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e, AEoA= AAA 71 4 2 As) MEE
go] AR ofe AWe zefske Ao® dHA
(Naranjo et al., 2017; Kwon et al., 2021). A|AZ2] =3
Z2ujo] Wekay 715, SRR S}, #4520
&, A 2B S Fo WA ZEHZE vkl o] uf
of e AZIFH = d7)7EA] SFRSIs Aoy, =d 7)ol
T4 AL QY AR A =351 7SS i Al
Itk Micco et al., 2020; Helbling-Leclerc et al., 2021).
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Background: The soft petiole of the Glehnia littoralis shoot is used as a raw material for food. It
contains specific ingredients such as polyacetylene and coumarin. However, basic research consid-
ering their safety verification, efficacy, and ingredient identification is needed.

Methods and Results: In this study, GC/MS compound profiling and LC/UVD were performed to
evaluate the antioxidant activity of G littoralis shoot extract fractions, and to identify the com-
pounds contained therein. Total phenol and flavonoid content as well as antioxidant activity were
maximum in the ethyl acetate layer, and a significant correlation was confirmed between total phe-
nol content and antioxidant activity. GC/MS compound profiling, revealed a total of more than 40
compounds, and active ingredients such as coumarin-based phellopterin unique to G litforalis and
polyacetylene-based falcarinol (panaxinol) were qualitatively analyzed. The highest coumarin con-
tent was found in the ethyl acetate layer.

Conclusions: In this study, the antioxidant activity and compounds contained in the shoot (soft pet-
iole) fractions of G littoralis were confirmed. These basic data may contribute to expanding the
material value of G littoralis in the future.

Key Words: Glehnia littoralis F. Schmidt ex Miq., Antioxidant Activity, Coumarin, Ethyl Ace-
tate Fractions, Non-targeting Metabolic Profiling, Shoots
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3 &3 mEF=gole] Atsly Qiksl As|= A|lEE APE
N7l Aoz deA] vt (Hanzhi et al., 2017; Oh et dl.,
2020).
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WS} Yeks A
al., 2019, Kim et al., 2020).

FAAES ASA] B JAE
P 5 gl tigk 2340l T4
Fsi, APAEE 529 S0l whet JefA
o2 4#HA Utk Min, 1990) G2 ES
o] AEAl FYsHe 53 AuA 7= W
s, SFA=EET e oA tAREE
LA, T B ARl ASE s A7t 1 0111
r3 ATt (Lee et al., 2004). 20199 %7}0H°H§Eﬂ7ﬂ+ﬂ
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ZAbel| mER SjellA] 2ZMskE QAN ES 72 ToE IR
, 3 19 Serell ] & 1,813,536 ni 9] ¥E WAL A}
A= Aoz BAE} (Lee et al., 2019).
A2 E Z AWE (Glehnia littoralis Fr. Schmidt ex
Miquely> s Adste thadAl Y 2EAE2 o2, &
=, B, AF S, 0523 FHUHIE 9 51] Aol
A G 2TPA] R F Aol XS (Kim er al., 2005;
Choo et al., 2008), 3] FaFe sl W= vzt st
Aol Aalgit) AW A= B-sitosterold} bergaptens
FZe W AL A FOFZ (Seo and Ryu, 1977), poly-
acetylene 3}3H=<!l falcarindiol, falcarinol, coumarin 3}3H&
9l bergapten, xanthotoxin, umbelliferone, scopoletin, ZL2] 3L
sesquiterpene 3}5H=<1 (5B,100)-Lasidiol angelate 5©] 231
HAL (Um et al., 2010) 78 AHE2S A (Shin e
al., 2005), F=E2 34 (Yoon ef al, 2010) ¥ 3¢t (de
la Cruz et al., 2015)2] 37} R IF ST}

‘Eﬂzﬂ FE AV Agh AAFTE 25370l 4

AT
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T

A8 2 AMgo] 715 Aeloln (MFDS, 2021), v;ffé,
3’%7‘”1 Soll &S TRkt A7t o] FoiR|A] ke AdEjoltt.

mEbA, 2 Ao e ARE A (A3 QAT FE=
9 2EEe] st Al 7k e compound?]
GC/MS non-targeting 445212} LC/UVD H#E4S 2
slo], GAIAE e A7 7IXE HEsial SeHAE
Pstaat AldE kit
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1. M=

Aol AR AF-2 20199 590l A=
37.84083, A% 128.65416)°1X AulE AWF (G littoralis
Fr. Schmidt ex Miquel, Solnaemall, Gangneung, Korea) A|

g Azsiel s,

5 (=

=

T=
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d ¥ A%7]E KED-132A (Kiturami Co.,

ZAzol A&H

Ltd., Cheongdo, Korea), =0l AFEE o|eh2-S 95% g
4 (Dachan Ethanol Life Co., Ltd., Hwasung, KoreayS A}
23193, F&7]= COSMOS-660 (Kyumgseo E&P, Incheon,
Korea), Z%&=7]= R-220 pro set (Biichi, Postfach,
Switzerland), &2 7AZ7]E PVTFD 300R (llshinbiobase,
Yangju, Koreay& ©]-8-3tich. o]&fo] o Abed &ni=
Thermo fisher scientific (Waltham, MS, USA), AJ&]&Ad
AMgEl A]9ke Sigma-aldrich (St. Louis, MO, USA) A%<
ARE-3FATE.

2. FE= M 9 201 28

FZ2Eo MR A AZRE 2.5 kegoll 50% 01] < 50
L& FH7rstal 50ColA 5 AlZF gL, 5 3] vk 3 5& <,
FE, FANR 3 2UE AEE ARSI

S 582 Jeon 5 (2012)¢] WHHS WA ’é"]f‘?}?\i

==
oI T

=4 &9 n-hexaned}t 1:12 £33 oL, &
Zo] Y EZ vkx]5le] n-hexane =& 2|51t 5?—-_]’5} Ll
Hog X 3 3] F23}o] n-hexane BYEL At} o]
Zo] chloroform, ethyl acetate, BUOHS =2 o] 7—17'74'
FEIAT ojdf, FE8vle F2 i U o=
7FstiTt.

n-hexane, chloroform, ethyl acetate, BuOH, &%
449] ZJolE o] 83 BIES 5 F, B EHE 55,
A ETE g 9 %ﬁﬂ%"*é A4, LC/UVDE
0|83t coumarin AIE FHFEAY] AEE ARESIATH (Fig.

500 me ol 8-&f3k

_1

3, 9le] Bk AR 10 g

F=3 n—hexane

o]

HU

=
To

1).
3. Edju= gk

31. 5 U=

% #E2 Folin & Ciocalteu®] *WHS WIS Singleton
S (19999 oz ALF AdTe] 50% e FE=34
|18 FZE (n-hexane, chloroform, ethyl acetate, BuOH,
30 S vt

A& 100 £ (1 mg/md)ll Folin-ciocalteu's phenol 50 /£ E
T3] A2x 5 B2 HESAITIAL, ©]F, 20% sodium

A2ollA 15 T':Z_]' F71E Wk

carbonate 300 (£ & 75k
AFTE ¥Hgo] FRE F, SRS 1 mE 7Kt UV/Vis
Molecular Devices,

spectrophotometer  (UMBS0300-3040,
San jose, CA, USA)Z 740 nmol|X F34=2 =A3c)

o1-=
EFEZ gallic acide 0, 100, 150, 250, 350, 500 rg/mb

TEZ sl ZAFA (y = 0.002x + 0.017, R? = 0.999)
< ZA38EAAL, gallic acid equivalents (mg-GAE/g)= A 7
e A=kt



- FRE -

b
x
oN

0

b RE - otz

Shoots in Glehnia littoralis
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Fig. 1. Flow diagram of extract and solvent fractions from shoots in Glehnia littoralis in this study.

2. 5 &R 0l=

% Z8Hwo|=& Chandra 5 (2014)9] WHEZ 50% ol
e T, S 28Ee] S Vst

1 M potassium acetate 100 £ 10% aluminum nitrate
100 /408 EFBIAL, AR 500 (4 (1 mg/mb)S H7Fste] g
ol 40 E7F u€FEAIF]I, UV/Vis  spectrophotometer
(UMBS0300-3040, Molecular Device, San jose, CA, USA)

w

Z o]&3led 510 molA FFEES SHEA

72 quercetin 0, 10, 25, 50, 100, 200 pg/ml &%=
2 343t A7 (y=0.004x+0.035, R* =0.999y2 =4
S}, quercetin equivalents (mg-QUE/g)= A TS A=

skt

N

. ekl 2
4-1. DPPH 80I2 radical &2HS
DPPH A7%8 Clake 5 (2013)2] MO R 50% ol gk
FE=8, §E E¥E0 248 vt

FTEEZ 843 AR 100 9 1.5 mM DPPH 100
ME 30 27+ 4 ¥ESAIF7)AL, UV/Vis spectrophotometer
(UMBS0300-3040, Molecular Device, San Jose, CA, USA)
S o]&3t 517 mollX FFEE SIS PR
ascorbic acid® ARE3IAT, HNET 50% A= Q3
559l half maximal effective concentration (EC50)°-2 &

3 e A=

=

4.2. ABTS A0|2 radical 2Hs
ABTS 2758 Ozgen 5 (2006) "HOE 50% ole-e 5

25, S BEE9] A2 v|wsth 2.6 mM potassium
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ey

persulfate®} 7.4 mM ABTSE 1:1 H|&Z &3 3, 15 A
et IR WREAIA ABTS 84S Alxsisich
FTEHEE 848 AF 100 9} ABTS €9 90 sl E &
dated 10 #7F Aol ¥EAIZ] $, UV/Vis spectro-
photometer (UMBS0300-3040, Molecular Device, San jose,
CA, USAE o]&3lo] 734 m oM SH=E 45 &
A ZETE ascorbic acidS ARE-SINAL, EC508.2 &4 e

BA
2FEskinh

[0

4.3. SOD FAEKd

SOD fAFAd-& Marklund and Marklund (1974)2] WS
2 50% dEe F=E, S EYE &8 vwsiiih

1,000 pg/ml @ =2 AZH AlFE 40 L Tris-HCI
buffer (50 mM Tris + 10 mM EDTA, pH 8.5) 200 /£ <}
7.2 mM pyrogallol 10 & &3H3 3 25T 10 &
ZF HESAIATE 1 M HCI 10 5 718l W& FFAT
&, UV/Vis spectrophotometer (UMBS0300-3040, Molecular
Device, San jose, CA, USAYE ©]&35}o] 420 nm oA 3=
=48t
SN ZTEE ascorbic acidE AFESINI, AR AV
7R FE AolE WiEE (%)= st &84S A=

sk,

=

=

5. Gas chromatography/mass spectrometry (GC/MS) &
g=24

AF AFR-2] 50% olerE FEE tigh B35 tiAA|
£ 2297 (non-targeting metabolic profiling)S GC/
MSE HAlsk3ATh,



HUE K[&fF AR Z=2nild

AYE IS 50% AHS= %, 55, 547123 3,
o A8 n-hexaneS H7Fsko], 10,000 pg/ml FE== A%
T, A58 e gAse] s,

GC= 6890N GC system (Agilent Technologies Inc., Santa
Clara, CA, USA) MS+= Pegasus IV (LECO Co., St. Joseph,
MI, USA)E ©]€3l 2, Columne Agilent GC column
DB-5MS (30 m x25 m, 0.2 um, Agilent Technologies Inc.,
Santa Clara, CA, USA)S AME-31912H, Table 13 722 %
A0 AAREAS AT

ot A

6. LC/UVD HHZM

Compound ¥ coumarin A8 AFEAL 50% olEkE F
==, §E Eg== vrFo] LCUVDE AA skt
UltiMate 3000 HPLC system (Thermo Fisher Scientific Inc.,
San Jose, CA, USA)YS ARSI, AP (5 m, 250 mm x
4.6 mm, Bischoff Analysentechnik und -gerite GmbH.,
Boblinger, Leonberg, Garmany)S AM&3lth o] 5742
water (A)2} acetonitrile (B)2 &%= o w2 7]&7] &<
Z7 (0-5 min: 80% A, 5-60 min: 80 — 0% A, 60-70
min: 0% A, 70-71 min: 0 — 80% A, 71-80 min: 80%
AYS A% & A4- &% 30C, §% 1.0 ml/min, FY%
10 /4, A& 203 nn 2 431910}

=5 ] ie)
R

sigma-aldrich®] scopoletin, umbelliferone, im-
peratorin®} chemfaces®] phelloptering Y 3I$3L, 5 point
SEHAN FFFAAE AT F 42 34 (scopoletin
y = 0.482x+0.077, R* = 0.999, umbelliferone y = 1.005x +
0027, R2=0999, imperatorin y=0.996x+0.017, R =0.999,
phellopterin y =0.993x + 0.010, R? =0.999)] 7S th3la}ed
ARkS A=kt
7. SAHXE]

AL 3 3] §HEo R Fgslon, Wi + FFUAE Y
Rtk AlE Aol #HEE FAA2l= SPSS program
(Statistical Package for Social Science, Version 24, IBM,

Table 1. The condition of non-targeting metabolic profiling in n-
hexane extract from G. littoralis shoots using GC/MS.

Injection volume 1 12

Inlet temp 280C

Split 50:1

Oven temp 30°C (5 min hold) - °“/™n _-300°C (10 min hold)
Transferline temp  280°C

Sovent delay 0 sec

lonization Electron impact (E)

Detector voltage 1750 V
lon source temp 220
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Chicago, IL, USA)YS ©]-&3t] #AHEA(ANOVA)LE 5%
=94 Duncan’s Multiple Range Test (DMRT)A <]3}]
iz A 7H] fFoAE ASslT (p < 0.05).

o DE

=

a1}
. 2= e
1.1. & ¥z, & SRB01=
WZ (G littoralis Fr. Schmidt ex Miquel) 2’35 3
(Fig. )9 & = =S chloroform < hexane < % <
BuOH < ethyl acetate =S =2 844, 10.55, 14.92, 50.20,
72.52 mg-GAF/g, & ZTtR-o|= S E= < chloroform
< hexane < BuOH < ethyl acetate =22 248, 3.09,
549, 17.40, 21.61 mg-QCT/ge] HEHALE F =, Zetr
o0|= BT ethyl acetate w820l 7MY =2 RS UE

W3lth (Table 2).

=
o

[<

2. ehiig} gk

2.1. DPPH, ABTS radical &2 Hs

E3E (Fig. 1)) DPPH radical 752 chloroform <
hexane < % <BuOH <ethyl acetate =22 856.49, 608.12,
208.69, 108.56, 81.72 ug/ml, ABTS 47 %< chloroform <
hexane < % < BuOH < ethyl acetate =22 1250.13,
880.06, 293.19, 119.24, 113.26 pg/ml EC50°] Z74 =3 th.
DPPH, ABTS &5 ethyl acetate £ & 7P =& 47
52 YERAT} (Table 2).

A& FE EFYHEY SHE2

child gl og 253 A9she phenolic hydroxyl

group (Choi ef al., 2011y AIH 2 F7F 5/4& Vel
o] ethyl acetate SolA TFo] =2 Fo=z deix Ut
(Kim et al., 2019).

AHEARE ) EAE] o, wizE 9 geass B YE
A48 H| w3k A3YAF = ethyl acetate &2 =

o} FETE0] B8, old wEk ksl &4
S7tEE AL ERIEAY (Lee et al., 2007; Kim et al.,
2012; Kim er al., 2017; Hacke er al., 2018). F=3F, G2
E AWM ethyl acetate +F =2 =2 ET|vE T
ksl EAde] AEAZE ERIEAT (Choi er al., 2009).

2 A= dgAret fAkgE S HkS wl, ethyl
acetate 5] ¥ ET|ulE kel ol kst Dol STt

= Aoz AztE|ofzint

al,

5 1o

M et
f

il

, rol=

N

o]

2.2. SOD A

E3E (Fig. )¢ SOD fA A3 A& 5% 1,000
ng/ml = 25k 1w, chloroform < hexane < &% < BuOH



<ethyl
2]

acetate <= O & 10.60, 12.98, 19.12, 40.83, 45.63%
ZA =Tt (Table 2).

Jeon 5 (2012) F3F #3E2] SOD SIS H3I9S
uj, ethyl acetate EZE&E 42.8% (¥ 1,000 wg/ml), Kwon
T (20202 =ZA| ethyl acetate wH= 22.5% (= 500
pgmh)E Z Hmo] thEF F-FEo] cthyl acetate =°] H
e VRt BHasigiT)

o, AN E 50% HEke A2 FE=9] SOD AR
4e FAT Park (200600 A7HAFDF 2236%, L=
20.09%, A5Aol 17.74%, THEAIZ 1649%S UYERIA,
A= 50% oeE A FE=0°] 36.74%= e
o], GAAE Foll Aoz SOD fAEAC] w8 Fe
2 IR

Superoxide= HUjollA 7HE Fo] LAsk= &4 Akdolm,
AUl SOD EaE SRS Filelrig HEAT)E wke
S ZujelH, o]% catalase®} peroxidased] 2J3] EEA}S} 4k
2822 Agdr) B3k SOD 49 thEX T AujollA o]
oF AR 98 = 528 SOD AR ER g F&
ot} (Kim et al, 1994; Park, 2006). = Aol AHE 50%
ofete FEE3 EEE9 SOD #AFY ZA3= soDu
SOD fAFEZE 23l AsAitslrh AAEe] 248 veRd
2o 7 A7te]ojZit),

2.3. Ed|H= a2y} shilgl &M Zio| ARk 2A
FEEI 2IE (Fig )9 & dE 2 ZgtEwol= sl

I kst 24 7he] dAdAE Table 33 2

kst o] =& < d=

ethyl acetate =2

DPPH, ABTSE r = 0.990, r = 0.9762.% -f-o]%¢l AA
AE YR (p < 0.01), DPPHS} ABTS H)Z &27%

AME r = 09349 o8 FAAAE HERdT @ <
0.05). ¥Hd, & ZEtHol=9} SOD FARMICIM = #2914
2 FHIATLE Sl A= YERsth

Az ZHeo]=E free radicals A&AT

| s} =
FoAgRow delA 93, DPPHY ABTS2He] A=

f

=
(¢

CEK[E - EMZ

RS e]

Table 3. Correlations between poly phenol and flavonoid contents
and antioxidant activities of shoots extract and fractions

K=

from G. littoralis.
Fractions  Activity TPCY TFC? DPPH ABTS SOD
TPC 1
it TFC 993 1
XtraCl
0% o) DPPH 637 545 1
ABTS  -932 -884 -873 1
SOD -1.000° -994 -634 931 1
TPC 1
y TFC 209 1
€Xane  pppy 774 -781 1
fraction
ABTS 619 897 -976 1
SOD  -951 104 .540 -345 1
TPC 1
Chioror TFC =761 1
OroIoMM  Hppry 671 029 1
fraction
ABTS  -891 383 935 1
SOD 789 -999 -073 -423 1
TPC 1
il TFC 392 1
thylacetale nop 990 520 1
fraction
ABTS 976 181 934 1
SOD 226 -808 .084 434 1
TPC 1
son TC 6931
o DPPH -572 988 1
fraction
ABTS  -789 990 995 1
SOD 348 -917 -968 -850 1
TPC 1
N TFC  -477 1
quUeoUS  hppry 399 666 1
fraction
ABTS  -581 .992 569 1
SOD  -762 -207 -868 -084 1

YTPC; total phenol contents, 2TFC; total flavonoid contents. Values
are expressed as means = SE (n = 3). Means within a column
followed by the same letter are not significantly different based on the
Duncan's Multiple Range Test (DMRT, p < 0.05). *Correlation is

significant at level 0.01.

Table 2. Antioxidant activity of extract and solvent fractions from G. littoralis shoots.

Fraction Total phenols Total flavonoids DPPH EC;5, ABTS ECsq SOD

(mg-GAE/g) (mg-QCT/g) (1g/mk) (1g/ml) (%)
Extract (50% EtOH) 46.55+3.03° 16.60=2.00° 93.87+9.07¢ 236.51%7.91¢ 36.74%2.77¢
Hexane fraction 10.55+1.02¢ 5.49+1.00° 608.12+5.80° 880.06+53.71" 12.98+2.40'
Chloroform fraction 8.44+0.26° 3.09+0.73¢ 856.49+91.57° 1250.13+150.80° 10.60+1.99'
Ethyl acetate fraction 72.52%5.17° 21.61+1.27° 81.72+8.49% 113.26+7.83¢ 45.63+1.44°
BuOH fraction 50.20+5.00" 17.40+1.80" 108.56+3.76" 119.24+8.08¢ 40.83%1.12¢
Aqueous fraction 14.92+1.31° 2.48+0.59¢ 208.69+25.28° 293.19+32.61¢ 19.12+3.03¢
Ascorbic acid - - 19.98+2.10' 51.84+1.744 66.61+0.54%

Values are expressed as means + SE (n = 3). Means within a column followed by the same letter are not significantly different based on the

Duncan's Multiple Range Test (DMRT, p < 0.05). 1)Sample concentration 1,000 fg/mé.



HA=
kst AT o= 4#A Ut (Esmaeili
et al., 2015). Jeon S (2012)2 free radical &A%, §4%
HkS 3kl % ukg AMEELE W)W AlFoA ethyl acetateol]
Al Hoe] 84S e, & dls 9 EefEwo|set &
Abst @A) AAAAE ASsit Park®t Kim (2017)
AEE dEE (PR AR elA E2]9E3 DPPH, ABTSS]
oAl AHAAE ASsHiTt. 8, Jang 5 (2012)y ©oF

FEE9 & ZgdEx ABTS % &A% (r =
09152} DPPH &tz 27% (r = 0.750)9] A&#3AS U
Eglon, Setrol= %3 DPPH #ulZ &A% (r =
0.514)3 3 (r = 0.674)2] FHAIAS HA=3ITh

=

3. GC/MS =M

AE Aol &2 compound profiling A3}, & 40
&% compound’} 1=, ©]F 19 F compound (a-
phellandrene, 4-isopropyl-2-cyclohexenone, 2.,4-di-tert-butyl-
phenol, 3,7,11,15-tetramethyl-2-hexadecen-1-OL, palmitic acid,
methyl linolenate, ledene oxide-(I), phytol, linoleic acid,
falcarinol, imperatorin, DL-alpha-tocopherol acetate, stigmasterol,
2-linoleoylglycerol, methyl (Z)-5,11,14,17-eicosatetracnoate, cam-
pesterol, 2-palmitoylglycerol, i-propyl 6,9,12-hexadecatrienoate,
phytyl acetate)= TF= compounddl] H]3l] T AEHE AL
golstk 2= 93t} (Fig. 2 and Table 4).

Z 40 9% compound= fatty acid, terpenoids, coumarin,
fatty alcohol, sterol, vitamin, polyacetylene, glycerol, wax
ester, sesquiterpenes 522 ERIFN oM, AT ERfe F&
A% coumarin A€ phellopterin, imperatorin, isopimpinellin
3} polyacetylene A€ falcarinol (panaxinol)®] 444 =3
AL, AE A B gk M AR g F1E o
T7F FEEojop & Zlog Azt

Abundence
20,000,000+

3,7,11,15-Tetramethyl-2-

17,500,000
7,500,000 hexadecen-1-OL

15,000,000+
12,500,000+

10,000,000
4-lIsopropyl-2-cyclohexenone

7,500,000
o-Phellandrene

\

2,4-Di-tert-butylphenol
5,000,000

2,500,000

0 -

Palmitic acid

Methyl linolenate |

AT ChAR Z=2mid o ehitel 2y

VS|

4. LC/UVD HAzk2M

AE Adel g coumarin 4 F
7, 50% oletE FZFE A= scopoletin 2.11
belliferone 0.09 mg/g,

H O
s

249 2
mg/g, um-

imperatorin  0.47 mg/g, phellopterin
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Fig. 2. GC/MS compounds chromatogram of non-targeting metabolic profiling in n-hexane extract from G. littoralis shoots.
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Table 4. GC/MS qualitative analysis compounds of non-targeting metabolic profiling in n-hexane extract from G. littoralis shoots.

Retention

Type Identified chemical common name Ti Formula Height Area
ime (sec)
Myristic acid 1230.7 Ci4H30, 850,138 18,956,032
Palmitic acid 1360.4 Ci6H3,0, 10,547,870 377,925,050
Linolenic acid 1463.2 Cy5H300, 17,176,334 465,785,210
Fatty acid Stearic acid 1471.4 Ci5H360, 3,359,457 56,710,525
2-Palmitoylglycerol 1645.1 Cy9H350, 5,473,921 107,914,605
Oleamide 1763.5 CiH3sNO 833,706 14,235,975
Octacosane 1772.2 CygHsg 731,772 13,744,576
Heptacosane 1814.2 CyyHs6 1,676,887 33,411,504
3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1279.9 CooH400O 27,154,310 443,346,725
. Phytol 1440.3 CaoHaoO 21,024,348 438,270,016
Terpenioids
Squalene 1777.7 CsoHsg 654,108 10,921,045
Phytyl acetate 2186.9 CH10, 3,695,703 201,354,894
Phellopterin 1431.0 Cy7H41605 1,063,863 19,663,095
Coumarin Isopimpinellin 1505.6 Cy3H1005 2,597,511 48,533,071
Imperatorin 1567.8 Ci6H140,4 10,859,477 275,003,398
1-Nonadecanol 1814.5 Ci9H400 1,685,730 33,906,897
Fatty alcohol

Octacosanol 1899.0 CysH550 4,045,024 94,246,944
Sterol Stigmasterol 1975.2 Cy9H40 9,685,397 321,195,036
Campesterol 2010.4 Cy9Hs500 7,197,643 265,400,275
Vitamin DL-alpha-Tocopherol acetate 1910.6 CyoHs500, 19,211,198 480,605,042
Phytonadione 2024.1 C31H460, 579,016 15,205,112
Polyacetylene  Falcarinol 1401.1 Cy7H,,0 9,846,175 168,581,605
Glycerol 2-Linoleoylglycerol 1727.0 C1H350, 7,250,868 193,223,077
Wax Ester Tetracosane 1590.6 CysHsg 3,357,341 61,500,824
Sesquiterpenes  ¢-Elemene 999.1 CisHaa 577,651 9,193,753
Heneicosane 1488.8 CorHus 1,580,736 27,926,208
(+)-alpha-Phellandrene 627.5 CioH16 2,793,696 50,074,114
2-Cyclohexen-1-one, 4-(1-methylethyl)- 793.2 CoH1,0 3,309,467 67,985,563
Benzaldehyde, 4-(1-methylethyl)- 844.5 Ci0H720 589,102 9,530,106
Naphthalene, 1,2,3,4-tetrahydro-1,1,6-trimethyl- 941.9 Ci3Hqg 611,234 14,536,796
Carvenone oxide 1011.3 Ci0H160, 1,092,521 20,112,694
2,4-Di-tert-butylphenol 1055.7 Cy4H2,0 3,775,718 62,768,384
Etc 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 1279.9 CyoH400 27,154,310 443,346,725
Methyl linolenate 1345.2 Cy9H3,0, 7,280,550 267,689,278
Ledene oxide-(Il) 1452.9 Ci5H2,0 10,296,551 158,947,179
4,8,12,16-Tetramethylheptadecan-4-olide 1565.4 Cy1H400, 2,938,619 18,941,003
Methyl (2)-5,11,14,17-eicosatetraenoate 1730.9 C,1H3,0, 9,240,150 244,876,405
2-Nonadecanone 2012.9 Ci9H330 1,648,851 29,828,340
i-Propyl 6,9,12-hexadecatrienoate 2178.1 Cy9H3,0, 6,584,844 365,099,063
Isopropyl! linoleate 2386.7 Cy1H350, 974,640 62,357,362

tUl 3% 982 S, 4F Aole A GaskA 4

_,

= 0}04 Ay o =38 & & UAY (Kasote er dl.,
2015), A8 G583, AAA, F52 AT e o]
=2 FAE AlE0] AMEFHH SR, A 2 A
Zpo] ARZFO R <lsle] HAE (3, =) AH <
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Fig. 3. LC/UVD targeting comrounds chromatogram of extract and solvent fractions from G. littoralis shoots. Representative LC/

UVD chromatograms o

coumarin type detected from shoots extract and fractions from G. littoralis. Std; standard coumarin

chromatogram, A; 50% ethanol extraction, B; hexane fraction, C; chloroform fraction, D; ethyl acetate fraction, E; BuOH

fraction, F; aqueous fraction.

Table 5. LC/UVD quantitative analysis compounds of extract and solvent fractions from G. littoralis shoots.

Fraction Scopoletin (mg/g)  Umbelliferone (mg/g)  Imperatorin (mg/g)  Phellopterin (mg/g) Total (mg/g)
Extract (50% EtOH) 2.11+0.21 0.09+0.01 0.47+0.05 0.02+0.03 2.66*0.26
Hexane fraction 0.09+0.01 N.D." 0.88+0.02 0.10+0.00 1.07+0.97
Chloroform fraction 0.27+0.09 0.04+0.01 0.23+0.03 N.D. 0.54=0.80
Ethyl acetate fraction 4.28%0.24 0.01=0.03 0.17+0.05 N.D. 4.46=0.02
BuOH fraction 0.33%0.06 0.09+0.02 0.11+0.07 N.D. 0.53%0.26
Aqueous fraction N.D. N.D. N.D. N.D. N.D.

N.D.; not detected. Each value is means = SD of three replicate tests.

29l AFE T3l scopoletin, umbelliferone, phellopterin,
imperatorin £]2] coumarin A¥2] compounds 4 Z 7
d HEE T, 7154 DAEAS THR] 9} s g =L

G847t ST & U2 Ao= AzkEelr.
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