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2’,3’-Epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol are two bioactive compounds 
isolated from the leaves of Micromelum minutum. In this study, the induction of apoptosis by 2’,3’-
epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol on CEM-SS cells were investigated. The 
cytotoxicity of 2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol was screened on 
CEM-SS by using MTT assay. The apoptotic effect of both compounds on CEM-SS was evaluated by 
using fluorescence and electron microcopies morphological observation and DNA laddering analysis. 
The inhibition effect of 2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol at 50% of 
cell population (IC50) was found to be 4.6 µg/ml (13.5 µM) and 3 µg/ml (7.8 µM) on CEM-SS cells, 
respectively. From DNA fragmentation, Acridine orange and Propidium iodide staining and electron 
microscope analyses, the compounds were confirmed to have ability in promoting apoptosis. However, 
the % of apoptosis induced is low and the event is time-dependent. At high concentration of 10 µg/mL, 
2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol induced necrosis. Furthermore, 8-
hydroxyisocapnolactone-2’,3’-diol also exhibited better cytotoxicity compared to 2’,3’-epoxyisocap-
nolactone. The induction time for apoptosis by 8-hydroxyisocapnolactone-2’,3’-diol in CEM-SS is earlier 
than 2’,3’-epoxyisocapnolactone, which is 4 h and 12 h after treatment. Both 2’,3’-epoxyisocapnolactone 
and 8-hydroxyisocapnolactone-2’,3’-diol are potential as anticancer agent.  
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CEM-SS. 

 
 
INTRODUCTION 
 
Natural products play an important role in discovery of 
chemotherapy drug. It contributes to over 50% of novel 
chemotherapy drugs since 1941 to 2002. (Newman et al., 
2003). Micromelum minutum (G.Forst.) Wight and Arn.  is  
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a shrub or small tree of the family rutaceae, which can 
grow up to 25 feet high. This plant normally found in the 
hilly parts of the northern half and in the north-west area 
of Peninsular Malaysia, locally known as “Chemama”, 
“Cherek-cherek” or “Secherek”. Traditionally, this plant 
was used as herbal medicine by local people, where the 
leaves are normally pounded with tamarinds and salt and 
applied to skin for pain relieves. In Peninsular Malaysia, it 
is traditionally used in the treatment of fever and gid-
diness and a poultice of the boiled roots is applied to treat  



 
 
 
 
ague (Bulkill, 1966). The ethanol extract of M. minutum 
was previously found to be active against MCF-7 cell line 
(Itharat et al., 2004).  

A chemotaxonomic investigation on the leaves and 
stems of M. minutum has resulted in the isolations of 
pure compounds. Seven novel coumarin: 3�,4�-dihydro-
capnolactone, 2�,3�-epoxyisocapnolactone, 8-hydroxyiso-
capnolactone-2�,3�-diol and 8-hydroxy-3�,4�-dihydrocap-
nolactone-2�,3�-diol, 8,4�-dihydroxy-3�,4�-dihydrocapno-
lactone-2�,3�-diol, 8-methoxycapnolactone and stigmaste-
rol and 2 known triterpenes, 5(6)-gluten-3 1 and 5(6)-
gluten-3�-ol were isolated from the leaves of M. minutum 
(Rahmani et al., 2003; Susidarti et al., 2006; Susidarti et 
al., 2007). Coumarins are highly active biological sub-
stances. They are used in the fields of biology, medicine, 
perfumes, cosmetics and laser dyes (Peng and Cai, 
2008). They have spasmolytic, antioxidant, anticoagulant, 
antibacterial, antiviral and antifungal activities. There is a 
lot of data about antineoplastic action of coumarin deriva-
tives. They act at different stages of cancer formation. 
Some of them have cytostatic properties and the others 
have cytotoxic activity (Cherng et al., 2008). Besides cou-
marins, mahanine had also been isolated from M. minu-
tum leaves. Mahanine has shown wide range of pharma-
cological effects including anti-mutagenicity, anti-micro-
bial activity on gram negative bacteria, anti-inflammatory 
effect and cytotoxic effect toward U937 cell (Roy et al., 
2005). 

Although the bioactivity of mahanine isolated from M. 
minutum had been studied intensively, the contribution of 
2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolac-
tone-2’,3’-diol toward the cytotoxicity of M. minutum has 
not been tested yet. Thus, this study was carried out to 
investigate the cytotoxic and apoptotic effect of these 
compounds towards CEM-SS.  
 
 
MATERIALS AND METHODS 
 
Natural compounds  
 
2’,3’-Epoxyisocapnolactone (Figure 1A) and 8-hydroxyisocapnolac-
tone-2’,3’-diol (Figure 1B) which were isolated from the leaves of M. 
minutum as described previously (Rahmani et al., 2003) were kindly 
supplied by Prof. Dr. Mawardi Rahmani, Department of Chemistry, 
Faculty of Science and Environmental Studies, University Putra 
Malaysia, Serdang, Selangor. Both compounds were dissolved in 
RPMI-1640 (Sigma, USA) at 10 mg/ml as stock.  (Figure 1 A and B) 
 
 
Cell line  
 
Suspension cell line, CEM-SS (human T-lymphoblastic leukemia) 
was obtained from the National Cancer Institute, Frederick, Mary-
land, USA. Anchorage dependent cell lines, HeLa (cervical carci-
noma), HT29 (colon carcinoma), HepG2 (liver carcinoma) and 
Chang (transform liver cell) were obtained from animal tissue cul-
ture laboratory, department of biotechnology, university Putra 
Malaysia. Cell lines were then stored in liquid nitrogen before 
further used. CEM-SS and HeLa were maintained in RPMI-1640 
(Sigma, USA) supplemented with 100 IU/ml penicillin (Flowlab, 
Australia)  and  100 µg/ml  streptomycin  (Flowlab,  Australia)  while 
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Figure 1. The chemical structure of (A) 2’,3’-
epoxyisocapnolactone (B) 8-hydroxyisocapnolactone-2’,3’-diol 
isolated from the leaves of M. minutum.  

 
 
 
HT29, HepG2 and Chang liver cell were maintained in DMEM (sig-
ma, USA) with 100 IU/ml penicillin (Flowlab, Australia) and 100 
µg/ml streptomycin (Flowlab, Australia). All the cells were grown at 
37°C in a humidified incubator with a 5% CO2 atmosphere and were 
used for assays during the exponential phase of growth.  
 
 
Microtitration cytotoxicity assay  
 
The cytotoxicity of both compounds on CEM-SS, HeLa, HT29, Hep-
G2 and Chang liver cell were screened by using 3-[4,5-dimethyl-
thizol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay (Mosmann, 
1983). Briefly, 100 �L of suitable medium were added into each well 
of flat-bottomed 96 well plate except row A. 100 �l of diluted 2’,3’-
epoxyisocapnolactone or 8-hydroxyisocapnolactone-2’,3’-diol (60 
µg/mL) was added into row A and row B. The solution was resus-
pended and serial diluted from row B to row G. The excess (100 �L) 
was discarded. Row H was left untouched. 100 �L of target cell 
were added into all the wells and incubated in 37°C, 5% CO2, 90% 
humidity for 24, 48 and 72 h. A stock solution of 5 mg/mL MTT in 
PBS was prepared and 20 �L of MTT was added into each well. 
The culture medium was discarded and added with 100 �L of 
DMSO (Sigma, USA) to dissolve the purple crystal. Finally, the 
plate was read on an automated spectrophotometric EL 340 � 
Quant ELISA reader (bio-tek Instruments, USA) using test and re-
ference wavelength of 570 nm. The % of cytotoxic was calculated 
by using the following equation: 
 
% Cytotoxicity = (OD sample/OD control) X 100 
 
 
Fluorescent microscopy  
 
The cell suspension was treated at 4 different concentrations (0 µg 
/ml, IC50, ½ of IC50 and 10 µg/ml) in 6 wells plates, and then 
incubated in 5% CO2 humidified incubator at 37°C for 4, 12, 24, 48 
and 72 h respectively. The cells were harvested by removing 500 µl 
of cell suspension from plate into 1.5 ml microcentrifuge tube. The 
cells were then mixed with 2 µl of staining solution containing 1 
mg/ml acridine orange (Sigma, USA) and 1 mg/ml propidium iodide 
(Sigma, USA). After that, the cells were spun down at 1000 rpm for 
2-3 min. 450 µl of the  supernatant  were  discarded  and  the  pellet  
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Table 1. Inhibition concentration of 50% (IC50) of both natural compounds isolated 
from M. minutum (2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-
diol) against various cell lines determined by MTT assay.  
 

Cell line 2’,3’-epoxyisocapnolactone, 
µg/ml (µM) 

8-hydroxyisocapnolactone 
-2’,3’-diol, µg/ml (µM) 

CEM-SS 4.6 ± 0.9 (13.5 ± 2.6)* 3 ± 0.4 (7.8 ± 1.1)* 
HeLa 13.4 ± 1.2 (39.2 ± 3.5)* 9.0 ± 2.2 (23.9 ± 5.9)* 
HT29 14.2 ± 1.1 (41.5 ± 3.2)* 7.7 ± 0.8 (20.5 ± 2.1)* 
HepG2 7.4 ± 1.7 (21.6 ± 5.0)* 5.9 ± 1.0 (15.7 ± 2.7)* 
Chang 6.5 ± 2.0 (19.0 ± 5.8)* 7.1 ± 1.8 (18.9 ± 4.8)* 

 

Data are mean of triplicate determinations plus ± SD.  
*p ≤ 0.05 compared with untreated cells. 

 
 
 
was mixed vigorously with remain supernatant, dripped on the slide 
and observed under a fluorescence microscope (Nikon, Japan) with 
combination of excitation filter and barrier filter of 450 - 490 nm and 
long pass filter 520 nm. The % of viable (green intact cells), apop-
totic (green shrinking cells with condensed or fragmented nucleus) 
and necrotic (red cells) were determined from > 200 cells for the 
data to be statistically significant. Results were expressed as a pro-
portion of the total number of cells examined. 
 
 
Scanning electron microscopy  
 
Treated (IC50 and 10 µg/mL) and untreated cells were harvested 
and washed twice with PBS. In primary fixation, cell pellets were 
fixed in 4% buffered glutaraldehyde for 6-24 h at 4°C. The fixative 
was removed after centrifugation at 3000 rpm for 8 min. Cell pellets 
were washed 3 changes with 0.1 M sodium cacodylate buffer at 10 
min interval each. After that, post fixation was carried out in 1% 
osmium tetroxide for 2 h at 4°C, followed by washing step with 3 
changes of 0.1 M sodium cacodylate buffer again at 10 min interval 
each. Dehydration of specimens were carried with a series of ace-
tone in the order of 35, 50, 75 and 95% each for 10 min at room 
temperature and lastly with absolute acetone (Merck, Germany) at 
the final stage of dehydration, allowing 10 min interval each. The 
specimens can be kept in 75% acetone if not assessed immediately. 
A drop of cell suspension was then coated with gold and viewed by 
using scanning electron microscope (JEOL JSM-35C). Specimen 
can also be stored in a silica gel desicator before viewing. 
 
 
DNA fragmentation assay  
 
T-lymphoblastic leukemia (CEM-SS) cells at concentration 5 × 105 
cells/ml in 5 ml culture were treated with natural compounds (2’,3’-
epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol) at 
IC50 for 4, 12, 24, 48 and 72 h. Cells were then harvested and 
washed twice with PBS and resuspended in 500 µl of lysis buffer 
(150 mM NaCl, 100 mM Tris pH 8.0, 100 mM EDTA and 0.5% 
sodium dodecylsulphate). Then, 0.25 mg/ml proteinase K (promega, 
USA) was added and incubated in 50°C for 60 min. After the incu-
bation, proteinase K was inactivated by heating up to 70°C for 15 
min. Incubation was continued with 0.1 mg/ml RNase (promega, 
USA) for another 60 min. Then, cellular DNA was extracted by 
standard phenol/chloroform method. An equal volume of phenol/ 
chloroform/ isoamyl (25:24:1) was added and the different solutions 
phase was separated by centrifugation at 2500 rpm for 8 min. The 
upper layer was then transferred into new microcentrifuge tube fol-
lowed by extraction with chloroform/ isoamyl (24:1). The resulting 
upper layer was removed again into new microcentrifuge tube and 

mixed with 1/10 volume of 3 M sodium acetate. The DNA was then 
precipitated with 2 volume of 100% cold ethanol. The mixture was 
then spun down at 14000 rpm for 10 min and supernatant was 
discarded. DNA pellet was air dried and dissolved in TE buffer (10 
mM Tris-HCl pH 7.5 and 1 mM EDTA). The whole lysate was then 
analysed by gel electrophoresis on 1.5% agarose gel with DNA 
marker Lambda-Hind III (MBI Fermentas, Lithuania).  
 
 
Statistical analyses  
 
The effects of 2’,3’-epoxyisocapnolactone and 8-hydroxyisocapno-
lactone-2’,3’-diol against T-lymphoblastic leukemic cells (CEM-SS) 
were compared using the unpaired student’s t-test (version 11.5, 
SPSS inc., USA). Results were considered to be statistically signi-
ficant when p ≤ 0.05. 
 
 
RESULTS 
 
Microtitration cytotoxicity assay  
 
For this study, microtitration cytotoxicity assay was used 
to evaluate the cytotoxic effect of 2’,3’-epoxyisocapnolac-
tone and 8-hydroxyisocapnolactone-2’,3’-diol on suspen-
sion cell line (CEM-SS) and 4 anchorage dependent cell 
lines (HeLa, HT29, HepG2 and Chang liver).  

Both natural compounds isolated from M. minutum 
(2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolac-
tone-2’,3’-diol) were found to be more active against T-
lymphoblast leukemia cell (CEM-SS). The IC50 of 2’,3’-
epoxyisocapnolactone and 8-hydroxyisocapnolactone-
2’,3’-diol was 4.6 µg/ml (13.5 µM) and 3 µg/ml (7.8 µM) 
respectively. However, the inhibition effect of 2’,3’-epoxy-
isocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol 
against HeLa, HT29, HepG2 and Chang cells was signi-
ficant (p ≤ 0.05). As shown in Table 1, IC50 of 2’,3’-epoxy-
isocapnolactone against HeLa, HT29, HepG2 and Chang 
cells were 13.4 µg/ml (39.2 µM), 14.2 µg/ml (41.5 µM), 
7.4 µg/ml (21.6 µM) and 6.5 µg/ml (19.0 µM), respectively. 
For 8-hydroxyisocapnolactone-2’,3’-diol, IC50 values 
against HeLa, HT29, HepG2 and Chang cells were 9.0 
µg/ml (23.9 µM), 7.7 µg/ml (20.5 µM), 5.9 µg/ml (15.7 µM) 
and 7.1 µg/ml (18.9 µM), respectively. From the above re- 



 
 
 
 

 

 

 
 
Figure 2. Fluorescence microscopy examination of untreated 
CEM-SS cells. The cells were stained with acridine orange 
(AO) and propidium iodide. Viable (V) cells were scored base 
on their different appearances. A: Untreated cells at 4 h 
(Magnification: 200X); B: Untreated cells at 12 h 
(Magnification: 200X); and C: Untreated cells at 24 h 
(Magnification: 200X). 

 
 
 
sults, both natural compounds isolated from M. minutum 
(2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolac-
tone-2’,3’-diol) were more effective against CEM-SS cell 
lines. Therefore, CEM-SS was  chosen  for  further  study 
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(Table 1). 
 
 
Microscopy evaluation  
 
Based on morphological changes, the modes of cell 
death whether by apoptosis or necrosis, can be determi-
ned. In this study, the alteration of morphology induced 
by 2’,3’-epoxyisocapnolactone and 8-hydroxyisocapno-
lactone-2’,3’-diol were observed by three different kinds 
of microscopes, fluorescent and electron microscopy. 
 
 
Fluorescent microscopy  
 
In this study, the cell death mode was evaluated by app-
lying AO/PI staining. Figures 2, 3 and 4 show the fluo-
rescent images of untreated cells, 2’,3’-epoxyisocapno-
lactone-treated cells and 8-hydroxyisocapnolactone-2’,3’-
diol-treated cells at various concentrations and time 
points. The % of these cells were then illustrated in 
Figure 5. When the cells were subjected to 2’,3’-epoxy-
isocapnolactone at IC50 concentration, the of apoptotic 
population increased significantly (p ≤ 0.05) from 4.64 ± 
5.4% at 4 h, 8.5 ± 0.7% at 12 h to 16.48 ± 4.6% at 24 h 
compared with untreated cells populations. After 24 h of 
incubation, the % of apoptosis cells slowly reduced while 
necrotic cells increased. This situation might due to the 
change of apoptotic cell into secondary necrotic cells 
after certain period. At concentration of 10 µg/ml, 2’,3’-
epoxyisocapnolactone induced necrotic cell death after 
12 h of treatment and destroyed almost all the viable cells 
after 48 h. For the concentration ½ of IC50, 2’,3’-epoxyiso-
capnolactone had no significant cytotoxic effect against 
CEM-SS cells (p > 0.05). 

The result obtained at IC50 in Figure 6, indicated that 8-
hydroxyisocapnolactone-2’,3’-diol was a more potent 
apoptosis inducer compared with 2’,3’-epoxyisocapno-
lactone. The % of apoptosis was increased significantly 
(p ≤ 0.05) from 9.91 ± 2.9% at 4 h, 15.61 ± 4.4% at 12 h 
to 25.1 ± 5.0% at 24 h compared with untreated cells po-
pulations. Similar with 2’,3’-epoxyisocapnolactone, apop-
tosis was induced by 8-hydroxyisocapnolactone-2’,3’-diol 
reduced after 48 h of treatment. However, the % of viable 
cells started to increase at 48 h. It might be due to the 
loss of effect of 8-hydroxyisocapnolactone-2’,3’-diol in 
culture after certain period of incubation. For 10 µg/ml, 
the effect of 8-hydroxyisocapnolactone-2’,3’-diol against 
CEM-SS started at 4 h and destroyed almost all the 
viable cells at 24 h. For the concentration half of IC50, the 
effect of 8-hydroxyisocapnolactone-2’,3’-diol against CE 
M-SS cells was not significant (p > 0.05). The cytotoxic 
effect of 0.1% DMSO against CEM-SS cells was not 
significant (p > 0.05) compared with untreated CEM-SS 
cells (Figure 7). Therefore, the cytotoxic effect shown by 
both natural compounds was not interfered with by the 
vehicle used to dissolve the compounds (Figure 2A, B, C;  
3A, B C; 4A B C; 5A, B, C; 6A, B, C; 7A, B). 
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Figure 3. Fluorescence microscopy examination of CEM-SS 
cells treated with 2’,3’-epoxyisocapnolactone apoptotic (AP), 
necrotic (N), viable (V) and debris (Db) cells were scored base 
on their different appearances. A: Cells treated with IC50 (5 
µg/ml) at 12 h (Magnification: 400X); B: Cells treated with IC50 (5 
µg/ml) at 24 h (Magnification: 200X); and C: Cells treated with 
high dose (10 µg/ml) at 24 h (Magnification: 400X). 

 
 
 
Scanning electron microscopy  
 
Ultra structural changes of CEM-SS cells especially at 
the plasma membrane can be readily evaluated by using 
scanning electron microscope. Apoptotic cells have their 
own typical features that are distinguishable from necrotic 

 
 
 
 

 

 

 
 
Figure 4. Fluorescence microscopy examination of CEM-SS 
cells treated with 8-hydroxyisocapnolactone-2’,3’-diol. 
Apoptotic (AP), necrotic (N) and viable (V) cells were scored 
base on their different appearances; A: Cells treated with IC50 
(3 µg/ml) at 4 h (Magnification: 400X); B: Cells treated with 
IC50 (3 µg/ml) at 24 h (Magnification: 400X); and C: Cells 
treated with high dose (10 µg/ml) at 24 h (Magnification: 
400X). 

 
 
 
cells using scanning electron microscope. In Figure 8, the 
membranes for untreated CEM-SS cells remain intact 
and smooth at 4 and 24 h. However, late apoptosis oc-
curred in treatment with 2’,3’-epoxyisocapnolactone at 
IC50 after 24 h with apoptotic bodies foaming around the 
surface of cell (Figure 9). On the other hand, when the 
cell was treated with high dose in 2’,3’-epoxyisocapno-
lactone at  24 h,  formation  of  holes  on  the   membrane   



 
 
 
 

 

** ** 

 

* * * * 

 

 
 
Figure 5. The % of viable, apoptotic and necrotic CEM-SS 
cell in the population after treated with 2’,3’-epoxyisocapno-
lactone at various time courses. Data are mean of triplicate 
determinations ± SD. * p ≤ 0.05, ** p < 0.001 compared with 
untreated cells. A: Treated with high dose (10 µg/ml); B: 
Treated with IC50 (5 µg/ml); and C: Treated with half concen-
tration of IC50 (2.5 µg/ml). 

 
 
 
occured and led the cell into necrosis pathway. For the 
treatment with 8-hydroxyisocapnolactone-2’,3’-diol, apop-
tosis feature also occurred in treatment at 24 h with IC50 
(Figure 10). In this treatment, the formation of membrane 
holes on cell surface appeared earlier at 4 h. (Figure 8A, 
B; Figure 9A, B; Figure 10A, B) 
 
 
DNA fragmentation assay  
 
Using a qualitative analysis of DNA fragmentation, CEM-
SS were subjected to treatment with 2’,3’-epoxyisocapno-
lactone and 8-hydroxyisocapnolactone-2’,3’-diol, and the 
DNA of treated cells was harvested at 4, 12, 24, 48 and 
72 h. Fragmentation analysis is shown in Figure 11 and 
the characteristic of DNA ladder pattern was observed. In  
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Figure 6. The % of viable, apoptotic and necrotic CEM-SS 
cell in the population after treated with 8-hydroxyisocapno-
lactone-2’,3’-diol at various time courses. Data are mean of 
triplicate determinations ± SD. * p ≤ 0.05, ** p < 0.001 com-
pared with untreated cells. A: Treated with high dose (10 
µg/ml); B: Treated with IC50 (3 µg/ml); and C: Treated with half 
concentration of IC50 (1.5 µg/ml). 

 
 
 
the treatment with 2’,3’-epoxyisocapnolactone, the amou-
nt of DNA ladder occurs only after 24 h of incubation. 
While for the treatment with 8-hydroxyisocapnolactone-
2’,3’-diol, the activation of endonuclease enzyme seemed 
more early and rapid compared with 2’,3’-epoxyisocapno-
lactone. The occurring of DNA ladder in treatment with 8-
hydroxyisocapnolactone-2’,3’-diol started at 4 h after in-
cubation. However, the ladder pattern in both cases is not 
clear. It could be due to lack of internucleosomal DNA de-
gradation in the present of necrosis. Double staining with 
acridine orange (AO) and propidium iodide (PI) showed a 
higher % of necrotic cells in comparison with apoptotic 
cells. This means that the lower % of apoptotic cells 
could remain undetectable as DNA fragment in the gel 
electrophoresis analysis (Figure 11). 

CEM-SS cells were treated with 2’,3’-epoxyisocapno-
lactone and 8-hydroxyisocapnolactone-2’,3’-diol at IC50 at  



4638         Afr. J. Biotechnol. 
 
 
 

 

 
 
Figure 7. The % of viable, apoptotic and necrotic CEM-SS 
cell in the untreated population and population after treated 
with 0.1% DMSO at various time courses. Data are mean of 
triplicate determinations ± SD. * p ≤ 0.05, ** p < 0.001 
compared with untreated cells. A: Treated with 0.1% DMSO; 
and B: Negative control (untreated cells). 

 
 
 
different period. Lanes A, B, C, D and E were treated with 
8-hydroxyisocapnolactone-2’,3’-diol at 4, 12, 24, 48 and 
72 h, respectively. Lane F, G, H, I and J were treated with 
2’,3’-epoxyisocapnolactone at 4, 12, 24, 48 and 72 h, res-
pectively. Lane N, negative control (untreated CEM-SS 
cells). Lane M, Ladder mix marker 
 
 
DISCUSSION 
 
In the present work, we showed that 2’,3’-epoxyisocapno-
lactone and 8-hydroxyisocapnolactone-2’,3’-diol strongly 
cytotoxic on various cancerous cell line especially CEM-
SS. Purified materials which require concentration lower 
than 10 µg/ml to exhibit cytotoxicity were considered as 
promising cancer chemotherapy agents (Shier, 1991). As 
the IC50 against CEM-SS cell lines were less than 10 
µg/ml, 2’,3’-epoxyisocapnolactone and 8-hydroxyisocap-
nolactone-2’,3’-diol considered as potential cancer che-
motherapy agent. In this study, cytotoxic effects induced 
in cells may trigger by the coumarin structure (lactones of 
cis-o-hydroxycinnamic acid derivatives, belong to the 
phenolics with the basic skeleton of C6 + C3) of the com-
pounds. Several authors had reported on the used of 
coumarin for treatment of some human carcinomas, 
many coumarin derivatives were also known as free radi-
cal scavengers and had been found to exhibit cytotoxicity  

 
 
 
 

 

 
 
Figure 8. Scanning electron microscopy examination of 
untreated CEM-SS cells. A: Normal CEM-SS cells at 4 h; B: 
Normal CEM-SS cells at 24 h. Magnification: A: 4300X; B: 
3000X. 

 
 
 
against a panel of mammalian cancer cell lines (Peng 
and Cai, 2008). In this study, the effect of coumarin was 
proven to induce cell death in CEM-SS cells. 

Our studied also indicated that effects of both com-
pounds were stronger in suspension culture compared to 
anchorage dependent culture. This can be due to the 
exposure of larger cell surface in suspension culture by 
2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolac-
tone-2’,3’-diol during treatment. Ali et al. (2000) reported 
that cytotoxic compounds commonly exhibited to be more 
sensitive towards the suspension cell lines. This is due to 
the anchorage-dependent cell lines require attachment to 
a solid matrix in order to proliferate thus make them inte-
ract with each other through cell-cell contact and gene-
rates transmembrane signal that not only affected the cell 
proliferation, migration and differentiation but also survi-
val of the cell that prevent it from undergoing apoptosis 
(Ali et al., 2000). Previous study showed that primary 
culture that require anchorage will undergo apoptosis in 
suspension culture, thus proving that anchorage-inde-
pendent cell lines have undergone genetic changes th-
rough transformation that prevent expression of the apop-
totic pathway in  response  to  the  lost  of  contact  which 



 
 
 
 

 

 
 
Figure 9. Scanning electron microscopy examination of CEM-
SS cells treated with 2’,3’-epoxyisocapnolactone. A: CEM-SS 
cells treated with IC50 (5 µg/ml) at 24 h; and B: CEM-SS cells 
treated with high dose (10.µg/ml) at 24 h. Magnification: A: 
2500X; B: 6000X. 

 
 
 
caused them to be more sensi-tive towards cytoto-xic 
drug and chemical (Singh et al., 1996). 

The induction of apoptosis by 2’,3’-epoxyisocapnolac-
tone and 8-hydroxyisocapnolactone-2’,3’-diol were evi-
dent from the morphological examination of the treated 
cells stained with nucleoprotein/DNA-intercalating dye 
acridine orange and propidium iodide (Figures 2, 3 and 4). 
The cells that had nucleus stained with orange-green 
fluorescence and diffused chromatin were counted as 
viable cells and those with fragmented chromatin conden-
sations were scored as apoptotic cells (Singh et al., 
1996). This was observable because the membrane of 
the cells was able to exclude propidium iodide but allow-
ed the acridine orange to enter the cell and intercalate in 
the DNA molecules which gave the orange-green fluore-
scence to the nucleus. On the other hand, the cells with 
nucleus stained orange-red, with no chromatin conden-
sation, were considered as necrotic cells and those with 
red fluorescence were counted as secondary necrotic. 
For quantification of the mode of cell death, AO/PI is not 
a very  good  process  because  it  only  represents  point  
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Figure 10. Scanning electron microscopy examination of 
CEM-SS cells treated with 8-hydroxyisocapnolactone-2’,3’-
diol. A: CEM-SS cells treated with IC50 (3 µg/ml) at 24 h; and 
B: CEM-SS cells treated with high dose (10.µg/ml) at 4 h. 
Magnification: A: 3700X; B: 6500X. 

 
 
 
quantification and not the whole population of cells. Our 
S.E.M. results show anther hallmarks pattern of CEM-SS 
apoptosis which was surface blebbing due to a deep 
cytoskeleton rearrangement and formation of apoptotic 
bodies after treatment. Besides, our DNA fragmentation 
assay showed the presence of “DNA ladder”. DNA ladder 
is the pattern in which degraded DNA occurs and it is 
considered as one of the hallmarks of induction of apop-
tosis. Chromatin condensation paralleled by DNA frag-
mentation is one of the most important criteria which are 
used to identify apoptotic cells. Activation of endonu-
clease was proposed to be the initiating event in the 
characteristic condensation of chromatin and preferential-
ly cleave DNA at the internucleosomal sections (Cohen 
and Duke, 1984). The condensation of chromatin and 
cleavage of internucleosomal DNA at the linker regions 
between nucleosomes can be both examined in agarose 
gel electrophoresis. All of these results proposed that 
majority of 2’,3’-epoxyisocapnolactone and 8-hydroxyiso-
capnolactone-2’,3’-diol treated CEM-SS were undergoing 
apoptosis rather than necrosis.    
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Figure 11. Effect of 2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolactone-2’,3’-diol on DNA 
fragmentation.  

 
 
 

However, the toxicity of most cytotoxic compounds was 
very unspecific, damaged neoplastic tissue as well as 
healthy tissue (Thurow et al., 2004). In light of the genetic 
complexity and heterogeneity of most common human 
cancers, the future use of a target selective agent is 
elusive. Agents must underscore the need to prove the 
dependence of tumour growth on the selected target and 
the difficulty of achieving absolute tumour selectivity 
(Broxterman and Georgopapadakou, 2004). So, the 
future use of targeted compounds might be in combina-
tion or in sequence with other novel agents and/or cytoto-
xins directed at signalling pathways critical for survival of 
tumour cells. 

This current study has effectively demonstrated that 
2’,3’-epoxyisocapnolactone and 8-hydroxyisocapnolac-
tone-2’,3’-diol have a good potential anti cancer drug. 
Further studies on the molecular mechanism involved in 
the apoptosis induction by 2’,3’-epoxyisocapnolactone 
and 8-hydroxyisocapnolactone-2’,3’-diol ought be carried 
out and more work needed to be done to elucidate the 
factor that involved in cell death and develop the potential 
active compounds into clinically useful drugs. 
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