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ABSTRACT

Crinum latifolium 1. is an Amaryllidaceae medicinal plant known for its alkaloid
constituents, but its detectable phytochemical profile may vary with extraction
conditions. We compared leaf extracts obtained by supercritical CO> (SC-CO)
extraction and ethanol maceration using HPLC-ESI-MS/MS. We tentatively an-
notated 98 compounds in 12 chemical classes, with flavonoids and flavonoid
glycosides forming the largest class, followed by alkaloids and phenolic acids. We
detected 68 compounds in the SC-CO: extract and 42 in the ethanol extract, with
12 occurring in both, giving a Jaccard similarity index of 0.122. Based on the lit-
erature examined, 66 compounds represent potential first records for C. latifolium.
The two extraction procedures produced distinct but complementary detectable
profiles, and the broader chemical coverage observed for SC-CO2 under these
conditions does not imply higher compound concentrations or extraction yields.
Keywords: Crinum latifolinm, Amaryllidaceae alkaloids, supercritical CO: extraction, ethanol
maceration, comparative phytochemical profiling, HPLC-ESI-MS/MS, flavonoids

PE3IOME

Yan B.K., PazronoBa M.II., I'oaoxBact K.C. CpaBHUTEABHBII (PUTOXU-
MUYeCKui poduAb 9KCTPaKTOB aucTheB Crinum latifolium, moayuaennsix
meToAoM cBepxkputudeckoii CO2-3KCTPAKIIME U 3TAHOABHOM Maliepa-
mun, ¢ ucnoabsosauuem BOKX-DCYUI-MC/MC. Crinum latifolinm 1.. — re-
KapCTBEHHOE pacreHme cemericrBa Amaryllidaceae, msBecTHOE Kak MCTOYHNK
AAKAAOMAOB; TIPH 9TOM €TO BBIABAACMBIH (PUTOXUMUYECCKHHA ITPOMUAD MOKET
3aBHCETh OT YCAOBUN SKCTPAKIMH. MBI CPABHHAHM 9KCTPAKTBI AUCTBEB, ITOAY-
ueHHBIE MeTOAOM cBepxkpuTaeckoit COz-sxcrpakiun (SC-CO2) i maneparmm
5TaHOAOM, € ucrnoAbsoBanueM BOKX-DCH-MC/MC. B obeii carokHOCTH
MBI IIPEABAPHTEABHO aHHOTHPOBAAH 98 cOeAMHeHHH, oTHOCAmmXCA K 12 xu-
MHYECKHM KAACCAM; HANDOAEE IIPEACTABACHHON TPYIIION OBIAM (DAABOHOHABI
1 (DAABOHOUAHBIE TAUKO3HABL, 3d KOTOPBIMU CACAOBAAH AAKAAOUABL 1 (DEHOAD-
mere KucAoTeL. B SC-COz-akcTpakre OBIAO OOHApyxKeHO (8 COCAMHEHHH, a B
STAHOABHOM 3KCTpaKTe 42, mpudem 12 coeanHeHuE OBAN OOIIUMI AAS 0DOMX
9KCTPAKTOB; HHAEKC cxOACTBa JKakkapa cocrasua 0,122. Ha ocnoBannn usydaen-
HOI AUTEpPaTyphl 66 COCAMHEHNN MOKHO PACCMATPHBATD KAK IIPEATIOAATACMBIE
riepBoie HAXOAKU AAA C. Jatifolinm. ABa METOAA SKCTPAKITHI AAAH PA3AHMYAFOIIH-
ecsl, HO B3aMMOAOIIOAHSAOIIE prToxnmmdeckue npoduan. boaee mmpoxnit
xumMmrdgeckui oxBat, HabAroaaeMbIil AAf SC-COz-9KCTPaKTa B MCIIOAB3OBAHHBIX
YCAOBHAX, HE CBUAETEABCTBYET O OOAEE BBICOKHX KOHIIEHTPALIUAX OTACABHBIX
COCAMHEHUIT HAM OOABIIIEM BBIXOAE SKCTPAKTA.

Karoueswie caosa: Crinum latifolinnz, aAKaAOHMABI AMAPUAAICOBBIX, SKCTPAKIIHA CBEPXKPH-

trraeckum COz2, Manieparus 5TaHOAOM, CPABHATEABHOE (PUTOXIMHIIECKOE TIPODHANPOBA-
une, BOKX-DCH-MC/MC, ¢haaBOHOHABE

Crinum latifolium 1.. is a perennial herb of the family
Amaryllidaceae, characterized by a bulbous habit, strap-
shaped basal leaves, and white to pale-pink flowers (Dolai
& Nandi 2021, Gasca-Silva et al. 2022) (Fig. 1). The species
is distributed in tropical and subtropical Asia and is used as
a medicinal plant in Vietnam (Tram & Khanh 2012).

Previous investigations of C. /latifolium have addressed
its traditional use, isolated constituents, and biological pro-
perties of extracts or purified compounds (Tram & Khanh
2012, Chen et al. 2018, Gasca-Silva et al. 2022, Thongphi-
chai et al. 2022). These studies provide useful background;

however, biological activity cannot be inferred solely from
the detection of a compound in an extract.

Phytochemical studies have established Amaryllidaceae
alkaloids as characteristic constituents of C. latifolium, par-
ticularly compounds of the lycorine, crinine, haemantha-
mine, and tazettine types (Gasca-Silva et al. 2022). Leaves
and bulbs have yielded compounds such as 6-methoxy-
undulatine, 6-methoxycrinamidine, undulatine N-oxide,
crinalatifolines, and 6-epihydroxypowelline (Chen et al.
2018, Hanh et al. 2018, Tian et al. 2021, Chaichompoo et al.
2024, Trang et al. 2024). However, most previous work has
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Figure 1 Crinum latifolium L. (A, B). Photo by V.C. Tran (June 2024)

focused on individual alkaloids or selected fractions rather
than on broad comparative profiling of extracts obtained
by different methods.

The detectable composition of plant extracts depends
strongly on solvent properties and extraction conditions (de
Aratjo et al. 2022). Supercritical carbon dioxide (SC-CO2)
extraction offers tunable selectivity through control of pres-
sure, temperature, and co-solvent conditions and facilitates
solvent removal (Arumugham et al. 2021, de Aradjo et al.
2022). Its application to C. latifolium remains limited, making
a direct comparison with conventional ethanol maceration
useful for evaluating extraction-dependent chemical profiles
(Pilatova et al. 2025).

In this study, SC-CO: extraction and ethanol maceration
were applied to C. latifolium leaves to compare their detec-
table phytochemical profiles by HPLC-ESI-MS/MS. The
study was designed as a qualitative comparison of extrac-
tion-dependent chemical profiles.

MATERIAL AND METHODS
Material and processing

Leaves of Crinum latifolium were collected from the
Hong Linh Mountain area, Ha Tinh Province, North Cent-
ral Vietnam (18°33'29"N 105°47'20"E), during 1517 June
2024. All samples were morphologically authenticated in
accordance with the current standards of the State Phar-
macopoeia of the Russian Federation (Pharmacopoeia of
the Eurasian Economic Union 2020).

All reagents used in this study were of analytical grade.
HPLC-grade acetonitrile was purchased from Fisher
Scientific (Kent, UK), while MS-grade formic acid and
ethanol (EtOH) were obtained from Sigma-Aldrich (Stein-
heim, Germany). Ultrapure water was supplied by Siemens
Water Technologies (Munich, Germany).

The leaves of C. latifolium were dried at 50 °C for appro-
ximately 6 h until they reached a constant weight. A mode-

rate drying temperature was used to re-
move moisture while limiting prolonged
thermal exposure of the plant material.
Dried leaves of C. /latifolium (11.2 g)
wete soaked in 50 mL of ethanol for
7 days. After extraction, the mixture was
filtered, and the crude filtrate was di-
rectly subjected to HPLC-ESI-MS/MS
analysis without further purification.

Supercritical carbon
dioxide extraction

SC-CO: extraction was performed
using an SFE-500 system (Thar SCF Wa-
ters, Milford, CT, USA). The system in-
cluded a Thar Waters P-50 high-pressure
pump for ethanol delivery as a co-sol-
vent, a Siemens CO2 flow meter (Mu-
nich, Germany) for monitoring the CO:
supply, and multiple extraction vessels
for processing different sample sizes.
The liquid COz and ethanol flow rates
were set at 20 mL/min and 1.00 mL/
min, respectively, and the extraction was conducted at
300 bar and 50°C. For each extraction run, 59 g of dried
C. latifolium leaves were loaded into the extraction vessel.
The extraction was maintained for 60 min after the system
reached the target pressure and a stable flow rate.

Liquid chromatography

Chromatographic analysis was performed using a Shi-
madzu L.LC-20 Prominence HPLC system (Shimadzu, Kyoto,
Japan) equipped with an SPD-20A UV-Vis detector and a
Shim-pack Velox C18 reversed-phase column (4.6 X 150 mm,
2.7 um; Shimadzu, Kyoto, Japan). Decionised water was
used as mobile phase A, and acetonitrile containing 0.1 %
(v/v) formic acid was used as mobile phase B. The gradient
program started at 0 % B for 0—2 min, increased linearly from
0 to 100 % B over 2-50 min, and remained at 100 % B from
50 to 60 min. The eluate was monitored at 230 nm, and the
column temperature, flow rate, and injection volume were
maintained at 50°C, 0.25 mL/min, and 10 pL, respectively.
The same chromatographic conditions were used for
HPLC-ESI-ion trap-MS/MS analysis. Five injections of the
SC-CO: extract and four injections of the ethanol extract
were performed. These technical replicate injections were
used to assess the reproducibility of compound detection
rather than biological variability.

Mass spectrometry

Mass spectrometric analysis was performed using an
amaZon SL ion trap mass spectrometer (Bruker Daltonics,
Bremen, Germany) equipped with an electrospray ionisation
source operated in both positive and negative modes. The
ion source temperature was set to 70°C, the drying gas flow
rate to 4 L/min, the nebuliser pressure to 7.3 psi, the capil-
lary voltage to 4500V, the end plate offset to 1500V, the
fragmentor voltage to 280 V, and the collision energy to
60 V. Full-scan MS and MS/MS spectra wete acquired over
an m/z range of 100-1700 at scan rates of 1 spectrum/s
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for MS and 2 spectra/s for MS/MS. Selected precursor ions
were further examined by multistage fragmentation up to
MS’. Instrument control, data acquisition, and processing
were performed using Bruker Daltonics software.

Comparative analysis of phytochemical
profiles

Phytochemical profiles of the SC-CO: and ethanol ex-
tracts were compared using manually curated detection/
non-detection data for tentatively annotated compounds.
The overlap between the two extracts was summarised using
a Venn diagram, and the Jaccard similarity index was calcu-
lated as | = a/(a + b + ¢), where a represents the number of
compounds detected in both extracts, b the number detected
only in the SC-CO: extract, and ¢ the number detected only
in the ethanol extract. Analytical reproducibility was assessed
by calculating the detection frequency of each compound
across replicate injections and classified as low (+; detected
in <25 % of runs), moderate (++; >25 % but <75 %), or
high (+++; 275 %). These categories reflect only the repro-
ducibility of compound detection across analytical runs and
do not represent relative or absolute compound abundance.

Tentative compound annotation

Compounds were tentatively annotated by comparing
chromatographic retention, ionisation behaviour, precursor
ions, and MS/MS or multistage MS fragmentation patterns
with previously published data. Because authentic reference
standards were not used for structural confirmation, all
compound assignments were considered tentative. Only re-
producibly detected peaks with interpretable fragmentation
spectra were included in the final compound list. This ana-
lytical workflow was used for qualitative phytochemical pro-
filing rather than validated quantitative determination.

RESULTS AND DISCUSSION

Phytochemical profiling of Crinum latifolinm led to the
tentative identification of 98 compounds, which were
classified into 12 chemical groups. Table 1 summarises all
tentatively identified constituents, their chemical classes,
and their distribution across the extracts. Among them, fla-
vonoids and flavonoid glycosides represented the largest
chemical class, with 40 tentatively annotated compounds,
followed by alkaloids (30 compounds), phenolic acids and
their derivatives (8 compounds), fatty acids (6 compounds),
phytosterols (5 compounds), lignans (2 compounds), and
quinones (2 compounds). The remaining constituents were
distributed among several minor groups, including pheno-
lic glycosides, phenolic amides, coumarin glycosides, oxi-
dised fatty acids, and sugar acids. These findings indicate
that C. latifolium possesses a chemically diverse metabolite
profile, characterised not only by the presence of Amarylli-
daceae-type alkaloids but also by a substantial number of
flavonoids and phenolic constituents.

Representative HPLC-ESI-MS chromatograms of the
ethanol and SC-CO:z extracts are shown in Figure 2. Both
extracts exhibited multiple chromatographic signals across
the analytical run, with differences in the distribution of de-
tectable signals. These chromatograms provide a qualitative
overview of the chemical profiles and are not intended for
quantitative comparison of compound abundance.

Figure 3 shows representative collision-induced disso-
ciation (CID) spectra of selected metabolites tentatively
identified in C. /atifolinm extracts by HPLC-ESI-MS/MS.

The MS® spectrum of crinamine (Fig. 3A) showed a
protonated molecular ion [M+H]|" at »/g 302.29, which
produced major fragment ions at »/z 259.21 and 199.14.
Further fragmentation of the /3 199.14 ion generated a
production at 7/ 141.10, followed by an ion at 72/ 129.25.
This pathway
agrees with previous reports for
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sent study.
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Figure 2 Representative HPLC-ESI-MS chromatograms of Crinum latifolinm leaf extracts obtained

by (A) ethanol maceration and (B) supercritical CO2 extraction
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Figure 3 Representative CID spectra of selected compounds tentatively identified in Crinum latifolium
extracts: A — crinamine, precursor ion at m/z 302.29; B — lycorine, precursor ion at m/z 287.25; C —
ambelline, precursor ion at m/z 332.31; and D — astragalin, precursor ion at m/z 449.30

spectral features are consistent with data reported for
ambelline in C. Jatifolium (Tram et al. 2002, Hanh et al. 2018,
Gasca-Silva et al. 2022) and with reports on other Amaryl-
lidaceae taxa (Feu et al. 2020).

Astragalin (Fig. 3D) showed a [M+H]" ion at /3
449.30, which generated a major product ion at 7/ 5 287.20.
Further fragmentation produced an ion at 7/ 3 241.13, with
the latter yielding an ion at 7/%213.07. This fragmentation
behaviour agrees with previous reports of astragalin in
Moringa oleifera (Ganjayi et al. 2022) and Trifolium resupinatum
(Marzouk et al. 2024), supporting its tentative annotation.

The ethanol maceration and SC-CO: extracts showed
distinct but complementary phytochemical profiles. A total

can further modify the
extraction characteristics
of the system. Different
solvents and extraction
approaches have been
reported for Crinum species (de Aradjo et al. 2022), while
recent studies have demonstrated the selective extraction
of Amaryllidaceae alkaloids using SC-CO2 with polar mo-
difiers (Pilatova et al. 2025). Under the conditions used in
the present study, the two extraction procedures therefore
provided complementary chemical coverage rather than
directly comparable extraction efficiencies.

Table 1 summarises the detection frequency across
replicate HPLC-ESI-MS/MS analyses. Among the 98 com-
pounds tentatively annotated in this study, no previous re-
ports were found for 66 compounds in C. /latifolium after
reviewing the available literature (Tram et al. 2002, Tram
& Khanh 2012, Chen et al. 2018, Hanh et al. 2018, Thong-
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(Gulsoy-Toplan et al. 2018); Perilla leaves

Colchicum micranthum
(Chen et al. 2022)

178 160; 158 132 n/d ++

197

196.1553

CsHi1207

Gluconic acid*
[Gluconate]

Sugar acids

15(2)

Note: “*”, putative first records for Crinum latifolium based on the literature examined.

phichai et al. 2022, Gasca-Silva et al. 2022,
Chaichompoo et al. 2024, Trang et al
2024). These compounds were therefore
considered putative first records for C. /atifo-
lium based on the literature examined. Addi-
tional phytochemical and analytical studies
on Crinum species and other Amaryllidaceae
taxa were also consulted when evaluating the
compound annotations (Ghosal et al. 1985,
Nair et al. 1998, Zhang et al. 2009, de And-
rade et al. 2014, Guerrieri et al. 2016, Huayl-
la et al. 2021, Soto-Vasquez et al. 2022, Lin
et al. 2025, Feu et al. 20206).

Alkaloids remain of particular interest
because they are characteristic metabolites
of Crinum. However, the detection of flavo-
noids, phenolic acids, lignans, fatty acids,
phytosterols, quinones, and sugar acids broa-
dens the known phytochemical profile of
C. latifolium beyond its established alkaloid
composition. Overall, these findings expand
the phytochemical information available for
this species and provide a basis for further
targeted chemical investigation.

CONCLUSION

Our HPLC-ESI-MS/MS analysis tenta-
tively annotated 98 compounds in Crinum
latifolinm leaf extracts obtained by SC-CO2
extraction and ethanol maceration. The
two extraction procedures produced dis-
tinct but complementary detectable phy-
tochemical profiles, with 68 compounds
detected in the SC-COz extract, 42 in the
ethanol extract, and 12 shared between
them. Based on the literature examined, 66
compounds represent putative first records
for C. latifolinm. These findings expand the
known phytochemical profile of the spe-
cies and show that extraction conditions
influence detectable chemical coverage. All
compound annotations remain tentative and
require confirmation using authentic refe-
rence standards or complementary structu-
ral methods.
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