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ABSTRACT 
 

Dolabr-4(17),15(16)-dien-3-one, isopimar-8(14)-en-15,16-diol, isopimar-8(14)-en-16-hydroxy-15-one, 
lupeol, lup-20(29)-en-3β,28-diol and lup-20(29)-en-3β-hydroxy-28-oic acid were isolated from the roots of a 
marine mangrove Ceriops tagal (Rhizophoraceae). The compounds were evaluated for activation of caspase-3 
enzyme using Caspase-3 Colourimetric Assay. Caspase-3 enzyme was activated by all compounds in cleaving 
pNA from Ac-DEVD-pNA in the presence of caspase-3-inhibitor; Ac-DEVD-CHO. Lup-20(29)-en-3β-
hydroxyl-28-oic acid, isopimar-8(14)-en-15,16-diol and isopimar-8(14)-en-16-hydroxy-15-one cleaved 41.7, 
39.42 and 34.19 µmol/L of pNA respectively. This study is therefore demonstrating that the isolated 
compounds may serve as leads for development of new chemotherapeutic drugs which acts by inducing 
apoptosis in the cancerous cells.  
© 2011 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Apoptosis is an essential and highly 
conserved mode of cell death that is important 
for normal development, host defense and 
suppression of oncogenesis (Zhang et al., 
2004). Faulty regulation of apoptosis has been 
implicated in degenerative conditions, 
vascular diseases and cancer (Ameisen et al., 
1995; Thompson, 1995). Apoptosis is 
characterized by a variety of cellular changes 
including loss of membrane phospholipid 
asymmetry (Vermes et al., 1995; Cosciola-
Rosen et al., 1996), chromatin condensation, 
mitochondrial swelling and DNA cleavage 
(Pan, 2001; Halicka, 2005). The end result of 
these changes is a form of cell death that 
avoids the normal inflammatory response 

associated with necrosis. Caspase-3 is an 
intracellular cysteine protease that exists as a 
proenzyme, becoming activated during the 
cascade of events associated with apoptosis. 
Caspase-3 cleaves a variety of cellular 
molecules that contain the amino acid motif 
DEVD such as poly ADP-ribose polymerase 
(PARP). The presence of caspase-3 in cells of 
different lineages suggests that caspase-3 is a 
key enzyme required for the execution of 
apoptosis (Fernendes-Alnemri et al., 1994).  

The link between apoptosis and cancer 
was established in 1990 after the discovery 
that cancerous cells produce a protein that 
blocks apoptosis (Schulze-Bergkamen and 
Krammer, 2004). It was thereafter established 
that increase in cell division was not the only 
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way that tumours could develop, but rather 
cells could also become potent promoters of 
tumour growth by avoiding programmed cell 
death (Lowe and Lin, 2000). Thus, 
compounds that activate caspase-3 activity are 
promising candidates for cancer treatment. 
Plants and microorganisms are potential 
sources of such compounds of which most of 
them are terpenoids (Luo et al., 2002; 
Nagashima et al., 2003; Kondoh et al., 2004; 
Suzuki et al., 2004; Guzman et al., 2005; 
Lavrik et a., 2005; Heras et al., 2007). It is in 
this vein that dolabr-4(17),15(16)-dien-3-one 
(1), isopimar-8(14)-en-15,16-diol (2), 
isopimar-8(14)-en-16-hydroxy-15-one (3), 
lupeol (4), lup-20(29)-en-3β,28-diol (5) and 
lup-20(29)-en-3β-hydroxy-28-oic acid (6) 
from the roots of Ceriops tagal (Perr.) C.B. 
Robinson (Rhizophoraeae) were evaluated for 
their activity in activating caspase-3. The aim 
of this study was to establish compounds 
which can either be used as templates for 
development of anticancer agents which act 
by inducing apoptosis of cancerous cells 
through the activation of caspase-3 enzyme.  

 
MATERIALS AND METHODS 
Plant material  

Roots of Ceriops tagal were collected 
from Maruhubi Mangrove Reserve, Zanzibar, 
Tanzania. The plant material was collected 
and authenticated by Mr. Muhidini Mtumwa 
of the Institute of Marine Sciences, University 
of Dar es Salaam. Voucher specimen (CT 03 
2010) has been deposited in the Institute of 
Marine Sciences, University of Dar es 
Salaam. 

 
Extraction, isolation and identification of 
compounds 

The air dried roots of C. tagal (740.5 g) 
were pulverized and shaken in chloroform at 
room temperature for twenty four hours and 
the extract was concentrated under reduced 
pressure to afford 120.5 g of brown extract. 
The obtained extract was adsorbed on 150 g 
of silica gel and applied to a silica gel column 
packed with 1200 g of silica gel using CHCl3. 

The column was eluted using CHCl3 
[fractions 1-22] and CHCl3/(CH3)2CO (1:1) 
[fractions 23-25]. Based on the TLC analysis, 
fractions were combined as follows: A 
(fractions 1-19), B (fractions 20-22) and C 
(fractions 23-25). The combined fraction A 
was passed through column chromatography 
using Sephadex LH 20 eluted with 
CHCl3/MeOH to afford lupeol (15.8 mg), lup-
20(29)-en-3β,28-diol (18.2 mg) and 3β,23-
dihydroxy-20(29)lupen-28-oic acid (21.2 mg). 
The combined fractions B (20.6 g) was 
adsorbed on silica gel and packed on a silica 
gel column eluted with n-hexane/acetone 
(10:1) to give fractions B1 and B2. Fraction 
B1 was left in a conical flask for 36 hours, 
colourless crystals formed and were 
recrystallised in methanol to give isopimar-
8(14)-en-15,16-diol (46.8 mg). The combined 
fraction C (15.4 g) was adsorbed on silica gel 
and packed on silica gel column eluted with n-
hexane/acetone (10:2) to give fractions C1 
and C2. Fractions C1 and C2 were left 
overnight and colourless crystals developed 
which were then recrystallised in methanol 
and identified as isopimar-8(14)-en-16-
hydroxy-15-one (10.3 mg) and erythroxyl-
4(17),15(16)-dien-3-one (39.5 mg) 
respectively. Chemical structures of 
compounds 1-6 were established on the basis 
of spectroscopic data analysis (NMR, HE-
EIMS and Circular Dichoism Spectroscopy).  

 
Caspase-3 activity   

The Calbiochem caspase-3 assay kit 
was used to measure the protease activity of 
caspase-3. Components of the kit were; assay 
buffer (supplied as 20 ml of 100 mM NaCl, 50 
mM HEPES, 10 mM DTT, 1 mM EDTA, 
10% glycerol, 0.1% CHAPS, pH 7.4),  
caspase-3 (1000 units/µl), caspase substrate I 
(Ac-DEVD-pNA, 2 mM), caspase-3 inhibitor 
I (Ac-DEVD-CHO, 100 µM) and 96-well 
plate. All kit components were thawed and 
kept in ice bath until use (kit components are 
stable for several hours in an ice bath). 
Caspase-3 inhibitor I was briefly warmed to 
room temperature. Caspase-3 inhibitor I, 
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caspase-3 enzyme and caspase substrate were 
diluted for use as follows: using 
microcentrifuge, caspase-3 inhibitor was 
diluted to 0.5 µM by adding 1 µL inihibitor to 
200 µL assay buffer; 5 µL of caspase-3 was 
diluted to 245 µL assay buffer and 1 µL of 
Ac-DEVD-pNA was diluted to 400 µL (5 
µM) in the assay buffer. The diluted Ac-
DEVD-pNA was equilibrated to assay 
temperature, 30 oC. 50 µL of the assay buffer 
was added to each well in a microplate reader 
and allowed to equilibrate to assay 
temperature, 30 oC. 25 µL of caspase-3 was 
added to the control, inhibitor and test sample 
wells followed by the addition of Ac-DEVD-
CHO to the appropriate wells. The desired 
volume of test sample (dissolved in DMSO) 
was added to appropriate wells and the plate 
was incubated at 30 oC for 10 minutes to 
allow inhibition/enzyme interaction. The 
reaction was started by the addition of 50 µL 
of Ac-DEVD-pNA in each well. Compounds 
1-6 were tested at three concentrations; stock 
solution (1 mg/ml), 1/10 dilution (0.1 mg/ml) 
and 1/100 dilution (0.01 mg/ml) and each 
concentration in triplicate. Absorbance was 
recorded at 405 nm after 10 minutes, 30 
minutes, 1 hour, 2 hours and 12 hours. The 
Microplate Reader uses Beer’s Law to 
calculate the absorbance value of each well. 
The values of absorbance recorded were 
blank-corrected.  
 
RESULTS   

The pulverized roots of Ceriops tagal 
was subjected to chromatographic and gel 
filtration techniques to give six terpenes 
(Figure 1) of which dolabr-4(17),15(16)-dien-
3-one (1), isopimar-8(14)-en-15,16-diol (2), 
isopimar-8(14)-en-16-hydroxy-15-one (3) are 
diterpenes whilst lupeol (4), lup-20(29)-en-
3β,28-diol (5) and lup-20(29)-en-3β-hydroxyl-
28-oic acid (6) are triterpenes. Compounds 1-
2 were isolated for the first time from the 
leaves of Isdon flavidus (Zhao et al., 1998) 
whereas compound 3 was reported for the first 
time from the roots of Ceriops tagal (Chacha 
et al., 2008). Compounds 4-6 are the most 

widespread pentacyclic triterpenes and have 
been reported to have antineoplastic activity, 
trypsin and chymotrypsin inhibition activity 
(Sidiqui et al., 1988; Hata et al., 2003a, 
2003b; Aratanedemuge et al., 2004). Lup-
20(29)-en-3β-hydroxy-28-ioc acid has also 
reported to have anti-human 
immunodeficiency virus (anti HIV) activity 
(Fujioka et al., 1994).  

These compounds were evaluated for 
the activation of caspase-3 in cleaving pNA 
from acetyl-Asp-Glu-Val-Asp p-nitroanilide 
(Ac-DEVD-pNA) in the presence of the 
caspase-3 inhibitor Ac-DEVD-CHO. The 
DEVD amino acid sequence is derived from 
the caspase-3 cleavage site in Poly (ADP-
ribose) polymerase (PARP). The released 
pNA from the substrate was detected at 405 
nm (εmM = 10.5) and its concentration was 
calculated from the absorbance mean values. 
The cleavage of the caspase-3-specific 
colorimetric substrate (DEVD-pNA) was 
therefore considered to represent caspase-3 
activity. 

Figures 2, 3 and 4 show that all tested 
compounds enhanced activity of caspase-3 in 
a concentration dependant manner. Figure 1 
depicts the amount of pNA released when 
compounds were tested at 0.01 mg/ml. All 
compounds exhibited lower activity compared 
to the positive control but higher than negative 
control indicating the effects of caspase-3 
inhibitor, Ac-DEVD-CHO (Figure 2). At 
concentrations of 0.1 mg/ml and 1 mg/ml, all 
tested compounds exhibited higher activity as 
compared to the positive control confirming 
the involvement of terpenes in the activation 
of caspase-3 enzyme. Lup-20(29)-en-3β-
hydroxyl-28-oic acid 6 displayed higher 
activity than all tested compounds at 0.1 
mg/ml. It increased the activity of caspase-3 
as time of incubation increased; the 
concentration of pNA released was 8.76, 
12.19 and 12.66 µmol/l after 30, 60 and 120 
minutes respectively (Figure 3). At 1 mg/ml, 
all compounds exhibited much higher activity 
with the increase in the incubation time 
(Figure 4). 
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Figure 1: Structures of terpenoids 1-6 isolated from the roots of Ceriops tagal. 
 
 
 

 
 

Figure 2: Caspase-3 activity at 0.01 mg/ml of compounds 1-6. 
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Figure 3: Caspase-3 activity at 0.1 mg/ml of compounds 1-6. 
 
 
 

 
 

Figure 4: Caspase-3 activity at 1 mg/ml of compounds 1-6. 
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DISCUSSION 
The antitumor activity of terpenoids 

was first discovered over 35 years ago, when 
extracts from the stem barks of various 
terrestrial plants were tested for cytostatic 
activity using different in vivo cancer model 
systems (Schulze-Bergkamen and Krammer, 
2004). At that time and until 1990, the target 
for compounds with anticancer activity was to 
inhibit cell division which was seen as the 
only way in which cancerous could develop 
and propagate. The establishment that 
cancerous cells produce a protein that blocks 
apoptosis has created another avenue in the 
fight against cancer. It has lead to isolation of 
compounds which induces activation of 
apoptosis through activation of caspases, a 
family of proteases which plays a central role 
in the initiation and activation of the apoptotic 
pathway (Pan et al., 2001; Nagashima et al., 
2003; Zhang et al., 2004; Duarte et al., 2009). 

In the present study, a relationship 
between structure and activity of terpenoids 1-
6 on activation of caspase-3 has been 
established and has lead to a suggestion that 
the difference in the activation of caspase-3 
exhibited by these compounds is probably due 
to the difference in their structures. Isopimar-
8(14)-en-15,16-diol 2 with two hydroxyl 
groups at positions 15 and 16 demonstrated 
higher activity as compared to isopimar-8(14)-
en-16-hydroxy-15-one 3 which has an enone 
group at position 15. Isopimaranes 2 and 3 
enhanced caspase-3 strongly as compared to 
dolabr-4(17),15(16)-dien-3-one 1 at all tested 
concentrations, which suggests that activation 
of caspase-3 increases with the increase in 
oxygenation of diterpenes. This study has also 
revealed that hydroxylation at C-28 of 
triterpenes tends to lower caspase-3 activity as 
indicated by lupeol 4 and lup-20(29)-en-
3β,28-diol 5. It was also evident that 
carboxylation at C-28 markedly enhanced the 
activation of caspase-3 as indicated with the 
activity displayed by caspase-3 under the 

activation of lup-20(29)-en-3β,28-diol 5 and 
lup-20(29)-en-3β-hydroxyl-28-oic acid 6. 
Structure activity correlations for lupanes 
tested earlier on the activation of caspase-8 
and 9 revealed the same trend 
(Aratanechemuge et al., 2004; Hata et al., 
2003a). However this is the first time for 
compounds 1-6 to be evaluated for the 
induction of apoptosis through the activation 
of caspase-3 enzyme. 
 

Conclusion 
This study has demonstrated that 

activation of caspase-3 enzyme is involved in 
terpenoids induced apoptosis and oxygenation 
is important for the activation of caspase-3 
enzyme. It is therefore evident that terpenes 
may serve as leading compounds for the 
development of new chemotherapeutic drugs, 
which acts by inducing apoptosis in cancerous 
cells. 
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