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Abstract

The cytotoxicity of five compounds previously isolated from the gorgonian
Acalycigorgia sp was evaluated against human myeloid leukemia cells HL-60
and T-lymphocyte Jurkat cells. The tetrazolium-based colorimetric (MTT)
assay was used to assess cytotoxicity of the compounds. They were found to
be cytotoxic against the cell lines tested, and their ICso values were
comparable to that of curcumin which had ICsq values of 9.0uM and 6.8uM in
HL-60 and Jurkat cells, respectively. Compound 1 was the most cytotoxic
with 1Cs values of 15.0uM and 21.9uM in HL-60 and Jurkat cells,
respectively. The least cytotoxic was compound 5 which had ICs values of
92.0puM and 123.8uM in HL-60 and Jurkat cells, respectively. The lower
cytotoxicity of compound 5 could be attributed to the bulky fatty acid moiety
attached at C6 of the main eunicellin skeleton. The GST activity of the five
compounds was also studied and the results showed that the compounds had
only moderate GST inhibitory activities. Compound 3 showed the strongest
GST inhibitory activity with 1Cso value of 0.67mM compared to the 1Csg value
of 0.01mM given by ETA which was used as a positive control. In addition,
the five compounds tested showed very mild radical scavenging activity in the
DPPH test.
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Introduction

Many species from the genera Eunicella [1], Sarcodictyon [2], Eleutherobia [3],
Solenopodium [4], Sclerophytum [5], Alcyonium [6] especially Briareum [7-9] and
Cladiella [10-16] produce a wide variety of marine diterpenes derived from the
eunicellin skeleton.

eunicellin skeleton
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These eunicellin-based diterpenes have generated much interest as a result of the
fact that sclerophytin A [5] has shown potent antileukemic activity while eleutherobin
[3] and sarcodictyin [2] including their various synthetic analogs [17,18] have shown
similar mechanisms of action as paclitaxel (Taxol). Eunicellin-based diterpenes
possess ecological and agrochemical-related biological activities [10] but, the activity
profiles of sclerophytins, eleutherobins, sarcodictyins and asbestinins have inspired
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more research into their antitumor and anti-inflammatory potential. Current research
suggests that, these compounds also have the potential to act as anti-migratory and
anti-invasive agents which has further exacerbated interests in the prospects of these
molecules as future anticancer drug prototypes [19,13]. Previously, we reported an
entire homologous series of eunicellin-based diterpenes from Acalycigorgia sp [20]
and tested compounds 1, 2 and palmonine B in vitro for their differential cytotoxicity
in the soft agar assay. These compounds were found to be inactive against the murine
colon adenocarcinoma 38 (MC-38) cells. The three compounds exhibited no murine
solid tumor selectivity relative to murine normal cells. However, the continued
isolation of eunicellin-based diterpenes and the current data on the anti-migratory and
anti-invasive properties of these compounds in prostate cancers [11,15] have inspired
further examination of the biological activity of the compounds previously isolated
from Acalycigorgia sp. In this study, the cytotoxicity, free radical scavenging activity
and the glutathione S-transferase (GST) inhibitory activity of compounds 1-5 were
evaluated. Cytotoxicity of the compounds was evaluated using a slight modification
of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT
assay) method described by Mosmann (1983). The cancer cells used for this assay
were HL-60 cells which are acute myeloid leukaemia cells and Jurkat cells which are
T-lymphocyte cells. Radical scavenging activity was studied using a slight
modification of the 2,2—diphenyl-1-picryhydrazyl (DPPH) method described by [21].

The GSTs are phase Il biotransformation enzymes that play a major role in the
detoxification of endogenous substances and xenobiotics in the body [22]. However,
investigations have revealed that high concentrations of these enzymes are found in
cancer cells [23]. They have been implicated in drug resistance in cancer
chemotherapy [24]. Therefore inhibition of GST activity is considered important in
cancer therapy.

Glutathione S-transferase assay measures GST activity by measuring the
conjugation of the substrate 1-chloro-2,4-dinitrobenzene (CDNB) to reduced
glutathione (GSH) in the presence of GST enzymes. The CDNB-GSH conjugation
results in an increase in the UV absorbance of CDNB at Amax 340 nm. The rate of
increase is directly proportional to the GST activity in the sample while a decrease in
absorbance indicates inhibition of GST activity.

Materials and Methods

Materials

Methanol, ethanol, ethacrynic acid (ETA), butylated hydroxyl toluene (BHT), 2,2-
diphenyl-1-picryhydrazyl (DPPH), reduced glutathione (GSH), 1-chloro-2, 4-
dinitrobenzene (CDNB), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and isopropanol were obtained from Sigma (MO, USA). Rose Park
Memorial Institute (RPMI)-1640 culture medium, Fetal Bovine Serum (FBS), Triton
X-100 and curcumin were purchased from Sigma-Aldrich (Germany).
Dimethylsulfoxide (DMSQO) and penicillin streptomycin glutamate (PSG) were
obtained from WAKO Pure Chemical industry (Osaka, Japan). The HL-60 and Jurkat
cell lines were donated by Dr. Uto, Nagasaki International University, Japan, and rat
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liver cytosolic fractions were provided by the Clinical Pathology Department,
Noguchi Memorial Institute for Medical Research. Eunicellin-based diterpenes
compound used in the work were provided by Dr. K. Kyeremah (Accra, Ghana).

All other chemicals and reagents used were of analytical grade and obtained
from standard suppliers.

Marine invertebrate

The sample of Acalycigorgia sp. was collected by the Australian Institute of Marine
Science in Thailand at 07 41.2 N; 98 46.4 E on 1 June 1990 at 15 m deep. Taxonomic
identification was carried out by Phil Aderslade at the Museum of the Northern
Territories and voucher specimens (COO6609) were kept at both the National History
Museum in Washington DC, USA and at the Queensland Museum in Brisbane,
Australia. The specimens collected were stored at 20 °C until used. The five
compounds 1-5 are among the many secondary metabolites isolated from this species.

Cancer cells

The HL-60 and Jurkat cancer cell lines were used in the cytotoxicity assay. The cells
were maintained in continuous culture and checked at regular intervals for their
confluence levels and condition. The culture medium consisted of RPMI medium with
1% PSG and 10% FBS. Cells were only used when they were about 80% confluent
and in good condition.

MTT Assay

The compounds 1-5 and curcumin as positive control were solubilized with absolute
DMSO to make 20mM stock solutions. The 20mM sample stock solutions, was
diluted 10 times with culture media to obtain a 2000uM solution. From this solution,
2-fold serial dilutions of the compounds were prepared to obtain 4 different
concentrations, 1000puM, 500 pM, 250 puM and 125 uM of sample each containing
10% DMSO. Twenty milliliters cell suspension containing 1 x 10> cells/milliliter was
prepared and 100pL aliquots of the cell suspension were transferred into wells in a
96-well plate. The cells were treated with the various dilutions of the compounds in
solution; the plates were incubated for 72hours at 37°C with 5% CO,. Positive and
negative control experiments were also set up. Triplicate experiments were
performed. After incubation, 20pL of 2.5 mg/ml MTT was added to each well and the
plates were incubated for another 4hours. The reaction was stopped with acidified
isopropanol and the plates were kept in the dark at room temperature overnight. The
absorbance was read at a wavelength of 570nm and a graph of percentage cell
viability was plotted against concentration of samples. The formula used for
calculating the percentage cell viability is as shown below:

Mean abs of sample - abs of compound control

%Cell Viability = X 100 %
Mean abs of negative control - abs of blank

Free radical scavenging activity-DPPH assay
The antioxidant activities of the compounds 1-5 were determined using the DPPH
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method with slight modification [21]. A 0.5mM DPPH solution was prepared in
methanol. For a positive control, 20.0mM BHT solution was also prepared in
methanol. Two-fold serial dilutions of each of the compounds (1-5) and BHT were
prepared to obtain the concentrations 0.625mM, 1.25mM, 2.5mM, 5.0mM, and
10.0mM for each compound, and 0.0195mM, 0.0391mM, 0.078mM, 0.1563mM,
0.3125mM, 0.625mM, 1.25mM, 2.5mM, 5.0mM, and 10.0mM for BHT. . Aliquots of
100puL of the each dilution was transferred into wells of a 96-well microtitre plate in
duplicate and treated with 100uL DPPH solution. Negative control experiments were
also prepared with methanol and DMSO. The plates were incubated for 20min at
room temperature in the dark and then absorbance was read at a wavelength of
517nm. Percentage antioxidant activity was calculated using the formula shown
below:
Mean abs of blank - abs of compound

%Cell Viability = X 100 %
Mean abs of blank

A graph of percentage antioxidant activity against concentration of compounds
was plotted from the results obtained.

GST inhibition assay

The GST inhibitory activity of the compounds was assessed as earlier described with
slight modification [25]. The incubation mixture for the assay consisted of 160 pL of
buffer, 10 pL of 10mM GSH, 5 pL of 16mM CDNB, 10.3 puL of each sample
dilution, and 20 pL of 1.28 mg/ml protein rat liver cytosolic fraction containing GST
enzymes were transferred into the wells. Ethacrynic acid (ETA) was used as positive
control. Triplicate experiments were performed for each concentration. Absorbance
was read at a wavelength of 340nm. A graph of percentage inhibition of GST activity
against concentration was plotted from the results obtained. The formula used for
calculating percentage inhibition of GST activity is as shown below:

Mean abs of negative control - abs of compound

%Cell Viability = X 100 %
Mean abs of negative control

Results

Compound 3
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=
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Figure 1: GST inhibitory activity of compound 3

% GST Inhibition
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Discussion

All the compounds tested showed very weak antioxidant activity (data not included).
Compound 1 showed a percentage antioxidant activity of about 20%, whilst the value
for the remaining compounds 2-5 showed lower activities. These results suggest that
the compounds tested lack the potential to act as free radicals scavengers in cancer
cells. On the other hand, compounds 1-4 showed very interesting cytotoxicity profiles,
compared to the standard which in this case was curcumin. The 1Cs, values obtained
for the compounds are shown below in Table 1 but, the graph of percentage cell
viability plotted against various concentrations of the test samples are for simplicity
not shown.

Table 1: Measured I1Csy values for compounds with respect to HL-60 and Jurkat cells
(1Csp values obtained from measurements in triplicates)

COMPOUND | Observed | Molecular | Side Chain 1Cso UM

Mass in formula Molecular | HL-60 | Jurkat
HRESIMS | [M+Na]" formula | Cells | Cells
[RCOOT
Curcumin 9.0 6.8
1 505.2741 C26H4208Na C2H302 15.0 21.9

561.3398 | C3oH500sNa CeH110, 22.3 21.6
575.3572 | C31Hs5,0gNa | C7H130; 22.7 23.3
631.4180 C35H6008Na C11H210, 20.2 27.8
715.5102 C41H7208Na C17H3302 92.0 123.8

bW

Compounds 1-5 are structural homologues differing only by virtue of the length of
the side chains at C6 on the main eunicellin skeleton. Hence, the ICs, values obtained
for compound 5 shows clearly a relationship of the cytotoxicity profile for these
compounds to the length of the side chain at C6. It appears that a shorter less bulky
side chain at C6 as in compound 1 enhances the cytotoxicity of these compounds to
HL-60 and Jurkat cell lines. This observation is interesting since Hassan et al. (2011)
have shown that varying the nature of substituents at C6, C11, C16 and C17 produces
changes in the anti-invasive and anti-migratory activity of these eunicellin-based
diterpenes. The present results in combination with that from Hassan et al. (2011)
continues to reinforce the view that eunicellin-based diterpenes possess biological
activities that can vary over a wide range depending on the kind of substituent present
at different points on the eunicellin skeleton.

Compared to ETA which was used as a positive control in the GST inhibitory
assay, the activity of the compounds 1-5 in this assay was moderate. Compound 3
exhibited the highest GST activity with percent inhibition of about 50% at the highest
concentration tested (1mM) compared to 100% inhibition by ETA at the same
concentration, which produced an 1Csy value of 0.01mM. The interesting feature of
the GST activity measured for these compounds is the gradual increase in activity
with increasing concentration of the compounds (Figure 1). It appears that the
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compounds 1-5 become more active at concentrations of 1mM and above.

Cancer cells are normally characterized by increased rates of proliferation and
metabolism which normally results in the generation of many reactive oxygen species
(ROS) or reactive nitric oxides (RNO) alongside other harmful substances [26]. GST
enzymes are involved in the detoxification of cells by their ability to catalyze
reactions that lead to the removal and neutralization of harmful substances from the
cells. The activity of GSTs has been linked to the development of resistance of cancer
cells to chemotherapeutic drugs [27]. Due to the over expression of GSTs in tumor
cells, drug substrates and other xenobiotics are rapidly detoxified which gives these
tumor cells an innate resistance [28]. It is plausible that GSTs serve two distinct roles
in the development of drug resistance via direct detoxification as well as acting as
inhibitors of the MAP kinase pathway [29]. Hence, it is not surprising that high levels
of GSTs have been reported in a large number of tumor types.

Hence, compounds that are able to inhibit the action of GSTs in cancer cells will
be of great benefit to the treatment of cancers. The activity profiles shown by
compounds 1-5 confirm their suitability for further investigation as future drug
prototypes. It is not surprising therefore that, eunicellin-based diterpenes are currently
listed among the most promising marine anticancer, anti-inflammatory and anti-
infectious (malaria) compounds that constitute potential drug molecules [20,30].

This research gives a first time account of highly oxygenated and highly
acetylated eunicellin-based diterpenes that have shown strong cytotoxicity against
HL-60 and Jurkat cells. Currently, this is the first report where eunicellin based
diterpenes have shown good activity towards HL-60 and Jurkat cells which constitute
very important cells for the study of many anticancer agents and cancer related
phenomena. It is also of great importance to observe that compounds 1-5 are inactive
against the murine colon adenocarcinoma 38 (MC-38) cells but, have proved to be
highly cytotoxic to HL-60 and Jurkat cells in the current work. Hence, the apparent
lack of activity of eunicellin diterpenes in one cytotoxicity assay should not
discourage further testing in different assays while further testing of these molecules
should eventually provide an in-depth understanding of their bioactivity.

Conclusion

Eunicellin-based diterpenes are capable of a wide range of cytotoxicity activity
directly related to their structures. Even though the huge structural versatility of these
compounds makes it difficult to directly correlate which structures are likely to be
active against a particular cancer cell line, it appears that lymphoma and leukemia cell
lines respond more positively to these compounds than carcinoma and sarcoma cell
lines. The results in this report reinforces this idea where compounds 1-5 are inactive
against the murine colon adenocarcinoma 38 (MC-38) cells but, have proved to be
highly cytotoxic to HL-60 and Jurkat cells in the current work. The trend where these
compounds are completely inactive towards prostate cancers but are able to act as
anti-migratory and anti-invasive agents for this cancer therefore suggests that,
continued biomedical investigation of eunicellin-based diterpenes is likely to yield
new anticancer agents.
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