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Extrinsic EtnGpl from ascidian viscera showed stronger 
suppression of cell death induced by serum starvation than 
with bovine brain EtnGpl. The EtnGpl from ascidian vis-
cera strongly suppressed the activation of caspase 3. These 
results suggest that PlsEtn, especially that containing EPA 
and DHA, from marine foodstuffs is potentially useful for a 
therapeutic dietary supplement preventing neurodegenera-
tive diseases, such as Alzheimer’s disease (AD).
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Abbreviations
AD	� Alzheimer’s disease
Aβ	� Amyloid-β
DHA	� Docosahexaenoic acid (22:6)
DMEM	� Dulbecco’s modified Eagle’s medium
EPA	� Eicosapentaenoic acid (20:5)
EtnGpl	� Ethanolamine glycerophospholipid
FBS	� Fetal bovine serum
HPLC	� High-performance liquid chromatography
PakEtn	� 1-O-Alkyl-2-acyl-sn-glycero-3-phosphoethanol-

amine
PlsEtn	� 1-O-Alkenyl-2-acyl-sn-glycero-3-phosphoethan-

olamine or ethanolamine plasmalogen
PtdEtn	� 1,2-Diacyl-sn-glycero-3-phosphoethanolamine
PUFA	� Polyunsaturated fatty acids
TLC	� Thin-layer chromatography

Introduction

Ethanolamine glycerophospholipids (EtnGpl) are a major 
class of glycerophospholipids found in biological mem-
branes. Moreover, EtnGpl exist in three forms with alkyl, 

Abstract  Ethanolamine plasmalogen (PlsEtn), which is 
present at high levels in brains, is believed to be involved 
in neuronal protection. The present study was performed 
to search for PlsEtn resources in foodstuffs. The foodstuffs 
examined showed a wide range of PlsEtn contents from 
5 to 549  μmol/100  g wet wt. The marine invertebrates, 
blue mussel, and ascidian had high PlsEtn contents (over 
200 μmol/100  g wet wt). Profiling of the molecular spe-
cies showed that the predominant fatty acids of PlsEtn 
species were 20:5 (EPA) and 22:6 (DHA) at the sn-2 posi-
tion of the glycerol moiety in marine foodstuffs, whereas 
major PlsEtn species in land foodstuffs were 20:4. Fol-
lowing quantitative analysis by multiple reaction monitor-
ing, the ascidian viscera were shown to contain the highest 
levels of 18:0/20:5-PlsEtn and 18:0/22:6-PlsEtn (86 and 
68  μmol/100  g wet wt, respectively). In order to evalu-
ate a neuronal antiapoptotic effect of these PlsEtn species, 
human neuroblastoma SH-SY5Y cells were treated with 
ethanolamine glycerophospholipid (EtnGpl), purified from 
the ascidian viscera, under serum starvation conditions. 
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alkenyl, or acyl linkages at the sn-1 position of the glycerol 
moiety (1-O-alkyl-2-acyl-sn-glycero-3-phosphoethanola-
mine, PakEtn; 1-O-alkenyl-2-acyl-sn-glycero-3-phosphoe-
thanolamine, PlsEtn; and 1,2-diacyl-sn-glycero-3-phos-
phoethanolamine, PtdEtn, respectively). The alkenylacyl 
form is called plasmalogen [1]. The aliphatic moiety at 
the sn-1 position consists of C16:0, C18:0, or C18:1 car-
bon chains, whereas the sn-2 position mainly consists of 
polyunsaturated fatty acids (PUFA). PUFA released from 
PlsEtn can be metabolized to eicosanoids and docosa-
noids, showing various bioactivities [2, 3]. While PlsEtn is 
restricted in most tissues and cells of animals [4], the nerv-
ous system has high PlsEtn contents. Owing to its propen-
sity for hexagonal phase formation, PlsEtn is involved in 
membrane fusion, which occurs during synaptic transmis-
sion [5]. PlsEtn can also protect neuronal cells by scaveng-
ing reactive oxygen species such as singlet oxygen (1O2) 
and superoxide (O2

−) at its alkenyl (vinyl ether) linkages 
[6–8].

Alzheimer’s disease (AD) presents with brain atro-
phy caused by neuronal loss as a prominent pathologi-
cal feature. This neuronal loss in AD was shown to occur 
through apoptosis [9–11]. Therefore, suppression of neu-
ronal apoptosis is an essential part of AD treatment. On the 
other hand, PlsEtn levels were reported to be specifically 
decreased in postmortem brains from patients with AD 
[12–14]. In our previous study, we showed that PlsEtn from 
bovine brain suppresses neuronal cell death [15]. Moreo-
ver, PlsEtn with 22:6 (DHA) showed the strongest suppres-
sion of neuronal apoptosis [16]. These observations sug-
gest that PlsEtn is involved in neurodegenerative diseases, 
such as AD, and extrinsic PlsEtn, especially that containing 
DHA, may prevent the pathogenesis and progression of AD 
via suppression of neuronal apoptosis.

Although bovine brain had mainly been used as a source 
of PlsEtn, its use became difficult with the outbreaks of 
bovine spongiform encephalopathy. On the other hand, 
most EtnGpl exists as PlsEtn in some marine invertebrates 
[17]. Furthermore, PlsEtn from marine invertebrates are 

expected to effectively suppress neuronal apoptosis because 
they are abundant in DHA [18].

The present study was performed to search for PlsEtn 
resources, especially containing DHA, in foodstuffs and to 
confirm their neuroprotective effects.

Materials and methods

Materials

The materials used were prepared from the sources shown: 
foodstuffs examined (Table  1) were purchased from local 
supermarkets in Sendai, Japan. The muscles of cattle, 
pig, and chicken were leg parts (round, ham, and thigh, 
respectively); 18:0/22:6-PlsEtn, 18:0/20:4-PlsEtn, and 
18:0/18:1-PlsEtn were purchased from Avanti Polar Lipids 
(Alabaster, AL); fetal bovine serum (FBS) was purchased 
from Biowest (Nuaillé, France); EtnGpl (90 % PlsEtn) from 
bovine brain was purchased from Doosan Serdary Research 
Laboratories (Toronto, ON, Canada); SH-SY5Y (human 
neuroblastoma-derived cells) was purchased from Ds Parma 
Biomedical Co., Ltd. (Osaka, Japan); Dulbecco’s modified 
Eagle’s medium (DMEM), Ham’s F12 medium, and l-glu-
tamine were purchased from Nissui (Tokyo, Japan); penicil-
lin–streptomycin and trypsin–EDTA were purchased from 
Gibco (Grand Island, NY); cell counting kits were pur-
chased from Dojindo (Kumamoto, Japan); caspase colori-
metric protease assay kits were purchased from MBL Co., 
Ltd. (Nagoya, Japan); 18:0/20:5-PlsEtn was purified accord-
ing to the methods reported previously [18].

Lipid Extraction and Assay

Samples were weighed immediately after purchasing 
and stored at −80  °C. Samples frozen were freeze-dried, 
weighted, crushed, and kept at a temperature below −30 °C 
for further processing. The total lipids were prepared 
according to the method of Folch et al. [19]. Phospholipid 

Table 1   Taxonomic 
classification of the foodstuffs 
examined

Kingdom Phylum Class Scientific name Common name

Chromalveolata Heterokontophyta Phaeophyoeae Laminariaceae Bory Brown algae

Animalia Mollusca Bivalvia Mytilus galloprovincialis Blue mussel

 Patinopecten yessoensis Scallop

Cephalopoda Todarodes pacificus Cuttlefish

Protochordata Ascidiacea Halocynthia roretzi Ascidian

Chordata Actinopterygii Oncorhynchus kisutsh Salmon

Seriola quinqueradiata Amberjack

Mammalia Bos taurus Cattle

Sus scrofa domesticus Pig

Aves Gallus gallus domesticus Chicken
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content was determined according to the method described 
by Rouser et al. [20]. EtnGpl content was analyzed by high-
performance liquid chromatography (HPLC) with evapo-
rative light-scattering detection (ELSD) [21]. PlsEtn con-
tent was analyzed by two-dimensional reaction thin-layer 
chromatography (TLC) [22]. Following color formation by 
ninhydrin, EtnGpl and lyso-EtnGpl on TLC were analyzed 
using Scion Image Beta 4.0.4 for Windows (Scion Corp.).

MS/MS Analysis

Lipid extracts from foodstuffs were pretreated with Sep-Pak 
Plus silica cartridges (Waters, Milford, MA). Following con-
ditioning of the cartridge with 20 mL of chloroform, 1 mg 
of extract as total lipid was loaded onto the cartridge with 
the following solvent systems: 12 mL of chloroform, 6 mL 
of chloroform–methanol (85:15, v/v), and 12 mL of chloro-
form–methanol (1:1, v/v). The final fraction was analyzed 
by HPLC with a 4000 QTRAP quadrupole/linear ion-trap 
tandem mass spectrometer (AB Sciex) [18]. EtnGpl species 
were analyzed using a silica column (Inertsil SIL-100A, 
2.1 × 100 mm, ϕ 3 μm; GL Sciences, Tokyo, Japan) with 
a binary gradient consisting of solvent A [acetonitrile–meth-
anol–1  M aqueous ammonium formate (pH 6.0) (78:20:2, 
by vol)] and solvent B [acetonitrile–methanol–1 M aqueous 
ammonium formate (pH 6.0) (49:49:2, by vol)]. The gradi-
ent profile was as follows: 0–1.0 min, 70 % B; 1.0–1.1 min, 
70–100  % B linear gradient; 1.1–5.5  min, 100  % B. The 
flow rate was 0.2 mL/min, and the column temperature was 
40  °C. Electrospray ionization was performed in negative 
and positive ion modes. The negative ion mode was used 
as an ion source with collision energy of −50 eV, transition 
dwell time of 100 ms, turbo gas temperature of 600 °C, and 
a spray voltage of −4500 V. Nitrogen pressure values for 
turbo, nebulizer, and curtain gases were set at 40, 70, and 
40 pounds per square inch, respectively. Negative ion spec-
tra were collected in the m/z range of 100–900. The positive 
ion mode was used as an ion source with collision energy of 
20 eV and a spray voltage of 4800 V. The other conditions 
conformed to the negative ion mode.

Precursor ion scanning was performed for profiling 
EtnGpl molecular species. In negative mode, EtnGpl gener-
ated a fragment of 196 Da, with two carbon chains and one 
H2O removed from EtnGpl, and a fragment from fatty acid 
at the sn-2 position (e.g., 281, 303, 301, and 327  Da are 
18:1, 20:4, 20:5, and 22:6, respectively). Moreover, precur-
sor ion scanning in positive ion mode was used to identify 
PlsEtn species. PlsEtn at sn-1 with 16:0, 18:0, 18:1, and 
20:1 were detected by scanning parent ions that yielded 
fragment ions of 364, 392, 390, and 418 Da,  respectively.

To quantify PlsEtn species, multiple reaction monitor-
ing of the transition of parent ions to product ions was per-
formed. Quantification of PlsEtn species in foodstuffs was 

performed for four molecular species (18:0/18:1-PlsEtn, 
18:0/20:4-PlsEtn, 18:0/20:5-PlsEtn, and 18:0/22:6-PlsEtn).

Purification of EtnGpl from Ascidian Viscera

PlsEtn was prepared by a modification of our previ-
ous method [18]. Briefly, neutral lipid was removed from 
freeze-dried ascidian viscera with acetone. After the residue 
was prepared according to the method described by Folch 
et al. [19], neutral lipid and sphingolipid were removed 
with acetone and diethyl ether. The crude glycerophospho-
lipid was subjected to silica gel column chromatography 
with the following solvent systems: chloroform–methanol 
(95:5, v/v), chloroform–methanol (4:1, v/v), and chloro-
form–methanol (3:2, v/v). Subsequently, EtnGpl fraction 
was subjected to silica gel column chromatography twice 
with the following solvent systems: chloroform–metha-
nol–30 % ammonium hydroxide (70:24:3, by vol), chloro-
form–methanol–30  % ammonium hydroxide (65:25:3, by 
vol), and chloroform–methanol–30 % ammonium hydrox-
ide (65:25:3.5, by vol).

Cell Culture

Cells were cultured in DMEM and F12 mixture supple-
mented with 15  % heat-inactivated FBS, 1  % penicillin–
streptomycin, 2 mM l-glutamine, and 1 % sodium bicarbo-
nate. Cells were kept in a 5 % CO2 incubator under humid 
conditions at 37 °C. Cells were passaged at 2.0 × 105 cells/
mL before reaching 50 % confluence. In the experiments, 
after incubation to confluence, cells were cultured in 
medium without FBS. EtnGpl was dissolved in ethanol to 
prepare a stock solution of 100 mM and diluted by adding 
medium without FBS at the time of use (final ethanol con-
centration, 0.1 %).

Cell Proliferation Assays

Cell viability was measured using a colorimetric assay 
for 96-well plates with a cell counting kit, containing 
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
2H-tetrazolium monosodium salt (water-soluble tetra-
zolium salt) reagent [23]. Cell viability was measured 
at 450 nm (reference 655 nm) in a model 550 microplate 
reader (Bio-Rad Laboratories, Hercules, CA).

Caspase Activity Assay

Caspase activities were measured using caspase colori-
metric protease assay kits [24, 25]. The proteins contain-
ing caspases were extracted in cell lysis buffer (25  mM 
HEPES, 2.5  mM EDTA, 0.25  M sucrose, 0.05  % SDS, 
0.5 mM DTT, 0.2 mM PMSF, 0.1 μM aprotinin, 0.1 μM 
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pepstatin  A, phosphatase inhibitor cocktail). Cell lysates 
were centrifuged at 10,000×g for 5  min at 4  °C. The 
supernatant was incubated with each caspase substrate and 
measured at 405 nm.

Statistical Analysis

The data are expressed as mean ± SD and were tested by 
one-way ANOVA, followed by Scheffe’s F test. Differ-
ences were considered significant at P < 0.05.

Results

Lipid Contents in Foodstuffs

The lipid contents of foodstuffs are indicated at Table  2. 
The total lipid contents were 0.5–19.8 % (wet wt). In par-
ticular, the viscera of cuttlefish and scallop had high lipid 
contents. On the other hand, the parts of brown algae had 
low lipid contents as a result of the high moisture content. 
The phospholipid levels of total lipid were very high in blue 
mussel and cuttlefish muscle. In the sporophyll of brown 
algae and the viscera of invertebrates examined, total lipid 
consisted mostly of non-phospholipid.

EtnGpl Contents in Foodstuffs

As shown in Table  3, EtnGpl contents of phospholipid 
were as follows:  at least 30  mol% in the parts of ascid-
ian; 20–30  mol% in blue mussel, amberjack muscle, and 

muscle +  mantle of scallop. Blue mussel also contained 
very high levels of EtnGpl per wet wt. PlsEtn contents of 
phospholipid were as follows: greater than 20 mol% in blue 
mussel and the parts of ascidian; 10–20 mol% in cattle and 
chicken muscle. The ratios of PlsEtn to EtnGpl (as mol%) 
were very high in blue mussel, the parts of ascidian, and 
cattle muscle. In contrast, PlsEtn levels were low in fishes 
and the parts of cuttlefish.

EtnGpl Species Profile in Foodstuffs

Precursor ion scanning of EtnGpl species in foodstuffs is 
shown in Figs. 1 and 2. The respective peaks were speci-
fied by precursor ion scanning relevant to alkenyl and acyl 
chains. Minor fatty acids were confirmed by analyzing the 
product ions (Fig. 3).

In blue mussel, EtnGpl species consisted mostly 
of PlsEtn. The prominent species were 38:5-PlsEtn 
(18:0/20:5-PlsEtn and 18:1/20:4-PlsEtn) and 38:2-PlsEtn 
(18:0/20:2-PlsEtn). The fatty acid at sn-2 was composed of 
18:1, 20:1, 20:2, 20:3, 20:4, 20:5, 22:2, and 22:6.

In the muscle  +  mantle of scallop, the predominant 
EtnGpl species were 38:5-PlsEtn (18:0/20:5-PlsEtn and 
18:1/20:4-PlsEtn) and 40:6-PlsEtn (18:0/22:6-PlsEtn). The 
prominent PtdEtn was 36:5-PtdEtn (16:0/20:5-PtdEtn and 
16:1/20:4-PtdEtn). The fatty acid at sn-2 was composed of 
20:4, 20:5, 22:2, and 22:6. In scallop viscera, the predomi-
nant EtnGpl species were 38:5-PlsEtn (18:0/20:5-PlsEtn 
and 18:1/20:4-PlsEtn) and 40:6-PlsEtn (18:0/22:6-PlsEtn 
and 20:1/20:5-PlsEtn) (Fig. 1a). The component fatty acids 
at sn-2 were the same as in the muscle + mantle.

Table 2   Lipid contents in the 
foodstuffs examined

Values are means ± standard deviation (n = 3–5). Non-phospholipids were determined as follows: (total 
lipids − phospholipids)

Part Total lipids Phospholipids Non-phospholipids

Wet wt% Dry wt% Wet wt% Dry wt% Wet wt% Dry wt%

Brown algae Sporophyll 0.5 ± 0.0 9.1 ± 0.3 0.0 ± 0.0 0.8 ± 0.1 0.5 8.3

Leaf 1.1 ± 0.1 2.8 ± 0.2 0.2 ± 0.0 0.6 ± 0.1 0.9 2.2

Caulome 0.5 ± 0.0 1.5 ± 0.1 0.3 ± 0.0 0.8 ± 0.0 0.3 0.8

Blue mussel Muscle 4.6 ± 0.1 14.3 ± 0.2 2.0 ± 0.1 6.4 ± 0.3 2.5 7.8

Scallop Muscle + mantle 0.7 ± 0.0 4.0 ± 0.0 0.5 ± 0.0 2.8 ± 0.2 0.2 1.2

Viscera 11.5 ± 0.2 49.8 ± 0.8 0.5 ± 0.0 2.3 ± 0.1 10.9 47.5

Cuttlefish Muscle 1.8 ± 0.1 9.3 ± 0.4 1.4 ± 0.1 7.4 ± 0.5 0.4 1.9

Viscera 19.8 ± 0.2 50.7 ± 0.6 0.5 ± 0.0 1.2 ± 0.1 19.3 49.5

Ascidian Muscle 2.1 ± 0.1 10.3 ± 0.5 0.7 ± 0.0 3.6 ± 0.2 1.4 6.8

Viscera 4.1 ± 0.0 20.7 ± 0.1 0.6 ± 0.0 3.1 ± 0.1 3.5 17.6

Salmon Muscle 3.8 ± 1.2 11.3 ± 3.5 0.9 ± 0.3 2.5 ± 0.8 3.0 8.8

Amberjack Muscle 1.4 ± 0.3 4.8 ± 1.1 0.8 ± 0.0 2.7 ± 0.1 0.6 2.1

Cattle Leg muscle 4.7 ± 0.5 15.2 ± 1.5 1.1 ± 0.2 3.5 ± 0.6 3.6 11.7

Pig Leg muscle 13.0 ± 0.5 38.3 ± 1.4 1.6 ± 0.3 4.7 ± 0.9 11.4 33.6

Chicken Leg muscle 4.8 ± 0.4 16.1 ± 1.4 1.2 ± 0.1 4.0 ± 0.3 3.6 12.1
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In cuttlefish muscle, PtdEtn species accounted for more 
than half of the EtnGpl species (Fig.  1b). The prominent 
EtnGpl species were 36:5-PtdEtn (16:0/20:5-PtdEtn), 
38:6-PtdEtn (18:1/20:5-PtdEtn), 38:5-PtdEtn 
(18:0/20:5-PtdEtn), and 40:6-PtdEtn (18:0/22:6-PtdEtn 
and 20:1/20:5-PtdEtn). In cuttlefish viscera, the predomi-
nant EtnGpl species were 38:5-PtdEtn (18:0/20:5-PtdEtn), 
38:6-PtdEtn (18:1/20:5-PtdEtn), and 38:6-PlsEtn 
(16:0/22:6-PlsEtn and 18:1/22:5-PlsEtn). In the muscle and 
viscera, the component fatty acids at sn-2 were 20:4, 20:5, 
and 22:6. The predominant fatty acid at sn-2 was 20:5.

In ascidian muscle, the predominant EtnGpl spe-
cies was 38:5-PlsEtn (18:0/20:5-PlsEtn). In ascidian vis-
cera, the predominant EtnGpl species was 38:5-PlsEtn 
(18:0/20:5-PlsEtn), and 40:6-PlsEtn (18:0/22:6-PlsEtn). In 
the muscle and viscera, the predominant fatty acids were 
20:5 and 22:6. The fatty acid 17:1 was found only in the 
viscera.

In salmon muscle, the predominant EtnGpl species 
were 38:6-PtdEtn (16:0/22:6-PtdEtn) and 38:6-PlsEtn 
(16:0/22:6-PlsEtn) (Fig.  1c). Typically the alkenylacyl 
chains at sn-1 were not  18:0. The predominant fatty acid at 
sn-2 was 22:6.

In amberjack muscle, 40:6-PtdEtn (18:0/22:6-PtdEtn) 
accounted for most of the EtnGpl species.

In cattle muscle, EtnGpl species consisted mostly of 
PlsEtn. The most prominent species was 38:4-PlsEtn 
(18:0/20:4-PlsEtn and 18:1/20:3-PlsEtn) (Fig. 2a). The fatty 
acid at sn-2 was composed of 18:2, 20:3, 20:4, and 22:5.

In pig muscle, the predominant species were 38:4-PlsEtn 
(18:0/20:4-PlsEtn) and 36:4-PlsEtn (16:0/20:4-PlsEtn) 
(Fig.  2b). The fatty acid at sn-2 was composed of 18:2, 
20:3, 20:4, and 22:5.

In chicken muscle, the predominant species were 
38:4-PtdEtn (18:0/20:4-PtdEtn) and 38:4-PlsEtn 
(16:0/22:4-PlsEtn and 18:0/20:4-PlsEtn) (Fig.  2c). The 
fatty acid at sn-2 was composed of 18:1, 18:2, 20:4, 22:4, 
and 22:5.

Quantification of PlsEtn Species in Foodstuffs

The quantification of PlsEtn species in foodstuffs was 
performed for four molecular species (18:0/18:1-PlsEtn, 
18:0/20:4-PlsEtn, 18:0/20:5-PlsEtn, and 18:0/22:6-PlsEtn) 
(Table  4). Of the foodstuffs examined, ascidian vis-
cera contained the highest levels of 18:0/20:5-PlsEtn and 
18:0/22:6-PlsEtn in EtnGpl. Ascidian viscera also con-
tained the highest levels of these species per wet weight. 
Blue mussel contained high levels of 18:0/20:5-PlsEtn per 
wet weight, compared with the ascidian viscera. Cattle and 
pig muscle contained high levels of 18:0/20:4-PlsEtn in 
EtnGpl. Blue mussel and cattle muscle contained high lev-
els of 18:0/20:4-PlsEtn per wet weight.

Purification of EtnGpl from Ascidian Viscera

The EtnGpl fraction from ascidian viscera contained 
80  % EtnGpl (64.2  % as PlsEtn). The prominent fatty 

Table 3   Amounts of EtnGpl and PlsEtn in the foodstuffs examined

Values are means ±  standard deviation (n =  5). 769 was used as average molecular weight of EtnGpl and PlsEtn. Trace indicates less than 
0.05 mol%

EtnGpl ethanolamine glycerophospholipid, PlsEtn ethanolamine plasmalogen

Part EtnGpl PlsEtn PlsEtn to EtnGpl mol% 
ratio

Phospholpid mol% μmol/100 g wet wt Phospholpid mol% μmol/100 g wet wt

Brown algae Sporophyll Trace – –

Leaf Trace – –

Caulome Trace – –

Blue mussel Muscle 24.4 ± 2.5 645 ± 67 20.8 ± 2.2 549 ± 58 85.2

Scallop Muscle + mantle 22.3 ± 4.0 137 ± 24 9.0 ± 1.4 55 ± 9 40.3

Viscera 12.3 ± 3.1 84 ± 21 7.4 ± 1.8 51 ± 12 60.7

Cuttlefish Muscle 18.5 ± 1.9 336 ± 35 3.7 ± 0.4 67 ± 7 19.9

Viscera 3.4 ± 0.8 20 ± 5 0.8 ± 0.0 5 ± 0 25.0

Ascidian Muscle 30.0 ± 3.1 278 ± 29 24.4 ± 2.5 226 ± 23 81.3

Viscera 33.2 ± 0.3 265 ± 3 27.0 ± 2.6 216 ± 21 81.4

Salmon Muscle 13.7 ± 2.0 150 ± 22 2.4 ± 0.4 27 ± 4 17.6

Amberjack Muscle 25.8 ± 1.9 260 ± 19 6.3 ± 0.4 64 ± 4 24.6

Cattle Leg muscle 12.4 ± 2.0 168 ± 27 10.9 ± 1.7 148 ± 23 88.4

Pig Leg muscle 4.1 ± 2.8 77 ± 52 2.8 ± 1.9 52 ± 36 68.4

Chicken Leg muscle 18.9 ± 8.3 332 ± 146 10.1 ± 4.5 177 ± 80 53.3
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acids were 20:5 (33.2  mol%), 22:6 (27.4  mol%), 18:0 
(13.1  mol%), 18:1 (11.2  mol%), and 20:4 (6.1  mol%). 
The aldehyde from alkenyl chains at the sn-1 position 
consisted of 18:0 (89.3 mol%), 16:0 (5.4 mol%), and 18:1 
(5.0 mol%). On the other hand, EtnGpl from bovine brain 

contained 90 % PlsEtn. The predominant fatty acids were 
18:1 (35.1  mol%), 22:5 (17.3  mol%), 18:0 (15.8  mol%), 
22:6 (11.9  mol%), and 20:4 (9.9  mol%). The aldehyde 
from alkenyl chains consisted of 18:0 (45.7  mol%), 16:0 
(28.8 mol%), and 18:1 (25.5 mol%) [16].

Fig. 1   Precursor ion scanning 
of EtnGpl species in the marine 
foodstuffs examined: a scallop 
viscera, b cuttlefish muscle, c 
salmon muscle. Spectra were 
obtained by precursor ion scan-
ning for m/z 196 in negative 
ion mode. 16:0, 18:0, 18:1, 
and 20:1 at the sn-1 position 
of PlsEtn were determined 
by precursor ion scanning for 
m/z 364, 392, 390, and 418 in 
positive ion mode, respectively. 
Fatty acids at the sn-2 position 
of EtnGpl were determined by 
precursor ion scanning for m/z 
of each fatty acid in negative 
ion mode. p at sn-1 position 
and bold characters in spectra 
refer to PlsEtn, whereas d and 
standard characters refer to 
PtdEtn. EtnGpl ethanolamine 
glycerophospholipid, PlsEtn 
ethanolamine plasmalogen, 
PtdEtn phosphatidylethanola-
mine
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Effects of EtnGpl from Ascidian Viscera on Suppression 
of Neuronal Death

To clarify the potential utility of EtnGpl from ascidian vis-
cera, which is rich in 18:0/22:6-PlsEtn, its effects on cell 
viability and caspase activity were examined. In compari-
son to bovine brain EtnGpl, which was used in previous 

studies [26–28], EtnGpl from ascidian viscera attenuated 
the reduction in viability of SH-SY5Y cells induced by 
serum starvation (Fig. 4). The extrinsic EtnGpl suppressed 
the increase in caspase activity (i.e., 3, 8, and 9). For cas-
pases  3 and 9, extrinsic EtnGpl from ascidian viscera 
showed stronger suppression compared to EtnGpl from 
bovine brain.

Fig. 2   Precursor ion scanning 
of EtnGpl species in the land 
foodstuffs examined: a cattle 
muscle, b pig muscle, c chicken 
muscle. Spectra were obtained 
by precursor ion scanning for 
m/z 196 in negative ion mode. 
p at sn-1 position and bold 
characters in spectra refer 
PlsEtn, whereas d and standard 
characters refer PtdEtn. EtnGpl 
ethanolamine glycerophos-
pholipid, PlsEtn ethanolamine 
plasmalogen, PtdEtn phosphati-
dylethanolamine
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Discussion

This study was performed to search for PlsEtn resources, 
especially containing DHA, in foodstuffs, and con-
firmed the neuronal antiapoptotic effects by PlsEtn from 
foodstuffs.

Of the foodstuffs examined, ascidian, blue mussel, 
and cattle contained high levels of PlsEtn (greater than 
80 mol% of EtnGpl). Kraffe et al. reported that PlsEtn in 
some bivalves accounted for 75.8–85.0  mol% of EtnGpl 
[29]. We also previously reported that ascidian and bivalves 
except scallop contained high levels of PlsEtn (greater than 
80 mol% of EtnGpl) by a method using phospholipase C 
[17]. Thus, PlsEtn levels of ascidian and blue mussel exam-
ined in this study were nearly the same as those reported 
previously. Scott et al. reported that 65  mol% of EtnGpl 
was PlsEtn in skeletal muscles of ruminants, including cat-
tle [30]. Although the PlsEtn level of cattle muscle exam-
ined in this study was higher than that reported previously, 
the difference was thought to be due to the part of muscle 
and aging: the previous study analyzed longissimus dorsi 
muscles immediately after slaughter, whereas we used leg 

muscle after aging for eating. Figure 2a also shows that the 
cattle muscle examined in this study contained high levels 
of PlsEtn.

The muscles of salmon and amberjack had low levels of 
PlsEtn (17.6 and 24.6 mol% of EtnGpl, respectively). Pre-
vious studies in fishes indicated that PlsEtn levels of the 
muscles of bonito and tuna species were 17.5–32.3 mol% 
[31] and 38.9–62.1  mol% [32] of EtnGpl, respectively. 
Therefore, not all fishes contain low levels of PlsEtn.

Comprehensive analysis using LC–MS/MS clarified 
the profiling of EtnGpl species in foodstuffs. Figures  1 
and 2 show EtnGpl species detected by precursor ion 
scanning of 196  Da in negative ion mode. Although 
neutral loss scanning of 141  Da in positive ion mode 
can also be used to profile EtnGpl species, the intensi-
ties of PtdEtn differ from those of PlsEtn [33]. It was 
reported that spectra obtained by precursor ion scan-
ning of 196  Da reflected the composition of PlsEtn and 
fatty acid, relatively [18]. PlsEtn containing DHA was 
detected as 18:0/22:6-PlsEtn, 16:0/22:6-PlsEtn, and 
18:1/22:6-PlsEtn. The predominant fatty acids of PlsEtn 
species were EPA and DHA at the sn-2 position of the 

Fig. 3   Product ion scanning of PlsEtn species in the foodstuffs 
examined. Minor fatty acids at the sn-2 position of PlsEtn were con-
firmed by product ion scanning in negative ion mode. a Product ion 

of m/z 714.7 in ascidian viscera. b–d are product ions of m/z 750.8, 
754.8, and 782.6 in blue mussel, respectively. PlsEtn ethanolamine 
plasmalogen
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glycerol moiety in marine foodstuffs, whereas the PlsEtn 
species in land foodstuffs were 20:4. Moreover, land 
foodstuffs were characterized by the presence of PlsEtn 
containing 22:5, and marine foodstuffs had PlsEtn con-
taining minor fatty acids as 17:1, 20:2, 20:3, and 22:2. 
In previous studies, it was also reported that PlsEtn from 
chicken skin, sheep muscle, and cattle muscle contain 
20:4 (47.6, 27.1, and 19.9  mol%, respectively) as the 
main fatty acid and have 22:5 [30, 34]. On the other hand, 
PlsEtn from ascidian muscle, the viscera, and different 
bivalves contain a large amount of EPA (64.5, 51.7, and 
12.8–36.7 mol%, respectively) and DHA (14.1, 18.1, and 
4.7–26.9 mol%, respectively) and have minor fatty acids 
as described above [35, 36]. It is thought that the lipids of 
marine animals contain EPA, DHA, and minor fatty acids 
because the animals’ diets consist of marine bacteria and 
algae which synthesize their fatty acids [37].

On quantitative analysis, the ascidian viscera were 
found to contain the highest levels of 18:0/20:5-PlsEtn and 
18:0/22:6-PlsEtn in the foodstuffs examined. Although 
16:0/22:6-PlsEtn and 18:1/22:6-PlsEtn were not quantified 
because no standards were available, these species were 
thought to be present at low levels in foodstuffs on the basis 
of the results of precursor ion scanning.

In this study, extrinsic EtnGpl from ascidian viscera sup-
pressed the neuronal cell death compared with EtnGpl from 
bovine brain. The extrinsic EtnGpl suppressed activities of 
caspase family members, and EtnGpl from ascidian vis-
cera strongly suppressed caspases 3 and 9. Caspases 9 and 

8 are known to be associated with the mitochondrial path-
way [38] and death receptor pathway [39], respectively. 
Caspase 3 induces apoptosis as the effector of these path-
ways. Therefore, the antiapoptotic effects of EtnGpl from 
ascidian viscera were thought to be largely dependent on 
suppression of the mitochondrial pathway. It was reported 
that the levels of mitochondrial pathway-associated pro-
tein (i.e., P53 and cytochrome c) expression in neuroblas-
toma Neuro2A cells were increased by serum starvation, 
and these increased expression levels were suppressed by 
extrinsic EtnGpl from bovine brain and chicken skin [16, 
40]. On the other hand, although death receptor pathway-
associated protein (i.e., activated ASK  1) expression was 
not increased by serum starvation, the expression was sup-
pressed by extrinsic EtnGpl from bovine brain. Hence, 
regardless of the resource of PlsEtn, PlsEtn can suppress 
neuronal apoptosis via the mitochondrial pathway. Moreo-
ver, PlsEtn may also prevent AD progression by suppres-
sion of apoptosis via the death receptor pathway because 
tumor necrosis factor as the ligand is closely related to the 
injury in AD brain [41].

Our previous study indicated that the antiapoptotic 
effect of PlsEtn containing DHA was stronger than that 
of other PlsEtn species, and other phospholipids contain-
ing DHA did not show the effect [16]. In the present study, 
18:0/22:6-PlsEtn in EtnGpl from bovine brain and ascid-
ian viscera accounted for 10.3 and 25.5  mol% of EtnGpl 
(11.9, and 29.4  mol% DHA of fatty acids), respectively. 
Although 50 μM EtnGpl from bovine brain and 25 μM 

Table 4   Comparison of amounts of PlsEtn species in the foodstuffs examined

Values are means ± standard deviation (n = 5). EtnGpl was analyzed by HPLC-ELSD after solid-phase extraction and 769 was used as average 
molecular weight. Trace indicates less than 0.05 mol%

EtnGpl ethanolamine glycerophospholipid, PlsEtn ethanolamine plasmalogen

Part 18.0/18:1-PlsEtn 18:0/20:4-PlsEtn 18:0/20:5-PlsEtn 18:0/22:6-PlsEtn

EtnGpl 
mol%

μmol/100 g 
wet wt

EtnGpl 
mol%

μmol/100 g 
wet wt

EtnGpl 
mol%

μmol/100 g 
wet wt

EtnGpl 
mol%

μmol/100 g 
wet wt

Blue mussel Muscle 1.1 ± 0.1 7.1 ± 0.9 3.7 ± 0.4 23.6 ± 2.7 12.6 ± 1.3 81.3 ± 8.5 3.9 ± 0.6 25.5 ± 4.2

Scallop Mus-
cle + man-
tle

Trace Trace 0.5 ± 0.2 0.7 ± 0.2 Trace

Viscera Trace 3.2 ± 0.4 2.7 ± 0.4 9.5 ± 0.1 8.0 ± 0.1 5.6 ± 0.7 4.7 ± 0.6

Cuttlefish Muscle Trace 0.5 ± 0.0 1.7 ± 0.0 2.3 ± 0.3 7.8 ± 1.0 2.9 ± 0.3 9.8 ± 1.1

Viscera Trace Trace Trace Trace

Ascidian Muscle 1.2 ± 0.2 3.5 ± 0.6 1.7 ± 0.2 4.9 ± 0.5 16.0 ± 1.3 44.6 ± 3.5 7.2 ± 0.6 19.9 ± 1.6

Viscera 5.2 ± 0.4 13.7 ± 1.2 5.9 ± 0.5 15.5 ± 1.4 32.5 ± 3.3 86.3 ± 8.7 25.5 ± 2.5 67.7 ± 6.7

Salmon Muscle Trace Trace Trace 0.9 ± 0.0 1.3 ± 0.0

Amberjack Muscle Trace Trace Trace 1.0 ± 0.2 2.5 ± 0.5

Cattle Leg muscle 1.4 ± 0.4 2.4 ± 0.7 12.3 ± 1.7 21.3 ± 2.9 0.4 ± 0.0 0.7 ± 0.0 0.3 ± 0.0 0.6 ± 0.0

Pig Leg muscle 1.3 ± 0.5 1.1 ± 0.4 15.9 ± 1.2 13.4 ± 1.0 0.1 ± 0.0 0.1 ± 0.0 0.8 ± 0.0 0.6 ± 0.0

Chicken Leg muscle 1.0 ± 0.0 2.8 ± 0.1 4.0 ± 0.3 11.8 ± 0.9 Trace 1.4 ± 0.3 4.2 ± 0.8
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EtnGpl from ascidian viscera had nearly the same level of 
18:0/22:6-PlsEtn, the latter showed stronger suppressive 
effects on neuronal apoptosis. Therefore, the antiapop-
totic effects may also be related to PlsEtn containing EPA, 
which was abundant in ascidian viscera.

Although dietary PlsEtn have a low absorption factor 
[42], PlsEtn levels in the blood and liver could be markedly 
increased by ingestion of PlsEtn over a fixed term [28]. It 
is not clear whether PlsEtn administration could increase 
PlsEtn levels in the brain. On the other hand, amyloid-β 
(Aβ) is deposited in the form of plaques in patients with 
AD, inducing oxidative injury in the brain and progressing 
AD pathologies [43, 44]. Recently, it was reported that Aβ 
production in the liver has a connection with Aβ accumula-
tion in the brain [45, 46]. PlsEtn administration suppressed 
Aβ accumulation in the brain induced by intraperitoneal 
injection of lipopolysaccharide [47]. Moreover, the level of 
PlsEtn with DHA decreases in the blood of patients with 
AD and has a negative correlation with plasma Aβ level 

[48]. It is also reported that PlsEtn suppresses Aβ produc-
tion and aggregation [48, 49]. Therefore, an increase in 
PlsEtn levels in the blood and liver might also suppress AD 
progression.

In conclusion, we searched for resources of PlsEtn, espe-
cially containing DHA, in foodstuffs, and determined that 
PlsEtn containing DHA and EPA are abundant in ascidian 
viscera. Extrinsic EtnGpl from ascidian viscera suppressed 
neuronal apoptosis via the mitochondrial pathway. These 
results suggest that PlsEtn, especially that containing EPA 
and DHA, from marine foodstuffs is potentially useful for a 
therapeutic dietary supplement preventing neurodegenera-
tive diseases, such as AD.
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