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Introduction

Cancer is one of the most common causes of death 
in the developed world. One-third of people will be 
diagnosed with cancer during their lifetime. Oral cancer, 
a subtype of head and neck cancer, is an abnormal 
growth found in the mouth region. Malignant tumours 
of the oral cavity account for approximately 30% of all 
head and neck cancers, and 80% of these tumours are 
oral squamous cell carcinoma (OSCC) (Krishnan et al., 
2014). Oral carcinomas are the world’s eleventh most 
common form of human neoplasm and account for 3% 
of all newly diagnosed cancer cases (Khan et al., 2015). 
Oral cancer is a significant disease worldwide with up 
to 400,000 new cases every year and almost 130,000 
deaths annually (Al-Maweri et al., 2014). Oral cancers 
may originate in any of the tissues of the mouth, and may 
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be of varied histologic types: teratoma, adenocarcinoma 
derived from a serious or minor salivary gland, lymphoma 
from tonsillar or other lymphoid tissue, or melanoma 
from the pigment-producing cells of the oral mucosa. 
There are several types of oral cancers, but around 90% 
are squamous cell carcinomas, originating in the tissues 
that line the mouth and lips. Oral or mouth cancer most 
commonly involves the tongue. It may also occur on 
the floor of the mouth, cheek lining, gingiva (gums), 
lips, or palate (roof of the mouth). The most prevalent 
oral cancer is oral squamous cell carcinoma (OSCC), 
which comprises 90% of all oral cancers (Neville and 
Day, 2002).  In Malaysia, the incidence of oral cancer 
differs by gender and ethnic group. Indian and indigenous 
people of Malaysia have the highest prevalence of this 
cancer (Ghani et al., 2011; Al-Dubail et al., 2012). Oral 
squamous cell carcinoma has high mortality and also 
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morbidity rates around the world since it is commonly 
seen in advanced stages before treatment (Johnson et al., 
2011). Heavy or regular use of tobacco (Castellsagué et 
al., 2004), excessive alcohol consumption (Johnson and 
Warnakulasuriya, 1993), fruit and vegetable deficiency 
in diet (Pavia et al., 2006), chewing paan and betel nut in 
addition to poor oral hygiene (Balaram et al., 2002) are 
the major risk factors regarding oral cancer, with smoking 
and alcohol having synergistic effects (Blot et al., 1988). 
Generally, oral cancer risk is linked with age and gender. 
The number of people affected by oral cancer is increased 
with advancing the age and also oral cancer occurrence is 
especially high in males (Ariyoshi et al., 2008).

The typical strategies of OSCC treatment rely on 
surgery, radiotherapy, chemotherapy and targeted therapy 
(Scully and Bagan, 2009). Oral cancer therapy basically 
aims to recognize chemopreventive as well as treatment 
agents that selectively target OSCC cells without having 
cytotoxic impacts on normal cells (Sato et al., 2013).  
Regardless of recent progress in oral squamous cell 
carcinoma therapy, the prognosis of these patients has 
not ameliorated significantly over the past 20 years 
(Sato et al., 2013).  Development of resistance and 
unbearable side effects of current chemotherapy drugs are 
considerable problems that need to be settled (Haghiac 
and Walle, 2005).  Roughly 74% of therapeutic agents 
that were accepted for cancer therapy have been derived 
from natural origins (Gordaliza, 2007). Therefore, one of 
the reasonable and effective strategies regarding cancer 
chemoprevention is the research for new anti-tumour 
agents from plant sources (George et al., 2012).

Damnacanthal and nordamnacanthal comprise a 
general class of athraquinone derivatives. Damnacanthal or 
3-hydroxy-1- me thoxyanthr aquinone -2- carboxaldehyde 
(C16H10O5), occurs as pale yellow crystals with a melting 
point of 210-211°C whereas nordamnacanthal or 2-formyl-
1,3-dihydroxyanthraquinone (C15H8O5), are orange yellow 
crystals with melting point of 214- 218°C (Alitheen et 
al., 2010). Damnacanthal and nordamnacanthal have 
some unique chemical and biological properties. Both 
these naturally occurring quinone are present widely in 
the Morinda species. Morinda citrifolia L., commonly 
known as ‘noni’, belongs to the Rubiaceae family. It is 
native to the Pacific islands, Hawaii, Caribbean, Asia 
and Australia (Brown, 2012; Chan-Blanco et al., 2006). 
Both DAM and NDAM incorporate some exclusive 
chemical and biological characteristics (Alitheen et al., 
2010). Ali et al., (2000) reported that damnacanthal 
and nordamnacanthal isolated from M. elliptica were 
cytotoxic towards the MCF-7 (breast carcinoma) 
and CEM-SS (T-lymphoblastic leukemia) cell lines 
(Kanokmedhakul et al., 2005). DAM displayed cytotoxic 
activity against breast cancer cell lines along with small 
cell lung cancer cell lines (Kanokmedhakul et al., 2005). 
In addition, it was documented that DAM isolated from 
the root of noni acted as an inhibitor associated with ras 
function, which is considered to be linked to the signal 
transduction in various human cancers including colon, 
lungs and leukaemia (Hiramatsu et al., 1993). Among the 
reported anthraquinones, DAM has distinctive features 
regarding the function for its anti-cancer and anti-HIV 

activity (Hiramatsu et al., 1993; Kamata et al., 2006).  
Furthermore, DAM demonstrated a potent tyrosine kinase 
and also topoisomerase II inhibitory activity (Faltynek et 
al., 1995; Tosa et al., 1998). Additionally, DAM showed 
antifungal activity against Candida albicans along 
with antituberculosis activity against Mycobacterium 
tuberculosis (Kanokmedhakul et al., 2005). NDAM also 
features many biological properties, which includes 
antioxidant activities and anti-cancer effects on human 
B-lymphoblastoid cell lines (Jasril et al., 2003). Moreover, 
NDAM has been reported to demonstrate antiviral, 
antimicrobial in addition to cytotoxic properties (Ali et 
al., 2000).

Apoptotic induction is an advantageous feature in 
cancer therapy, due to its highly requested nature as well 
as absence of inflammatory response (Hsieh et al., 2006, 
Alabsi et al., 2013) therefore; it is worthwhile to screen 
apoptotic inducers coming from natural product. There are 
two main pathways involve in apoptosis and have been 
defined as extrinsic (death receptor) pathway and intrinsic 
(mitochondrial) pathway (Lee et al., 2015; Antonsson, 
2004). Mitochondria perform crucial roles in apoptotic cell 
death (Kumar et al., 2009), and it is becoming one of the 
key targets in screening treatment agents against cancer 
(Galluzzi et al., 2006).  The objectives of this study were 
to evaluate cytotoxicity, anti-proliferative, morphological 
changes, cell death mode (apoptosis/necrosis), and cell 
migration induced by DAM and NDAM on the most 
common type of oral cancer, oral squamous cell carcinoma 
cells (OSCC). 

Materials and Methods

Extract preparation
Isolated Damnacanthal and Nordamnacanthal from the 

roots of Morinda citrifolia were kindly supplied by Prof. 
Dr. Nor Hadiani Ismail from Universiti Teknologi MARA 
(Ismail et al. 1997). The powdered-form compounds were 
dissolved in dimethylsulphoxide (DMSO) (Vivantis, USA) 
to get a stock solution of 10 mg/mL. The stock solution 
was then stored at -20 ºC in aliquots for future use.

Cell lines and culture conditions
The human oral squamous cell carcinoma cell lines 

used in this study, H103, H400, H413, H357, H376 
and H314, were kindly provided by Professor. Dr. Ian 
Charles Paterson (University of Malaya). In addition, 
3T3 (normal mouse fibroblast) cells were used as normal 
cells. OSCC cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM)/Ham’s F-12 medium (Nacalai 
Tesque, Kyoto, Japan) supplemented with 10% fetal 
bovine serum (J R Scientific, Inc., USA), 100 Units/mL 
penicillin and 100 μg/mL streptomycin (Sigma-Aldrich) 
at 37ºC in a humidified atmosphere of 5% CO2. Growth 
and morphology of the cells were regularly monitored and 
the medium renewal was done every 2 to 3 days until the 
cells were confluent.

MTT assay
Cell growth and viability were determined using 

3-(4, 5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
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washed with PBS. Then the pellets were suspended in 
1 μL of YO-PRO -1 (100 μM solution in DMSO) and 1 
μL of propidium iodide (1.0 mg/mL solution in water) 
(Invitrogen, USA) for 20 min and then 10.0 μL of stained 
cells were pipetted onto glass slide and covered with 
a cover slip. Finally, the viable, apoptotic and necrotic 
cells were observed using fluorescent microscope (Leica 
DMI3000B, Wetzlar, Germany) at 200 × magnifications.

Annexin V-FITC/PI double staining 
Apoptotic cell death was quantitatively determined 

by FITC Annexin V/propidium iodide (PI) assay kit (BD 
Bioscience-Pharmingen, USA) using flow cytometry. In 
brief, 5×105 H400 OSCC cells were washed with cold 
PBS and resuspended in 100 μL binding buffer, as well as 
stained with 5 μL of FITC-conjugated Annexin V and 5 μL 
of PI. Following the 15 min incubation at room temperature 
in the dark, 400 μL of binding buffer was added. Finally 
the cells were analyzed using CyAn ADP flow cytometer 
(Beckman Coulter, USA). Early and late apoptosis was 
examined on fluorescence 2 (FL2 for propidium iodide) 
versus fluorescence 1 (FL1 for Annexin) plots. For each 
sample, 10,000 events were collected. The results were 
analysed using Summit v4.3 software.

Cell migration assay
H400 OSCC cell lines were seeded in μ-Dish within 

an IBIDI culture insert (IBIDI GmbH) consists of two 
reservoirs separated by a 500 µm thick wall. An equal 
number of untreated and treated cells (70 µl; 5×105 
cells/ml) were added into the two reservoirs of the same 
insert and incubated at 37°C and 5% CO2 for overnight. 
Media from the wells were removed and replaced with 
70μl of media containing Mitomycin-C (10μg/ml) (Sigma 
Aldrich) and incubated in 37°C for 2 hours. The insert was 
gently removed creating a gap of ~500 µm. Finally, the 
μ-Dish was filled with complete media and wound closure 
or cell migration was observed for every 3 hours using 
phase-contrast inverted microscope (Leica DMI3000B, 
Wetzlar, Germany) at 4× magnifications. Phase-contrast 
images were taken from 0 to 12 h incubation for the 
same scratch area. The pictures were analyzed using the 
WimScratch software (Wimasis image analysis platform). 
The results were expressed as percentages of scratched 
and cell-covered areas.

Statistical analysis
The data were presented as mean ± SEM. The 

statistical differences between the treated and control 
groups were determined using independent-sample t test. 
One-way analysis of variance (ANOVA) was also used 
for multiple comparisons, where p ˂0.05 was considered 
to be statistically significant. Asterisks indicate significant 
difference (*p<0.05, **p<0.01) as compared to control. 

Results

Cell viability assay
In order to determine the anticancer capability of DAM 

and NDAM in vitro, these compounds were examined 
for cell growth inhibition in OSCC cell lines (Table 2) at 

bromide (MTT) assay. In brief, the cells were seeded 
into 96-well plates (Nunclon™, Denmark) at a density 
of 1 × 105 cells/mL in total volume of 100 μL in each 
well of 96-well plate. Following a culture at 37 ºC for 
24 h, the cells were treated with various concentrations 
of DAM and NDAM (0.46, 0.93, 1.87, 3.75, 7.5, 15 and 
30 μg/mL) by serial dilution in DMEM media to give a 
volume of 100 μL in each well of the plate. The assay 
for each concentration of compounds was performed 
in triplicate. Then, cells were incubated further at 37 ºC 
for 72 h. Finally, 20 μL of MTT (5 mg/mL in phosphate 
buffer saline [PBS]) was added directly to each well, 
and the plate was incubated for 4 h at 37ºC and 5% CO2  
(Mosmann, 1983). After incubation, MTT were reduced to 
insoluble purple formazan crystals by metabolically active 
cells in the wells. Subsequently the media were removed 
and MTT formazan crystals were dissolved in 150 μL 
of DMSO. The optical density (OD) was measured at 
575nm with reference at 650nm wavelength using Tecan 
Infinite 200 Pro ELISA plate reader (Tecan, Männedorf, 
Switzerland). The inhibitory concentration of compounds 
that inhibit 50% (IC50) of cell growth was determined from 
absorbance versus concentration curve. 

Cell proliferation assay
The  e ff ec t  o f  DAM and  NDAM on  the 

proliferation of OSCC cell lines was determined by the 
3- (4, 5-dimethythiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) assay. Briefly, H400 OSCC cells were 
plated in 96-well plate (Nunclon™, Denmark) at a 
concentration of 1 × 105 cells/mL in medium. The cells 
were then treated with three different concentrations of 
compounds. The selected concentrations were IC25, IC50 
and IC75. The assay for each concentration of compounds 
was performed in triplicate, and control samples include 
cells without DAM and NDAM. Then the plate was 
incubated at 37ºC in a 5% CO2 environment for 24, 48 
and 72 h. After the designated time period, The MTT 
assay was performed. Finally, the proliferation graph 
was determined by plotting the optical density values 
versus time.

Morphological analysis of cells by phase contrast inverted 
microscope

H400 OSCC cell lines were seeded in 6-well plates at 
a concentration of 1×105 cells/mL overnight and were then 
treated with DAM and NDAM at IC50 of compounds for 
24, 48 and 72 hours. At the end of the incubation period, 
the media was removed and the cells were washed once 
with PBS and the morphological changes were assessed 
and photographed using a phase-contrast inverted 
microscope (Leica DMI3000B, Wetzlar, Germany) at 
200× magnifications. 

Morphological assessment of cells by fluorescent 
microscope

H400 OSCC cell lines were treated with DAM and 
NDAM at IC50 value of compounds for 24, 48 and 72 
hours. Cells without treatment were used as a control 
and the assay was performed in triplicate. Following the 
incubation, the cells were harvested and the pellets were 
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various concentrations after 72 hours. The compounds 
did not show any significant inhibitory effect against 3T3 
cells. As shown in Table 1, the inhibitory effect against 
oral cancer cell lines was assessed with the half-maximal 
inhibition concentration (IC50) of DAM and NDAM. 
For all cell lines, maximum growth inhibition for both 
compounds was observed in H400 OSCC cells (1.9 ± 0.01 
and 6.8 ± 0.03 μg/mL for DAM and NDAM respectively), 
and thus H400 was selected for further study.

Table1. MTT cell viability assay. The effects of 
Damnacanthal and Nordamnacanthal on OSCC cell lines 
and normal cells at their respective IC50 value (μg/mL). 
Results are represented as mean ± SEM. The assay for 
each cell lines was performed in triplicate and three 
independent experiments.

Cell proliferation assay
The effect of DAM and NDAM on H400 OSCC 

cells proliferation was examined in vitro using MTT 
proliferation assay. This assay was performed in three 
different concentrations of DAM (IC25: 1.4, IC50: 1.9 and 
IC75: 3.4 μg/mL) and NDAM, (IC25: 3.6, IC50: 6.8 and IC75: 
22 μg/mL) for 24, 48 and 72h. Untreated cells were used 
as control and the optical density is in proportion to the 
quantity of viable cells. As shown in Figure 1, untreated 
H400 cells exhibited an increase in OD from 24 to 72h 
after incubation. However, H400 cells treated with DAM 
and NDAM after 24, 48 and 72h, showed decrease in 
OD from IC25 to IC75. In other words, DAM and NDAM 
treatment on H400 cells showed that the optical density 
was lower than control in all tested concentration of 

compounds. Besides, Figure 2 shows the percentage of 
viable and non-viable cells after 24, 48 and 72h treatment 
with IC25, IC50 and IC75. According to bar charts the 
percentage of non-viable cells increased from IC25 to IC75 
in all time tested.

Morphological assessment of cells by phase contrast 
inverted microscope

To evaluate the effect of the DAM and NDAM on 
cell-morphological changes of H400 cells, the treatment 
was performed with IC50 of compounds for 24, 48 and 72 h. 
Morphological observation of untreated cells exhibited 

Figure 1. MTT Cell Proliferation Assay. The effects of DAM and NDAM on the proliferation of H400 OSCC cells 
after 24, 48 and 72h. (A) DAM-treated H400 cell lines and (B) NDAM-treated H400 cell lines. Untreated control 
H400 cells exhibited an increase in OD from 24 to 72h after incubation. In contrast, treated cells after 24, 48 and 72h, 
showed decrease in OD from IC25 to IC75. Besides, the optical density of treated cells was lower than control in all 
tested concentration of compounds. Data are presented as mean ± SEM from three independent experiments (n=4). 
Significant differences were compared between control and treated cells (* p < 0.05 and **p < 0.01).

Cell line Damnacanthal Nordamnacanthal
H103 3 ± 0.040 8.0 ± 0.045
H400 1.9 ± 0.014 6.8 ± 0.019
H413 2.9 ± 0.005 12.2 ± 0.030
H357 2 ± 0.005 13 ± 0.026
H376 2.6 ± 0.005 10 ± 0.062
H314 > 30 > 30
3T3 >30 >30

Table1. MTT Cell Viability Assay

Figure 2. The Percentage of Viable and Non-Viable H400 
OSCC Cells after 24, 48 and 72h Treated with DAM and 
NDAM at Three Different Concentrations (IC25, IC50 
and IC75). (A), DAM-treated cells for 24h; (B), DAM-
treated cells for 48h; (C), DAM-treated cells for 72h; 
(A´), NDAM-treated cells for 24h; (B´), NDAM-treated 
cells for 48h; (C´), NDAM-treated cells for 72h.



Asian Pacific Journal of Cancer Prevention, Vol 18 3337

DOI:10.22034/APJCP.2017.18.12.3333
 Effects of Damnacanthal and Nordamnacanthal on Proliferation, Apoptosis, and Migration of Oral Squamous

that the cells preserved their original morphology and also 
were adherent to the plates. On the other hand, the treated 
cells with DAM and NDAM displayed apoptotic features 
such as shrinkage of cells, cell blebbing, nuclear chromatin 
condensation and formation of apoptotic bodies. Apoptotic 
cells also ended in other types of morphological alteration 
such as losing contact with neighbouring cells and some 
delicate cells even detached from the plates (Figure 3).  

Morphological analysis of cells by fluorescent microscope
The morphological changes of H400 OSCC cells 

treated with DAM and NDAM after 24, 48 and 72 hours 
were observed by YO-PRO-1 and propidium iodide 
staining and photographed by fluorescent microscope. The 
cells were categorized as viable, apoptotic and necrotic. 

Viable cells with undamaged DNA and nucleus showed 
a round and green nuclei whilst apoptotic cells with 
condensed chromatin displayed several green coloured 
nuclei and also apoptotic blebs. In addition, the DNA of the 
necrotic cells was stained orange to red. As shown in figure 
4, H400 cells treated with DAM and NDAM demonstrated 
characteristic alteration and different signs of programed 
cell death. Furthermore, the numbers of necrotic cells 
were generally very low in the treated population which 
revealed the cell death mode was apoptosis.

Flow cytometric analysis of apoptosis by Annexin 
V-FITC/PI

Flow cytometric analysis results showed the percentage 

Figure 3. Photo- Micrographs Showing Phase Contrast 
Microscope Examination of H400 OSCC Cells Treated 
with IC50 value of DAM and NDAM for 24, 48 and 72 
Hours (Magnification 200×). Untreated (control) H400 
cells preserved their original morphology and were 
adherent to the plates. In contrast, treated H400 OSCC 
cells displayed obvious apoptotic features. Images are 
representative of two independent experiments.

Figure 4. Photo- Micrographs of Fluorescence 
Microscopy Examination of H400 OSCC Cells 
Treated with IC50 value of DAM and NDAM for 24, 
48 and 72 Hours (Magnification 200×). Live cells 
with round and green nuclei and cytoplasm were 
observed in high population in control cells. Apoptotic 
cells with condensed chromatin and blebbing feature 
had a uniformly green fluorescent whereas necrotic 
cells stained orange. Images are representative of two 
independent experiments.

Cell line H103 H400 H413 H357 H376 H314
Site Tongue Alveolar process Buccal mucosa Tongue Floor of mouth Floor of mouth

Table 2. Human OSCC Cell Lines and the Sites which the Cell Lines have been Derived.

Time (hour) Treatment   Quadrants
R3 (%) R4 (%) R5 (%) R6 (%)

12 CTRL 1.47 ± 0.04 3.23 ± 0.13 94.09 ± 0.75 1.22 ± 0.06
DAM 0.53 ± 0.05 22.74 ± 0.67 12.69 ± 0.42 64.04 ± 0.70

NDAM 1.68 ± 0.04 86.04 ± 1.00 1.42 ± 0.08 10.86 ± 0.43
CTRL 1.53 ± 0.03 6.47 ± 0.34 85.53 ± 0.87 6.47 ± 0.08

24 DAM 1.38 ± 0.03 83.75 ±1.51 6.63 ± 0.35 8.24 ± 0.13 
NDAM 4.67 ± 0.09 85.86 ± 1.79 8.27 ± 0.25 1.20 ± 0.06
CTRL 0.14 ± 0.01 8.50 ± 0.20 82.82 ± 0.92 8.53 ± 0.21

48 DAM 2.70 ± 0.13 84.11± 1.38 6.18 ± 0.32 7.01 ±0.23 
NDAM 3.74 ± 0.17 88.12 ± 0.69 7.44 ± 0.12 0.70 ± 0.16

Table 3. Annexin-V FITC/PI Staining Flow Cytometery
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of viable cells in H400 OSCC cells treated with DAM 
and NDAM decreased dramatically in comparison to the 
control cells (Table 3 and Figure 5). Whilst, the percentage 
of early apoptotic cells increased from 1.22 in control to 
64.04 in DAM and 10.86 in NDAM-treated cells after 
12h treatment. In addition, no considerable changes were 
observed in the percentage of early apoptotic cells after 
24 and 48h treatment with DAM and NDAM compare 

to control cells. On the other hand, the percentage of 
late apoptotic/secondary necrotic cells were increased 
significantly (from 3.23 in control to 22.74 and 86.04 
after 12h treatment, from 6.47 in control to 83.75 and 
85.86 after 24h treatment, and finally from 8.50 in control 
to 84.11 and 88.12 after 48h treatment in DAM and 
NDAM-treated cells respectively) (Table 3 and Figure 5). 
Therefore, this study confirms that apoptosis is the major 
mode of cell death induced by these two compounds in 
H400 OSCC cells.

Figure 5. The Effects of DAM and NDAM on H400 OSCC Cells after 12, 24 and 48h Using Annexin V-FITC/PI 
Staining Flow Cytometery. (A) 12h, (B) 24h, and (C) 48h. Treatment of H400 OSCC cells with both compounds 
induced apoptosis through the observation of a shift in live cell population from early to late stage of apoptosis /
secondary necrosis. Significant difference from the control was *p < 0.05 and **p < 0.01.

Figure 6. The Effect of DAM and NDAM on H400 
OSCC Cells Migration. Cell migration was observed 
and photographed, for every 3 hours after creation of 
500 µm gap, using phase-contrast inverted microscope at 
50× magnifications. The images were analyzed using the 
WimScratch software (Wimasis image analysis platform) 
and are representative of three independent experiments.  

Figure 7. DAM and NDAM Effects on the Cellular 
Migratory Ability of H400 OSCC Cells. The results were 
expressed as percentages of scratched area revealing that 
DAM and NDAM significantly reduced migration of 
H400 OSCC cells compared to the control. The values 
are expressed as means ± SEM from three individual 
experiments. Statistical significant differences between 
control and treated cells were set at *p < 0.05 and **p 
< 0.01.
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Cell migration analysis
The migratory ability of H400 OSCC cells were 

analysed in vitro using μ-Dish contains an IBIDI culture 
insert consists of two reservoirs separated by a 500 
µm thick wall. Monolayer scratch migration assay was 
performed in untreated H400 OSCC cell line (Control) and 
treated with DAM and NDAM. This assay was performed 
in the presence of Mitomycin-C (10μg/ml). Mitomycin-C 
was chosen to block the cell proliferation activity and to 
prove that wound healing assay (gap closure) entirely 
attributed to the cell migration. In this study, following 
the creation of ~500 µm gap, phase-contrast images were 
taken from the same scratch area and the pictures were 
analysed using the WimScratch software. According to 
the results, upon incubation, the untreated H400 cells 
started to migrate in order to fill the gap area and complete 
confluency was achieved after 12 hours while the exposure 
of the H400 cells to DAM and NDAM slowed down the 
cells’ migration. Therefore, these results suggest that DAM 
and NDAM inhibited the migration capability of H400 
OSCC cell line significantly (**p < 0.01).

Discussion

Damnacanthal and nordamnacanthal are anthraquinones 
that are generated mostly by plants of the Rubiaceae family 
(Alitheen et al., 2010). There is little knowledge of the 
effectiveness of noni and its anthraquinones in cancer 
therapy, particularly regarding the effect of DAM and 
NDAM on various cancer cells. First studies regarding the 
effect of Morinda citrifolia L. (noni) on cancer cells go 
back to early 1990s (Hiramatsu et al., 1993). Therefore, 
in the present study, the cytotoxic effect of Damnacanthal 
and Nordamnacanthal on proliferation, apoptosis and 
migration of oral squamous cell carcinoma (OSCC) was 
studied and our results showed that DAM and NDAM 
led to an anti-growth effect on H400 OSCC cells by 
both suppression of cell proliferation and activation of 
apoptosis pathways. 

In the current study, cytotoxic potential of DAM and 
NDAM on oral squamous cell carcinoma cell lines were 
evaluated by MTT assay. According to the United States 
National Cancer Institute Plant Screening Program, a 
crude extract is generally considered to induce active 
cytotoxic effect if the IC50 value in cancer cells, following 
incubation between 48 and 72 hours, is 20 μg/mL or less, 
while it is less than 4 μg/mL for pure compounds (Boik, 
2001; Ramasamy et al., 2012). As shown in Table 1, 
among the treated cell lines with DAM and NDAM, the 
maximum growth inhibition for both compounds was 
detected in H400 OSCC cells with IC50 values of 1.9 and 
6.8 μg/mL, respectively. In other words, DAM and NDAM 
demonstrated significant cytotoxic effect against H400 
OSCC cell lines with the lowest IC50 value compared to 
other cell lines. Moreover, DAM and NDAM showed 
no significant cytotoxicity to normal cell line (3T3). 
Therefore, based on the US National Cancer Institute 
Guidelines, cytotoxically active DAM compound was 
chosen against H400 cell lines for further study. Although 
the IC50 of NDAM exceeded 4 μg/mL, its apoptotic 
effects against H400 cell lines was still investigated in 

this study. This is because the chemical structure of DAM 
and NDAM is very similar and for this reason both DAM 
and NDAM have often been compared one another in 
many studies.

The cytotoxic effect  of damnacanthal  and 
nordamnacanthal, in the current study, is in accordance 
with several previous studies. Konoshima et al., (1989) 
showed that DAM displayed cytotoxic activity against 
breast cancer cell lines along with small cell lung cancer 
cell lines. In addition, Ali et al., (2000) reported that DAM 
and NDAM isolated from M. elliptica were cytotoxic 
towards the MCF-7 (breast carcinoma) and CEM-SS 
(T-lymphoblastic leukemia) cell lines. Furthermore, Lin 
et al., (2011) claimed the selective cytotoxic effect of 
DAM for human liver adenocarcinoma SKHep 1 cells. 
The selective cytotoxic effect associated with DAM 
and NDAM is important, because currently available 
anticancer medicines target both normal and cancer cells, 
leading to severe side effects. Therefore, these findings 
invite additional analysis on the apoptotic effects of these 
compounds and their potency as anticancer drugs for 
OSCC cells therapy.

The chemical structure between DAM and NDAM is 
tightly associated. In this study, there was a significant 
difference on the cytotoxicity effect of compounds against 
oral cancer cell lines which may be due to the presence 
of methoxyl group (-OCH3) of DAM at position C-1 
whilst NDAM possesses hydroxyl group (-OH) at the 
same position. The presence of this different group was 
forecasted to be the contributing factor to the various 
effects of DAM and NDAM against cancer cell lines 
(Alitheen et al., 2010). The existence of hydroxyl group 
at C-1 and C-3 and/or a formyl group at C-2 in the 
anthraquinone structure may be responsible for their 
cytotoxicity effects against several cancer cell lines 
(Ali et al., 2000). The cytotoxicity effects of DAM and 
NDAM towards different cancer cell lines seemed to be 
variable because of the exclusive chemical and biological 
properties of these compounds (Alitheen et al., 2010). 
Furthermore, the number and position of hydroxyl groups 
in the structure of DAM and NDAM can be considerable 
factors regarding the activity of anthraquinones (Alitheen 
et al., 2010; Kamei et al., 1998; Konoshima et al., 1989).

Apoptosis is one of the most important objectives 
for cancer therapy including chemotherapy and 
chemoprevention (Kang et al., 2007). Apoptosis was 
initially explained by (Kerr et al., 1972) which is 
characterized by particular morphological as well as 
biochemical alteration of dying cells, which includes 
cell shrinkage, nuclear condensation and fragmentation, 
membrane blebbing, formation of apoptotic bodies in 
addition to loss of cell attachment to neighbours (Acebedo 
et al., 2014). Biochemical changes of apoptosis consist 
of chromosomal DNA cleavage into internucleosomal 
fragments, externalization of phosphatidylserine and 
the cleavage of some intracellular substrate by specific 
proteolysis (Cohen et al., 1994; Ali et al., 2011). In this 
study, three different types of assays were executed to 
prove the mode of cell death induced by DAM and NDAM 
against H400 OSCC cells: phase contrast and fluorescent 
microscopy analysis of the cells and Annexin V-FITC/PI 
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flow cytomtry. Morphological analysis with applying 
phase contrast and fluorescence microscope is one of 
the best methods to determine apoptosis (Doonan and 
Cotter, 2008). Apoptotic cells were first identified from 
the morphological alteration, especially some changes in 
the nucleus. Obvious morphological changes of apoptosis 
in treated H400 cells comprise loss of cellular adhesion 
to their neighbours, membrane blebbing and chromatin 
condensation along with creation of apoptotic bodies. 
Annexin V-FITC is commonly used in conjugation with 
propidium iodide to determine early apoptotic cells before 
the loss of cell membrane integrity (Aubry et al., 1999; 
Alabsi et al., 2012). Flow cytometric study of apoptosis 
by Annexin V-FITC/PI demonstrated that DAM and 
NDAM induce apoptosis in H400 OSCC cells through the 
observation of shift in live cell population from early to 
late stage of apoptosis/secondary necrosis from 12 to 48h.

Metastasis performs a crucial function in oral 
carcinogenesis (Yen et al., 2013). The ability of cancer 
cells to migrate marks the initial steps of metastasis 
(van Zijl et al., 2011). On the other hand, there is little 
knowledge regarding the anti-migration impact of DAM 
and NDAM on oral squamous cell carcinoma cells. 
Therefore, the effect of DAM and NDAM against H400 
OSCC cell lines was studied in IC50 value compounds 
using μ-Dish contains an IBIDI culture insert consists 
of two reservoirs separated by a 500 µm thick wall. The 
results obtained from this assay revealed that consequent 
to the creation of a gap, the control cells exhibited 
a time-dependent migration in order to occupy free 
spaces and they finally reached a complete confluency, 
whereas DAM and NDAM-treated cells showed slower 
migration compared to the control cells. In other words, 
DAM and NDAM compounds demonstrated a significant 
suppressive effect on H400 cells’ migration compared 
to the control cells. This result is in line with the study 
as reported by Nualsanit et al., (2012), who reported on 
the anti-migration capability of DAM against human 
colorectal cancer cells (HCT-116).

In conclusion, in summary, DAM and NDAM exhibited 
selective cytotoxic effects against H400 oral squamous cell 
carcinoma cells. In addition, the study demonstrated the 
inhibition of H400 OSCC cells proliferation, activation 
of apoptosis pathway, and inhibition of cell migration by 
DAM and NDAM. These outcomes suggest that DAM 
and NDAM may function as a promising experimental 
anti tumor agent for oral squamous cell carcinoma cells 
therapy.
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