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A B S T R A C T

Sphingolipids have been considered for many years only as structural components of membranes. It is now
acknowledged that they are also involved in controlling cellular processes such as proliferation.The present work
was designed to find the anticancer activity of the crab Dromia dehanni hemolymph in in-vivo and in vitro with
special reference to the anticancer compound sphingolipids isolation and characterization. The active fraction of
the purified hemolymph was subjected to NMR and ESI-MS/MS analysis. The ESI-MS/MS spectrum exhibited
intense signals for sodiated molecular ions [M+Na]+ of sphingomyelins (SM) identified as N-2-O-Acetyl-12
pentadecenoyl sphingosine phosphorylcholine, N-9-eicosenoyl- sphinganine phosphocholine and the corre-
sponding dehydro sphingomyelin, N-9-eicosenoyl- dehydro- sphinganine phosphocholine along with the ions at
m/z 147, 184 characteristic of phosphocholine. The present study revealed D. dehaanimight be a great source for
the novel anti-cancer compounds which can be used for human benefits.

1. Introduction

Sphingolipids have emerged as bio effector molecules, controlling
various aspects of cell growth and proliferation in cancer, which is
becoming the deadliest disease in the world. These lipid molecules have
also been implicated in the mechanism of action of cancer che-
motherapeutics. Sphingolipids have been considered for many years
only as structural components of membranes. However, it is now ac-
knowledged that they are also involved in controlling cellular processes
such as, differentiation (Zhang et al., 2003), migration (Padrón, 2006),
apoptosis (Morales et al., 2007), growth (Ponnusamy et al., 2010),
proliferation (Pitson, 2011) and senescence (Trayssac et al., 2018).
Sphingolipids are the bioactive compound and an anti-cancer drug
against many malignancies like intestinal cancer, cervical cancer (De
Luca et al., 2010), Prostate Cancer (Symolon et al., 2011), and colon
cancers (García-Barros et al., 2014).

After the first recognition of sphingolipids in 1970’s (Atkinson et al.,
2010), numerous sphingolipids have been isolated from various marine
organisms such as, soft corals (Dmitrenok et al., 2003), algae
(Khotimchenko and Vas’kovsky, 2004), sea cucumber (Sugawara et al.,
2006), sponges (Ayyad et al., 2009), and tunicates (Jr, 2011). However,
there is very limited study on anticancer sphingolipids from brachyuran

crabs. Keeping this in mind, the primary objective of the present work
was designed to find the anticancer activity of the crab D. dehaani he-
molymph in in vivo and in vitro (NDEA in rat model)with the special
reference to the anti-cancer compound sphingolipids isolation and
characterization.

2. Materials and methods

2.1. Animal and sample collection

Marine crabs D. dehaani (200–250 g) were collected from the
Pazhayar landing center (11°21′16.8415″N-79°49′38.6512″E, Southeast
coast of India). They were cultured in 500 L recirculating seawater
(20–30%) tanks at the laboratory for two weeks before the starting of
the experiments. They were fed twice daily with the control diet and
50% of the water was exchanged daily thrice in a week to maintain the
water quality. Hemolymph was collected by cutting walking legs of the
crab D. dehaani with fine sterile scissors. To avoid hemocyte de-
granulation and coagulation, the hemolymph was collected in the
presence of sodium citrate buffer, pH 4.6 (2:1, V/V). An equal volume
of physiological saline (0.85%, NaCl, w/v) was added to it (Jayanthi
et al., 2017). To remove hemocytes from the hemolymph, it was
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centrifuged at 2000 RPM for 15min at 4 °C. The supernatant was col-
lected by aspirating and stored at 4 °C until use.

2.2. In-vivo anticancer activity

Male albino Wistar rats (180–200 g) obtained from the Central
Animal House, Department of Experimental Medicine, Rajah Muthiah
Medical College, Annamalai University, and maintained in an air-con-
ditioned room (25 ± 3 °C) with a 12-h light:12-h dark cycle. Ad li-
bitum Food (Pranav Agro Industries Ltd., Maharashtra, India and water
were provided to all the animals. All studies conducted in accordance
with the National Institute of Health Guide for the Care and Use of
Laboratory Animals and the study was approved by the Ethical
Committee of Rajah Muthiah College and Hospital (Reg. No. 1038/
2013/CPCSEA), Annamalai University, Annamalainagar.

2.3. Chemicals and tumor induction

Nitrosodiethylamine (NDEA) was purchased from Sigma-Aldrich
Chemicals Co. Hepatocellular carcinoma was induced in male Wistar
rats by providing 0.01% of NDEA through drinking water for 15 weeks
(Ramakrishnan et al., 2008).

2.4. Hemolymph preparation

Hemolymph was dissolved in saline and each rat received daily
1mL at a dose of 40mg/kg body weight orally by intra gastric in-
tubation throughout the experimental period (Schock et al., 2010).

2.5. Processing of blood and tissue samples

2.5.1. Serum preparation
Blood was collected in a dry test tube and allowed to coagulate at

ambient temperature for 30min. Serum was separated by centrifuga-
tion at 3000 rpm for 15min(Yao et al., 2017).

2.5.2. Plasma preparation
The blood collected in a heparinized centrifuge tube was cen-

trifuged at 2000 rpm for 10min and the plasma was separated by as-
piration, transferred into tubes and stored at -4 °C until analysis.

2.5.3. Erythrocyte preparation
After the separation of plasma, the buffy coat, enriched in white

cells, was removed and the remaining erythrocytes were washed three
times with physiological saline. A known volume of erythrocyte was
lysed with hypotonic phosphate buffer at pH 7.4. The hemolysate was
separated by centrifugation at 2500 rpm for 10min and the supernatant
was used for the estimation of enzymatic antioxidants.

2.5.4. Tissue homogenate preparation
Liver and kidney tissues (250mg) were cut into pieces and homo-

genized in appropriate buffer in cold condition (pH 7.0) to give 20%
homogenate (w/v). The homogenate were centrifuged at 1000 rpm for
10min at 0 °C in cold centrifuge. The supernatant was separated and
used for various biochemical estimations.

2.5.5. Tissue sampling for histopathological study
For histopathological study, three rats from each group were per-

fused with cold physiological saline, followed by formalin (10% for-
maldehyde). The liver and kidney were excised immediately and fixed
in 10% formalin.

2.6. Histopathological examination

After fixation of the liver portion of rats in the studied groups in
formal saline (10%) for 24 h, the tissues were then washed in running

tap water, dehydrated in series of alcohol (methyl, ethyl and absolute
alcohol). The specimens were cleared in xylene and embedded in par-
affin at 56 ° in hot air oven for twenty four hours. The paraffin bees wax
tissue blocks were sectioned by rotatory microtome at thickness of
4 μm. The obtained tissue sections were collected on clean glass slides
and left in the oven at 40 °C for dryness. The slides were deparaffinized
in xylene and then immersed in descending series of alcohol, stained by
hematoxylin and eosin stain then examined using light electric micro-
scope (Karthick et al., 2016).

2.7. Preparation of the sample

The buffered sample of hemolymph was passed through sephadex
LH-20 and eluted with methanol. The fraction designated as fraction R5
was found to show the presence of organic components. Hence, it was
purified further and subjected to spectral analysis. The sphingolipids
from the hemolymph were identified using following methods.

2.8. Spectral analysis of fraction R5

Electrospray ionization tandem mass spectrometry (ESI-MS/MS), a
highly sensitive and selective technique, was applied for the analysis of
unprocessed (Chen, 2003) cellular lipid extract. The identification is
based on their characteristic m/z values, fragmentation analysis and
headgroup, specific neutral loss or precursor ion. As the fragmentation
of similar structures follows similar pathways, the mass of the proto-
nated/sodiated molecule and its fragmentation pattern readily lead to
the unambiguous identification of a polar lipid.

2.9. ESI-QTOF MS/MS spectrometry

Mass spectra were recorded on an electrospray ionization -quadru-
pole time-of-flight (ESI-QTOF)-QSTAR XL MS/MS, Applied Biosystems
instrument equipped with MDS Sciex Analyst Software (Concord
Ontario, Canada). The instrument was used either in the single stage MS
mode or in the tandem MS mode to yield diagnostic product ion mass
spectra, which were characteristic of the structural moieties present in
the analyte. The collision energy (CE) varied from 20 to 60 v so as to
obtain optimum fragmentation. The extract after dilution with 1:1
(MeOH: H2O) were directly infused, at a flow rate of 10 μl/min into the
ion spray source by means of a Harvard syringe pump.

2.10. Nuclear magnetic resonance (NMR)

Nuclear Magnetic Resonance (NMR) spectra of the sample were
obtained in CDCl3 on a Bruker Avance (300MHz) instrument with TMS
as the internal standard.

3. Results

3.1. In vivo anticancer activity

The total number and size of nodules in experimental animals were
shown in Table 1. The hemolymph treated group - 4 showed a sig-
nificant decrease in the number and size nodules when compared with
3rd group animals. Animals treated with NDEA showed an increased the
relative liver weight to body weight compared to the group - 1. How-
ever, administration of the hemolymph to group four significantly re-
duced the relative liver weight compared to group - 3 animals.

Table 2 shows the body and liver weights of control and experi-
mental animals. The body weights were significantly decreased in
NDEA-treated animals as compared with control. Treatment of hemo-
lymph to NDEA-treated rats significantly improved the body weight as
compared to group 3 animals. The schematic representation of rat liver
of control and experimental animals has shown in Fig. 1.
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3.2. Histopathological changes

The pictorial representation of the different stages of liver was
presented in Fig. 2. Histopathological examinations of the present ex-
amination fundamentally support the results obtained from serum en-
zyme and tumor marker assays are shown in Fig. 2. It demonstrates the
normal architecture (Control) and cells cytoplasm of hepatic cells with
granulated cytoplasm, central vein, small uniform nuclei and nucleolus
(Fig. 2a). Hemolymph treated animals showed normal architecture il-
lustrating the non-toxic nature of hemolymph (Fig. 2b). NDEA alone
(Fig. 2c) showed loss of architecture and tumor cells which were
smaller than normal cells with granular cytoplasm and large hyper
chromatic nuclei, whereas group - 4 animals pretreated with hemo-
lymph showed few neoplastically transformed cells and hepatocytes
maintaining near normal architecture (Fig. 2d).

3.3. Nuclear magnetic resonance (NMR)

The proton NMR spectrum (Fig. 3) of sphingolipid fraction (R5)
exhibited signals at δ 5.36 and 5.35 for the unsaturation and δ4.32,
4.14, 3.96, 3.72, 3.48, 3.26 for methine and methylene protons next to
oxygen/nitrogen. The signal at δ2.02 is due to acetyl methyl and the
long polymethylene chain and the terminal methyl group were evident
from the signals between δ 1–1.6 and δ 0.88 respectively.

13CNMR (Fig. 4) of the samples R-5 is also in agreement for the
presence of carbonyl group (173.3 ppm) as well as unsaturation (cluster
of signals with the most intense signal at 129.9 ppm). The signal at
54.38 ppm was due to methylene next to nitrogen. Methylene adjacent
to oxygen are also present but the intensity is low due to low con-
centration of the components.

3.4. ESI-QTOF MS/MS spectrometry

Fig. 5, shows ESI-MS of hemolymph (R5) of brachyuran crab in the
positive ion mode. It gave the most abundant signal at m/z 228 and 206
corresponding to di- and m/z 206 monosodium salt of phosphocholine
respectively. In addition to this it also showed peaks in the mas range
m/z 700-850. To characterize structure of the compounds, the in-
dividual peaks were subjected to tandem mass spectrometry (MS/MS).
Tandem mass spectrum of disodium salt at m/z 228 (Fig. 6) yielded

fragments which were well in agreement with the structure. The frag-
ment ions are represented in the Fig. 7.

Collision induced dissociation mass spectrum of [M+Na]+ ion of
acetylated sphingomyelin at m/z 810 is shown in Fig. 8 It exhibited base
peak (100%) at m/z 147 due to sodiated fragment derived from phos-
phocholine on elimination of trimetylamine and the signal at m/z 184
due to phosphocholine itself. The signal at m/z 627 corresponded to the
loss of polar choline phosphate head group as a neutral fragment of
183 Da from the sodiated sphingomyelin molecule, while the ion at 605
results from the loss of sodium atom from the fragment at m/z 627. In
addition, the ion observed at m/z 751 results from the loss of [N(CH3)3]
moiety from the choline phosphate head group of the molecule (Fig. 8).

CID-MS of ion at [M+Na]+ at m/z 782 is as shown in Fig. 8. The
polar head group (PHG) of sphingolipid with [M+Na]+ at m/z 782
was deduced to be phosphocholine on the basis of neutral loss of tri-
methyl amine/ PC moiety from the molecule (fragments at m/z 723/
599). The signal at m/z 577 corresponded to the loss of sodium atom
from the fragment at m/z 599. The presence of the most intense signal
at m/z 147 and m/z 86 further confirmed phosphocholine as the PHG.
Based on foregoing fragmentation observed, the identity of SM was
established as N-9-eicosenoyl- sphinganine phosphorylcholine (Fig. 9).
Similarly, sodiated molecular ion [M+Na]+ at m/z 754 is 18 amu less
than the molecular mass of compound which indicated that it was de-
hydrated sphingomyelin (Fig. 8) and it was assigned structure. The
fragmentation observed in tandem mass spectrum of sodiated molecular
ion [M+Na]+ at m/z 754 (Fig. 8) is well in agreement with N-9-ei-
cosenoyl-dehydro-sphinganine phosphocholine, Thus, elimination of
neutral molecule of trimethylamine from the sphingomyeline with so-
diated molecular ion [M+Na]+ at m/z 754 yielded a signal at m/z 695
while cleavage leading to the loss of neutral molecule of phosphocho-
line (183amu) followed by loss of sodium atom gave peaks at m/z 571
and m/z 549 respectively. Signals at m/z 86, 123, and 147 are char-
acteristic of phosphocholine moiety.

4. Discussion

4.1. In vivo anticancer activity

An understanding of how cancer can be prevented is one of the key
intentions of the modern research. Hepato-carcinogenesis is a long-

Table 1
Effect of hemolymph on number, size of nodules and tumor incidence in control and experimental animals.

Control Hemolymph NDEA NDEA+hemolymph

Tumor incidence – – 6/6 2/6
Total number no of nodules – – 104* 52**

Average number of nodules/nodules bearing liver – – 16.09 ± 1.3* 8.27 ± 0.3**

Relative size (% of total numbers)
< 1mm – – 52 (49.2) 30 (54.1)
> 1mm<3 mm – – 32 (30.3) 15(29.7)
> 3mm – – 18 (17.5) 7 (11.1)

*Significantly different from control p < 0.001 ANOVA followed by DMRT.
*Significantly different from group 3 p < 0.001 ANOVA followed by DMRT.

Table 2
Body weight, organ weight, food and water intake in control and experimental rats.

Groups Body weight (g) Food and Water intake Organ weight

Initial Final Food intake (g/100 g bw /day) Water intake (mL/rat/day) Liver

Control 150 ± 20.00 290 ± 18.09 6.3 ± 0.5 11.1 ± 4.5 7.65 ± 0.61
Hemolymph 156 ± 19.50 296 ± 19.80 6.1 ± 0.4 11.9 ± 3.1 7.60 ± 0.63
NDEA 165 ± 16.00* 190 ± 12.00* 2.8 ± 0.2* 5.9 ± 3.2* 11.00 ± 1.01*

NDEA+ Hemolymph 160 ± 17.55** 229 ± 17.03** 5.9 ± 0.3** 10.6 ± 4.1** 8.63 ± 0.69**

* Significantly different from control p < 0.001 ANOVA followed by DMRT.
** Significantly different from group 3 p < 0.001 ANOVA followed by DMRT.
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term, multistage process with the involvement of multiple risk factors
(Linhart et al., 2014). Chemical exposure is one of these important risk
factors causing Hepatocellular carcinoma (HCC), 2-nitropropane (2-NP)
as a hepatocarcinogen was denitrified to nitrite and acetone by liver
microsomes, This metabolic activation was responsible for the

hepatotoxicity of 2-NP due the resulting reactive oxygen species which
led to cellular damage(Abdel-Mawla et al., 2013). In the present study,
mice hepatocellular carcinoma had been induced by NDEA. It showed
variable histopathological changes with respect to the period of ex-
posure.

Fig. 1. Pictographic image of liver (Control image shows normal liver, hemolymph alone treated rats shows similar like control, NDEA treated livers shows tumor
developed liver and NDEA+hemolymph treated liver shows Nearby control liver.).

Fig. 2. Histopathological changes of liver in
control and experimental rats (a) Liver tissue of
the normal group (control) showed hepatic
lobule having normal architecture (40x, HE).
(b) Liver tissue of the hemolymph treated
group showed hepatic lobule having normal
architecture (40x, HE). (c) NDEA alone
showing loss of architecture, mitotic, granular
cytoplasm and neoplastic cells. (d) Few neo-
plastically transformed cells and hepatocytes
maintaining near normal architecture observed
in hemolymph (40×, HE) mice.
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Nitrosamines are known as pre carcinogens capable of inducing
tumors in different animal species and are suspected of being involved
in some human tumors (Trafalis et al., 2010). N-Nitrosodiethylamine
(NDEA), which is present in the environment and in tobacco smoke, and

is also synthesized endogenously (Ali et al., 2014). NDEA is known as
precarcinogen capable of inducing tumors in different animal species
and are suspected of being involved in some human tumors
(Balamurugan and Karthikeyan, 2012). The present findings were

Fig. 3. 1H NMR spectrum in CDCl3 of hemolymph fraction R5 of brachyuran crab.

Fig. 4. 13CNMR spectrum in CDCl3 of hemolymph fraction R5 of brachyuran crab.
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confirming results reported that administration of NDEA to rats resulted
in lipid peroxidation (represented in higher MDA levels) and enhanced
chemiluminescence in liver preneoplastic nodules, indicating the

formation of activated oxygen species (Wu et al., 2010).
Chemical induction of liver carcinogenesis in rats initiated by the

potent hepatocarcinogen NDEA has been considered as one of the most

Fig. 5. ESI-MS profile of hemolymph fraction R-5 of brachyuran crab.

Fig. 6. MS/MS spectrum of disodium salt of phosphocholine at m/z 228.
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accepted and widely used experimental model that closely mimics a
subclass of human HCC to study hepato-carcinogenesis and to allow
screening of potential anti-cancer agents on various phases of neoplastic
disease (Hoshida et al., 2014). It has long been recognized that ex-
posure of rats to certain carcinogens like NDEA causes an elevation of
circulating AFP levels. The up regulation of AFP gene expression in
NDEA in toxicated rats might be due to necrosis of hepatocytes caused
by NDEA. Hepatocyte localization within or outside the liver plate is the
defining factor that regulates the activity of AFP synthesis on a cellular
level (Arul and Subramanian, 2013).

Histopathological examination of liver tissue of HCC group showed
inflammatory cells infiltration and fibroblastic cells proliferation that
divide the cancer and necrosed hepatocytes of the parenchyma into
nodules with hyperchromatic nuclei as well as cellular pleomorphism
and polarity. These remarkable features of hepatocellular carcinoma
are in agreement with the studies of (Piana et al., 2011)Liver tissue
obtained from HCC group treated with NDEA revealed focal areas of
hyperplasia with fibrosis and inflammatory cells infiltration. These re-
sults are partially consistent with the results of (Ahmed et al., 2013)
who demonstrated that the treatment of rats, exposed to thioacetamide,
with low dose of carvacrol shows mild architectural damage, less si-
nusoidal congestion, and less inflammatory cell infiltration. While the
liver sections obtained from rats that received hemolymph only (control
group) showed normal architecture which confirms that hemolymph
did not induce any intracellular morphology of liver cell. This even-
tually shows its nontoxic nature at the given dosage. Conclusively, the
histopathological data reported here suggest that the marine crab D.
dehaani hemolymph has anticancer potential due to its ability to block
the carcinogenic effect of NDEA. Hence to confirm the compounds
present in the hemolymph which is responsible for its anticancer ac-
tivity was further analyzed by the various spectral analyses.

4.2. Characterization of anti-cancer sphingolipids

The present study is carried out to evaluate the purification and
functional characterization of the sphingolipid from the hemolymph of
the sponge crab D. dehaani. Marine invertebrates rely solely on innate
immune mechanisms that include both humoral and cellular responses
(Divya et al., 2018; Gowda et al., 2008; Rekha et al., 2018). In the
current research tandem mass spectrum of disodium salt yielded

fragment which were well in agreement with the structure and the
spectrum also exhibited intense signals for sodiated molecular ions
[M+Na]+ of sphingomyelins (SM) identified as N-2-O-Acetyl-12
pentadecenoyl sphingosine phosphorylcholine (3, m/z 809), N-9-eico-
senoyl- sphinganine phosphocholine (4, m/z 782) and the corre-
sponding dehydro sphingomyelin, N-9-eicosenoyl- dehydro- sphinga-
nine phosphocholine (5, m/z 754) along with the ions at m/z 147, 184
characteristic of phosphocholine (Reis et al., 2004). Sphingolipid me-
tabolism produces second messengers as ceramide, sphingosine and
sphingosine-1-phosphate which have different functions in cell life. For
instance, while ceramide can mediate and induce cell death, sphingo-
sine-1- phosphate results to be a second messenger for cell survival and
proliferation and protection against ceramide mediated apoptosis
(Spiegel and Kolesnick, 2002).

Sphingolipid-based second messengers, including ceramide-1-phos-
phate and glycol-sphingolipids are also in dynamic flux with ceramide.
Thus, pharmacological or molecular manipulations of any of the en-
zymes involved in SL metabolism have been proposed as a tool to in-
crease the sensitivity of tumors to various therapeutic agents (Fox et al.,
2006). We have identified daughter fragments of the sodiated adduct of
acetylated sphingomyelin at m/z 809. In the current study, the tested
hemolymph gave the most abundant signal at m/z 228 corresponding to
the disodium salt of phosphocholine and the ion corresponding to the
monosodium salt of phosphocholine at m/z 206. Fragmentation ob-
served in the CID spectrum is consistent with the structure of N-2-O-
acetyl-12 pentadecenoyl acetyl sphingosine phosphorylcholine reported
as biologically active phospholipid exhibiting PAF-like activity in cya-
nobacteria Scytonemajulianum (Antonopoulou et al., 2002).The frag-
mentation observed in the CID spectrum is consistent with the structure
of N-2-O-acetyl-12 pentadecenoyl acetyl sphingosine phosphorylcho-
line reported as biologically active phospholipid exhibiting PAF-like
activity in cyanobacteria Scytonemajulianum (Antonopoulou et al.,
2002).

In recent years, a variety of natural products from marine samples
have shown a wide spectrum of biological activities and numerous
therapeutic applications including antiviral, antibacterial, and anti-
tumor activities. Cyclic and linear peptides discovered from marine
animals have increased our knowledge about new potent cytotoxic,
antimicrobial, ion channel specific blockers, as well as several other
properties with where novel chemical structures have been associated

Fig. 7. Fragmentation of disodium salt of phosphocholine.
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linked to original mechanisms of pharmacological activity. The present
investigation of the ESI spectrum unveiled intense signals for sodiated
molecular ions [M+Na]+ of sphingomyelins identified as N-2-O-
Acetyl-12 pentadecenoyl sphingosine phosphorylcholine (3, m/z 810),
N-9-eicosenoyl- sphinganine phosphocholine (4, m/z 782). The present
study was supported by the ESI-MS of the metabolic extract of hemo-
lymph of crab H. araneus shows cluster of peaks in the region m/z 445
to m/z 491 due to lysoglycerolipids/glycerides and a cluster of signals
between m/z 216 and 246, due to fatty acids/esters.

In the current study the proton NMR range of the sphingolipid
segment displayed signals at δ 5.36 and 5.35 for the unsaturation and
δ4.32, 4.14, 3.96, 3.72, 3.48, 3.26 for methine and methylene protons
next to oxygen/nitrogen. Similarly the 1HNMR spectrum of the crab H.
araneus was typical of lipids with special reference to fatty acids and
glycerolipids. Clinical use of antimicrobial lipids was suggested many
years ago by several authors who emphasized the relative lack of
toxicity of antimicrobial lipids from natural sources. However, no
pharmaceutical products containing lipids as active compounds have as
yet been approved for clinical use as prophylactic or therapeutic drugs.

In the present examination the PHG of sphingolipid with

[M+Na]+ at m/z 782 was deduced to be phosphocholine on the basis
of neutral loss of trimethyl amine/ PC moiety from the molecule
(fragments at m/z 723/599). In addition, other Sphingolipid metabo-
lismitesbears are potential valuable targets for cancer therapy since
sphingolipids are involved in important cellular functions (Jr, 2011).
The past decade has seen a dramatic increase in the number of antic-
ancer lead compounds from diverse marine life enter human clinical
trials. This has occurred in part during a period of some retrenchment in
the field of natural products in general and may cause some to rethink
the wisdom of prematurely departing from this highly productive
pursuit (Mayer et al., 2010). Nevertheless, it is useful to consider the
evolution of the field of marine natural products drug discovery in this
context as it may help to identify future directions which will be even
more successful.

5. Conclusion

The current investigation tests hemolymph from the marine crab D.
dehaani for anti-cancer effects while the sphingolipids in the hemo-
lymph were characterized using NMR and ESI-MS. A safe and more

Fig. 8. MS/MS of a) N-2O-acetyl-12 pentadecenoyl acetyl sphingosine phosphorylcholine; b) [M+Na]+ion at m/z 782.6 identified as N-9-eicosenoyl- sphinganine
phosphorylcholine; and c) sphingomyelin with [M+Na]+ion at m/z 754.6 identified as N-9-eicosenoyl- dehydro- sphinganine phosphorylcholine.
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effective natural anti-cancer compound is a challenge to the pharma-
cological industries, especially with the increased range of cancer
throughout world, a safe and more effective natural anti-cancer com-
pound would be beneficial. Hence the anti-cancer potential effects of
the brachyuran crab D. dehaani hemolymph reported here suggest that
its potential is remarkable. Further investigation is warranted. We
analyzed the sphingolipid composition of the hemolymph components
of which may play an important role in the anti-cancer activity.
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