such as phenolics, from plant sample matrix [23, 

37, 41, 42, 43]. However, high-temperature extraction may also result in degradation of 

heat-sensitive compounds which may be the case in this instance [22, 23, 41, 44]. To this 

end, though the previous section (OFAT experiments) have demonstrated that temperature 

level at 55 °C has a significant effect towards the yield of ABEE, the optimization data 

managed to highlight the interaction effects with solid-liquid ratio. With the inverse 

relationship of these two parameters, data collected showed a higher yield of ethanolic 

ABEE may be achieved at lower temperature and higher solid-liquid ratio. This is an 

important and interesting outcome as lower temperature extraction would allow better 

recovery of heat-sensitive products. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig. 4. The 3D contour response surface plot was generated to illustrate the interaction between temperature 

and solid-liquid ratio towards ABEE yield. As shown, a higher solid-liquid ratio and lower temperature led 

to higher ABEE yield indicating solid-liquid ratio may be inversely proportional to temperature in terms of 

ABEE ethanolic extraction. 

 

 

3.2.3  Model Validation 

With the aim to obtain a maximal yield of ABEE using the most suitable temperature 

(that does not risk the bioactivities of the extract), and an economical volume of solvent, the 
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model predicted yield of 30.232 ± 0.266 mg/g DM of ABEE with optimal process conditions 

of 45 °C and the solid-liquid ratio of 1:19. Three validation experiments were then 

conducted to evaluate the adequacy of the model equation as shown in Table 4. By applying 

these optimal conditions, the experimental value obtained was 25.35 ± 1.19 mg/g DM, 

which was in good agreement with the predicted value (p-value = 0.007, less than 0.05 

indicated statistical significance). The results obtained through the validation experiments 

suggested the reliability of the developed polynomial quadratic model and these optimal 

values are valid within the specified range of process parameters. 

 

Table 4. Three validation experiments were conducted based on the optimal process conditions provided by 

the software resulted in the following actual yield (mg/g DM). 

 Predicted Yield (mg/g DM) Actual Yield (mg/g DM) 

Run 1 30.251 24.236 

Run 2 30.488 26.617 

Run 3 29.956 25.198 

Average 30.232 25.350 

Error 0.266 1.19 

p-value 0.007 

 

 

3.3 Effects of ABEE on Cell Viability and Cell Attachment 

The agarwood branch ethanolic extract (ABEE) obtained from the optimal process 

conditions (model validation phase) was tested for its biological activities. Three simple in 

vitro screening methods were conducted namely cytotoxicity assay, cell attachment assay 

(CAA), and cell viability assay (CVA).  

 

3.3.1  Cytotoxicity Effects of ABEE 

U.S National Cancer Institute and Geran protocol guidelines stated that plant sample with 

IC50 ≤ 20 µg/mL is considered highly cytotoxic, between 21 and 200 µg/mL as moderate 

cytotoxic, between 201 and 500 µg/mL as weakly cytotoxic, and ≥ 501 µg/mL as having no 

cytotoxic activity [45]. Generally, crude extract can be considered as cytotoxic when the 

IC50 values ≤ 100 µg/mL when treated on cells between 48 and 72 hours while fractions and 

purified compounds should have lower IC50 ≤ 30 µg/mL [46, 47, 48, 49, 50, 51, 52]. 

Therefore, based on Fig. 5, ABEE was found to be highly potent against both MCF-7 cells 

with IC50 estimate of 3.645 ± 0.099 µg/mL (R2 = 0.7453) and VERO cells with IC50 estimate 

of 5.939 ± 0.019 µg/mL (R2 = 0.9786).  

A similar test was conducted using Taxol against MCF-7 cells as the comparison between 

commercial drugs and ABEE. In this study, as the positive control, Taxol was found to have 

IC50 of 0.195 ± 0.0265 µg/mL (R2 = 0.834) showing potent cytotoxic effects against MCF-

7 cells which was expected from a commercial chemotherapy drug that targets rapidly 

growing cancer. 



Biological And Natural Resources Engineering Journal, Vol. 3, No. 2, 2020 Abbas et al. 

20 

Fig. 5. Dose-response curve developed using GraphPad Prism 7 for (a) MCF-7 and (b) VERO cells treated 

with ABEE. The non-linear regression IC50 estimate for MCF-7 suggested ABEE as a potent cytotoxic 

agent. The positive control used against MCF-7 cells was (c) Taxol and the effect of this commercial drug 

was severe as expected from an anti-microtubule agent. Experiment was conducted in three independent 

experiments (n = 3 ± s.d) with 1 % (v/v) DMSO as negative control for normalization. 

 

3.3.2  Effects ABEE on Cell Attachment and Cell Viability 

Cell Attachment Assay (CAA) was designed to investigate the cytotoxic effects of ABEE 

on the cell attachment process [13, 14, 53]. Fig. 6 shows the CAA-CVA viability plot of 

MCF-7 after 24 hours of treatment with 100 µg/mL normalized to control. ABEE-treated 

cells were observed to have only 50 % cell viability compared to control. This points to the 

ABEE potential in hindering 50 % of the overall attachment process of MCF-7 cells which 

is a prerequisite to cancer growing and spreading [53, 54]. This finding reflects the ability 

of the extracts to prevent cells from attaching and/or cause cells to detach from the substrate; 

cumulatively referred to as anti-attachment activities. However, since this is an end-point 

based assay, the effects observed may also be due to cytotoxic effects (that could be present 

in the cell population during the treatment period).  Meanwhile, it can also be seen in Fig. 7 

that ABEE was able to inhibit 40 % of viable MCF-7 (already adhered and growing for 24 

hours) after 24 hours of treatment indicating its potential as a cytotoxic agent. 

 

 

a b 

c 
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Fig. 6.  Bar chart representing cell attachment assay-cell viability assay (CAA-CVA) data analysis. 

CAA analysis showed that after 24 hours of treatment with 100 µg/mL ABEE, the MCF-7 viable cell 

population was reduced by 50 %. CVA analysis showed that ABEE was able to reduce the viable cell 

population by 40 % at the end of the experiment. Data were analyzed from triplicate experimental 

runs (n = 3 ± s.d.). 

 

Figs. 7 and 8 show representative population density images for CAA and CVA 

experiments. Viable cells observed in the treated set appeared to be characteristically 

different compared to the control set in which ABEE-treated cells appear as a single-cell 

colonies. Representative population density images of treated samples showed low viable 

cell presence compared to the control set. Treated cells had altered morphology and were 

unable to grow normally as cluster-like formation similar to the situation where cells 

undergo apoptosis (programmed cell death) [55, 56, 57]. These images demonstrated the 

severity of ABEE treatment on MCF-7 and can be inferred as a potent cytotoxic agent 

confirming the data analysis in Fig 7.   

 

Fig.7: Representative population density images of MCF-7 in cell attachment assay (CAA). a) 24 

hours control MCF-7 treated with 1 % (v/v) DMSO showing normal cell characteristics, b) 24 hours 

MCF-7 treated with 100 µg/mL ABEE showing less viable cells with altered cell characteristics 

indicating the potential anti-attachment effect. ABEE was introduced to the system during the cell 

seeding process to observe any effect on the cell attachment process.  
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Fig. 8. Representative population density images of MCF-7 cells in CVA. a) Active and adherent MCF-7 

cells before any treatment, b) control set MCF-7 after 24 hours treated with 1 % (v/v) DMSO showing 

increased population density and normal cell characteristics, c) ABEE treated MCF-7 after 24 hours showing 

significantly reduced viable cells with altered characteristics indicating the severe effect of ABEE treatment. 

 

4. CONCLUSION 

Optimization Run 2 gave the highest ABEE yield of 44.70 ± 18.9 mg/g DM.  Meanwhile 

Run 7 (temperature of 45 °C, solid-liquid ratio of 1:10, 16 hours maceration period) gave 

the lowest yield (19.34 ± 14.1 mg/g DM). However, while maintaining the 16 hour-

maceration, the model predicted a slightly lower yield of 30.232 ± 0.266 mg/g DM of ABEE 

with process conditions of 45 °C and the solid-liquid ratio of 1:19 when the desirable 

parameters were factored in namely using (ⅰ) the most suitable temperature (that does not 

risk the bioactivities of the extract), and (ⅱ) an economical volume of solvent. The ABEE 

obtained from the extraction using the recommended process conditions showed 

cytotoxicity effects on MCF-7 breast cancer cells with IC50 estimate of 3.645 ± 0.099 

µg/mL. The extract also affected MCF-7 cell attachment and viability with altered 

morphology. More work to elucidate the mechanism of actions of the extract are warranted; 

which could further lead to the development of breast cancer natural product-based 

therapeutics. 

ACKNOWLEDGEMENT  

The authors would like to thank the Department of Biotechnology Engineering, 

Kulliyyah of Engineering; and the International Institute for Halal Research and Training 

(INHART), IIUM for providing the necessary facilities and support to carry out this work.  

a 

b c 



Biological And Natural Resources Engineering Journal, Vol. 3, No. 2, 2020 Abbas et al. 

23 

 

REFERENCES  

[1] Greenwell M, Rahman PKSM. (2015) Medicinal plants: Their use in anticancer 

treatment. International Journal of Pharmaceutical Science Research, 6(10):4103–

4112. doi: 10.13040/ijpsr.0975-8232.6(10).4103-12. 

[2] Rai M, Jogee PS, Agarkar G, Santos CA. (2016) Anticancer activities of Withania 

somnifera: current research, formulations, and future perspectives. Pharmaceutical 

Biology, 54(2):189–197. doi: 10.3109/13880209.2015.1027778. 

[3] Tan MM, Ho WK, Yoon SY, Mariapun S, Hasan SN, Lee DS, Hassan T, Lee SY, 

Phuah SY, Sivanandan K, Ng PP. (2018) A case-control study of breast cancer risk 

factors in 7,663 women in Malaysia. PLOS ONE, 13(9):e0203469. doi: 

10.1371/journal.pone.0203469 

[4] Fust K, (Ed.). (2015) The Gale encyclopedia of cancer: a guide to cancer and its 

treatments. Gale, Cengage Learning 

[5] Kasai H. (2016) What causes human cancer? Approaches from the chemistry of 

DNA damage. Genes and Environment. 38(1):1-3. doi: 10.1186/s41021-016-0046-

8. 

[6] Mohammed H, Russell IA, Stark R, Rueda OM, Hickey TE, Tarulli GA, Serandour 

AA, Birrell SN, Bruna A, Saadi A, Menon S. (2015) Progesterone receptor 

modulates ERα action in breast cancer. Nature, 523(7560):313-317. doi: 

10.1038/nature14583. 

[7] Iqbal J, Abbasi BA, Mahmood T, Kanwal S, Ali B, Shah SA, Khalil AT. (2017) 

Plant-derived anticancer agents: A green anticancer approach. Asian Pacific 

Journal of Tropical Biomedicine, 7(12):1129-50. doi: 10.1016/j.apjtb.2017.10.016. 

[8] Mohamed R. (Ed.). (2016) Agarwood: science behind the fragrance. Springer. 

[9] Zainurin NA, Hashim YZ, Mohamed Azmin NF, Abbas P. (2018) Agarwood leaf 

essential oil characterization and effects on MCF-7 breast cancer cells. 

International Journal on Advanced Science, Engineering and Information 

Technology, 8(4-2):1604-1609. doi: 10.18517/ijaseit.8.4-2.7034. 

[10] Azlina MF, Hasfalina CM, Zurina ZA, Hishamuddin J. (2013) Optimization and 

kinetic study of gaharu oil extraction. International Journal of Agricultural and 

Biosystems Engineering, 7(6):454-7. doi: 10.5281/zenodo.1079248. 

[11] Mohamed R, Jong PL. (2014) Fungal inoculation induces agarwood in young 

Aquilaria malaccensis trees in the nursery. Journal of forestry research, 25(1):201-

204. doi: 10.1007/s11676-013-0395-0. 

[12] Pern Y, Lee S, Ludin R, Mohamed R. (2018) Fruit morphological characteristics 

of cultivated Aquilaria Lam. (Thymelaeaceae) in Peninsular Malaysia. The 

Malaysian Forester, 81(2):123-128. 

[13] Abbas P, Hashim Y, Mohd Salleh H. (2018a) Uninfected agarwood branch extract 

possess cytotoxic and inhibitory effects on MCF-7 breast cancer cells. Journal of 

Research in Pharmacy, 23(1):120-129. doi: 10.12991/jrp.2018.116. 

[14] Abbas P, Hashim YZ, Salleh HM. (2018b) Cytotoxic effects and response surface 

optimization of solvent extraction of crude extracts from Aquilaria subintegra 

uninfected branch. Science Heritage Journal, 2:10-5. doi: 

10.26480/gws.02.2018.10.15. 

[15] Abbas P, Hashim YZHY, Amid A. (2017) Cytokinetic study of uninfected 

agarwood branch ethanolic extract on breast cancer cells. Asia-Pacific Journal of 

Molecular Biology and Biotechnology, 25:1-7. 



Biological And Natural Resources Engineering Journal, Vol. 3, No. 2, 2020 Abbas et al. 

24 

[16] Maitera ON, Khan ME, James TF. (2011) Phytochemical analysis and the 

chemotherapeutics of leaves and stem-bark of Nauclea latifolia grown in Hong, 

Adamawa State Nigeria. Asian Journal of Plant Sciences, 1(3):16-22. 

[17] Khalil AS, Rahim AA, Taha KK, Abdallah KB. (2013) Characterization of 

methanolic extracts of agarwood leaves. Journal of Applied and Industrial 

Sciences, 1(3):78-88. 

[18] Dahham S, Khadeer Ahamed M, Saghir SM, Alsuede FS, Iqbal MA, Abdul Majid 

AMS. (2014) Bioactive essential oils from Aquilaria crassna for cancer prevention 

and treatment. Global Journal on Advances in Pure and Applied Sciences, 

4(2014):26-31. 

[19] Dahham S, M Tabana Y, Sandai D, Adam Ahmed M, Abdul Majid A. (2016) In 

vitro anti-cancer and anti-angiogenic activity of essential oils extracts from 

agarwood (Aquilaria crassna). Medicinal & Aromatic Plants, 5:256-268. doi: 

10.4172/2167-0412.1000256. 

[20] Parveez MM, Rahman MA, Molla MK, Akter A. (2012) Compound isolation and 

purification by chromatographic method of stem bark of Anisoptera scaphula 

(Robx.). International Journal of Pharma Research & Review, 1(1):1-6. 

[21] Cordoba N, Pataquiva L, Osorio C, Moreno F, Ruiz R. (2019) Effect of grinding, 

extraction time and type of coffee on the physicochemical and flavour 

characteristics of cold brew coffee. Scientific Reports, 9(1):1-12. doi: 

10.1038/s41598-019-44886-w. 

[22] Cissé M, Bohuon P, Sambe F, Kane C, Sakho M, Dornier M. (2012) Aqueous 

extraction of anthocyanins from Hibiscus sabdariffa: Experimental kinetics and 

modeling. Journal of Food Engineering, 109(1):16-21. doi: 

10.1016/j.jfoodeng.2011.10.012. 

[23] Chiang P, Lee DG. Whiteley C, Huang C. (2017) Antioxidant phenolic compounds 

from Pinus morrisconicola using compressional-puffing pretreatment and water–

ethanol extraction: Optimization of extraction parameters. Journal of the Taiwan 

Institute of Chemical Engineers, 70:7-14. doi: 10.1016/j.jtice.2016.10.010. 

[24] Bengardino M, Fernandez M, Nutter J, Jagus R, Agüero M. (2019) Recovery of 

bioactive compounds from beet leaves through simultaneous extraction: Modelling 

and process optimization. Food and Bioproducts Processing, 118:227-236. doi: 

10.1016/j.fbp.2019.09.013. 

[25] Ali O, Al-sayed H, Yasin N, Afifi E. (2016) Effect of different extraction methods 

on stablity of anthocyanins extracted from red onion peels (Allium cepa) and its 

uses as food colorants. Bulletin of the National Nutrition Institute, 47(2):1-24. doi: 

10.21608/bnni.2016.4218. 

[26] Rostagno MA, Prado JM. (2013). Natural Product Extraction: Principles and 

Applications. The Royal Society of Chemistry. 

[27] Hashim YZHY, Phirdaous A, Azura A. (2014b) Screening of anticancer activity 

from agarwood essential oil. Pharmacognosy research, 6(3):191-194. doi: 

10.4103/0974-8490.132593. 

[28] Markossian S, Sittampalam GS, Grossman A, Brimacombe K. et al. (2004). Assay 

Guidance Manual. Bethesda (MD): Eli Lily & Company and the National Center 

for Advancing Translational Sciences. 

[29] Hu B, Ma Y, Yang Y, Zhang L, Han H, Chen J. (2018) CD44 promotes cell 

proliferation in non-small cell lung cancer. Oncology letters, 15(4):5627-33. doi: 

10.3892/ol.2018.8051. 

[30] Sasidharan S, Chen Y, Saravanan D, Sundram K, Latha L. (2010) Extraction, 

isolation and characterization of bioactive compounds from plants’ extracts. 



Biological And Natural Resources Engineering Journal, Vol. 3, No. 2, 2020 Abbas et al. 

25 

African Journal of Traditional, Complementary and Alternative Medicines, 8(1):1-

10. doi: 10.4314/ajtcam.v8i1.60483. 

[31] Sarker S, Nahar L. (2012) Natural products isolation. Humana Press. 

[32] Chemat F, Strube J. (2016) Green Extraction of Natural Products. Wiley-VCH. 

[33] Moosa S. (2010) Phytochemical and antioxidant screening of extracts of Aquilaria 

malaccensis leaves. In: Proceedings of the Nuclear Malaysia R&D Seminar. 

Malaysia; International Nuclear Information System. 

[34] Nik Wil NNA, Mhd Omar NA, Awang@Ibrahim N, Tajuddin SN. (2014) In vitro 

antioxidant activity and phytochemical screening of Aquilaria malaccensis leaf 

extracts. Journal of Chemical and Pharmaceutical Research, 6:688-693. 

[35] Dai J, Mumper R. (2010) Plant phenolics: extraction, analysis and their antioxidant 

and anticancer properties. Molecules, 15(10):7313-7352. doi: 

10.3390/molecules15107313. 

[36] Squillaci G, Giorio L, Cacciola N, La Cara F, Morana A. (2019) Effect of 

temperature and time on the phenolic extraction from grape canes. Wastes: 

Solutions, Treatments and Opportunities Ⅲ:34-40. 

[37] Che Sulaiman IS, Basri M, Fard Masoumi H, Chee W, Ashari S, Ismail M. (2017) 

Effects of temperature, time, and solvent ratio on the extraction of phenolic 

compounds and the anti-radical activity of Clinacanthus nutans Lindau leaves by 

response surface methodology. Chemistry Central Journal, 11(1):54-65. doi: 

10.1186/s13065-017-0285-1. 

[38] Du H, Chen J, Tian S, Gu H, Li N, Sun Y. Ru J, Wang J. (2016) Extraction 

optimization, preliminary characterization and immunological activities in vitro of 

polysaccharides from Elaeagnus angustifolia L. pulp. Carbohydrate Polymers, 

151:348-357. doi: 10.1016/j.carbpol.2016.05.068. 

[39] Duan L, Dou LL, Guo L, Li P, Liu EH. (2016) Comprehensive evaluation of deep 

eutectic solvents in extraction of bioactive natural products. ACS Sustainable 

Chemistry & Engineering, 4(4):2405-11. doi: 10.1021/acssuschemeng.6b00091. 

[40] Campbell M, Machin D, Walters S. (2010) Medical statistics. John Wiley & Sons, 

Ltd.  

[41] Chew KK, Khoo MZ, Ng SY, Thoo YY, Aida WW, Ho CW. (2011) Effect of 

ethanol concentration, extraction time and extraction temperature on the recovery 

of phenolic compounds and antioxidant capacity of Orthosiphon stamineus 

extracts. International Food Research Journal, 18(4), 1427.  

[42] Tomsone L, Kruma Z, Galoburda R. (2012) Comparison of different solvents and 

extraction methods for isolation of phenolic compounds from horseradish roots 

(Armoracia rusticana). World Academy of Science, Engineering and Technology, 

64:903-8. doi: 10.5281/zenodo.1071162. 

[43] de Albuquerque Mendes MK, dos Santos Oliveira CB, Veras MD, Araújo BQ, 

Dantas C, Chaves MH, Júnior CA, Vieira EC. (2019) Application of multivariate 

optimization for the selective extraction of phenolic compounds in cashew nuts 

(Anacardium occidentale L.). Talanta, 205:120100. doi: 

10.1016/j.talanta.2019.06.100. 

[44] Chen R, Li H, Li S, Jin C, Lu J. (2015) Extraction optimization, preliminary 

characterization and immunological activity of polysaccharides from figs. 

International journal of biological macromolecules, 72:185-94. doi: 

10.1016/j.ijbiomac.2014.08.021. 

[45] Sajjadi SE, Ghanadian M, Haghighi M, Mouhebat L. (2015) Cytotoxic effect of 

Cousinia verbascifolia Bunge against OVCAR-3 and HT-29 cancer cells. Journal 

of HerbMed pharmacology, 27;4(1):15-9. 



Biological And Natural Resources Engineering Journal, Vol. 3, No. 2, 2020 Abbas et al. 

26 

[46] Goldin A, Venditti JM, Macdonald JS, Muggia FM, Henney JE, Devita Jr VT. 

(1981). Current results of the screening program at the Division of Cancer 

Treatment, National Cancer Institute. European Journal of Cancer (1965), 

17(2):129-42. doi: 10.1016/0014-2964(81)90027-X. 

[47] Susanti S, Iwasaki H, Itokazu Y, Nago M, Taira N, Saitoh S, Oku H. (2012) Tumor 

specific cytotoxicity of arctigenin isolated from herbal plant Arctium lappa L. 

Journal of natural medicines, 66(4):614-21. doi: 10.1007/s11418-012-0628-0. 

[48] Sajjadi SE, Ghanadian M, Haghighi M, Mouhebat L. (2015) Cytotoxic effect of 

Cousinia verbascifolia Bunge against OVCAR-3 and HT-29 cancer cells. Journal 

of HerbMed pharmacology, 4(1):15-9.  

[49] Leyva-Peralta MA, Robles-Zepeda RE, Garibay-Escobar A, Ruiz-Bustos E, 

Alvarez-Berber LP, Gálvez-Ruiz JC. (2015) In vitro anti-proliferative activity of 

Argemone gracilenta and identification of some active components. BMC 

complementary and alternative medicine, 15(1):13. doi: 10.1186/s12906-015-

0532-8. 

[50] Alabsi AM, Lim KL, Paterson IC, Ali-Saeed R, Muharram BA. (2016) Cell cycle 

arrest and apoptosis induction via modulation of mitochondrial integrity by Bcl-2 

family members and caspase dependence in Dracaena cinnabari-treated H400 

human oral squamous cell carcinoma. BioMed research international, 2016:1-13. 

doi: 10.1155/2016/4904016. 

[51] Gurushidhappa U, Shivajirao P, Vasudeo N, Shankar K, Nivarti G. (2018) Prosopis 

juliflora (Sw.), DC induces apoptosis and cell cycle arrest in triple negative breast 

cancer cells: in vitro and in vivo investigations. Oncotarget, 9(54):30304-30323. 

doi: 10.18632/oncotarget.25717. 

[52] Maqsood M, Qureshi R, Ikram M, Ahmad MS, Jabeen B, Asi MR, Khan JA, Ali 

S, Lilge L. (2018) In vitro anticancer activities of Withania coagulans against 

HeLa, MCF-7, RD, RG2, and INS-1 cancer cells and phytochemical analysis. 

Integrative medicine research, 7(2):184-91. doi: 10.1016/j.imr.2018.03.003. 

[53] Freshney RI. (2015) Culture of animal cells: a manual of basic technique and 

specialized applications. John Wiley & Sons. 

[54] Fust, K. (Ed.). (2015). The Gale encyclopedia of cancer: a guide to cancer and its 

treatments. Gale, Cengage Learning. 

[55] Archana M, Yogesh TL, Kumaraswamy KL. (2013) Various methods available for 

detection of apoptotic cells-A review. Indian journal of cancer, 1;50(3):274. doi: 

10.4103/0019-509X.118720. 

[56] Kamalaldin NA, Yusop MR, Sulaiman SA, Yahaya BH. (2015) Apoptosis in lung 

cancer cells induced by virgin coconut oil. Regenerative Research, 4:30-6. 

[57] Lagler C, El-Mesery M, Kübler AC, Müller-Richter UD, Stühmer T, Nickel J, 

Müller TD, Wajant H, Seher A. (2017) The anti-myeloma activity of bone 

morphogenetic protein 2 predominantly relies on the induction of growth arrest and 

is apoptosis-independent. PloS one, 12(10):e0185720. doi: 

10.1371/journal.pone.0185720. 


