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Abstract
This study examines the effects of ethanol extracts of Coleus tuberosus 
flesh and peel on T47D cancer cells. Antioxidant potential was evaluated 
through cellular antioxidant activity experiment, and anti-proliferation 
activity was evaluated using MTT assay (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide). The effects on cell cycle were evaluated 
with a flow cytometry, while induction of apoptosis was evaluated based 
on morphological changes by staining with acridine orange and ethidium 
bromide. The results indicate that the peel extract had higher cellular 
antioxidant activity than the flesh extract. The IC50 of celullar antioxidant 
activity of the flesh and peel extracts were 287.13±10.35 mg/ml and 
217.86±12.96 mg/ml, respectively. The peel extract also had higher anti-
proliferative activity. The IC50 of anti-proliferative activity were 887.05±5.03 
µg/ml (flesh extract) and 548.18±4.52 µg/ml (peel extract). The peel and 
flesh extracts can cause cell cycle arrest in the S phase and G2-M phase. 
The extracts induce apoptosis within T47D cancer cells, showing an orange 
color. Therefore, these extracts could be used as potential sources of natural 
antioxidants and breast cancer prevention agents.

Current Research in Nutrition and Food Science

Journal Website:www.foodandnutritionjournal.org

ISSN: 2347-467X, Vol. 06, No. (2) 2018,  Pg. 450-460

 

Article History 

Received: 30 March 2018
Accepted: 21 August 2018

Keywords

Antioxidant, 
Anti-proliferation, 
Apoptosis, 
Cell cycle, 
Ethanol extract of Coleus 
tuberosus.

Introduction
Breast cancer is the most common cancer and cause 
of cancer-related deaths among women, accounting 
for 1.67 million (25.2%) new cases and 521,907 
(14.7%) deaths worldwide1. Breast cancer is a 

cancer that develops from the breast tissue. This is an 
invasive cancer that often appears in women. Some 
signs of breast cancer are a change of breast shape, 
dimpled skin, nipple discharge or red scaly patches 
of skin, and a lump in the breast2. Based on data of 
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the International Agency for Research on Cancer 
(IARC) in 2012, the incidence of cancer in women 
has reached 134 per 100,000 of the population. The 
highest incidence is breast cancer with 40 cases per 
100,000 women followed by cervical cancer reaching 
17 cases per 100,000. The estimate of the death 
toll in Indonesia Globocan for breast cancer is 16.6 
deaths per 100,000 population3. 

Cancer cases are linked to diet and lifestyle4. 
Although surgery and chemotherapy can lower the 
risks of breast cancer in some women who suffer 
the disease, the side effects cause them to limit the 
use. Currently, preventive efforts have become more 
important. Some natural products have an important 
role in the discovery and development of drugs for 
the treatment of various types of deadly diseases 
including cancer5. Several studies have investigated 
the anti-proliferation effects of some phytochemicals 
derived from fruits and vegetables. Research 
examines cancer prevention by utilizing foods that 
contain bioactive compounds such as antioxidants6,7. 
More than 1,000 different phytochemicals have been 
identified as having potential effects against various 
cancers. These phytochemicals offer considerable 
advantages because they are safe and may target 
multiple cell-signaling pathways8. Related to the high 
occurrence of breast cancer in Indonesia, T47D 
cancer cells are often used as research models to 
identify the ability of anti-proliferation of bioactive 
compounds contained in fruits, vegetables, cereals, 
legume or tubers. 

Coleus tuberosus is a source of carbohydrate. Some 
research suggests that it has potential antioxidant 
and anti-proliferation effects. Bioactive compounds 
identified in the Coleus tuberosus which include 
phenols, flavonoids, oleanolic acid, ursolic acid, 
maslinic acid, and phytosterol have antioxidant, 
and antiproliferation, apoptosis effects9-11. Further 
research on the antioxidant activity and cancer 
prevention activity is still needed. Thus, this study 
examines the potential of Coleus tuberosus extract 
as natural antioxidant and breast cancer prevention 
agents using T47D cancer cells.

Materials and Methods
Chemicals
This study investigated the effects of ethanol extracts 
of Coleus tuberosus flesh and peel on T47D cancer 

cell line. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (Sigma Aldrich), RPMI 
(Sigma Aldrich), phosphate buffered saline (PBS) 
(Gibco), DMSO (Sigma Aldrich), and acridine orange 
- ethidium bromide (Bio Rad) were used. 

Preparation of Ethanol Extracts of Coleus 
Tuberosus Flesh and Peel
The peels of Coleus tuberosus were separated 
with peeler from the flesh with a thickness of 1 mm. 
The flesh and peel were dried in a cabinet dryer for 
twenty four hours and then crushed and extracted 
using maceration with 95% ethanol for 7 days. The 
extracts were stored in a frozen condition.

Evaluation of Cellular Antioxidant Activity of 
Ethanol Extracts of Coleus Tuberosus Flesh and 
Peel in T47D Cancer Cells
The cellular antioxidant activity was evaluated 
by referring to Wolfe and Liu12 and Liu and  
Finley13. T47D cells grown on a 96-well microplate 
containing RPMI were supplemented with fetal bovine 
serum 10% (v/v), penicillin 100 U, and streptomycin 
100 mg/ml at 37oC under 5% CO2. After 24 hours 
of growth, growth medium was removed, and the 
wells were washed with sterile PBS. The cells were 
pretreated with ethanol extracts of Coleus tuberosus 
flesh or peel in concentrations of 100, 200, 400, and 
800 µg/ml for 20 mins in triplicate. After 20 mins of 
pretreatment, growth media containing 25 µM DCFH-
DA and PMA (100 ng/ml in DMSO) were added and 
incubated for 30 minutes. The fluorescence of the 
cells was measured using a flow cytometer (FACS 
Calibur BD) at a wavelength of 535 nm. The cellular 
antioxidant activity was determined by calculating the 
percentage decrease in the intensity of the reactive 
oxygen species (ROS) fluorescence:

Decreased ROS of percentage =   

where Fito is the oxidative stress control, Fit1 is the 
cells with bioactive compound treatment, and Fit2 is 
that of the control without oxidative stress14.

Evaluation of Anti-Proliferation of T47D Cancer 
Cell Lines 
The anti-proliferation effects were evaluated by 
referring to Hogan et al.,15. Cells were placed on 
a 96-well plate at 1.5x104 cells/ml with RPMI plus 
10% (v/v) fetal bovine serum, penicillin 100 U and 
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streptomycin (100 mg/ml, 37°C, 5% CO2). These 
conditions were kept for a one-hour period. Next, 
cancer cells were treated for about one hour in the 
experiment media with ethanol extract of Coleus 
tuberosus peel or flesh extracts at concentrations 
of 62.5-2,000 µg/ml with the final volume of 100 µl. 
Cell viability was determined by MTT assay. After 
one-hour incubation, the media were treated and 
eliminated at the end of the incubation period and 
then washed with HBSS. The cells were incubated 
with 10 µL of MTT reagent solution (5 mg/ml in RPMI) 
added to each of the wells for 24 hours.
 
The mixtures were left for one night. The absorbance 
was recorded at 570 nm with a multipliable plate 
reader. The absorbance data required for cell viability 
are expressed as a percentage of the control (the 
number of living cells in control cells) during the 
experiment. After each treatment, the MTT assay 
was expressed as:  

Cell viability (%) = 
			    
Cell Cycle Arrest
A total of 106 cell/well were distributed in 6-well plates 
and incubated at 37oC for cell adaptation. T47D cells 
incubated with ethanol extract of Coleus tuberosus 
peel or flesh extracts with concentrations of 7.8125, 
15.625, 31.25, 62.5 and 125 µ g/ml for 24 hours. After 
24 hours, cells incubated were taken and washed 
twice using ice-cold PBS. The cells were fixed and 
permeabilized with 70% ice-cold ethanol at 4oC for 
one hour. Then, T47D cells were washed with PBS 
and resuspended in a solution containing propidium 
iodide stain (50 ml/ml) and RNase A (250 mg/ml). 
Cell suspensions were incubated for 30 min at room 
temperature, followed by fluorescence-activated cell 
sorting (FACS; cater-plus flow cytometry; Becton 
Dickinson co., Germany) using 10,000 cells per 
group16. The percentages of cells in the G0-G1, S, 
and G2/M phases were analyzed using Modfit LT Cell 
Cycle 3.0 analysis software (Becton Dickinson).

Induction of Apoptosis
The morphological changes due to apoptosis 
induction after treatment with the extracts were 
evaluated using acridine orange staining and 
ethidium bromide. T47D cells were cultured on 
the cover slip on 105 cells/well. The medium was 

replaced with medium containing ethanol extract 
samples of Coleus tuberosus flesh or peel extracts 
(62.5 µg/ml). The cells were then incubated for 24 
hours at 37oC in 5% CO2. The medium was removed 
and solution of acridine orange and ethidium bromide 
(100 µg/ml of acridine orange (Bio-Rad) in PBS and 
100 µg/ml of ethidium bromide (Bio-Rad) in PBS 
for 5 minutes) was added. The cover slips were 
mounted on a glass object and then observed under 
a fluorescence microscope (Zeiss MC 80)17. 

Statistical Analysis
Each experiment was performed three times and 
data were expressed as mean ± SD. The testing 
was performed by two way anova of the antioxidant 
activity, anti-proliferation effects and cell cycle arrest. 
If the obtained results are different significantly, then 
it was followed with Duncan’s Multiple Range Test 
(DMRT)

Results and Discussion
Celullar Antioxidant Activity of Ethanol Extracts 
of Coleus Tuberosus Flesh and Peel on T47D 
Treatment of T47D cancer cells with ethanol extracts 
of Coleus tuberosus flesh (EECF) or ethanol extract 
of Coleus tuberosus peel (EECP) inhibited PMA-
induced ROS generation in dose-dependent manner. 
The percentage decrease of ROS in cancer cells 
incubated with peel extract T47D was higher than 
that of cells incubated with ethanol extract of Coleus 
tuberosus flesh or peel (Fig. 1).

The percentage decreases of ROS in the T47D 
cancer cells incubated with ethanol extract of Coleus 
tuberosus peel extract at concentration of 100, 200, 
400, and 800 µg/ml were 31.30 ± 3.27, 46.93 ± 9.78, 
64.96 ± 7.23, and 77.09 ± 1.78, respectively (Fig.1). 
The percentage decreases of ROS in the T47D cells 
incubated with ethanol extract of Coleus tuberosus 
flesh at concentrations of 100, 200, 400, and  
800 µg/ml were 22 ± 7.93, 38.70 ± 5.49, 55.96 ± 
2.04, and 62.08 ± 1.54, respectively.

The cellular antioxidant activity of peel extract on 
T47D cells was higher than that of flesh extract, 
which is shown by the IC50 values. The IC50 of the 
flesh extract was of 287.13 ± 10.35 µg/ml, whereas 
that of the peel extract was 217.86 ± 12.96 µg/ml 
(Table 1).



453Nugraheni et al., Curr. Res. Nutr Food Sci Jour.,  Vol. 6(2) 450-460 (2018)

Fig.1: The percentage decrease in reactive oxygen species (ROS) with the treatment of ethanol 
extract of Coleus tuberosus flesh and peel on T47D cells induced with phorbol myristate acetate

Note: Different notations suggest a significant difference (p < 0.05)

Table 1. IC50 cellular antioxidant activities of ethanol extracts of Coleus 
tuberosus flesh and peel on T47D cancer cells

Bioactive compounds	 Celullar antioxidant activity
	I C50 (µg/ml)

Ethanol extract of Coleus tuberosus flesh 	 287.13±10.35
Ethanol extract of Coleus tuberosus peel 	 217.86±12.96

The current study investigated the antioxidant activity 
and anti-proliferation activity of ethanol extracts of 
Coleus tuberosus flesh and peel on T47D cancer 
cell lines. The results show that the extracts have 
the ability to decrease ROS in T47D cells induced 
by PMA. The ability is associated with content of 
bioactive compounds in Coleus tuberosus, such 
as phenols, flavonoids, oleanolic acid, ursolic acid, 
maslinic acid, and phytosterol9,18,19. Some research 
suggests that incubation with extracts containing 
bioactive compounds may lower the ROS in cancer 
cells induced by free radicals and improve the 
antioxidant defense system20-24. Therefore, treatment 
with bioactive compounds could prevent DCFH 
oxidation and decrease the formation of fluorescent 
DCF14,25,26.

The antioxidative ability of the flesh and peel extracts 
comes from the interaction between bioactive 
compounds in the extract, which have a synergistic 
effect. This supports the research of Náthia-Neves 
et al.,27 and Li et al.,28, indicating that the different 
antioxidant ability is related to the different content 

of bioactive compounds in extracts. A high amount 
of bioactive compounds tends to result in high ability 
to neutralize free radicals.

The mechanism of bioactive compounds could 
have the ability to maintain the fluidity of cell 
membranes by capturing ROS, so that cellular 
level communication can occur normally, including 
the entire signals associated with activation of 
antioxidant enzymes (Nrf-2-ACRE)29. Increased 
expression of Nrf-2-ARE can increase the antioxidant 
defense system (GPx, SOD, glutathione, CAT, 
vitamin C, vitamin E, and beta-carotene). Further, an 
increase in the antioxidant defense system of cells 
can increase the ability to neutralize singlet oxygen 
(1O2), hydrogen peroxide (H2O2), superoxide anion 
radicals (O2•-), and hydroxyl radicals (OH•) due to 
the induction of PMA. An increase in glutathione, 
vitamin C, vitamin E, and beta-carotene in the cell 
can increase the capture of free radicals that are 
present in the cell and reduce the amount of free 
radicals in T47D cells.
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The Effects Of Ethanol Extract of Coleus 
Tuberosus Flesh and Peel Extracts on the 
Proliferation of T47D Cancer Cells
The anti-proliferative activity of flesh and peel 
extract on T47D cancer cells was characterized by 
MTT assay. Cells were treated by applying different 
extract concentrations of 62.5, 125, 250, 500, 1000, 
and 2000 µg/ml and incubating the cells for 24 hours 
(Fig. 2).

Fig. 2 indicates that the incubation of T47D cancer 
cells with flesh extract and peel extract can decrease 

the percentage of viable cells compared to the control 
in a dose-dependent manner. The anti-proliferative 
activity of peel extract and flesh extract is expressed 
as the inhibition concentration (IC50). A lower IC50 
value indicates a higher anti-proliferative effect of 
a sample. Table 2 shows that the IC50 levels after a  
24-hour incubation period are 887.05 ± 5.03  
µg/ml (peel extract) and 548.18 ± 4.52 µg/ml (flesh 
extract). The peel extract seems to have a higher 
anti-proliferative effect than the flesh extract at all 
concentrations, which corresponds to its lower 
IC50.

Fig. 2: The percentage of viability cells produced by treatments with an ethanol extract of Coleus 
tuberosus flesh (EECF) and peel (EECP) at different concentrations after a 24-hour incubation. 

Data are presented as the mean of three independent experiments. Means followed by 
different letters is significant difference (p < 0.05)

Table 2: IC50 anti-proliferation activities of ethanol extracts of 
Coleus tuberosus flesh and peel on T47D cancer cells

Bioactive compounds	I C50 (µg/ml)

Ethanol extract of Coleus tuberosus flesh 	 887.05±5.03
Ethanol extract of Coleus tuberosus peel	 548.18±4.52

The peel extract and flesh extract may cause a 
significant growth inhibition of T47D in a dose-
dependent manner. In particular, the peel extract 
showed higher anti-proliferative activities than the 
flesh extract towards T47D cancer cells. These results 
are in line with previous research by Nugraheni  
et al.,10, who proved that peel extract has a greater 

anti-proliferation activity than flesh extract. The 
inhibition ability for the proliferation of cancer 
cells is supported by the presence of various 
bioactive compounds in the flesh and peel, such 
as carotenoids, vitamins, and other polyphenol 
phytochemicals. The peels also contain more 
bioactive compounds than the flesh30.
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The anti-proliferation activities of the flesh extract 
and peel extract on T47D cancer cells may have 
been caused by the interactions between bioactive 
compounds in the extracts. These bioactive 
compounds include ursolic acid, oleanolic acid9, 
phenol and flavonoids compounds18, maslinic 
acid, and phytosterols, such as beta-sitosterol, 
stigmasterol, and campesterol11. These provide a 
synergy effect in determining the anti-proliferation 
ability. Prior research also suggests that maslinic 
acid, phytosterols, and phenolic compounds may 
have anti-proliferative activity in some cancer  

cell31-35. In particular, ursolic acid and oleanolic 
acid are known as being capable of inhibiting the 
proliferation of cancer cells10,36-37.

Cell Cycle Arrest
Evaluation using flow cytometer used to identify the 
effect of ethanol extract of Coleus tuberosus flesh 
and peel on cell cycle arrest (125, 62.5, 31.25, 
15.625, and 7.8125 µg/ml). Cell cycle arrest occurs 
in the S and G2/M phases (Fig. 3 and Fig. 4). This 
indicates that treatment with flesh extract or peel 
extract causes changes in the cancer cell cycles.

Fig. 3: Effect of ethanol extract of Coleus tuberosus flesh on cell cycle arrest. T47D cells were 
treated with 0 (control), 7.8125, 15.625, 31.25, 62.5, and 125 µg/ml of peel extract for 24 h, after 
which the cells were stained with PI and analyzed for DNA content by flow cytometer. Means 

followed by different letters differ statistically (p < 0.05)

T47D cells incubated with ethanol extract of Coleus 
tuberosus flesh or peel  showed cell cycle arrest 
in the S and G2/M phases, in a dose dependent 
manner. Some research suggests that bioactive 
compounds such as flavonoids, polyphenols, 

ursolic acid and oleanolic acid are potent regulators 
which can cause the S-phase and G2-M cell cycle  
arrest38-42. The ability of ethanol extract of flesh and 
peel of Coleus tuberosus induces the cell cycle arrest 
could cause an inhibition of cell proliferation.
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Fig. 4: Effect of ethanol extract of Coleus tuberosus peel extract on cell cycle arrest. T47D cells 
were treated with 0 (control), 7.8125, 15,625, 31.25, 62.5, and 125 µg/ml of peel extract for 24 h, 

after which the cells were stained with PI and analyzed for DNA content by flow cytometer. Means 
followed by different letters differ statistically (p < 0.05)

Acridine Orange Staining-Ethidium Bromide on 
T47D Cells 
The phenotypic characteristics of cells, which 
are separately treated with flesh extract and peel 
extract, were evaluated by conducting a microscopic 
inspection of the overall morphology. The results 
show that either the flesh extract or peel extract 
performs a significant evidence of cells death 
even after the 24-hour incubation period. Staining 
with acridine orange and ethidium bromide on all 
treatment was used to find out the capabilities of 
extracts in inducing apoptosis on T47D cells. The 
treated cells indicated a nuclear condensation after 
the 24-hour treatment. The positive control cells 
showed bright green nuclei (Fig. 5A), while the 
negative control cells produced an orange-red color 
with uniform intensity (Fig. 5B). The apoptotic cells 
had an orange color (Fig. 5C).

Cellular and nuclear morphological changes of 
T47D cancer cells due to exposure to various 
concentrations of Coleus tuberosus flesh or peel 
extract after a 24-hour incubation. Viable cells have 
a uniform colour, bright green with an organized 
structure. Early apoptotic cells have green nuclei, but 
the perinuclear chromatin condensation is visible as 

bright green fragment or patches  (red arrow). Late 
apoptotic cells indicated have orange to red-colored 
nuclei with fragmented chromatin (white arrow).

Treatment with T47D cancer cells with ethanol 
extract of Coleus tuberosus flesh and peel induced 
apoptosis, which was characterized by changing 
shape, condensation, and DNA degradation of 
the cells (Figure 5). The combination of acridine 
orange and ethidium bromide can be used on both 
living and dead cells undergoing apoptosis. Green 
fluorescence occurs when bound to double-stranded 
DNA in living cells, and red fluorescence occurs 
when bound to single-stranded DNA, predominantly 
in dead cells. Cells that experience apoptosis early 
will experience fragmentation of DNA, which results 
in the green color of the nucleus. When apoptotic 
processes end, DNA fragmentation results in a 
red or orange43, because cells lose the integrity of 
the membrane44, so that the ethidium bromide can 
enter into the cell and intercalate with the DNA that 
has undergone fragmentation. Shikha Srivastava  
et al.,45 indicated that the treatment of cancer cells by 
flavonoids led to the fragmentation and degradation 
of cellular DNA, resulting in apoptosis. 
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This research shows that ethanol extracts of 
Coleus tuberosus flesh and peel  have the ability as 
antioxidant for T47D cells, inhibiting the proliferation, 
inducing cell cycle arrest and inducing apoptosis. 

This results show the potential of Coleus tuberosus 
as a source of natural antioxidants which the ability 
to inhibit proliferation of T47D cancer cells.

Fig. 5: A. Untreated cells, B. treated cells with doxorubicin, C. treatment with 
concentration of 62.5 µg/ml

                                            Ethanol extract of Coleus	 Ethanol extract of Coleus
	 tuberosus flesh	 tuberosus peel

Negative control
(No apoptotic cells)  
(A)

	  	  

Positive control
(apoptotic cells) 
(B)

	  	  

Treatment: 62.5 µg/ml
(C)	  
 

Conclusion
Ethanol extracts of Coleus tuberosus flesh and 
peel can reduce reactive oxygen species in T47D 
cells induced with the radical generator PMA. The 
ability of the peel extract to reduce oxidative stress 
is better than that of the flesh extract. Incubation 
of cells with the extracts can reduce proliferation, 
causing cell cycle arrest in the S and G2-M phases, 
and induced apoptosis.
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