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Lobophora sp., belonging to brown macro algae phylum, is found in coral reefs. In this study, the fatty acid composition, lipid
classes, polar lipid molecular forms, and bioactivities of this algae have been determined. It follows that five classes including polar
lipid (Pol), sterol (ST), free fatty acids (FFA), triacylglycerol (TAG), and hydrocarbon and wax (HW), 23 fatty acids containing 5
PUFAs (ALA, GLA, AA, EPA, and DHA) and 157 molecular types of polar lipid group containing 48 phospholipid molecular
forms belonging to 4 subclasses (PI (11), PC (14), PG (22), PA (1)), 45 glycolipid molecular forms classified into 3 subclasses of
MGDG (8), DGDG (1), SQDG (36), and 64 betaine lipid molecular forms belonging to 2 subclasses (DGTA (37), DGTS (27)) have
been identified for the first time from this algae. Furthermore, both polar lipid (PL) and unpolar lipid (UPL) show the NO
inhibition activities with values of ICs, ranging from 52.10 to 66.21 yg/mL. Thus, lipid of this brown algae could promise to be a

potential source for application in food, cosmetic, and pharmaceutic industry.

1. Introduction

Plants produce secondary metabolites as signals to interact
with the environment and stresses [1, 2]. A number of sec-
ondary metabolites from seaweeds have been detected to have
such valuable bioactivities as antibacterial, anti-viral, anti-
cancer, and antioxidant. In Vietnam, the brown seaweed
genus Lobophora belongs to the family Dictyotaceae, found
worldwide in tropical to temperate waters and discovered in
the coral reef. From the early 1980s to 2017, 49 scientific works
have been reported on chemicals and bioactivities of Lobo-
phora genus, in which 40 have been reported with bioac-
tivities. Particularly, most of the studies have been centered on
Lobophora variegata, while other species have been still poorly
studied and reported [3]. Until now, there have been few
studies on lipidomic profile and their bioactivities.

Certain lipid classes have been identified in several
algae including polar (Pol), sterol (ST), diacylglycerol
(DG), free fatty acids (FFA), triacylglycerol (TG), mono-
alkyldiacylglycerol (MADG), and hydrocarbons and wax
(HW) [4], while neutral lipid classes play various roles such
as storing energy or pre-hormones for the body; the polar
lipid class has been especially considered for its various
bioactivities such as acting as antioxidant and helping in
curing cardiovascular diseases and cancer caused by long
chain polyunsaturated fatty acids (PUFAs) [5, 6]. Some
high level PUFAs containing C20 fatty acids such as 20:4n-
6 (AA), 20:5n-3 (EPA), and 20:3n-6 have been identified
and evaluated bioactivities in 7 brown seaweed species
belonging to the genera Sargassum, Cystoseira, Padina, and
Turbinaria. Other PUFAs have been identified as 22:6n-3
(DHA), which is a highly valuable bioactive fatty acid for
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application in medicine and food [7]. In addition to being
sources of PUFA, the polar lipids have an important role in
structural function as components of cell membranes [8].

In algae, fatty acids are found in the esterified structure
such as glycoglycerolipids (GLs), glycerophospholipids
(PLs), and betaine lipids [9]. The research on the lipidomics
is essential to identify new bioactive compounds and
properties based on the polar lipid composition [10].
Moreover, it is also a critical step to the discovery of fostering
bio-prospection of lipidic extracts.

Nowadays, mass spectrometry (MS) coupled with liquid
chromatography (LC) technique is usually used to deter-
mine the detailed structural characterization of lipids and to
tully explore lipidomic signature of distinct matrices [11, 12]
and identify lipidome signature of cultivated seaweeds Ulva
lactuca Linnaeus [13], Chondrus crispus Stackhouse [14], and
Codium tomentosum Stackhouse [15]. However, there has
been no report on Lobophora genus lipidome.

This study aims to analyse and identify the lipid char-
acterisation of species Lobophora sp. first collected at Con
Dao, Ba Ria-Vung Tau, Vietnam, by using high-performance
liquid chromatography in combination with high-resolution
mass spectrometry (HPLC-HRMS). The lipid extracts have
also been pre-tested for anti-inflammatory effects by
inhibiting the production of NO.

2. Materials and Methods

The Lobophora sp. samples were collected in Con Dao, Ba
Ria-Vung Tau, Vietnam. Chemicals were obtained from
Sigma, Merck, that reached the purification standards for
analysis and HPLC grade.

2.1. Total Lipid Extraction. Total lipid was extracted according
to method of Bligh and Dyer [16] and Nguyen et al. [17]. Polar
lipids were obtained by the silica column. The 200 mg of total
lipid was dissolved in chloroform and loaded on the silica
column (Phillipsburg, NJ), washed by 44ml chloroform to
remove the pigments and neutral lipid, and then eluted by
120ml MeOH 95% to obtain polar lipids. The obtained
fractions were stored in chloroform at -5°C for analysis.

2.2. Analyses of Lipid Classes. Total lipids were dissolved in
CHCI; (10mg/ml) and spotted on the Sorbfil thin plate
(6 x 6 cm). The n-hexane/diethyl ether/acetic acid (85/15/1,
v/v/v) solvent was applied to identify neutral lipid layers;
then, the CHCI;/CH3;0H (2/1, v/v) solvent was applied to
identify the polar lipid layer. The TLC was displayed by 10%
H,SO,/CH;0H reagent at 240°C for 10 minutes. The image
of thin layer was obtained using Epson Perfection 2400
scanner, Japan, with grayscale mode. The lipid layers on the
thin plate and the percentage of the layers were identified by
light sensitivity on the Sorbfil TLC Analysis software Video
densitometer, Krasnodar, Russia [17, 18].

2.3. Analyses of Fatty Acids. Fatty acid methyl esters
(FAMEs) were obtained by incubating total lipid with 2%
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H,SO, in CH;0H at 80°C for 2 hrs and then cleaned by TLC
in the hexane:diethyl ether, 95/5 (v/v) solvent. FAMEs were
analysed on Shimadzu GC-2010 gas chromatograph (Kyoto,
Japan) using flame ionization detector (FID) on Capillary
Equity 5 (Merck, L xID 30 m x 0.25 mm, df 0.25 ym). Car-
rier gas was He at the speed of 20 ml/min. Temperature
program in the oven operating was at 160°C, raised 2°C/min
to 240°C, and then kept for 20 minutes. Fatty acids were
identified by the equivalent retention time value, Equivalent
Chain Length, with the standard system of fatty acids C16: 0
and C18:0. The fatty acid structures were identified by GC-
MS. The spectra were compared with the NIST library and
fatty acid mass spectra archive [17, 18].

2.4. Analysis of Molecular Species of Polar Lipids. The mol-
ecules of polar lipids were analysed by high-performance
liquid chromatography combined high resolution mass
spectrometry (HPLC-HRMS) with Shim-Pack diol column
(ID 50 mm x 4.6 mm, carrier size 5pm, Shimadzu, Kyoto,
Japan). The polar lipid classes were separated by HPLC in a
solvent A: n-hexane/2-propanol/formic acid/(C,Hs);N and
the solvent B: 2-propanol/H,O/formic acid/(C,Hs);N [19]
and then detected by the high-resolution ion trap over time
of mass spectrometry using the LC/MS-IT-TOF (Shimadzu)
device, an electronic atomizing ionization source (ESI)
device. Flow rate was 0.2 ml/min [17, 20, 21].

2.5. Nitric Oxide Production Inhibition Assay. In vitro anti-
inflammatory activity of lipid samples was elucidated by
using nitric oxide (NO) assay as described previously by
Mosmann [22] using the Griess reagents (Promega, USA).
The RAW 264.7 cells at the concentration of 2 x 10° cells/mL
were dropped on the 96-well plate and incubated in 37°C
with 5% CO, in 24 h. The culture medium was exchanged to
Dulbecco’s Modified Eagle’s Medium (DMEM) (Life
Technologies, USA) with no fetal bovine serum (FBS) for 3
hours. The cells were incubated with the lipid fractions at
different concentrations before stimulating the NO pro-
duction by LPS (1 ug/mL) for 24 hours. Then, the amount of
nitrite in the culture medium was measured by Griess re-
action at room temperature for 10 minutes. The fresh culture
medium was used as a blank, while L-NMMA (Sigma) was
tested as the positive sample. The mixtures were quantified
spectrophotometrically at 540 nm using a micro-plate reader
(ELx800 Biotekm, USA). The sodium nitrite was used as a
standard compound to establish the standard curve. The NO
inhibition was calculated following the formula: %NO
inhibition = 100% — [concentration of NOg,mpie/concentra-
tion of NOypg] * 100. IC50s were calculated by TableCurve
2Dv4 software.

The cell viability test was performed parallel with the NO
inhibition assay. The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was used to evaluate
cell viability because active cells transform the water-soluble
MTT to an insoluble purple formazan. 20 gl lipid sample and
180 uL of RAW 264.7 cells were put into 96-well plates and
then incubated with 5% CO, for 72 hours at 37°C. After
adding MTT (5 yug/mL), the mixtures were incubated for 4



Journal of Chemistry

hours and supernatant was removed. The formazan crystals
were dissolved in DMSO and measured at 540nm. The
percentage of cell viability was determined by comparing to
the control samples.

3. Results and Discussion

3.1. Total Lipid. Total lipid content from brown algae
Lobophora sp. is 1.06 £ 0.2% weight of fresh algae, similar to
the brown samples previously studied [4, 23]. Compositions
and contents of total lipid classes of Lobophora sp. are shown
in Figure 1 and Table 1. Pol class accounts for the highest
level of 26.8% compared with the detected classes, following
by 4 classes of TG, FFA, ST, and HW with the content of
26.0%, 25.9%, 18.5%, and 2.7%, respectively.

3.2. Fatty Acids Composition. In the lipid composition of
Lobophora sp. (Table 2), 23 fatty acids C12-C22 are iden-
tified. SAFAs contain 8 fatty acids 12:0, 14:0, 15:0, 16:0,
17:0,18:0,20:0, and 22:0, in which 14:0 (9.62%) and 16:
0 (12.04%) have high contents. MUFAs group has 16: 1n-5,
16:1n-7, 18:1n-7, and 18:1n-9, in which 18:1n-9 (11.53%)
is typical. PUFAs group has 11 fatty acids including 18:: 2n-6,
18:3n-3, 18:3n-6, 18:4n-3, 20:2n-6, 20:3n-6, 20:3n-9,
20:4n-3, 20:4n-6 (AA) 20:5n-3 (EPA), and 22:6n-3
(DHA), in which AA (12.14%), EPA (11.56%), and DHA
(14.26%) are significant.

3.3. Molecular Species of Polar Lipids. Three subclasses in-
cluding phospholipid, glycolipid, and betaine lipid were
identified in 26.80% polar lipid (Pol).

First, the phospholipid subclass contains 4 groups of
phosphatidylinositol (PI), phosphatidylcholine (PC), phos-
phatidylglycerol (PG), and phosphatidic acid (PA). In PI
group, 13 molecular forms were found, of which 11 forms
had complete formula with one PI isomer form and no
alkenyl acyl glycerophosphoinositol (Table 3).

In particular, PI 34:1 is recognized at the highest rate of
44.09% PI Figure (1S). On the MS™ spectrum, the ion
[M—-H] has the strongest signal at m/z 835.5283 corre-
sponding to ion [Cy3H;90;5P]” (calculated 836.5415, dif-
ferent 0.00620). The MS>™ spectrum shows signals at m/z
255.2338 corresponding to the anion of 16: 0 fatty acids and
m/z 281.2471 to the anion of 18:1 fatty acid. Importantly,
fragment at m/z 297.0334 is the considered ion
[C43H79013P]" that lost the diacyl group which is the
characteristic fragmentation to determine the PI molecular
forms. Thus, the mass spectrometry data prove that the
considered molecule is diacyl glycerophosphoinositol PI 16:
0/18:1 or PI 34:1.

In the PC group, 18 molecular forms have been iden-
tified, in which 14 molecular forms are completely identified
with one isomer (Table 3). The PC fragmentation has been
observed on both MS™ and MS" with signals of ions
[M+H]", [M+HCOO], and [M — CH3] ™. For example, the
PC 30:0 with highest content of 19.3% is recognized with
the appearance of [M+H]" signal at m/z 706.5375 corre-
sponding to [C3gH;7,NOgP]™ (calculated 705.5309, different

0.00063) and two signals at m/z 750.5226 and m/z 690.5025
corresponding to ion [M +HCOO]™ and ion [M-CH,],
respectively (Figure 2S). On the MS* spectrum, the signal at
m/z 690.5088 is formed by removing a C,H,0, molecule
(methyl formate) from the ion at m/z 750.5226. Besides, two
fragments at m/z 227.2042 corresponding to ion of 14:0
fatty acid (calculated 228.2089, different 0.00255) and at m/z
255.2262 to ion of 16:0 fatty acid (calculated 256.2402,
different 0.00675) have resulted. Therefore, PC 30:0 has
been identified as diacyl glycerophosphocholine, PC 14:0/
16:0.

In the PG group, 15 molecular forms have been deter-
mined with complete formula, in which 6 PGs are detected
with isomers (Table 3). PG 34:2 is found at the highest rate
of 41.83%. On the MS, signal of ion [M —H]™ is observed
with the strongest intensity at m/z 745.4985 corresponding
to ion [CyoH,40,0P]". The MS*™ of the ion [C4oH740;0P]”
(Figure 3S) contains a signal at m/z 253.2137 (calculated
254.2246, different 0.0009) corresponding to 16:1 fatty acid
and signal at m/z 281.2485 (calculated 282.2559, different
0.0026) corresponding to 18:1 fatty acid. Besides, there have
been 3 signals including at m/z 417.2395; 491.2738; 509.2838
corresponding to molecules which have lost glycerol and
acyl groups of 16:1 fatty acid anion; a 16:1 fatty acid; a
ketene group of 16:1 fatty acid anion, respectively. In ad-
dition, the MS*~ (Figure 3S) shows a lower intensity signal at
m/z 279.2349 (calculated 280.2402, different 0.00195) cor-
responding to the carboxylate anion of 18: 2 fatty acid. This
indicates that there is an isomer of PG 34:2 with compo-
sition containing 18:2 and 16: 0 fatty acids. The above data
demonstrate that the molecular ion value m/z 745.4985
presents two isomers including PG 16:0/18:2 and PG 16:1/
18:1, in which PG 16:1/18:1 is the major content.

With the PA molecular forms, only one PA 40:8 is
identified (Table 3). On the MS™ spectrum of PA, ion [M-H]~
is observed with the strongest signal at m/z 743.4609 (cal-
culated 744.4730, different 0.00483, 11 double bonds) cor-
responding to ion [Cy3HgsOgP]™ (Figure 4S). On the MS*,
fragments have been found with the signals at m/z 457.2260
and m/z 439.2215 corresponding to the considered PA
fragment which has lost a dehydrated molecule of 20:4 and
a 20 : 4 fatty acids, respectively. Additionally, the signal at m/
2 303.2243 is the acyl carboxylate ion of 20 : 4 fatty acid. With
the above data, PA 40:8 is identified as diacyl glycer-
ophosphatic acid PA 20:4/20:4.

Second, in the glycolipid subclass, 3 groups have been
identified including monogalactosyldiacylglycerol (MGDG),
digalactosyldiacylglycerol (DGDG), and sulfoquinovo-
syldiacylglycerol (SQDG). In the MGDG group, 21 molec-
ular forms are identified, in which 8 have been completely
identified (Table 4).

For example, with the highest ratio of 13.92%, MGDG
38:9 has formed molecular ions (Figure 5S). On the MS,
the ion [M + HCOO]" signal at m/z 841.5021 corresponds to
ion [C43H7301,] and the ion [M-H] signal at m/z
795.5046 corresponds to ion [C47;H;;010]". On the MS¥, the
ion [M+Na]" has the strongest signal at m/z 819.5023
corresponding to [C4H7,010Na]”. On the MS** of
[C47H7,010Na]™ ion, it has been simultaneously observed
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Figure 1: TLC for determination of total lipid.

TaBLE 1: Five main classes (% of total lipid) of Lobophora sp.

Lipid class Content (%)

Hydrocarbon and wax (HW) 2.7+0.1

Triacylglycerol (TG) 261+0.3
Free fatty acids (FFA) 25.9+0.6
Sterols (ST) 18.5+0.4
Polar lipid (Pol) 26.8+0.5

TaBLE 2: Fatty acid profile (% of total) is identified by GC through
the retention time, presented with relative abundance (%) through
the area of peaks.

FA R. t (min) Area Content (%)
> SAFAs 415367.3 22.80
12:0 10.378 2540.9 0.14
14:0 11.79 175274.9 9.62
15:0 15.045 5711.9 0.31
16:0 18.725 219431.0 12.04
17:0 21.663 3011.5 0.17
18:0 26.624 3236.6 0.18
20:0 39.466 1788.1 0.10
22:0 53.211 4372.4 0.24
Y MUFAs 275411.2 15.12
16:1n-5 18.541 20962.8 1.15
16:1n-7 17.931 36794.7 2.02
18:1n-7 25.799 10957.1 0.60
18:1n-9 25.600 206696.6 11.35
> PUFAs 1092787.0 59.98
18:2n-6 24.949 83066.0 4.56
18:3n-3 25.334 122483.9 6.72
18:3n-6 24.687 95003.7 5.21
18:4n-3 24.826 21806.6 1.20
20:2n-6 33.406 6677.5 0.37
20:3n-6 32.921 20389.4 1.12
20:3n-9 32.655 44276.1 2.43
20:4n-3 32.444 7549.2 0.41
20:4n-6 (AA) 31.944 221189.9 12.14
20:5n-3 (EPA) 32.212 210603.5 11.56
22:6n-3 (DHA) 43.138 259741.5 14.26
Other® 38246.8 2.10

“Hexadecanal, octadecenal, and fatty aldehyde are dimethylacetal deriva-
tives determined by GC; SAFAs: saturated fatty acids; MUFAs: monoun-
saturated fatty acids; PUFAs: polyunsaturated fatty acids.
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TaBLE 3: Molecular species of phospholipid including PI, PC, PG,
and PA groups identified by HPLC-HRMS as negative [M - H]~
ion and positive [M + H]" ion, and identification as phospholipid
and fatty acyl composition confirmed by the analysis of the LC-MS/
MS spectra of each ion.

[M-H] m/z PI Fatty acid chains % in PI
781.4797 30:0 14:0/16:0 1.81
805.483 32:2 14:0/18:2 0.82
32:1 14:0/18:1 6.27
807.4966 16:0/16:1
809.5144 32:0 16:0/16:0 2.39
821.515 33:1 0.97
829.4807 34:4 1.67
831.4957 34:3 16:0/18:3 2.60
833.512 34:2 16:0/18:2 8.77
835.5283 34:1 16:0/18:1 44.09
845.5116 35:3 1.63
855.4971 36:5 16:0/20:5 1.40
857.5103 36:4 16:0/20:4 15.43
859.5269 36:3 16:0/20:3 12.15
[M+H]" m/z PC Fatty acid chains % in PC
678.5056 28:0 14:0/14:0 15.33
706.5375 30:0 14:0/16:0 19.30
732.5494 32:1 14:0/18:1 6.44
16:0/16:1
734.5677 32:0 16:0/16:0 4.07
754.5364 34:4 14:0/20:4 7.81
756.5515 34:3 14:0/20:3 3.25
758.5678 34:2 16:0/18:2 5.84
760.5819 34:1 16:0/18:1 7.00
762.6003 34:0 14:0/20:0 1.06
768.5880 36:3 0.20
780.5566 36:5 1.69
782.5719 36:4 16:0/20:4 10.64
784.5839 36:3 16:0/20:3 5.54
786.5970 36:2 16:0/20:2 2.66
806.5627 38:4 2.21
808.5837 38:5 18:1/20:4 5.31
810.5933 38:2 1.47
838.6291 40:4 0.18
[M-H] m/z PG Fatty acid chains of PG % in PG
691.4524 30:1 14:0/16:1 0.31
693.469 30:0 14:0/16:0 0.74
717.4698 32:2 16:1/16:1 0.85
14:1/18:1
719.4851 32:1 16:0/16:1 4.94
721.5006 32:0 16:0/16:0 1.07
741.4682 34:4 16:1/18:3 1.38
16:1/18:2 11.07
743.4833 34:3 16:0/18:3
16:2/18:1
745.4985 34:2 16:1/18:1 41.83
16:0/18:2
747.5158 34:1 16:0/18:1 14.27
18:0/16:1
765.4675 36:6 16:1/20:5 4.68
767.482 36:5 16:0/20:5 11.22
16:1/20:4
769.4938 36:4 20:4/16:0 1.72
20:3/16:1
771.5138 36:3 16:0/20:3 1.64
773.531 36:2 18:1/18:1 3.83
793.4985 35:6 18:1/20:5 0.45
[M-H] m/z PA Fatty acid chains % in PA
743.4609 40:8 20:4/20:4 100
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TaBLE 4: Molecular species of glycolipid including MGDG, DGDG,
and SQDG groups identified by HPLC-HRMS as negative [M — H]~
ions and positive [M + Na]" ion, and identification as phospholipid
and fatty acyl composition confirmed by the analysis of the LC-MS/
MS spectra of each ion.

[M+Na]" m/z MGDG  Fatty acid chains % in MGDG
725.5160 30:0 1.96
747.3232 32:3 1.00
749.5268 32:2 1.75
751.5297 32:1 14:0/18:1 9.39
769.4902 34:6 1.23
771.4933 34:5 2.07
775.5024 34:3 1.81
777.5466 34:2 2.25
779.5654 34:1 16:0/18:1 13.54
793.4879 36:8 0.87
795.4995 36:7 1.56
797.5172 36:6 5.37
799.5326 36:5 16:0/20:5 7.85
801.5539 36:4 3.69
803.5563 36:3 1.71
819.5023 38:9 18:4/20:5 13.92
821.5147 38:8 18:3/20:5 13.73
823.5270 38:7 18:3/20:4 9.12
825.5550 38:6 18:1/20:5 3.64
849.3232 40:8 20:4/20:4 2.24
851.5628 40:7 1.30
[M+Na]*m/z DGDG  Fatty acid chains % in DGDG
941.6144 34:1 16:0/18:1 100
[M-H] m/z SQDG Fatty acid chains % in SQDG
737.4474 28:0 14:0/14:0 1.63
12:0/16:0
751.4631 29:0 14:0/15:0 0.44
763.4619 30:1 14:0/16:1 0.74
765.4771 30:0 14:0/16:0 21.78
779.4909 31:0 15:0/16:0 0.63
789.4757 32:2 14:0/18:2 0.71
791.4931 32:1 14:0/18:1 9.70
16:0/16:1
793.5107 32:0 16:0/16:0 13.68
815.4871 34:3 16:0/18:3 0.73
14:0/20:3
817.5065 34:2 16:0/18:2 3.21
16:1/18:1
819.5162 34:1 16:0/18:1 21.22
821.5376 34:0 16:0/18:0 5.83
14:0/20:0
833.5376 35:1 17:0/18:1 0.77
16:0/19:1
835.5563 35:0 16:0/19:0 0.10
837.4736 36:6 16:0/20:6 1.58
839.4834 36:5 16:0/20:5 2.30
841.4987 36:4 16:0/20:4 2.10
843.5163 36:3 16:0/20:3 0.45
845.5369 36:2 16:0/20:2 1.79
18:1/18:1
847.5562 36:1 18:0/18:1 0.61
16:0/20:1
849.5704 36:0 16:0/20:0 1.48
18:0/18:0
877.6017 38:0 16:0/22:0 0.71

5
TaBLE 4: Continued.
[M+Na]* m/z MGDG  Fatty acid chains % in MGDG
14:0/24:0

903.6170 40:1 16:0/24:1 0.17
905.6325 40:0 16:0/24:0 4.85
931.6486 42:1 16:0/26:1 0.71
933.6654 42:0 16:0/26:0 2.08

with two signals at m/z 543.2932 and 517.2795 corre-
sponding to the considered MGDG molecule lost fragments
of m/z 276.2091 [CisH,,0,]” (18:4 fatty acid) and m/z
302.2228 [CyoH,90,]" (20:5 fatty acid), respectively. The
obtained data show that the MGDG 38:9 is 18:4/20:5.

In the DGDG group, only one DGDG form has been
found as DGDG 34:1 which is described in Table 4 and
Figure 6S. On the MS" spectrum, the ion [M + Na]" has the
signal at m/z 941.6144 corresponding to ion [C4oHgoO;5Na] ™.
On the MS™ spectrum, the ion [M—H]™ has the strongest
signal at m/z 917.6080 corresponding to ion [C4oHgoO15]™
(calculated 917.6116, different 0.00580). On the MS>~ spec-
trum of ion [CyoHgyO;5] 7, there have been simultaneously
signals at m/z 661.3696 and m/z 635.3551 corresponding to
the considered DGDG molecule that has lost neutral frag-
ments including 16: 0 fatty acid (m/z 256.2420) and 18:1 fatty
acid (m/z 282.2565). The above data indicate that the mo-
lecular form is DGDG 16:0/18:1.

In the SQDG group, 26 complete molecular forms have
been identified with 10 isomers (Table 4). A molecule with the
highest content of 21.78% is identified as SQDG 34:1. On the
MS™ spectrum, the ion [M —H]™ of SQDG 34:1 is observed
with the strongest signal at m/z 819.5162 corresponding to ion
[C43H7901,S]™ (Figure 7S). On the MS* spectrum, the signal
at m/z 581.2991 is formed when the ion at m/z 819.5162
eliminates a dehydrated molecule of fatty acid 16:0. The
signal at m/z 563.2831 has also been observed in the MS*~
spectrum simultaneously. This signal appears when the ion
[C43H7901,S]™ loses fatty acid 16:0. In addition, the ap-
pearance of signal m/z 281.2489 (calculated 282.2559, dif-
ferent 0.00030) corresponds to anion of 18:1 fatty acid. Thus,
data show that the obtained SQDG 34:1 is 16:0/18:1.

In addition to phospholipid and glycolipid classes, be-
taine lipid subclass includes 2 groups of DGTA and DGTS.
In the DGTA group, 37 molecular forms have been iden-
tified, in which 29 forms are completely identified with 8
isomers (Table 5). Among those, DGTA 34:1 is the highest
content of 10.20%. On the MS"* spectrum, the ion [M + H]"
has the strongest signal at m/z 738.6298 corresponding to
ion [C44Hg;NO,]*. On the MS** spectrum, there have been
simultaneously two signals at m/z 500.3955 and 482.3784
corresponding to the ion [CyHgyNO,]" that has lost a
dehydrated molecule of fatty acid 16:0 and a neutral
fragment of 16:0 fatty acid. Besides, the ion [C44HgsNO,]"
has lost a dehydrated molecule of 18:1 fatty acid and formed
a signal at m/z 474.3783. This ion eliminates water molecule
and shows signal at m/z 456.3806. In addition, the signal at
m/z 236.1485 is semimolecule ion of DGTA that lost diacyl
groups, which is a very important signal in determining the



TaBLE 5: Molecular species of betaine lipid including DGTA and
DGTS groups identified by HPLC-HRMS as positive [M + H]" ion,
and identification as phospholipid and fatty acyl composition
confirmed by the analysis of the LC-MS/MS spectra of each ion.

Journal of Chemistry

TaBLE 5: Continued.

IM+H]" m/z DGTA Fatty acid chains % in DGTA

656.5454 28:0 14:0/14:0 1.73

682.5651 30:1 14:0/16:1 3.06

684.5841 30:0 1.33

706.5612 32:3 14:0/18:3 2.60

708.5813 32:2 14:0/18:2 9.89

710.5983 32:1 14:0/18:1 10.12
16:0/16:1

712.6104 32:0 0.06

724.617 33:1 0.54

728.5457 34:6 14:0/20:6 0.57

730.5541 34:5 14:0/20:5 3.67

732.5674 34:4 14:0/20:4 9.02

734.5828 34:3 14:0/20:3 5.04
16:0/18:3

736.6094 34:2 16:0/18:2 7.47
14:0/20:2

738.6298 34:1 16:0/18:1 10.20

752.6434 35:1 16:0/19:1 0.47
17:0/18:1

756.5699 36:6 16:0/20:6 0.88

758.5821 36:5 16:0/20:5 1.83

760.6001 36:4 16:0/20:4 6.17

762.6193 36:3 16:0/20:3 7.39
18:1/18:2

764.6342 36:2 4.33

766.6548 36:1 18:0/18:1 1.40
16:0/20:1

782.5867 38:7 0.37

784.6011 38:6 18:2/20:4 1.63

786.6138 38:5 18:1/20:4 2.13

788.6306 38:4 18:1/20:3 1.03

790.6501 38:3 18:0/20:3 0.68
18:1/20:2

792.6621 38:2 0.27

794.6813 38:1 18:1/20:0 0.20

804.5707 40:10 20:4/20:6 0.49

806.5888 40:9 20:4/20:5 0.52

808.6031 40:8 20:4/20:4 1.45

810.617 40:7 20:3/20:4 1.72

812.6332 40:6 20:2/20:4 0.98
20:3/20:3

814.6478 40:5 20:1/20:4 0.44
20:2/20:3

848.6329 43:9 0.32

[M+H]" m/z DGTS Fatty acid chains % in DGTS

656.5455 28:0 14:0/14:0 19.21

682.5609 30:1 14:0/16:1 1.34
14:1/16:0

684.5776 30:0 14:0/16:0 9.71

706.5524 32:3 14:0/18:3 3.25

708.5767 32:2 14:0/18:2 4.78
16:0/16:2

710.5923 32:1 14:0/18:1 12.14
16:0/16:1

712.6104 32:0 16:0/16:0 5.03
14:0/18:0

724.6059 33:1 1.80

IM+H]" m/z DGTA Fatty acid chains % in DGTA
730.5586 34:5 1.82
732.5736 34:4 16:0/18:4 5.20
14:0/20:4
16:1/18:3
734.5875 34:3 16:0/18:3 5.15
14:0/20:3
16:1/18:2
736.6072 34:2 16:0/18:2 7.29
16:1/18:1
738.6226 34:1 16:0/18:1 12.20
752.634 35:1 1.30
756.576 36:6 1.55
758.5891 36:5 1.07
760.6036 36:4 16:0/20:4 3.39
18:1/18:3
762.6204 36:3 2.62
764.6344 36:2 18:1/18:1 4.76
16:0/20:2
18:0/18:2
766.6518 36:1 1.24
784.6068 38:6 1.54
786.6186 38:5 18:1/20:4 1.52
16:0/22:5
788.6389 38:4 0.63

molecular forms of DGTA (Figure 8S). Thus, the above data
prove that the considered molecule is DGTA 16:0/18:1.

There are 23 molecular forms with 13 isomers identified
in DGTS subclass (Table 5). The DGTS molecular form at the
highest ratio of 19.21% is DGTS 28 : 0. On the MS™ spectrum,
the ion [M +H]" has the strongest signal at m/z 656.5459
corresponding to ion [CsgH74,NO;]* (Figure 9S). On the
MS** spectrum, signal at m/z 446.3490 appears because the
ion [C33H74NO;]" loses a dehydrated molecule of acid 14 : 0.
Signal at m/z 428.3395 has also been observed in the MS**
spectrum. This signal corresponds to the ion [C33H7,NO,]"
that loses a neutral fragment of 14: 0 fatty acid. In addition,
the appearance of signal at m/z 236.1517 is important for
detection of the molecular form of DGTS. It is similar to the
determination of DGTA. Thus, the above data prove that the
considered molecule is DGTS 14:0/14:0.

3.4. Anti-Inflammatory Activity. Three lipid fractions yield
the inhibitory effects on NO production in RAW 264.7 cells.
The ICs, values have been evaluated from 52.10 to 66.21 ug/
mL (Table 6). The unpolar lipid fraction (UPol) has a
strongest activity ICso of 52.10 £ 4.43, following by total lipid
and polar lipid samples with ICs, of 61.09+6.06 and
66.21 + 6.24 ug/mL, respectively. All fractions do not exhibit
the cytotoxicity with the cell viability from 96.06 to 100% at
the concentration of 100 ug/mL, while the control sample
shows the cell viability percentage of 89.90% with the same
concentration (Table 6).

4. Discussion

In the total lipid of Lobophora sp., 5 classes including Pol, ST,
FFA, TG, and HW have been found, while other brown algae
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TaBLE 6: The NO inhibition and the cell viability of lipid samples.

Concentration L-NMMA Pol UPol TL

(ug/mL) Cell viability NO inhibition Cell viability NO inhibition Cell viability NO inhibition Cell viability NO inhibition
100 89.90 99.74 97.29 69.07 98.24 84.75 96.06 80.93

20 97.54 72.44 98.00 18.47 102.00 20.76 99.47 15.25

4 NA 28.18 NA 4.66 NA 7.20 NA 5.86

0.8 NA 9.74 NA -1.29 NA -3.61 NA -2.82
ICso 8.90+0.82 66.21+6.24 52.10+4.43 61.09 +6.06

NA: not affected.

samples from the genus Sargassum collected in Vietnam
show three or four classes of Pol, ST, FFA, and TG [4, 23]. In
contrast to terrestrial plants with high content of 16C and
18C fatty acids, Lobophora sp. has low content of 16C and
18C fatty acids similar to brown seaweeds reported [4].
Particularly, lipid composition of Lobophora sp. contains a
variety of fatty acids (23 types) including many long chains
and 6 double bonds fatty acids belonging to w3 (n-3) and w6
(n-6) with 23.40% and 34.15% of the total FA, respectively.
They have been considered to be beneficial for the human
brain and overall health, including cardiovascular effects,
improving the function of the heart and the liver, reducing
blood pressure, anti-thrombosis, and helping with arthritis,
cancer, and lung diseases [24-28]. Among those, a- and
y-linolenic acids (C18:3n-3-ALA and C18: 3n-6-GLA) have
the total content of 11.93%, which are very important fatty
acids in the formation and protection of the skin to po-
tentially apply in the cosmetic industry [29].

Previous research has shown that the fatty acid com-
position in seaweed contains saturated fatty acids (SFAs)
with high content and polyunsaturated fatty acids (MUFAs,
PUFAs) with very low content. For example, the green algae
Ulva rigida has 64.5% SFAs, 23.78% PUFAs, and 11.71%
MUFAs [9]. The brown algae Padina pavonica has those with
content of 43.45%, 1.7%, and 23.67%, respectively [30]; some
red algae species belonging to Hypnea genus in Vietnam had
the content of SFAs >60%, PUFAs from 3-12%, and MUFAs
is 8.55-27.88% [31]; other red algae have the similar fatty
acid profile [32, 33]. Interestingly, the fatty acid profile of
this Lobophora sp. revealed the high level of polyunsaturated
fatty acids (MUFAs, PUFAs) with the content of 75.10%,
which is extremely noteworthy to further study for potential
application.

Lobophora sp. is an infrequent species that has been
detected with 6 PUFAs belonging to the C20 fatty acid group
including C20:2n-6; C20:3n-6 (DGLA); C20:3n-9; C20:
4n-3; C20:4n-6 (AA); C20:5n-3 (EPA), in which DGLA,
AA and EPA have content of 1.12%, 12.14%, and 11.56%,
respectively. They are precursors which provide the initial
fatty acids for the biosynthesis process of eicosanoids. Those
are signaling molecules that control many systems in the
human body, of which the most important roles are involved
in the inflammatory process, immune response, and the
effect on the central nervous system [33-35].

Particularly, the fatty acid C22:6n-3 (DHA) has been
identified in the total lipid of this species with the content of
14.26% which is a valuable fatty acid in foods that helps

increase the brain development of children and young an-
imals [36]. DHA content of this species is much higher than
that of other brown seaweeds collected in Vietnam and of
oysters, fish, and corals [4, 18, 35]. This can be a sign to
distinguish seaweeds living in coral reefs from those living in
coastal areas.

Recent researches on lipid usually have applied GC-MS,
GC-FID techniques to detect the composition and content of
fatty acids; however, fatty acids exist in both free and linked
types. Nowadays, the application of HR-MS technique helps
identify the hold of lipid molecules and even molecular
species based on ion values of MS [17, 18, 21]. Some novel
techniques such as LC-MS/MS have been applied to study
the lipidome of seaweed [9, 10, 14, 15, 37]. With HPLC-
HRMS technique, 157 polar lipids molecular forms have
been, for the first time, identified belonging to phospho-
lipids, glycolipids, and betaine lipids of Lobophora sp.

Betaine lipids are an amphoteric subclass like phos-
pholipids because they have a positively charged ammonium
group. They are determined to have a function similar to
phospholipids in many algae, fungi, and seedless plants
[38-42]. DGTA is a glycerol-lipid that contains two fatty
acids esterified with glycerol and an ether-linked polar group
derived from an amino acid, while DGTS is an isomer
structure and biosynthetic precursor of DGTA in the algae
[43, 44]. The coexistence of DGTS and DTGA in many types
of algae can be explained by a partial conversion of DGTS to
DGTA.

In addition to molecular species analysis, the total lipid
from Lobophora sp. has been separated into polar lipid and
unpolar lipid fractions, in which polar lipid contained
phospholipid, betaine lipid, and glycolipid classes. In recent
studies, the extracts from Lobophora species have been re-
ported on such bioactivities as anti-oxidant, anti-inflam-
mation, anti-microbial, and cytotoxic activities [3]. In this
study, we have preliminarily screened the anti-inflammation
activity of three lipid fractions through the NO production
inhibition assay because NO is a key signaling molecule in
the inflammation process [45]. The results show that the
lipid fractions exhibited the strong NO production inhibi-
tion activity.

Particularly, the unpolar lipid fraction displays a
higher NO inhibitory activity than polar lipid. This result
contrasts with what has been reported on lipid fraction
from a mud crab Scylla paramamosain, which shows the
inhibition of the polar lipid higher than the unpolar lipid
fraction [19]. This may be caused by the polar lipid content



of Lobophora sp. which is lower than that of the mud crab
S. paramamosain, 26.8% and 40.02%, respectively. Other
authors have demonstrated that an abundance of PUFAs
in seaweed composition related to the display of anti-
inflammatory activity [9, 46]. It has also been reported
that anti-inflammatory activities (ICs,) of seafood range
from 64.6 to 306.4 ug/mL. In this report, the NO inhi-
bition activity of lipid fractions is comparable to those of
Octopus lipids [47] and sulfated polysaccharide of the
marine brown algae Lobophora variegata [48]. Particu-
larly, it is the first time that the Lobophora sp. lipid
fractions have been demonstrated strong NO inhibition
activity.

The recent reports indicate that the production of NO
is increased by neuronal nitric oxide synthase (nNOS)
mediated by the NF-xB factor [49]. In addition, the
transcription of Nf-«B has been regulated by n-3 PUFAs
[50]. Also, the report of Echeverria shows that n-3 PUFAs
(especially EPA and DHA) partially reduce the proin-
flammatory indexes such as NF-«B and Nrf2 [51]. Thus, it
suggests that lipid fractions containing n-3 PUFAs may
inhibit NO inhibition through regulation of factors NF-«B
and Nrf2.

In several expert studies, total extracts, their fractions,
and molecular species have demonstrated bioactivities
[52-56]. Particularly, glycolipids from different algae
species have anti-viral, antibacterial, and anti-tumoral
activity [53, 54]. SQDG (32:0) and SQMG (16: 0) are both
described to have anti-microbial activity [55, 56]. Some
reports suggest that DGTS has the same function as PC
due to their similar zwitterionic structure, and they are
interchangeable in the cell [44]. It is significant that the
MGDG displays anti-inflammatory activity and is com-
bined with omega-3 to treat the regeneration of articular
cartilage in the osteoarthritis adult. Thus, further study
will be focusing on evaluating the bioactivities of the
composition of Lobophora sp. lipid such as fatty acids,
lipid classes, and molecular species.

5. Conclusions

In summary, lipid classes and fatty acid profile of seaweed
Lobophora sp. have been well defined. The simultaneous
detection of high-value long-chain polyunsaturated fatty
acids such as AA, EPA, and DHA in this seaweed has in-
spired researches to study the origin of these fatty acids in
the reef ecosystem. HPLC-HRMS technique has allowed
identifying 157 molecular forms in polar lipid that are
classified into betaine lipid, glycolipid, and phospholipid
groups with 64, 45, and 48 molecular forms, respectively.
The NO inhibition effects of lipid fractions including total
lipid, polar lipid, and unpolar lipid have been reported for
the first time with ICs, from 52.10 to 66.21 pg/mL. These all
suggest that Lobophora sp. lipids need to be further studied
for potential application in food, medicine, and cosmetics.
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Figure 1S. HPLC-HRMS and fragmentations of PI 34:1
[C43H70013P]".  (a) HPLC-HRMS chromatogram of
[C43H79013P] . (b) Negative mass spectrometry (MS™) of
[C43H79013P] ™. (c) Negative mass spectrometry (MS*") of
signal at m/z 835.5283. Figure 2S. HPLC-HRMS and frag-
mentations of PC 30:0 [CsgH,; NOgP]". (a) HPLC-HRMS
chromatogram of [Cs;gH;; NOgP]™. (b) Positive mass
spectrometry (MS™) of signal at m/z [C3gH;; NOgP]™. (c)
Negative mass spectrometry (MS™) of signal at m/z 690.5025
and m/z 750.5026. (c) Negative mass spectrometry (MS>") of
signal at m/z 690.5025. Figure 3S. HPLC-HRMS and frag-
mentations of PG 34:2 [C4,H,,0,0,P]". (a) HPLC-HRMS
chromatogram of [C40H74010P] . (b) Negative mass
spectrometry (MS™) of [C40H74010P] . (c) Negative mass
spectrometry (MS>") of signal at m/z 745.4985. Figure 4S.
HPLC-HRMS and fragmentations of PA 40:8
[C43HgsOgP]™.  (a) HPLC-HRMS chromatogram of
[C43H6808P]". (b) Negative mass spectrometry (MS™) of
[C43H6808P]". (c) Negative mass spectrometry (MS*") of
signal at m/z 743.4609. Figure 5S. HPLC-HRMS and frag-
mentations of MGDG 38:9 [C47H;,0;0Na]*. (a) HPLC-
HRMS chromatogram of [C47H72010Na]". (b) Positive
mass spectrometry (MS") of [C47H72010Na]". (c) Negative
mass spectrometry (MS") of signal at m/z 795.5046 and m/z
841.5021. (d) Positive mass spectrometry (MS>") of signal at
m/z 819.5023. Figure 6S. HPLC-HRMS and fragmentations
of DGDG 34:1 [C4HgoO;5]". (a) HPLC-HRMS chro-
matogram of [C49H89015] . (b) Negative mass spec-
trometry (MS”) of [C49H89015] . (c) Negative mass
spectrometry (MS™) of [C49H89015Na]". (d) Negative mass
spectrometry (MS®") of m/z 917.600. Figure 7S. HPLC-
HRMS and fragmentations of SQDG 34:1 [C43H;901,S] .
(a) HPLC-HRMS chromatogram of [C43H79012S]". (b)
Negative mass spectrometry (MS™) of [C43H79012S]". (¢)
Negative mass spectrometry (MS®") of signal at m/z
819.5162. Figure 8S. HPLC-HRMS and fragmentations of
DGTA 34:1 [C4HgNO;]". (a) HPLC-HRMS chromato-
gram of [C44H84NO7]". (b) Positive mass spectrometry
(MS") of [C44H84NO7]". (c) Positive mass spectrometry
(MS>*) of signal at m/z 738.6298. Figure 9. HPLC-HRMS
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and fragmentations of DGTS 28:0 [C3sH,uNO,]*. (a)
HPLC-HRMS chromatogram of [C38H74NO7]". (b) Posi-
tive mass spectrometry (MS") of [C38H74NO7]". (c) Pos-
itive mass spectrometry (MS**) of signal at m/z 656.5459. .
(Supplementary Materials)
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