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ABSTRACT

This thesis investigates the phytochemistry and selected bioactivities of Pandanus
tectorius and Pandanus amaryllifolius through comparative screening of extracts from
multiple taxa, targeted isolation and characterization of metabolites from P. fectorius
leaves, response-surface-based optimization of phenolic- and saponin-enriched fractions
from P. tectorius fruits, and a phenolic enrichment from P amaryllifolius leaves.
Bioassays comprised radical-scavenging (DPPH, hydroxyl), a-amylase inhibition,
cytotoxicity (A549, K562, MCF7), and nitric-oxide (NO) production inhibition in LPS-
stimulated RAW 264.7 cells.

Comparative profiling revealed pronounced interspecific and organ-level
differences: P. tectorius was consistently rich in phenolics, flavonoids, and saponins and
showed the strongest antioxidant activity, whereas P. amaryllifolius accumulated
exceptionally high alkaloid levels with attendant cytotoxic and anti-inflammatory
effects.

From P. tectorius leaves, two new benzofuran epimers (Pandanusfuran A and B)
and four known lignans (pinoresinol, pinoresinol monomethyl ether, arctigenin,
matairesinol) were characterized by HR-ESI-MS/NMR with absolute configurations
assigned via ECD/Snatzke’s Mo2(OAc)s-induced ECD; HPLC-DAD verified the
benzofurans as native constituents. Lignans showed comparatively stronger radical-
scavenging than benzofurans, while the benzofurans displayed a-amylase inhibition
approaching acarbose and selective cytotoxicity toward A549, with minimal activity
against K562/MCF7 and negligible NO inhibition.

Box—Behnken Design optimization of P. tectorius fruits yielded statistically robust
quadratic models for total phenolics (TPC) and total saponins (TSC). Multi-response
optimization produced seven validated operating windows that trade off phenolic-rich
vs saponin-rich outcomes: TPC-prioritized conditions favor higher ethanol (70-90%)
and 80 °C; TSC-prioritized conditions favor 45-55% ethanol and longer extraction times
(>175 min); an intermediate “Balance” setting achieves good simultaneous yields.
Phenolic-rich extracts showed stronger antioxidant effects, whereas saponin-rich
extracts exhibited higher NO inhibition but potential cytotoxicity at the highest saponin

levels.



For P. amaryllifolius leaves, an optimized phenolic enrichment displayed potent
antioxidant activity (comparable to ascorbic acid and catechin) and stronger NO
inhibition than separated alkaloid and non-alkaloid fractions, consistent with synergism
between phenolic and alkaloid constituents; isolation identified a suite of phenolics and
shikimate-derived metabolites (e.g., methyl shikimate, n-butyl shikimate, pinoresinol 4-
O-p-D-glucoside, methyl gallate, vanillic, 4-hydroxybenzoic acids and related esters,
vanillin, n-butyl-D-galactopyranoside).

Overall, the outcomes of this work enrich current phytochemical knowledge of P,
tectorius and P. amaryllifolius, elucidate species- and organ-specific bioactivity patterns,
and establish optimized extraction strategies that can guide future pharmacological and

functional applications.



TOM TAT

Luén an nay nghién cuu thanh phén hoé hoc va mot s6 hoat tinh sinh hoc cta cac
lodi Pandanus tectorius va Pandanus amaryllifolius thong qua cac nghién ciru cu thé
gém: (i) sang loc thanh phé‘ln va hoat tinh sinh hoc cta cao chiét tir cac loai da thu thap;
(ii) phan 1ap va xac dinh ciu triic cac hop chat chuyén hoa thir cap tir 1a dira dai (P
tectorius); (iii) toi uu hoa diéu kién trich ly bang phuong phap bé miat dap tmg nham thu
duoc cac phan doan gidu phenolic va saponin tir qua dtra dai (P, tectorius); va (iv) t6i wu
hoéa qué trinh 1am giau phenolic tir 14 dora thom (P. amaryllifolius). Cac hoat tinh sinh
hoc dugc danh gia bao gdm kha ning quét gbe tu do (DPPH, hydroxyl), irc ché enzyme
o-amylase, gdy doc té bao trén céc dong A549, K562, MCF7, va tc ché tao nitric oxide
(NO) trén dai thuc bao RAW 264.7 duoc kich thich bﬁng LPS.

Két qua phan tich so sanh cho théy su khéc biét 10 rét gitra cac loai va gitta cac bd
phan cta cay: P, tectorius ¢6 ham lugng phenolic, flavonoid va saponin cao nhat, thé
hién hoat tinh khang oxy hoa manh nhat; P amaryllifolius tich liiy ham luong alkaloid
rat cao, lién quan dén kha nang gay doc té bao va khang viém.

Tu 14 P, tectorius, hai epimer benzofuran méi (Pandanusfuran A va B) cling bén
lignan da biét (pinoresinol, pinoresinol monomethyl ether, arctigenin, matairesinol)
duoc xac dinh cdu trac bang HR-ESI-MS va NMR; cdu hinh tuyét déi dugc xac dinh
thong qua ECD va phuong phap Snatzke’s Mo2(OAc)s-induced ECD. Phan tich HPLC-
DAD khang dinh hai benzofuran nay 1a cic thanh phan ty nhién c6 trong 14 cay. Cac
lignan thé hién kha ning khir gbc tu do manh hon benzofuran, trong khi benzofuran c6
hoat tinh &rc ché a-amylase gan twong duwong acarbose va chon loc gy doc té bao trén
dong A549, cung voi hoat tinh gy doc yéu trén K562 va MCF7, ciing nhu kha ning trc
ché NO & muc yéu.

Téi vu hoa bang thiét ké Box—Behnken d6i v6i qua trinh chiét xuat qua P, tectorius
cho thay cdc mé hinh bac hai c6 y nghia théng ké cao cho téng ham lugng phenolic
(TPC) va saponin (TSC). Phan tich da dap ing da xac dinh bay diéu kién hoat dong tdi
uu tuong ung véi cac muc ti€u trich ly khac nhau: diéu kién wu tién TPC dat hiéu qua
cao nhat khi dung ethanol 70-90% ¢ 80 °C; diéu kién uu tién TSC dat tdi vu véi ethanol
45-55% va thoi gian trich ly kéo dai (>175 phit); trong khi diéu kién “cén bang” dat

hiéu qua dong thdi & ca hai chi tiéu. Céac dich chiét giau phenolic thé hién kha ning



khang oxy hoa manh, trong khi cac dich chiét giau saponin c6 kha niang trc ché NO cao
hon nhung cé thé gay doc té bao ¢ ndng do saponin 16n nhat.

Ddi voi 14 P amaryllifolius, phan doan phenolic dugc tdi wu thé hién hoat tinh
khang oxy héa manh (twong duong acid ascorbic va catechin) va kha nang tc ché NO
cao hon so v&i cac phan doan alkaloid va khong-alkaloid riéng 1, cho thay hiéu tng
hiép ddng giita hai nhom hop chat nay. Qua trinh phan 1ap da xac dinh dugc nhiéu hop
chat phenolic va din xuét ctia shikimate nhu methyl shikimate, n-butyl shikimate,
pinoresinol 4-O-$-D-glucoside, methyl gallate, vanillic acid, 4-hydroxybenzoic acid
cung céc este lién quan, vanillin va n-butyl-D-galactopyranoside.

Téng thé, két qua ctia nghién ctru ndy gép phan mé rong hiéu biét hién co vé thanh
phan hoat chit chuyén hoa thtr cap cua hai loai P. tectorius va P amaryllifolius, 1am rd
cac dic trung vé hoat tinh sinh hoc theo loai va theo bo phan cia cy, dong thoi xay
dung cac phuong phép trich ly toi wu c6 thé dinh hudng cho cac ing dung san xuat dugc

pham va thuc pham chirc ning trong tuong lai.
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CHAPTER 1. GENERAL INTRODUCTION

1.1. Scientific classification, distribution, and uses of Pandanus tectorius and

Pandanus amaryllifolius

The Pandanus genus encompasses a diverse group of tropical plants known for
their distinctive features and widespread distribution across tropical and subtropical
regions worldwide [1]. Belonging to the family Pandanaceae, these plants are
characterized by their unique foliage, often featuring long, narrow leaves arranged in
spirals around the trunk, giving them a screw-like appearance. While there are over 750
species within the genus, they share common traits such as aerial prop roots, which help
provide stability in sandy or coastal environments [1]. Pandanus species play
multifaceted roles in various ecosystems and cultures. Ecologically, they contribute to
coastal stabilization, providing habitat and food for diverse wildlife. Culturally, they
hold significant importance, with their leaves utilized for weaving traditional crafts, such
as mats, baskets, and thatched roofs. Moreover, in some culinary traditions, Pandanus
leaves are employed to infuse a distinctive aroma and flavor into dishes, ranging from
savory to sweet. From the lush rainforests of Asia to the remote islands of the Pacific,
Pandanus plants thrive in a variety of habitats, adapting to diverse environmental
conditions. Their resilience, coupled with their cultural and ecological significance,
makes the Pandanus genus a fascinating subject of study and admiration for botanists,
ecologists, and enthusiasts alike [1]. In Vietnam, about 17 species in the genus were
determined, such as Pandanus tectorius, Pandanus amaryllifolius, Pandanus
odoratissimus, Pandanus tonkinensis, etc [2, 3].

Pandanus tectorius Parkinson ex Du Roi is a species in the genus Pandanus, of
the family Pandanaceae [1]. The species branches off on the top of trees, which can be
about 3-4 meters tall with many roots dropping into the ground, leaves grow in long
bunches 1-2 meters, and the middle veins and the edge of the leaf have sharp edges.
Male flowers grow at the top of trees and drop down with white, separate buds. The
flowers are very fragrant, and female flowers are solitary, with multiple carpels. The
fruit cluster is ovate-shaped, about 16-22 centimetres, with an orange petiole, consisting
of fruits with angles split into many cells, and fruiting in the summer [2, 3]. The tree is

moisture-loving, grows into a rather large bush, produces annual fruit in large quantities,



and is not cut down [4]. P. tectorius 1s widely distributed in tropical forests, mangrove
forests, and coastal areas from South Asia to the islands of the Pacific Ocean. In some
places, parts of the Pandanus plant are commonly used as food, beverage, or flavouring
[1]. Meanwhile, the genus Pandanus can be easily found from the mountainous
midlands regions to the coast of Khanh Hoa. Roots are used in folk medicine to treat
oedema, painful urination, urinary frequency, and urinary stones, or to treat fractures
and protrusions. The young leaves are also used to cure kidney stones and epilepsy in
children [4].

Pandanus amaryllifolius Roxb is an evergreen tree with fragrantly-scented leaves.
The tree produces an erect stem, 2 - 4.5 metres tall and 15 cm in diameter [2, 3]. The
female inflorescence is unknown, but it produces a male inflorescence on exceedingly
rare occasions. The leaves are widely used as a flavouring throughout Southeast Asia.
The plant is cultivated for its leaves in gardens in Vietnam, Indonesia, Malaysia,

Thailand, New Guinea, Sri Lanka, and the Philippines [2-4].
1.2. Chemical constituents of Pandanus species

1.2.1. Lignans

Lignan is one of the most common groups of substances in the Pandanus species
in general and P. tectorius in particular. Three lignans, including pinoresinol (1), (+)-
syringaresinol (2), and (+)-medioresinol (3), were isolated in the chloroform extract
from the Pandanus odoratissimus fruits by Cuong et al. in 2015 [5].
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Meanwhile, previous studies reported lignans in some species of Pandanus. In
1998, six lignans, such as eudesmin (4), kobusin (5), pinoresinol (1), epipinoresinol (6),
de-4'-O-methyleudesmin ), and 3,4-bis(4-hydroxy-3-methoxy-benzyl)-
tetrahydrofuran (8) were determined from the root of Pandanus odoratissimus by Jong
and his colleagues. Besides, five lignans, including (+)-pinoresinol (1), (+)-eudesmin
(4), kobusin (5), (+)-sesamin (9), and salicifoliol (10) were also identified by Inada et
al. in 2005 [6]
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The lignans include (+)-pinoresinol (1), (+)-syringaresinol (2), (+)-medioresinol
(3), (+)-lyoniresinol (11) and (—)-balanophonin (12) were also found in the composition
of fruit parts of the P. fectorius, as announced by Phat et al. in 2016 [7]. The compounds
showed better a-glucosidase inhibitory activity (ICso =26.7 — 68.1 uM) than the positive

control, acarbose (ICso = 214.5 uM) under the same experimental conditions.
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1.2.2. Flavonoids
In 2013, vitexin (13) and tricin (14) were isolated from the roots of P. tectorius [8].
Previously, five flavonoids, such as tangeretin (15), sakranetin (16), chrysin (17),

naringenin (18), and 5,8-dihydroxy-7-methoxy-flavone (19) were isolated from fruits of

P. tectorius by Zhang et al. in 2012 [9].
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1.2.3. Coumarin derivatives

Four coumarins, including Pandanusin A (20), bergapten (21), 6-(6'-hydroxy-3',7'-
dimethylocta-2',7"-dienyl)-7-hydroxycoumarin  (22), and 6-(6',7'-dihydroxy-3',7'-
dimethyloct-2'-enyl)-7-hydroxycoumarin (23), were determined from P. tectorius fruits
by Phat et al. These compounds showed better enzyme a-glucosidase inhibitory activity

(ICs0 = 36.5 — 84.7 uM) than the positive control, acarbose (ICso = 214.5 uM) [7].
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1.2.4. Other phenolics

Besides the three compound classes mentioned above, several other phenolics have
been isolated from plants of the genus Pandanus. In 1998, 4-hydroxy-3-(2°,3’-
dihydroxy-3’-methylbutyl)-benzoic acid methyl ester (24) was isolated by Jong et al.
Meanwhile, p-coumaric (25) and three isomeric mixtures E, Z cua p-coumaroyl dimethyl
maleate (26F, 26Z), p-coumaroyl malate (27E, 27Z), p-coumaroyl monomethyl malate
(28E, 28Z7) were determined from the leaves of Pandanus amaryllifolius by Suzuki et
al. [10]
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The phenolics were also found in the chemical composition of P. fectorius.
Protocatechuic aldehyde (29) and (7R, 8R)-guaiacyl glycerol (30) were identified from
the ethyl acetate of Pandanus fruit by Mai Dinh Tri ef al. in 2012 [11]. Another study
in 2015, six aromatic aldehydes include a new compound (Z)-4-hydroxy-3-(4-hydroxy-
3-methylbut-2-en-1-yl) benzaldehyde (31), and five known compounds, p-
hydroxybenzaldehyde (32), syringaldehyde (33), (Z)-ferulaldehyde (34), vanillin (35),
(Z)-sinapinaldehyde (36) were isolated from Pandanus fruit by these group authors. [12].
These compounds showed a considerable enzyme a-glucosidase inhibitory effect at ICso
=36.5 — 192.4 uM, which was much lower than the positive control, acarbose (ICso =
214.5 pM). In addition, ten phenolic derivatives, including vanillin (35), trans-ethyl
caffeate (37), cis-ethyl cafteate (38), p-ethyl coumarate (39), sinapaldehyde (40), trans-
3,4-dihydroxy cinnamaldehyde (41), dihydroconiferyl alcohol (42), coniferyl alcohol
(43), 3-hydroxyl-1-(4-hydroxyl-3-methoxyphenyl) propane-1-one (44), salicylaldehyde
(45) were also determined [9]. Moreover, three phenolic compounds: 3-bis-(4-hydroxy-
3-methoxyphenyl)-3-methoxy-propanol (46), tachioside 47), and p-
hydroxycinamaldehyde (48) were also isolated by Phat et al., along with some lignans
(1-3, 11, 12) as mentioned [7, 12]. Among them, 3-bis-(4-hydroxy-3-methoxyphenyl)-
3-methoxypropanol (46) and p-hydroxycinamaldehyde (48) showed significant enzyme
a-glucosidase inhibiting activity with ICso= 81.5 and 43.8 uM, respectively.
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Several phenolics (49-54) were recently determined from the roots of Pandanus
tonkinensis by Trang et al. These compounds showed antioxidant activity and inhibition

of NO production in RAW264.7 cells. [13].
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1.2.5. Alkaloids

Three alkaloids, including 2-acetyl-1-pyrroline (55), pandamarine (56), and
pandanamine (57), were isolated from the leaves of P. amaryllifolius by Byrne [14].
Four other alkaloids, pandanamine (57), pandamarilactonine-A  (58),
pandamarilactonine-B (59), and pandamarilactone-1 (60), were also determined from
the leaves of P. amaryllifolius by Takayama et al. [15]. In the next study on the same
object, four other alkaloids, including norpandamarilactonine-A  (61),
norpandamarilactonine-B (62), pandamarilactonine-C (63), and pandamarilactonine-D

(64), were identified by the author [16, 17].



(63) (64)

A series of alkaloids, including pandamarilactonine-A (58), pandamarilactonine-B
(62), pandamarilactonine-C (63), pandamarilactonine-D (64), pandamarilactonine-E
(65), pandamarilactonine-F (66), pandamarilactonine-F-N-oxide (67),
pandamarilactonine-G (68), pandamarilactonine-H (69), were isolated from the roots of

P amaryllifolius by Tan et al. in 2010 [18]. Epi-pandamarilactonine-H (70) is

synthesized into isomeric enantiomers. Two alkaloids, such as dubiusamine-A (71), and



dubiusamine-B (72) were determined from the leaves of Pandanus dubius by these

group authors in the same year [18, 19].

)

(69)

(71) (72)
In 2017, seven alkaloids, such as Pandanusines A and B (73-74), pandalizines C—
E (75-77), norpandamarilactonines C and D (78-79) were identified from the
aboveground part of P. amaryllifolius by Cheng et al. [20]. Two years earlier, two other
alkaloids, including pandalisines A and B (80-81), were also isolated from the leaves of

Pandanus utilis by these authors [21].
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Nine alkaloids, including N-acetylnorpandamarilactonines A and B (82-83),
pandalizines A and B (84-85), pandanmenyamine (86), pandamarilactones-2 (87),
pandamarilactones-3 (88), 5(E)-pandamarilactonine-32 (89), and pandalactonine (90),
were determined from the above-ground part of P. amaryllifolius by Tsai et al. [22].
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The study of Laluces et al about the antibacterial ability of some alkaloids from
Pandanus showed that pandamarilactonine-A (58) exhibited considerable antibacterial
activity against Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus,
with the minimum inhibitory concentrations (MIC) on these three bacteria are 62.5, 15.6,

and 250 pg/mL, respectively [24].
1.2.6. Benzofurans

Besides phenolics and alkaloids, some benzofuran derivatives have been found in
several species of the genus Pandanus. Three benzofuran compounds (91-93) were

isolated from the roots of P. odoratissimus by Jong et al.[23] .
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Recently, twelve benzofuran compounds (94-105) were identified from roots and

rhizomes of Pandanus tectorius in a recent study [24].
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1.2.7. Summary of phytochemical constituents of Pandanus species

Table 1.1. Summary of phytochemical constituents isolated from Pandanus species

together with their origins

No. Compounds Origin

P. odoratissimus fruits, roots;

1 Pinoresinol . .
P. tectorius fruits

2 (+)-Syringaresinol P. odoratissimus fruits;
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. tectorius fruits

. odoratissimus fruits;

P
3 (+)-Medioresinol P . .
P. tectorius fruits
4 Eudesmin P. odoratissimus roots
5 Kobusin P. odoratissimus roots
6 Epipinoresinol P. odoratissimus roots
7 De-4'-O-methyleudesmin P. odoratissimus roots
8 3,4-Bis(4-hydroxy-3-methoxy-benzyl)-tetrahydrofuran P. odoratissimus roots
9 (+)-Sesamin P. odoratissimus roots
10 Salicifoliol P. odoratissimus roots
11 (+)-Lyoniresinol P. tectorius fruits
12 (—)-Balanophonin P. tectorius fruits
13 Vitexin P. tectorius roots
14 Tricin P. tectorius roots
15 Tangeretin P. tectorius fruits
16 Sakranetin P. tectorius fruits
17 Chrysin P. tectorius fruits
18 Naringenin P. tectorius fruits
19 5,8-Dihydroxy-7-methoxy-flavone P. tectorius fruits
20 Pandanusin A P. tectorius fruits
21 Bergapten P. tectorius fruits
2 6-(6'-Hydr0xy-3’,7'-dimethylocta-Z’,7'-dienyl)-7- P. tectorius fruits
hydroxycoumarin
23 6-(6',7'-Dihydr0.xy-3',7'-dimethyloct-2’-enyl)-7- P. tectorius fruits
hydroxycoumarin
24 4-Hydroxy-3-(2',3"-dihydroxy-3'-methylbutyl)-benzoic acid Pandanus sp.
methyl ester
25 p-Coumaric acid P. amaryllifolius leaves
26E/26Z | p-Coumaroyl dimethyl maleate P. amaryllifolius leaves
27E/27Z | p-Coumaroyl malate P. amaryllifolius leaves
28E/28Z | p-Coumaroyl monomethyl malate P. amaryllifolius leaves
29 Protocatechuic aldehyde P. tectorius fruits
30 (7R,8R)-Guaiacyl glycerol P. tectorius fruits
31 (Z2)-4-Hydroxy-3-(4-hydroxy-3-methylbut-2-en- 1-yl) P tectorius fruits
benzaldehyde
32 p-Hydroxybenzaldehyde P. tectorius fruits
33 Syringaldehyde P. tectorius fruits
34 (Z)-Ferulaldehyde P. tectorius fruits
35 Vanillin P. tectorius fruits
36 (Z2)-Sinapinaldehyde P. tectorius fruits
37 trans-Ethyl caffeate P. tectorius fruits
38 cis-Ethyl caffeate P. tectorius fruits
39 p-Ethyl coumarate P. tectorius fruits
40 Sinapaldehyde P. tectorius fruits
41 trans-3,4-Dihydroxy cinnamaldehyde P. tectorius fruits
42 Dihydroconiferyl alcohol P. tectorius fruits
43 Coniferyl alcohol P. tectorius fruits
44 3-Hydroxyl-1-(4-hydroxyl-3-methoxyphenyl) propane-1-one | P. tectorius fruits
45 Salicylaldehyde P. tectorius fruits
46 3-Bis-(4-hydroxy-3-methoxyphenyl)-3-methoxypropanol P. tectorius fruits
47 Tachioside P. tectorius fruits
48 p-Hydroxycinamaldehyde P. tectorius fruits
49-54 | Phenolic compounds P. tonkinensis roots
55 2-Acetyl-1-pyrroline P. amaryllifolius leaves
56 Pandamarine P. amaryllifolius leaves
57 Pandanamine P. amaryllifolius leaves
58 Pandamarilactonine-A P. amaryllifolius leaves/roots
59 Pandamarilactonine-B P. amaryllifolius leaves/roots
60 Pandamarilactone-1 P. amaryllifolius leaves
61 Norpandamarilactonine-A P. amaryllifolius leaves
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62 Norpandamarilactonine-B P. amaryllifolius leaves/roots
63 Pandamarilactonine-C P. amaryllifolius leaves/roots
64 Pandamarilactonine-D P. amaryllifolius leaves/roots
65 Pandamarilactonine-E P. amaryllifolius roots

66 Pandamarilactonine-F P. amaryllifolius roots

67 Pandamarilactonine-F-N-oxide P. amaryllifolius roots

68 Pandamarilactonine-G P. amaryllifolius roots

69 Pandamarilactonine-H P. amaryllifolius roots

70 Epi-pandamarilactonine-H Synthetic derivative

71 Dubiusamine-A P. dubius leaves

72 Dubiusamine-B . dubius leaves

73 Pandanusine A . amaryllifolius aerial parts

74 Pandanusine B . amaryllifolius aerial parts

75 Pandalizine C . amaryllifolius aerial parts

76 Pandalizine D amaryllifolius aerial parts

77 Pandalizine E amaryllifolius aerial parts

78 Norpandamarilactonine C amaryllifolius aerial parts

79 Norpandamarilactonine D amaryllifolius aerial parts

80 Pandalizine A utilis leaves

81 Pandalizine B utilis leaves

82 N-Acetylnorpandamarilactonine A amaryllifolius aerial parts

83 N-Acetylnorpandamarilactonine B . amaryllifolius aerial parts

84 Pandalizine A amaryllifolius aerial parts

85 Pandalizine B amaryllifolius aerial parts

86 Pandanmenyamine amaryllifolius aerial parts
87 Pandamarilactones-2 amaryllifolius aerial parts
88 Pandamarilactones-3 amaryllifolius aerial parts
89 5(E)-Pandamarilactonine-32 amaryllifolius aerial parts
920 Pandalactonine amaryllifolius aerial parts
91 Benzofuran derivative odoratissimus roots
92 Benzofuran derivative . odoratissimus roots
93 Benzofuran derivative . odoratissimus roots

Sclincliaclinvliaclinclischiachiactinchiachin-hiachin-diachin-dia-hin-dia-hin-diacin-dla~

94-105 | Benzofuran derivatives . tectorius roots and rhizomes

1.3. Bioactivities of natural products from Pandanus species

1.3.1. Antioxidant

Plants from the genus Pandanus have been widely studied for their antioxidant
properties, which are generally attributed to their rich content of phenolic and flavonoid
compounds. Extracts of P. amaryllifolius leaves have demonstrated significant free
radical scavenging and ferric reducing activity, although the effectiveness varies
depending on geographical origin and phytochemical composition [25]. Optimization of
extraction conditions, such as solvent concentration, temperature, and solvent-to-sample
ratio, has been shown to enhance the antioxidant activity of P amaryllifolius,
highlighting the importance of process parameters [26]. In P. tectorius, both fruit and
leaf extracts exhibit strong antioxidant potential. The fruit core, particularly when
extracted with ethyl acetate, has shown notable radical scavenging effects associated
with higher phenolic content [27]. Similarly, leaf extracts demonstrate dose-dependent

antioxidant activity across different assays, indicating broad efficacy against oxidative
15



processes [27]. Other members of the genus, such as Pandanus canaranus, also possess
substantial antioxidant capacity. Solvent polarity plays an important role, with methanol
and ethyl acetate extracts generally yielding stronger results than non-polar solvents [28].
In the case of Pandanus conoideus (red fruit), optimization using ultrasound-assisted
extraction has improved phenolic recovery and enhanced antioxidant performance,
while also demonstrating that extraction duration must be carefully controlled to avoid
degradation of active compounds [29].

Overall, studies consistently support the antioxidant potential of Pandanus species,
though results vary depending on species, plant part, and extraction technique. Process
optimization and solvent selection are crucial for maximizing yields of bioactive
compounds, reinforcing the value of Pandanus as a promising source of natural

antioxidants.

1.3.2. Cytotoxicity

Across the genus Pandanus, cytotoxic, anti-cancer, and anti-tumor activities have
been documented. For P amaryllifolius, crude leaf extracts showed in vitro
antiproliferative effects against breast cancer cells (MCF-7) in cell-based assays [25]. In
P. odoratissimus, root/leaf extracts suppressed proliferation of non-small-cell lung
cancer (Calu-6) cells and triggered apoptosis in vitro, and an aqueous extract improved
survival and reduced tumor burden in an Ehrlich ascites carcinoma mouse model [30,
31]. A related species, P. fascicularis, likewise showed dose-dependent anti-tumor
effects in the same murine model, with increased survival and reduced solid-tumor mass
[32]. The red-fruit species P. conoideus yielded an ethyl-acetate fraction that reduced
the viability of HSC-3 oral squamous carcinoma cells in a concentration- and time-
dependent manner in vitro [33]. By contrast, fruit extracts (keys and cores) of P. tectorius
consistently lacked cytotoxicity toward several cancer cell lines (HeLa, HepG2, MCF-
7) under the conditions tested [27]; yet nanoformulation of P. fectorius leaf extracts as
SNEDDS converted these into preparations with measurable anti-cancer activity against
HeLa via apoptosis [34]. Overall, current evidence indicates that members of Pandanus
can exert cytotoxic or anti-tumor effects in vitro and in vivo—often involving apoptosis
or cell-cycle perturbations—but outcomes vary markedly with species, plant part,

solvent, and formulation.
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1.3.3. Anti-inflammation

Evidence from preclinical studies indicates that several Pandanus species exhibit
anti-inflammatory activity. In P. fascicularis, both leaf chloroform extracts and prop-
root extracts suppressed inflammation in rat paw edema models and were accompanied
by antinociceptive/analgesic effects, consistent with modulation of inflammatory
mediators [35, 36]. Mechanistically, the prop-root study points to flavonoids as likely
contributors via inhibition of prostaglandin-synthesizing enzymes, aligning with the
observed attenuation of inflammatory responses [36]. For P. odoratissimus, methanolic
leaf extracts reduced edema in both acute (carrageenan) and chronic (formalin) rat
models, and the species’ traditional use in rheumatic conditions further reinforces its
anti-inflammatory claim [37, 38]. Complementing these lines of evidence, P
amaryllifolius yields diverse alkaloids, and its ethanolic crude extract has shown anti-
inflammatory activity in prior work; recent oral-biology data also highlight actions
relevant to inflammatory contexts such as microbial challenge and wound repair [22,
39]. Taken together, available data indicate that Pandanus spp. contain bioactives—
especially phenolics/flavonoids and alkaloids—that can attenuate inflammatory
processes with concurrent analgesic benefits, supporting their ethnomedicinal use in

inflammatory disorders.

1.3.4. Antibacterial activities

Evidence from the provided studies indicates that many Pandanus species possess
antibacterial properties, with outcomes strongly shaped by species identity, extraction
solvent, and test conditions. For P. amaryllifolius leaves, ethanol or water extracts often
show little to no inhibition of Staphylococcus aureus or Escherichia coli, whereas ethyl
acetate fractions—and ethanol/ethyl-acetate mixtures—consistently inhibit growth,
underscoring the importance of extracting mid-polarity constituents [40]. P. conoideus
(“Buah Merah”) shows a similar trend: among n-hexane, methanol, water, and ethyl
acetate extracts, the ethyl acetate fraction is the most active against oral pathogens,
including S. mutans, S. sanguinis, and Enterococcus faecalis, with corroborating
MIC/MBC data and evidence of synergism in combinations [41]. Bioactivity-guided
fractionation further traced activity against E. faecalis to a flavonoid isolated from the

ethyl acetate fraction, highlighting phenolic metabolites as likely antibacterial principles

17



[42]. In vitro studies on P. amaryllifolius ethanolic leaf extracts also demonstrate clear
zones of inhibition against S. aureus and E. coli, with in silico docking supporting
plausible interactions with bacterial targets [42, 43]. At the same time, under biofilm-
like test conditions, a P. conoideus red-fruit extract failed to yield measurable MIC/MKC
against S. mutans, suggesting delivery barriers can negate otherwise promising
phytochemicals [44]. Beyond human pathogens, antibacterial benefits extend to
aquaculture: methanolic P. tectorius leaf extract primed white-leg shrimp and improved
survival following Vibrio parahaemolyticus challenge while up-regulating immune
genes, pointing to potential as a plant-based prophylactic [45]. Collectively, these
findings indicate that Pandanus spp. harbor antibacterial constituents—especially
flavonoids and other medium-polarity compounds—whose apparent effectiveness
depends on solvent, species, and biological context; further standardization and in vivo

validation are warranted.
1.3.5. Summary of reported bioactivities of Pandanus species

Table 1.2. Summary of Pandanus species and their reported biological activities.

Species Plant part / Extract bﬁ::ll;;)il;ftii;ies Main observations / Notes
Significant free radical scavenging
Leaves. crude extracts Antioxidant and ferric reducing activities; affected
’ by extraction conditions and
geographical origin
Cytotoxicity / In vitro antiproliferative effects
P. amaryllifolius Leaf crude extracts Anticancer against MCF-7 breast cancer cells

Demonstrated anti-inflammatory

Ethanolic extracts an . .
olic extracts and Anti-inflammatory | potential and relevance to wound

alkaloids

healing
Ethanol and ethyl acetate Antibacterial Activity against Stqph}zloco;cus
leaf extracts aureus and Escherichia coli
Methanol and ethyl acetate extracts
P. canaranus Leaf extracts Antioxidant showed stronger activity than non-

polar extracts

Ultrasound-assisted extraction
Fruit extracts Antioxidant improved phenolic recovery and
antioxidant performance

Reduced viability of HSC-3 oral
carcinoma cells

Active against oral pathogens

Ethyl acetate fruit extract Antibacterial including S. mutans, S. sanguinis, and
E. faecalis

No measurable MIC/MKC against S.
mutans under biofilm-like conditions

Ethyl acetate fruit fraction | Cytotoxicity

P. conoideus

Red fruit extract Antibacterial

Increased survival and reduced tumor

Leaf and prop-root extracts | Antitumor . .
mass in murine models

P. fascicularis - - .
Anti-inflammatory | Suppressed inflammation in rat paw

Leaf and prop-root extracts / Analgesic edema models
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.. Suppressed proliferation of Calu-6
Cytotoxicity / . -
Roots and leaves . cells and induced apoptosis; reduced
Antitumor S
P. odoratissimus tumor burden in vivo
Methanolic leaf extracts Anti-inflammatory Reduced e.d ema in acute and chronic
inflammation models
. .. 1 tioxi t potential
Fruits and leaves Antioxidant S rong an 10)§1dan potentia
associated with phenolic-rich extracts
No significant cytotoxicity toward
Fruit extracts Cytotoxicity HeLa, HepG2, and MCF-7 cells under
tested conditions
P. tectorius
Leaf SNEDDS _ Formulgtefi extracts showed .
. Anticancer apoptosis-inducing effects against
formulations
HeLa cells
. . Improved survival of shrimp
Methanolic leaf extract Antlbacter.lal / challenged with Vibrio
Immunostimulatory .
parahaemolyticus

1.4. General summary and scope of this thesis

Pandanus species exhibit rich phytochemical diversity spanning multiple
metabolite classes, such as lignans, flavonoids, coumarins, phenolics, alkaloids, and
benzofuran derivatives, documented across several taxa within the genus. Functionally,
these plants demonstrate notable biological potential: consistent antioxidant activity has
been reported for multiple species and plant parts, antibacterial effects have been traced
to defined constituents in bioassays, and broader anti-inflammatory and anticancer
claims are supported in the pharmacological literature. Collectively, the genus represents
a promising source of bioactive natural products with relevance to oxidative stress,
infection control, and inflammation-related conditions.

The overarching aim of this thesis is to investigate selected chemical constituents
and to evaluate representative bioactivities of two Pandanus species, including P
tectorius and P. amaryllifolius occurring in Vietnam. To achieve this objective, the
thesis is structured into six chapters that progressively integrate phytochemical analysis,
bioactivity evaluation, and optimization of extraction processes, as summarized below.

Chapter 2 describes the materials, experimental procedures, and analytical
techniques employed throughout this study, including plant collection and
authentication, extraction and fractionation methods, chromatographic separation,
spectroscopic analysis, and biological assays used for activity evaluation.

Chapter 3 presents a comprehensive phytochemical and bioactivity screening of P,
tectorius and P. amaryllifolius samples. Quantitative determination of major metabolite

classes is integrated with antioxidant, enzyme inhibitory, anti-inflammatory, and
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cytotoxic assays, together with multivariate analysis, to identify chemical-bioactivity
relationships and to guide the selection of representative materials for further
investigation.

Chapter 4 focuses on the isolation, structural elucidation, and bioactivity
evaluation of individual compounds from P. tectorius leaves. This chapter aims to
identify key secondary metabolites responsible for the activities observed in the
screening phase and to establish their chemical structures and biological relevance.

Chapter 5 addresses the optimization of extraction conditions and the evaluation
of bioactivities of P. tectorius fruit extracts. By applying experimental design and
process optimization, this chapter seeks to enhance the recovery of bioactive
constituents and to assess the resulting extracts for their antioxidant and enzyme
inhibitory potential.

Chapter 6 describes the optimization of extraction conditions and the enrichment
of phenolic fractions from P. amaryllifolius leaves, together with the evaluation of their
biological activities. This chapter aims to improve the recovery of phenolic compounds
from an alkaloid-rich matrix and to clarify their contribution to the observed antioxidant
and bioactive properties.

These chapters provide a coherent framework for linking phytochemical diversity
to biological function in Pandanus species, supporting the rational discovery and

development of bioactive natural products from these plants.
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CHAPTER 2. MATERIALS AND METHODS

2.1. Plant materials

Species names, parts, codes, number of samples, times, and locations of Pandanus
samples are presented in Table 2.1. These were identified by Dr. Bui Van Thanh,
Institute of Biology, Vietnam Academy of Science and Technology. Voucher specimens
of the plants were deposited at the Center for High Technology Research and

Development, Vietnam Academy of Science and Technology.

Table 2.1. The information on the collected Pandanus samples

. Number of . Location
No. Species Part Code samples Time (Coordinates)
PtL 01-03 3 Feb. 2020 Thanh Oai, Ha Noi
(20.912181 °N,
PtL 04-05 2 Mar. 2021 105.737122 °E)
Na Hang, Tuyen Quang
Leaves PtL 06 1 Jan. 2024 (22.407260 °N,
105.438909 °E)
Quynh Luu, Nghe An
1 fgft”ol‘;?uf PtL 07 1 Aug. 2024 (19.162208 °N,
105.730549 °E)
PtF 01-02 2 Feb. 2020 Thanh Oai, Ha Noi
(20.912181 °N,
_— PtF 03-04 2 Mar. 2021 105.737122 °E)
Na Hang, Tuyen Quang
PtF 05 1 Jan. 2024 (22.407260 °N,
105.438909 °E)
Pama 01- Tam Dao, Phu Tho
03 3 Apr. 2021 (21.425607 °N,
105.615562 °E)
Ba Vi, Ha Noi
Pama 04 1 May. 2023 (21.05096 °N,
) Pandanus Leaves 105.23032 °E)
amaryllifolius Ba Vi, Ha Noi
Pama 05 1 Mar. 2024 (21.05100 °N,
105.23031 °E)
Ham Yen, Tuyen Quang
Pama 06 1 Jul. 2024 (22.012317 °N,
105.083216°E)
Total 18
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Figure 2.1. Leaves of a) P. tectorius and b) P. amaryllifolius

2.2. Chemicals and instruments

High-resolution mass spectra (HR-ESI-MS) were obtained with an AGILENT
6550 iFunnel Q-TOF LC/MS system (Agilent Technologies, US), while ESI-MS was
measured by a Thermo LCQ Fleet system (Thermo Scientific, US). NMR spectra were
recorded on a Bruker AM500 FT-NMR spectrometer with tetramethylsilane (TMS) as
an internal standard. The optical rotations were read on a JASCO P-2000 digital
polarimeter. Column chromatography (CC) was carried out using Diaion HP-20 resin
(0.25-0.85 mm, Mitsubishi Chemical Corp., Japan), silica gel 60 (70-230 mesh, Merck,
Germany), or RP-C18 resin (150 um, YMC, Japan). HPLC analysis and prep-HPLC
were conducted on a Thermo Ultimate 3000 HPLC-DAD system (Thermo Scientific,
US). CD spectra were recorded on a Chirascan CD spectrometer (Applied Photophysics,
Surrey, UK).

2.3. Phytochemical analysis and bioactivity assays

2.3.1. Extraction of the samples

To prepare the extract for chemical analysis and bioassays, 50 g of each sample
was extracted in triplicate with 1 L of methanol in a sonication bath at 60°C. The solution
was filtered and evaporated to yield the total extract.

2.3.2. Total phenolic assay

The total phenolic contents of the samples were evaluated by modifying a reported
method [46]. The external calibration was done with different concentrations of gallic
acid (10-400 pg/mL). The analytes were prepared by extracting (in triplicate) 2 g of the
dry sample in 15 mL of methanol in a sonication bath at 60°C for 20 minutes. The
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solutions were filtered, combined, and made the volume up to 50 mL. Each 100 pL of
the sample or standard solution was mixed with 400 puL of Folin—Ciocalteu 10% and
500 pL of Na;CO3 6% and incubated for 15 min at 40 °C. Its absorbance was measured
with a UV—Vis. Spectrophotometer at 750 nm. The total phenolic content was calculated
as mg gallic acid equivalent (mg GAE/g) by using the gallic acid calibration curve.
2.3.3. Total flavonoid assay

The total flavonoid contents of the samples were examined using a previous
method [46]. The external calibration was done with different concentrations of
quercetin (10-200 pg/mL). The analytes were prepared by the same process as the total
phenolic assay. Add 100 pL of NaNO2 5% to the 500 pL sample or standard solution
mix at room temperature for 5 min, then add 100 puL of AICI3 10% and 500 pL NaOH
IM to the mixture. Keep the mixture at room temperature for 15 min. Its absorbance
was measured with a UV—Vis spectrophotometer at 510 nm. The total flavonoid content
was calculated as mg quercetin equivalent (mg QE/g) by using the quercetin calibration
curve.
2.3.4. Total alkaloid assay

The total alkaloid contents of the samples were quantified by a previous method.
[47]. The total extracts of the samples were prepared by the same process for bioassay
as described above. Then, 5 grams of each extract was suspended in 50 mL of water and
acidified to pH 2 by HCI 1N and partitioned with EA (75 mL x 3 times). The organic
phase was removed, and the water phase was basified by 1N NaOH to pH 11 and then
extracted with CH2Cl> (4 times x 200 mL). The combined CH>Cl> extracts were
evaporated under reduced pressure to give total alkaloid mixtures. Total alkaloid content
was measured by the percentage in weight of the extract (%).
2.3.5. Total saponin assay

The total saponin contents (TSC) of the samples were determined by vanillin-
sulphuric acid assay. [48]. 50 uL of each extract or subfraction solution was incubated
with 50 pL of 8% (w/v) vanillin in ethanol and 1500 pL of sulphuric acid 72% (v/v) for
15 min at 70 °C. The standards and the reagent blank were made up with various
concentrations of aescin and the solvent, respectively. Next, the samples were cooled at
ambient temperature for 5 minutes. The absorbances of the standards and samples were

measured against the blank at 560 nm.
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2.3.6. Antioxidant assays

The antioxidant potential of the extracts was assessed using DPPH and hydroxyl
radical scavenging assays, following established protocols [49, 50].

For the DPPH assay, 100 pL of each sample was mixed with 1900 pL of DPPH
solution in methanol and incubated in the dark at 37°C for 20 minutes. Absorbance was
measured at 517 nm, with ascorbic acid serving as the reference standard.

In the hydroxyl radical scavenging assay, a 200 pL aliquot of each test sample was
added to a mixture containing 400 pL of 50 mM phosphate buffer (pH 7.8), 400 uL of
2.8 mM deoxyribose, and 400 pL of 500 uM ferrous ammonium sulfate
[Fe(NH4)2(SO4)2]. The mixture was incubated at 37°C for 1 hour. The reaction was
terminated by the addition of 1000 pL of 10% (w/v) trichloroacetic acid and 1000 pL of
1% (w/v) thiobarbituric acid. The resulting solution was then heated in a boiling water
bath for 15 minutes, and absorbance was measured at 532 nm. Catechin was used as the
positive control for this assay.

2.3.7. a-amylase inhibitory activity

The a-amylase inhibitory activity was determined using a modified version of the
DNSA method [51]. The substrate was prepared by boiling 1 g of starch in 100 mL of
phosphate buftfer (pH 7.0) for 10 minutes and then allowed to cool to room temperature.
The DNSA reagent was prepared by dissolving 12 g of sodium potassium tartrate
tetrahydrate in 8 mL of 2 M NaOH and 20 mL of 96 mM 3,5-dinitrosalicylic acid
solution. The extracts were initially dissolved in 10% DMSO, followed by further
dilution in buffer (NaxHPO4+/NaH>PO4 (0.02 M), NaCl (0.006 M), pH 6.9) to achieve
various concentrations. A 200 pL aliquot of each sample solution was mixed with 200
pL of a-amylase solution (2 units/mL) and incubated at 37°C for 3 minutes.
Subsequently, 200 pL of the starch substrate was added, and the reaction mixture was
incubated at 37°C for 15 minutes. The reaction was stopped by adding 200 uL of the
DNSA reagent, and the solution was boiled for 10 minutes in a water bath at 85-90°C.
After cooling to room temperature, the absorbance was measured at 650 nm using a
microplate reader, with acarbose serving as the positive control.

2.3.8. Cytotoxicity assay
A549 (human lung carcinoma), K562 (human lymphoblast cell), and MCF7

(human breast cancer cell) were cultured at 37 °C in RMPI1640 medium supplemented
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with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 pg/mL streptomycin
in a 5% CO: incubator. The viability of cells was evaluated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) method [52]. The cells
were seeded in 96-well plates at a concentration of 1 x 10° cells/well and treated with
various concentrations of essential oils (0.3, 1, 3, 10, and 30 pg/mL) and incubated in a
humidified 5% CO; atmosphere at 37°C. After 48 h incubation, 0.5 mg/mL MTT was
added to each well and incubated for another 4 h. After removing the supernatant,
formazan crystals were dissolved in isopropanol, and the OD values were measured at
570 nm using a microplate reader. Camptothecin was used as a positive control.
2.3.9. NO production inhibition assay

The effects of samples on the NO production in LPS-stimulated RAW 264.7
macrophage cells, based on the Griess reaction, were examined [53]. The cells were
seeded in a 96-well plate at a concentration of 0.5 x 10° cells per well and incubated in
the humidified incubator at 37°C and 5% CO: for 22 hours. After incubation, cells were
treated with the sample with concentrations from 3 to 25 pg/mL, then 0.1 mg/mL LPS
(Sigma Aldrich, USA) was added after 30 minutes. The cells were incubated for the next
24 hours. Then, 100 pL of the culture supernatant was transferred to another 96-well
plate and mixed with 100 pL of Griess reagent. The absorbance of the reaction solution
was read at 570 nm with an iMark microplate reader (BioRad, USA). The remaining
cells from the original 96-well plate were further used for the cell viability assay (MTT
assay) [52]. The assay is based on the cleaving action of dehydrogenases in functioning
mitochondria of living cells on the tetrazolium ring of MTT (3-(4,5-dimethylthazol 2-
yl)-2,5-diphenyl tetrazolium bromide), thus estimating the viable cell number.
Cardamonin, which is a well-known NO production inhibitor, was used as a positive
control [52, 53].
2.3.10.Statistical analysis

The data were collected and presented as matrices by MS Excel (Microsoft, US).
The statistical analysis of the data, such as Kruskal-Wallis test and Partial Least Square
regression, was conducted using MS Excel and the R programming language. The Box-
Behnken Design-based Response Surface Method was generated on the Design-Expert
12.0 (Stat-Ease, US).
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CHAPTER 3. PHYTOCHEMICALS AND BIOACTIVITIES SCREENING OF
PANDANUS PLANT SAMPLES

3.1. Chapter overview

This chapter presents a systematic phytochemical and bioactivity screening of
selected Pandanus plant extracts to establish a foundation for subsequent in-depth
investigations. Eighteen samples representing leaves and fruits of Pandanus tectorius
and leaves of Pandanus amaryllifolius were evaluated to elucidate interspecific and
organ-related differences in secondary metabolite composition. Quantitative analyses of
total phenolics, flavonoids, saponins, and alkaloids were combined with non-parametric
statistical testing to characterize chemical variability among sample groups. The
biological potential of the extracts was further assessed through antioxidant, a-amylase
inhibitory, anti-inflammatory, and cytotoxic assays. Finally, multivariate analysis using
partial least squares (PLS) regression was applied to integrate chemical composition
with biological responses and to clarify key structure—activity relationships. These
results provide a comprehensive screening framework that supports the rational
selection of representative Pandanus samples and bioactive metabolite classes for

targeted isolation and detailed characterization in the following chapters.
3.2. Experimental

3.2.1. Extraction of the samples

To prepare the extracts for chemical analysis and bioassays, 50 g of each sample was
extracted in triplicate with 1 L of methanol in a sonication bath at 60°C. The solution

was filtered and evaporated to yield the total extract.
3.2.2. Analytical methods

Total phenolic, flavonoid, alkaloid, and saponin contents, antioxidant, cytotoxic,
and NO production inhibitory effects of P. tectorius and P. amaryllifolius extracts were

evaluated using the protocols as shown in Chapter 2.

3.3. Phytochemical investigation of the Pandanus tectorius and Pandanus

amaryllifolius plants’ samples

The quantitative analysis of the major phytochemical groups—including total

phenolics (TPC), flavonoids (TFC), saponins (TSC), and alkaloids (TAC)—was
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conducted on all eighteen Pandanus samples representing three distinct biological
groups: leaves of P. tectorius, fruits of P. tectorius, and leaves of P. amaryllifolius. The
complete dataset is summarized in 0, which highlights substantial variability both within
and between sample categories. As shown in the table, the four phytochemical
parameters exhibit characteristic concentration patterns that appear to be influenced by
species identity as well as plant organ.

As shown, the total phenolic content (TPC) exhibited pronounced variation among
the three investigated sample groups, namely leaves of P. tectorius (PtL), fruits of P.
tectorius (PtF), and leaves of P. amaryllifolius (PaL). TPC values ranged from 34.62 to
127.26 mg GAE/g dry weight across all eighteen samples, indicating substantial
heterogeneity associated with both species identity and plant organ. At the group level,
fruits of P. tectorius (PtF) consistently displayed the highest TPC values, with individual
samples ranging from 92.04 + 6.97 to 127.26 = 9.39 mg GAE/g. In contrast, leaves of P
tectorius (PtL) showed intermediate phenolic levels (63.14 = 10.50 to 88.18 + 12.58 mg
GAE/g), whereas leaves of P. amaryllifolius (PaL) contained markedly lower amounts
of phenolic compounds, with TPC values largely below 55 mg GAE/g. A general
decreasing trend in TPC values from PtF to PtL and PalL was observed at the descriptive
level, suggesting that both interspecific differences and organ-specific metabolic
allocation may influence phenolic accumulation in two Pandanus species.

The non-parametric Kruskal-Wallis test confirmed that these apparent differences
were statistically significant (y> = 13.56, df = 2, p = 0.00114), indicating that at least one
group differed significantly from the others in terms of TPC. Subsequent pairwise
comparisons using Dunn’s post-hoc test with Benjamini—Hochberg correction further
clarified the pattern of variation. As shown in the post-hoc results, TPC in PaL. samples
was significantly lower than that in PtF samples (adjusted p = 0.0009, ***), and also
significantly lower than that in PtL samples (adjusted p = 0.0259, *). In contrast, no
statistically significant difference was observed between PtF and PtL groups (adjusted
p = 0.1387, ns), despite the numerically higher mean TPC values recorded for PtF. The
lack of statistical significance between PtF and PtL groups can be partly attributed to the
relatively high intra-group variability observed in PtL samples, as reflected by the broad
range and comparatively large standard deviations reported in Table 3.1. Several PtL

samples (e.g., PtLO1-PtL04) exhibited TPC values approaching those of the lower-end
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PtF samples, thereby reducing the overall contrast between the two P. tectorius organs
at the statistical level. Nevertheless, the consistently elevated TPC values in fruits
suggest a biological trend toward enhanced phenolic accumulation in reproductive
tissues, which may be linked to protective roles against oxidative stress, microbial attack,
or herbivory during fruit development. In contrast, the uniformly low TPC levels
observed in P. amaryllifolius leaves indicate a fundamentally different phenolic
metabolism compared to P. tectorius. This interspecific disparity may reflect differences
in genetic background, ecological adaptation, or dominant secondary metabolite
pathways. Notably, P. amaryllifolius is widely recognized for its characteristic aroma
and alkaloid-rich profile rather than for phenolic abundance, a feature that is consistent
with the present quantitative findings.

In contrast to the broader variability observed for total phenolics, total flavonoid
content (TFC) showed a more clearly species-driven pattern across the investigated
Pandanus samples (Table 3.1). Leaves and fruits of P. fectorius consistently exhibited
substantially higher flavonoid levels (approximately 27-40 mg QE/g) than leaves of P.
amaryllifolius, in which TFC remained uniformly low and did not exceed 7 mg QE/g.
This pronounced quantitative separation suggests that flavonoid biosynthesis and
accumulation are markedly more developed in P. tectorius. The Kruskal-Wallis test
confirmed a significant overall difference in TFC among the three groups (p = 0.00301).
Pairwise comparisons further demonstrated that P. amaryllifolius leaves differed
significantly from both P. fectorius fruits and leaves after Benjamini—Hochberg
correction (adjusted p = 0.0066 and 0.0073, respectively). In contrast, no statistically
significant difference was detected between fruits and leaves of P. fectorius (adjusted p
= 0.6216), despite the slightly higher mean values observed in the fruit samples. This
result indicates that, unlike total phenolics, flavonoid accumulation in P. tectorius is not
strongly organ-specific but rather reflects a species-level metabolic trait. The substantial
overlap in TFC values between PtF and PtL samples supports this interpretation and
suggests a relatively uniform distribution of flavonoids across vegetative and

reproductive tissues.
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Table 3.1. Quantitative levels of total phenolics (TPC), flavonoids (TFC), saponins (TSC), and alkaloids (TAC) in the extracts from leaves
of P. tectorius, fruits of P. tectorius, and leaves of P. amaryllifolius.

. TPC TFC TSC TAC
No. Species Part Code Group (mgGAE/g) (mgQFE/g) (mgAE/g) (%)
1 P. tectorius Leaves PtLO1 PtL 82.86 + 13.58 34.78 £ 5.35 29.13 +1.45 1.21 £0.25
2 P. tectorius Leaves PtL02 PtL 78.82 + 13.53 35.81 £ 6.84 31.46 +3.49 1.15+0.15
3 P. tectorius Leaves PtLO3 PtL 88.18 £ 12.58 3424 +7.14 29.19 +£2.51 1.25+0.16
4 P. tectorius Leaves PtL04 PtL 86.32 + 13.56 33.2+3.46 27.04 £3.46 1.27+0.28
5 P. tectorius Leaves PtLO5 PtL 70.41 + 10.88 29.03 +£4.46 24.13+1.23 ND
6 P. tectorius Leaves PtL06 PtL 63.14 + 10.5 27.65 £5.05 2291 £2.16 ND
7 P. tectorius Leaves PtLO7 PtL 115.71 + 8.96 39.85+2.13 48.93 +3.85 ND
8 P. tectorius Fruits PtFO1 PtF 127.26 £ 9.39 36.48 +1.97 52.59£4.8 ND
9 P. tectorius Fruits PtF02 PtF 105.68 + 9.44 38.2+2.18 47.61 £2.62 ND
10 P. tectorius Fruits PtF03 PtF 114.03 + 8.32 36.37 +£2.32 51.82 +1.67 ND
11 P. tectorius Fruits PtF04 PtF 93.29+£7.42 31.49 +1.77 38.83 +4.24 ND
12 P. tectorius Fruits PtFO5 PtF 92.04 £6.97 31.07+ 1.7 38.73 £3.02 ND
13 P. amaryllifolius Leaves Pama0l Pama 42.53 £5.45 5.27+0.43 7.54 £ 0.69 15.11 +£0.79
14 P. amaryllifolius Leaves Pama02 Pama 45.46 +£5.22 6.57+0.47 8.58 £0.58 8.68 £0.72
15 P. amaryllifolius Leaves Pama03 Pama 52.07 +4.94 6.97 +£0.64 9.88+£0.75 21.76 £0.93
16 P. amaryllifolius Leaves Pama(4 Pama 37.92 + 8.05 4.36 +0.38 11.12 +£0.75 21.14 £ 1.12
17 P. amaryllifolius Leaves Pama05 Pama 46.38 + 7.64 5.78 £0.39 8.52 +0.96 16.57 + 1.04
18 P. amaryllifolius Leaves Pama06 Pama 34.62 +£4.96 6.92 +0.36 8.13+1.01 17.01 +£1.11
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Conversely, the consistently low flavonoid content of P. amaryllifolius leaves
reinforces the chemical distinction between the two species and highlights flavonoids as
a discriminating phytochemical marker within the genus Pandanus.

Total saponin content (TSC) exhibited a distribution pattern that was more strongly
associated with plant organ than that observed for flavonoids, while still retaining a clear
species-level differentiation (Table 3.1). Saponin levels in fruits of P. fectorius were
markedly elevated, ranging from 38.73 + 3.02 to 52.59 + 4.80 mg AE/g, and were
consistently higher than those detected in P. tectorius leaves (22.91 + 2.16 to 31.46 +
3.49 mg AE/g). In contrast, leaves of P. amaryllifolius contained only minor amounts of
saponins, with TSC values generally below 12 mg AE/g. Statistical analysis using the
Kruskal-Wallis test confirmed a highly significant overall difference among the three
sample groups (p = 0.00096). Dunn’s post-hoc comparisons with Benjamini—Hochberg
correction revealed that saponin levels in P amaryllifolius leaves were significantly
lower than those in both P. tectorius fruits (adjusted p = 0.0007) and leaves (adjusted p
= 0.0295). In contrast, the difference between fruits and leaves of P. tectorius did not
reach statistical significance (adjusted p = 0.1117), despite the consistently higher TSC
values observed in fruit samples. The substantial overlap in TSC values between fruits
and leaves within P. tectorius indicates that saponin biosynthesis is not exclusively fruit-
specific but rather broadly distributed across organs in this species. Conversely, the
uniformly low saponin content in P. amaryllifolius leaves further underscores the
marked chemical divergence between the two species and highlights saponins as a
distinguishing metabolite class within the studied Pandanus taxa.

In contrast to phenolics, flavonoids, and saponins, total alkaloid content (TAC)
displayed a markedly distinct distribution pattern among the investigated Pandanus
samples (Table 3.1). Alkaloids were consistently detected at substantial levels in leaves
of P. amaryllifolius, with TAC values ranging from 8.68 + 0.72% to 21.76 + 0.93%. By
comparison, alkaloids were largely absent or below the detection limit in fruits of P
tectorius and were detected only at trace levels in several leaf samples of P. tectorius,
indicating a pronounced interspecific divergence in alkaloid accumulation. This
contrasting pattern was strongly supported by statistical analysis. The Kruskal-Wallis
test revealed a highly significant overall difference in TAC among the three groups (p =

0.00103). Dunn’s post-hoc comparisons with Benjamini—Hochberg correction showed
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that TAC in P. amaryllifolius leaves was significantly higher than in both fruits (adjusted
p =0.0011) and leaves (adjusted p = 0.0115) of P. tectorius. In contrast, no statistically
significant difference was observed between fruits and leaves of P. tectorius (adjusted p
= 0.2511), consistent with the near absence of alkaloids in both organs.

High contents of alkaloids in P. amaryllifolius leaves suggest that this species relies
on a fundamentally different chemical defense strategy compared to P. fectorius, in
which phenolics, flavonoids, and saponins appear to dominate the secondary metabolite
profile. This divergence highlights alkaloids as a key species-specific metabolite class
within the genus Pandanus and provides a biochemical explanation for the distinct
sensory and ethnobotanical characteristics commonly attributed to P. amaryllifolius.
Taken together, the combined analysis of TPC, TFC, TSC, and TAC reveals both shared
and contrasting phytochemical patterns among the three Pandanus sample groups.
Fruits and leaves of P. tectorius are characterized by consistently high levels of phenolics,
flavonoids, and saponins, with only moderate organ-dependent variation and substantial
overlap between vegetative and reproductive tissues. In contrast, leaves of P.
amaryllifolius exhibit markedly lower contents of these metabolite classes, indicating a
reduced reliance on phenolic- and saponin-based chemical defenses.

Overall, while organ-specific effects are evident for certain metabolite classes—
particularly saponins and alkaloids—the dominant driver of phytochemical variation
across the dataset appears to be species identity. These statistically supported patterns
provide a robust framework for chemotaxonomic differentiation and for the rational

selection of target plant materials in subsequent isolation and bioactivity studies.

3.4. Free radical scavenging and a-amylase inhibitory activities of the Pandanus

tectorius and Pandanus amaryllifolius plants’ extracts

The screening results summarized in Table 3.2 reveal marked differences in
antioxidant and a-amylase inhibitory activities among the three investigated Pandanus
sample groups. For both DPPH and hydroxyl radical scavenging assays, extracts from
P. tectorius—including leaves and fruits—consistently exhibited stronger activities than
those from P. amaryllifolius leaves across all tested concentrations. In particular, P.
tectorius fruits generally showed the highest scavenging efficiencies, reaching
approximately 70—76% inhibition at 50 pg/mL in the DPPH assay and comparable levels

in the hydroxyl radical assay. Although these activities were lower than those of the
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positive controls (ascorbic acid and catechin), which exhibited strong radical scavenging
effects under the same experimental conditions, several P. fectorius extracts approached
the activity range of these standards at higher concentrations, indicating substantial
antioxidant potential for crude plant extracts. A clear dose-dependent increase in radical
scavenging activity was observed for all samples, indicating a concentration-responsive
antioxidant effect. However, the magnitude of this response differed substantially
among groups. While P. tectorius extracts displayed moderate-to-strong activity even at
20 pg/mL, P. amaryllifolius leaf extracts showed only weak scavenging effects, rarely
exceeding 50% inhibition at the higher concentration. In comparison with the positive
controls, the antioxidant activity of P. amaryllifolius leaves remained markedly lower,
suggesting a limited contribution of phenolic-type constituents to radical scavenging in
this species. This pattern mirrors the quantitative phytochemical data, in which P.
tectorius samples were characterized by significantly higher contents of phenolics and
flavonoids—compound classes well known for their hydrogen-donating and free
radical-quenching capacities. The hydroxyl radical scavenging assay exhibited trends
similar to those of the DPPH assay, although slightly higher variability was observed
among individual samples. Nevertheless, fruits of P. tectorius again ranked among the
most active extracts, with inhibition levels at 50 pg/mL reaching values comparable to
those of the flavonoid standard catechin at similar concentrations. In contrast, the
consistently low hydroxyl scavenging activity of P. amaryllifolius leaves, which
remained far below that of the positive control, further supports the notion that this
species relies less on phenolic-based antioxidant defenses.

In terms of a-amylase inhibition, P. fectorius extracts demonstrated moderate
inhibitory activity, particularly at 200 pg/mL, with several fruit and leaf samples
exceeding 55-60% inhibition. While these values were lower than those observed for
the positive control acarbose, which showed strong inhibition at the same concentration,
the activity of P. tectorius extracts is notable given their crude nature. Conversely, P.
amaryllifolius leaf extracts exhibited only weak inhibitory effects, with inhibition
percentages remaining below 16% even at the highest tested concentration and far below

the activity of acarbose.
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Table 3.2. Screening results of radical scavenging (DPPH and hydroxyl) and a-amylase inhibitory activities of extracts from Pandanus

species.
. DPPH scavenging effect, %1 Hydroxyl, %I a-amylase inhibition, %I
Ne. Species Part | Code ™ 0ug/mL | 50 pg/mL | 20 pg/mL | 50 pg/mL | 100 pg/mL | 200 pg/mL
1 P. tectorius Leaves | PtLO1 29284297 | 62.494+2.08 | 31.24+244 | 63.85+£6.71 | 19.10+£1.67 | 54.87+£2.12
2 P. tectorius Leaves | PtL0O2 23.10+£2.08 | 59.90+4.16 | 30.50+3.05 | 61.55+4.66 | 20.77+1.85 | 53.98+5.58
3 P. tectorius Leaves | PtLO3 32.40+3.28 | 65.56+£3.70 | 25.22+1.15 | 68.87+4.67 | 28.16+1.14 | 57.64+£2.79
4 P. tectorius Leaves | PtL04 26.96+2.74 | 76.11+3.16 | 3497+192 | 73.41+£3.77 | 16.09+0.64 | 41.21£1.36
5 P. tectorius Leaves | PtLO5 21.95+£1.57 | 5851+2.24 |2337+£2.15| 60.50+3.42 | 16.63+1.73 | 38.10+2.83
6 P. tectorius Leaves | PtL06 1835+ 1.01 | 56.12+4.32 | 24.23+£2.61 | 5550+£3.98 | 16.84+1.04 | 33.87+2.02
7 P. tectorius Leaves | PtLO7 22.79£2.09 | 63.10£2.75 | 22.32+£1.56 | 68.70£447 | 26.94+1.46 | 62.43 £6.02
8 P. tectorius Fruits PtFO1 35324293 | 7625+£793 | 33.05+1.37 | 73.51+£2.33 | 22.71£1.57 | 63.51£6.01
9 P. tectorius Fruits PtF02 23.72+£142 | 70.02+536 |2542+£0.79 | 71.76 £6.90 | 27.39+2.27 | 5843+3.24
10 P. tectorius Fruits PtF03 3223+1.21 | 72.68+4.20 | 31.15+1.51 | 72.94+7.42 | 1899+2.02 | 56.82+6.04
11 P. tectorius Fruits PtF04 29.57+£2.65 | 70.58+5.45 |[3594+146 | 7223+298 | 22.66+1.20 | 59.31+3.16
12 P. tectorius Fruits PtFO5 2270+ 1.16 | 6891+2.19 | 29.17+2.46 | 70.78+5.26 | 21.88+2.28 | 58.32+4.15
13 P. amaryllifolius | Leaves | Pama0l | 16.27+1.71 | 46.07+£491 | 11.95+047 | 32.12+1.24 6.27+0.20 12.78 + 0.65
14 P. amaryllifolius | Leaves | Pama02 | 20.98+1.03 | 46.92+3.22 | 10.97+0.77 | 34.00 +2.85 5.02+0.37 13.78 + 1.45
15 P. amaryllifolius | Leaves | Pama03 | 19.23+0.77 | 51.41+4.76 | 22.29+1.91 | 46.63+245 6.97+£0.56 14.87 £ 0.64
16 P. amaryllifolius | Leaves | Pama04 | 13.99+1.35 | 37314137 | 1549+ 1.18 | 31.60+2.62 7.04+0.27 15.32+0.51
17 P. amaryllifolius | Leaves | Pama05 | 16.88 +0.71 48.73£3.36 | 18.65+0.86 | 42.66+3.76 521£0.21 13.51 £0.88
18 P. amaryllifolius | Leaves | Pama06 | 16.41+0.73 | 33.47+232 | 1247+1.18 | 30.37+2.78 6.49 +£0.41 13.06 + 1.43
Control | Ascorbic acid * 38.49 £4.38 88.23 £ 6.21
Control | Catechin ™" 32.44+£2.24 | 79.44+£8.97
Control | Acarbose™ 49.31 £5.31 | 81.17+5.62
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Overall, the bioactivity profiles presented in Table 3.2 align closely with the
phytochemical composition patterns observed for TPC, TFC, and TSC. While the
activities of the crude Pandanus extracts are generally lower than those of purified
positive controls, P. tectorius—particularly its fruits—emerges as a rich source of
antioxidant and moderate a-amylase inhibitory constituents. In contrast, P
amaryllifolius leaves display comparatively limited activity in these assays. These
results not only corroborate the chemical differentiation between the two species but
also support the selection of P. fectorius—especially fruit material—as a promising

candidate for further bioactivity-guided isolation and mechanistic studies.

3.5. NO production inhibitory and cytotoxic effects of the Pandanus plants’

extracts

To further evaluate the anti-inflammatory potential and cellular safety of the
investigated Pandanus extracts, selected representative samples were assessed for their
inhibitory effects on nitric oxide (NO) production in LPS-stimulated RAW264.7
macrophages, as well as for cytotoxicity against A549, K562, and MCF7 cancer cell
lines. Owing to the limited amount of extract obtained from several samples, only those
available in sufficient quantity were selected for bioassays and thus considered

representative of their respective sample groups.

Table 3.3. Inhibitory effects of Pandanus extracts on NO production in LPS-stimulated
RAW264.7 macrophages at 30 and 100 ug/mL

Sample Part Conc NO inhibition on RAW264.7
p ’ %l % cell survival

LPS 0.1 98.75 + 1.46
Cardamonin” 2.5 ngml | 4640 = 4.39 121.53 £ 537
10 ug/mL | 78.54= 1.76 109.32 £ 5.04

30 ug/mL | 21.02 % 1.65 111.70 £ 2.46

PtLO1 Leaves 100 ug/mL | 59.23 +2.86 103.61 £ 2.44
. 30 pg/mL | 28.17£0.73 12031 £4.70

PtFO1 Fruits 100 ug/mL | 57.45 = 6.66 119.81 £ 3.46
30 ug/mL | 4835 £2.56 105.83 £ 731

Pama0l Leaves 100 ug/mL | 92.91+0.95 18.50 £ 4.26
30 ug/mL | 1606 £ 534 11578 £ 1.54

Pama02 Leaves 100 ug/mL | 53.67+ 1.43 122.85 = 1.42

* Positive control
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As shown in Table 3.3, all tested extracts exhibited concentration-dependent
inhibition of NO production in LPS-stimulated RAW264.7 cells. Extracts from P
tectorius leaves (PtLO1) and fruits (PtFO1) displayed moderate NO inhibitory activity,
with inhibition values of approximately 21-28% at 30 pg/mL, increasing to around 57—
59% at 100 pg/mL. Importantly, these inhibitory effects were accompanied by high cell
viability (>100%), indicating that the observed reduction in NO production was not
attributable to cytotoxic effects. In contrast, P. amaryllifolius leaf extracts showed more
divergent behavior. Pama02 exhibited moderate NO inhibition at 100 pg/mL (53.67%)
while maintaining excellent cell viability (>120%), suggesting a genuine anti-
inflammatory effect. Conversely, PamaO1 displayed strong NO inhibition at 100 pg/mL
(92.91%); however, this effect was accompanied by a dramatic decrease in cell survival
(18.50%), indicating that NO suppression in this case was largely associated with
cytotoxicity rather than selective inhibition of inflammatory signaling.

On the other hand, the cytotoxic activities of selected Pandanus extracts against
A549 (lung carcinoma), K562 (chronic myelogenous leukemia), and MCF7 (breast

carcinoma) cell lines are summarized in Table 3.4.

Table 3.4. Cytotoxicity of Pandanus extracts against A549, K562, and MCF7 cell lines
at 25 and 100 ug/mL, expressed as percentage cell survival.

% Cell survival in cytotoxic assay

Sample Part Conc. A549 K562 MCF7
Camotothecin® || 223 Hg/mL | 71.38+5.07 76.81 £ 5.09 80.28 + 6.43
P 1 pg/mL 5773 £8.55 4922 £ 5.29 5779 323
25 pg/mL 6811+ 1.26 68.78 + 4.49 7576 + 7.55
PtLO1 Leaves 00 o/mL | 78.37 % 3.70 40.54 + 0.81 70.05 + 2.33
.| 25ug/mL | 92.13+11.53 32.33 £2.24 86.79 + 6.59
P01 Fruits 100 ug/mL | 71.13 £ 11.05 30.59  1.15 76.33 + 3.01
Pama0l | Leaves |23 H&/mL 78.61 £5.21 48.46 + 7.42 86.11 £ 5.51
100 pg/mL | 79.51 £ 0.81 36.25 £ 3.55 58.96 + 2.23
Pama02 | Leaves | 23.Ug/mL | 04.36+8.54 70.16 £ 3.11 88.93 £3.77
100 ug/mL | 54.63 +2.44 76.26 + 3.42 71.63 + 4.64

* Positive control

In general, most extracts exhibited weak to moderate cytotoxicity, with
pronounced cell line—dependent effects. Extracts from P tectorius demonstrated
selective cytotoxicity toward K562 cells. Both leaf (PtLO1) and fruit (PtFO1) extracts
reduced K562 cell viability to approximately 30—41% at 100 pg/mL, while exerting
considerably weaker effects on A549 and MCF7 cells, for which cell survival generally

remained above 70%. This selective sensitivity of K562 cells suggests potential activity
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against hematological malignancies rather than solid tumors. P. amaryllifolius leaf
extracts showed a more variable cytotoxic profile. PamaOl exhibited moderate
cytotoxicity against K562 and MCF7 cells at 100 pg/mL, whereas Pama02 displayed
relatively low cytotoxicity across all three cell lines, with the exception of A549 cells at
the higher concentration. Notably, none of the extracts approached the potency of the
positive control camptothecin, indicating that the observed effects are moderate in
magnitude.

Taken together, the NO inhibition and cytotoxicity assays reveal that P. tectorius
extracts combine moderate anti-inflammatory activity with acceptable cellular safety,
particularly at concentrations relevant to antioxidant and enzyme inhibitory assays. In
contrast, P amaryllifolius extracts exhibit stronger but less selective biological effects,
likely reflecting the higher alkaloid content of this species. These findings further
support the notion of distinct bioactivity profiles between the two Pandanus species and
underscore the importance of integrating phytochemical composition with functional

bioassays when evaluating the therapeutic potential of plant extracts.

3.6. Multivariate correlation between chemical compositions and bioactivities of

Pandanus plant extracts

To comprehensively elucidate the relationships between phytochemical
composition and biological activities of Pandanus plant extracts, partial least squares
(PLS) regression was employed as a multivariate analytical approach. Unlike univariate
analyses, PLS enables simultaneous integration of multiple chemical variables—total
phenolics (TPC), flavonoids (TFC), saponins (TSC), and alkaloids (TAC)—with diverse
biological responses, including antioxidant, enzyme inhibitory, anti-inflammatory, and
cytotoxic activities. The predictive performance of the PLS model was further evaluated
using the coefficients of determination (R?) and cross-validated predictability (Q?). The
overall R? (mean across all response variables) reached 0.7466, indicating that
approximately 75% of the total variance in the bioactivity data could be explained by
the four phytochemical descriptors (TPC, TFC, TSC, and TAC). This demonstrates a
strong explanatory power of the model and confirms that the selected chemical variables
capture most of the biological information in the dataset. The adjusted values of R? and
Q? indicate that the PLS model is well-suited for predicting and interpreting the

relationships between phytochemical composition and antioxidant as well as a-amylase
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inhibitory activities, which showed strong and consistent correlations with the chemical
variables. In contrast, the predictive performance for NO inhibition and cytotoxic
activities is less reliable, mainly due to the limited sample size and the higher biological
complexity of these responses. Therefore, while the model provides robust insights into
chemical drivers of antioxidant and enzyme inhibitory effects, correlations involving
anti-inflammatory and cytotoxic activities should be interpreted with caution.

Model performance and interpretability were evaluated by combining cross-
validation (CV) results (Figure 3.1), correlation coefficients between X and Y variables,
variable importance in projection (VIP) scores, and the proportion of variance explained
by individual latent components. Cross-validation results (Figure 3.1) demonstrated a
pronounced reduction in RMSEP values upon inclusion of the first latent component for
all investigated biological activities, indicating that the dominant structure—activity
relationships were captured at an early stage of model construction. For antioxidant
activities (DPPH and hydroxyl radical scavenging) and a-amylase inhibition, RMSEP
values reached a minimum with one component and remained stable thereafter,
suggesting relatively simple and largely linear relationships between chemical
composition and bioactivity. In contrast, NO inhibition and cytotoxic effects—
particularly against K562 cells—required two components to achieve optimal predictive
performance, reflecting greater biological and mechanistic complexity. The close
overlap between CV and adjCV curves across all models indicates statistical stability
and the absence of severe overfitting, despite the limited number of samples. The
reliability of the model was further supported by the distribution of explained variance.
The first PLS component accounted for 91.52% of the total variance in the chemical
dataset, while the second component explained an additional 6.78%, together capturing
more than 98% of the variance. This result indicates that phytochemical variability
among the studied samples is dominated by a single major compositional gradient, with
minor secondary contributions. VIP analysis showed that all four chemical variables
contributed meaningfully to the model, with VIP values close to or exceeding the
threshold of 1 across components, confirming that no variable was redundant and that

the model retained chemical interpretability.
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Figure 3.1. Cross-validation performance of PLS regression models used to evaluate
the relationship between phytochemical composition and biological activities of
Pandanus plant extracts.

Correlation analysis between chemical variables and biological responses revealed
clear and biologically coherent patterns. Strong positive correlations were observed
between TPC, TFC, and TSC and antioxidant activities, including DPPH and hydroxyl
radical scavenging, as well as a-amylase inhibition. These relationships indicate that
phenolic-, flavonoid-, and saponin-rich extracts are the primary drivers of antioxidant
and enzyme inhibitory effects in Pandanus species. In contrast, TAC displayed strong
negative correlations with these activities, highlighting an inverse relationship between
alkaloid abundance and phenolic-type bioactivities at the multivariate level.

The PLS biplot (Figure 3.2) provides a clear visual representation of these
relationships. Vectors corresponding to TPC, TFC, and TSC are closely aligned and
oriented toward DPPH scavenging, hydroxyl scavenging, and a-amylase inhibition,
indicating strong positive associations and a shared chemical basis for these activities.
Their opposite orientation relative to TAC further confirms the antagonistic relationship

between alkaloid-rich and phenolic-rich chemical profiles.
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Figure 3.2.  PLS biplot showing the relationships between phytochemical variables
(TPC, TFC, TSC, and TAC; arrows) and biological activities (circles) of Pandanus
plant extracts based on the first two latent components.

For NO inhibition and cytotoxic responses, a more complex pattern emerges. TAC
is strongly oriented toward NO inhibition and cytotoxicity against MCF7 cells,
indicating that alkaloids play a dominant role in these responses. However, the biplot
also reveals that cytotoxicity—particularly against K562 cells—is not exclusively
associated with TAC. The TPC and TSC vectors form acute angles with K562
cytotoxicity and, to a lesser extent, MCF7 cytotoxicity, indicating positive contributions
of phenolic- and saponin-related constituents to these effects. This interpretation is
consistent with correlation analysis, in which TPC and TSC exhibited positive
correlations with K562 cytotoxicity, and with cross-validation results showing that two
latent components are required to adequately model this response.

In contrast, cytotoxicity against A549 cells shows weaker and less structured
associations with individual chemical variables in both the correlation matrix and the
biplot, consistent with its relatively poorer predictive performance in the CV analysis.
This suggests that A549 cytotoxicity may depend on additional factors not fully captured
by the four global phytochemical descriptors used in the present model.

Taken together, the integration of cross-validation performance, explained

variance, correlation analysis, VIP profiling, and biplot visualization demonstrates that
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the constructed PLS model is both statistically robust and chemically meaningful.
Antioxidant and a-amylase inhibitory activities of Pandanus extracts are predominantly
governed by phenolic-, flavonoid-, and saponin-rich chemical profiles, whereas NO
inhibition and cytotoxic effects arise from combined contributions of alkaloids and
phenolic-type constituents, with variable dominance depending on the specific
biological endpoint. This multivariate framework highlights the functional partitioning
and partial overlap of metabolite classes within Pandanus species and provides a
coherent interpretation of the complex chemical-bioactivity relationships observed in

this study.

3.7. Chapter summary

A comprehensive screening of phytochemical composition and biological
activities of P. tectorius and P. amaryllifolius extracts was conducted, revealing clear
interspecific and organ-dependent patterns. Quantitative analysis demonstrated that
fruits and leaves of P. tectorius are characterized by consistently high levels of phenolics,
flavonoids, and saponins, whereas leaves of P. amaryllifolius contain markedly lower
amounts of these metabolite classes but are distinguished by a high alkaloid content.
Statistical evaluation confirmed that species identity represents the primary driver of
phytochemical variation, while organ-specific effects contribute additional but
secondary differentiation. Bioactivity screening showed that P. fectorius extracts,
particularly those derived from fruits, exhibit strong antioxidant activity and moderate
a-amylase inhibition, in agreement with their phenolic- and saponin-rich chemical
profiles. In contrast, P. amaryllifolius leaf extracts displayed comparatively weaker
antioxidant and enzyme inhibitory activities but showed more pronounced effects in NO
inhibition and selected cytotoxic assays, reflecting the functional relevance of their
alkaloid-dominated composition. Importantly, most extracts exhibited moderate activity
levels and acceptable cellular safety, indicating genuine biological effects rather than
nonspecific cytotoxicity. Multivariate PLS analysis further integrated these findings by
demonstrating robust correlations between phytochemical composition and biological
responses. Antioxidant and a-amylase inhibitory activities were primarily associated
with phenolic-, flavonoid-, and saponin-rich profiles, whereas NO inhibition and
cytotoxicity were governed by combined contributions of alkaloids and phenolic-type

constituents, with variable dominance depending on the biological endpoint. The PLS
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model was shown to be statistically stable and chemically interpretable, providing a
coherent framework for understanding overlapping and distinct roles of major
metabolite classes in Pandanus species.

Taken together, the results presented in this chapter indicate that all three
investigated sample groups—P. tectorius leaves, P. tectorius fruits, and P. amaryllifolius
leaves—represent valuable and complementary sources of bioactive natural products.
While P. tectorius samples are particularly promising for the discovery of antioxidant
and enzyme inhibitory compounds, P. amaryllifolius leaves offer distinct potential for
alkaloid-associated anti-inflammatory and cytotoxic activities. These findings provide a
solid scientific basis for the selection of representative samples and targeted metabolite
classes, which will be explored in greater depth through isolation, structural elucidation,

and mechanistic studies in the subsequent chapters of this thesis.
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CHAPTER 4. ISOLATION, STRUCTURE ELUCIDATION, AND BIOACTIVITY
EVALUATION OF COMPOUNDS FROM PANDANUS TECTORIUS LEAVES

4.1. Chapter overview

Two novel benzofuran derivatives, Pandanusfuran A and Pandanusfuran B, along
with four known lignans, were isolated from the leaves of Pandanus tectorius. The
structures of these compounds were comprehensively determined using advanced
spectroscopic techniques, including nuclear magnetic resonance (NMR), high-resolution
mass spectrometry (HRMS), and electronic circular dichroism (ECD). The absolute
configurations were elucidated using Snatzke's method, a sophisticated approach
exploiting induced circular dichroism (ICD) in dimolybdenum tetraacetate complexes.
This combination of spectroscopic methods provided clear structural assignments,
particularly distinguishing between epimers. The benzofuran derivatives isolated from P.
tectorius added valuable chemotaxonomic markers and expanded the chemical diversity of

this genus.

4.2. Samples

Leaves of P. tectorius were collected from Thanh Oai town, on the outskirts of Hanoi
City of Vietnam, in March 2021 and identified by Dr. Bui Van Thanh, formerly of the
Institute of Ecology and Biological Resources, currently the Institute of Biology, Vietnam
Academy of Science and Technology. The voucher specimens were deposited at the
Institute of Biology (HN00128210208) and the Center for High Technology Research and
Development (NCCG 210208), Vietnam Academy of Science and Technology.

4.3. Isolation of compounds from the Pandanus tectorius leaves

Dried powder (3.5 kg) of P. tectorius leaves was extracted three times with methanol
(MeOH) in a sonication bath. The combined extracts were concentrated to obtain the
residue (178 g), which was suspended in water (2 L) and then successively partitioned with
hexane (2 L % 3 times) and ethyl acetate (EtOAc) (2 L x 3 times) to afford the corresponding
fractions, respectively. The EtOAc fraction (37.5 g) was subjected to a silica gel
chromatography column (CC) with gradient mixtures of CH2Cl,-MeOH (1/0-0/1, v/v) to
afford seven subfractions (E1- E7). The fraction E4 (689 mg) was separated using silica
gel eluted with n-hexane—acetone (3/1, v/v) followed by preparative HPLC (90 min, 50-
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80% MeOH in H20) to yield the compounds Pt1 (5.1 mg) and Pt2 (3.5 mg). Fraction E3
(2.68 g) was chromatographed on a silica gel CC eluted with CH>Cl—acetone (10/1, v/v)
to afford compound Pt3 (24.7 mg) and compound Pt4 (32.1 mg). Fraction E6 (3.72 g) was
isolated using a YMC RP-C18 column eluted with MeOH—water (3:1, v/v) to yield
compound Pt5 (14.9 mg) and compound Pt6 (22.3 mg).

The absolute configuration of compounds Pt1 and Pt2 was elucidated by their ECD

spectra in combination with the ECD measurement of their Mo2(OAc)s complex (Snatzke’

s method). For the preparation of the complex, 0.5 mg of each compound was mixed with
1.2 mg of M02(OAc)4 and then dissolved in 1.5 mL of anhydrous DMSO. The ECD
spectrum was measured right after dissolving the mixture in the range of 250-500 nm. After
20 minutes, the stationary ICD spectrum was used to subtract the previous ECD spectrum.
The Cotton effect at 290-340 nm in the ICD spectrum was correlated to the absolute
configuration of the diol moiety.

To check if these compounds might be artefacts of the extracting process in methanol,
we performed an HPLC-DAD analysis on the ethanol extract of the plant material (1 g of
the P tectorius leaves were extracted in 25 mL of ethanol 90%, in triplicated, then
combined the solution and evaporated the solvent to gain the ethanol extract). The extract
was subsequently analyzed using an HPLC-DAD system (Agilent 1100) equipped with a
Hypersil Gold C18 column (250 x 4.6 mm, 5 pum). Separation was performed under
isocratic elution with 35% methanol over 20 min at a flow rate of 1.0 mL/min. Detection
was carried out using a DAD detector set at 254 nm.

Pandanusfuran A (Ptl): white amorphous powder; HR-ESI-MS: m/z 253.1071
[M+H] * (calc for C13H170s, 253.1076); [a]3® -32.2; CD (MeOH) Amax (mdeg): 220 (+1,73),
264 (-6,66); '"H NMR (DMSO-ds, 600 MHz): see Table 4.1; *C NMR (DMSO-ds, 150
MHz): see Table 4.1.

Pandanusfuran B (Pt2): White amorphous powder; HR-ESI-MS: m/z 287.0697
[M~+CI]" (calc for Ci3H1705Cl, 287.0686); [a]Z® -41.5; 'H NMR (DMSO-ds, 600 MHz):
see Table 4.2; 3C NMR (DMSO-ds, 150 MHz): see Table 4.2.

Pinoresinol (Pt3): Yellow oil; ESI-MS: m/z 359 [M+H]", m/z 341 [M+H-H2O]", m/z
739 [2M+Na]"; molecular formula: C20H2206 (358 g/mol); 'H NMR (CDCl3, 600 MHz):
see Table 4.3; 3C NMR (CDCls, 150 MHz): see Table 4.3.
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Pinoresinol monomethyl ether (Pt4): Pale yellow oil; ESI-MS: m/z 373 [M+H]", m/z
395 [M+Na]*; molecular formula: C21H2406 (372 g/mol); 'H NMR (CDCl;, 600 MHz):
see Table 4.4; 3C NMR (CDCl3, 150 MHz): see Table 4.4.

Arctigenin (Pt5): Pale yellow oil; ESI-MS: m/z 373 [M+H]", m/z 767 [2M+Na]";
molecular formula: C21H2406 (372 g/mol); 'TH NMR (CDCls, 600 MHz): see Table 4.5; 1*C
NMR (CDCls, 150 MHz): see Table 4.5.

Matairesinol (Pt6): Yellow oil; ESI-MS: m/z 359 [M+H]", m/z 739 [2M+Na]";
molecular formula: C20H2206 (358 g/mol); 'H NMR (CDCls, 600 MHz): see Table 4.6; 1*C
NMR (CDCls, 125 MHz): see Table 4.6.

4.4. Structure elucidation of the isolated compounds from Pandanus tectorius leaves

(Pt5)

Figure 4.1. Structures of six isolated compounds from Pandanus tectorius leaves
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4.4.1. Compound Ptl: (8R, 98)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-5-

carboxylate (Pandanusfuran A)

Pt1

Figure 4.2. The structure of Ptl
Compound Pt1 was isolated as a white amorphous powder that generated [M+H]"
ion with the mass-to-charge ratio (m/z) value of 253.1071 when analyzed by HR-ESI-MS
(Figure 4.3), suggesting the molecular formula Ci3H60s.
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Figure 4.3. HR-ESI-MS spectrum of Pt1
"H NMR spectrum of compound Ptl (Figure 4.4) showed the signals of three

aromatic protons of an ABX system [6.79 (1H, d, J = 8.4 Hz, H-3), 7.73 (1H, dd, J = 8.4,
1.8 Hz, H-4), 7.77 (1H, d, J = 1.8 Hz, H-6)] which were also supported by the COSY
correlation of H-3 and H-4; two pairs of methylene protons at ou 3.14 (1H, dd, J = 8.4,
16.2 Hz, H-7a), 3.25 (1H, dd, J = 9.6, 16.2 Hz, H-7b), 3.53 (1H, dd, J = 6.0, 10.2 Hz, H-
10a),3.27 (1H, dd,J = 5.4, 10.2 Hz, H-10b); an oxymethine sp® proton at én 4.84 (1H, dd,
J =8.4,9.6 Hz, H-8), a methyl group at ou 1.04 (3H, s, H-11) and a methoxy group at 3.79
(3H, s, 12-O-CHz3).
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Figure 4.4. "H NMR spectrum of Ptl
13C and HSQC spectra of the compound (Figure 4.5, Figure 4.6) exhibited signals of

[l
—

ppm

one methyl (dc 20.7, C-11), one methoxy (oc 51.7, 12-O-CH3), one conjugated carbonyl
(6c 166.0, C-12), two quaternary sp? [dc 128.6 (C-1), 121.3 (C-5)], three methines sp? [dc
130.2 (C-4), 126.0 (C-6), 108.5 (C-3)], one oxy-quaternary sp? (6c 164.0, C-2), one
methylene sp? (6¢28.6, C-7), and one oxymethine sp? (dc 86.7, C-8). The HMBC spectrum
showed the correlations of aromatic protons and carbons, such as H-3 (dn 6.79) with C-1
(0c 128.6), C-5 (oc 121.3), H-4 (6u 7.73) with C-2 (dc 164.0), C-6 (dc 126.0), H-6 (6u7.77)
with C-2 (Jc 164.0), and C-4 (6c 130.2). The position of the furan ring was determined by
the HMBC correlations of H-7 (0u 3.14 and 3.25) and H-8 (Jn 4.84) with C-1 (dc 128.6)
and C-2 (dc 164.0), and H-7 (du 3.14 and 3.25) with C-6 (dc 126.0). The position of the
dihydroxy isopropyl group was identified by the HMBC correlations of H-10 (6u3.27 and
3.53) and H-11 (on 1.04) with C-8 (dc 86.7). NMR spectra of compound Pt1 were highly
similar to those of gasphostrin D, a reported benzofuran derivative [54] (Table 4.1).

However, compound Pt1 exhibited one more methoxy group than the reported compound,
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and the HMBC correlation between methoxy protons (du 3.79) and C-12 (dc 166.0) might
reveal the methylation of the carboxyl group (Figure 4.7).
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Figure 4.5. 3C NMR spectrum of Ptl
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Table 4.1. '"H NMR and '3C NMR data of Ptl and gasphostrin D in DMSO-d;s

No.

Ptl (DMSO-ds)

Gasphostrin D (DMSO-ds)

13C (150 MHz) H (600 MHz) HC (300 H (75 MHz)
MHz)
1 128.6 C 128.4
2 164.0 C 163.6
3 108.5 | CH 6.79 (1H, d, J = 8.4 Hz) 108.4 6.79 (1H, d, J = 8.3 Hz)
4 1302 | CH 7.73(1H, dd, J = 8.4, 1.8 Hz) 130.8 7.83 (1H, dd, J = 8.3; 1.8 Hz)
5 121.2 C 122.6
6 126.0 | CH 7.77 (14, d, J = 1.8 Hz) 126.4 7.76 (1H,d, J = 1.8 Hz)
7 3.14 (1H, dd, J = 8.4, 16.2 Hz)
28.6 | CH: 28.7 3.19, m
7 3.25 (1H, dd, J = 9.6, 16.2 Hz)
8 86.7 | CH 4.84 (1H, dd, J = 8.4, 9.6 Hz) 86.5 4.83 (1H, dd, J = 9.7; 8.1 Hz)
9 72.7 C 72.5
3.53 (1H, dd, J = 6.0, 10.2 Hz)
10 66.0 | CHz 66.7 333, m
3.27 (1H, dd, J = 5.4, 10.2 Hz)
11 20.7 CH;3 1.04 (3H, S) 20.0 1'09, S
12 166.0 C 167.2
12-O-Me | 51.7 | CH; 3.79 (3H, s)
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The absolute configuration of C-8 of compound Pt1 was determined by comparison
of the experimental ECD spectrum to the referenced spectra [54]. The experimental ECD
spectrum of compound Ptl (Figure 4.8) showed opposite trends of Cotton effects to
gasphostrin D (85, 9R) and was well-matched with the calculated ECD spectrum of the 8R,
OR derivative of this compound [54]. Thus, the absolute configuration of C-8 was

determined as R.

ECD spectra of Pt1 and Pt2

Circular Dichroism (mdeg)

240 260 280 300

UV wavelength

Prl

Cal. ECD of 85.9R-4
Cal. ECD of 8R9R-4
Exp. ECD of 4
Exp. ECD of 5

200 250 300 350 400
A (nm)

Figure 4.8.  Experimental ECD spectra of Ptl and Pt2; (b) experimental and
theoretically calculated ECD spectra of 8S,9R- gasphostrin D and 8R,9R- gasphostrin D
(compound 4) from the reference [54]
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Besides, Snatzke’s method was applied to elucidate the absolute configuration of C-

9. The induced negative Cotton effect at 324 nm revealed an S configuration of C-9 (Figure

4.9).

Mol.CD [mdeg]

{mdeg]

MolCD

0.5

-0.5 -

-1.5

-2.5

-3.5 4

45

-5.5

-6.5

Wavelength (nm)

——Compound |  =———Conmf

......................................................................

GHa
4 o
CRg
@} ) S IMOz44]
R o)
H
250 300 350 400 450 500

Wavelength [nm]

Figure 4.9. ICD spectra of the Mo2(OAc)+ complex of (a) Ptl and Pt2 and (b) 8S,9R-

gasphostrin D in DMSO from the reference [54]

Moreover, the negative optical rotation of the compound Ptl1 ([a]%® -32.2) was

25

opposed to gasphostrin D ([a]> +78.9) and matched to several similar 2R-benzofuran
derivatives [55]. Significant chemical shift difference between H-10a [dn 3.53 (1H, dd, J
=5.0, 8.5 Hz)] and H-10b [on 3.27 (1H, dd, J = 5.0, 8.5 Hz)] was in good agreement with
those of (8S, 95)-dihydrofurocoumarin and (8S, 95)-diacetatefurocoumarin, meanwhile,

the 9R-derivatives showed a smaller difference between chemical shifts of these two

protons [56]. These indicated S-configuration of C-9 of compound Pt1.
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Thus, the compound was assigned as methyl (R)-8-((5)-9,10-dihydroxypropan-8-yl)-
7,8-dihydrobenzofuran-5-carboxylate, a new compound, and named Pandanusfuran A.
4.4.2. Compound Pt2: (8R, 9R)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-
5-carboxylate (Pandanusfuran B)

Figure 4.10. The structure of Pt2

Compound Pt2 was isolated as a white amorphous powder. The molecular formula
of compound Pt2 was determined as Ci3Hi6Os by the HRESIMS (Figure 4.11) at m/z
287.0697 [M+CI]".
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Figure 4.11. HR-ESI-MS spectrum of Pt2

"H NMR spectrum of compound Pt2 (Figure 4.12) showed the signals of three
aromatic protons of an ABX system [6.81 (1H, d, J = 8.4 Hz, H-3), 7.73(1H, dd, J = 8.4,
1.8 Hz, H-4), 7.78 (1H, d, J = 1.8 Hz, H-6)]; two pairs of methylene protons at on 3.13 (1H,
dd, J =9.6, 16.2 Hz, H-7a), 3.26 (1H, dd, J = 8.4, 16.2 Hz, H-7b), and 3.32 (2H, overlap,
H-10); an oxymethine sp? proton at ou 4.83 (1H, dd, J= 9.6, 8.4 Hz, H-8), a methyl group
at on 1.04 (3H, s, H-11) and a methoxy group at 3.79 (3H, s, 12-O-CH3).
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13C and HSQC spectra of the compound (Figure 4.13 & Figure 4.14) exhibited signals
of one methyl (dc 19.9, C-11), one methoxy (dc 51.7, 12-O-CH3), one conjugated carbonyl

(6c 166.0, C-12), two quaternary sp? [dc 128.7 (C-1), 121.4 (C-5)], three methines sp? [sc

130.2 (C-4), 126.1 (C-6), 108.6 (C-3)], one oxy-quaternary sp* (sc 163.9, C-2), one

methylene sp? (dc 28.6, C-7), and one oxymethine sp? (¢ 86.6, C-8).

P |
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Figure 4.14. HSQC spectrum of Pt2
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The HMBC spectrum (Figure 4.15) showed the correlations of H-3 (dn 6.81) with C-
1 (6c 128.7), C-5 (0c 121.4), H-4 (6u 7.73) with C-2 (dc 163.9), C-6 (6c 126.1), H-6 (61 7.78)
with C-2 (dc 163.9), and C-4 (dc 130.2). The position of the furan ring was determined by
the HMBC correlations of H-7 (du 3.13 and 3.26) and H-8 (Ju 4.83) with C-1 (dc 128.7)
and C-2 (oc 163.9), and H-7 (du 3.13 and 3.26) with C-6 (dc 126.1). The dihydroxy
isopropyl group was identified by the HMBC correlations of H-10 (du 3.32) and H-11 (dn
1.04) with C-8 (dc 86.6). The NMR spectra of compound Pt2 resembled those of compound

Pt1 (Table 4.2), indicating their same planar structures.
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Figure 4.15. HMBC spectrum of Pt2
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Significantly, compound Pt2 displayed similar optical rotation ([a]3° -41.5) and ECD

curves to compound Pt1 revealed an R configuration of C-8 (Figure 4.8). Besides, Snatzke’

s method was applied to elucidate the absolute configuration of C-9. The induced positive

cotton effect at 324 nm reflecting the O—C—C—O torsion angle was consistent with positive

helicity, which revealed an R configuration of C-9. Moreover, the overlap of H-10a and H-

10b as opposed to the significant splitting in compound Pt1, and highly similar to the small

differences of those protons in several reported 9R-benzofuran derivatives, such as

gasphostrin D [54] or (8S, 9R)-dihydrofurocoumarin and (8S, 9R)-diacetatefurocoumarin

[56]. These might reveal the R configuration of C-9. Thus, compound Pt2 was identified

as methyl (R)-8-((R)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-5-carboxylate.

Compound Pt2 is also new and named Pandanusfuran B.

Table 4.2. 'H NMR and 3C NMR data of compounds Ptl and Pt2 in DMSO-ds

Pt1 (DMSO-ds)

Pt2 (DMSO-ds)

13
C
No. 13
hc/jﬂfllzio 'H (600 MHz) (150 'H (600 MHz)
MHz)
1 128.6 C 128.4
2 164.0 C 163.6
3 108.5 | CH 6.79 (1H, d, J = 8.4 Hz) 108.4 6.81 (1H, d, J = 8.4 Hz)
4 130.2 | CH 7.73(1H, dd, J = 8.4, 1.8 Hz) 130.8 | 7.73 (1H, dd, J = 8.4; 1.8 Hz)
5 121.2 C 122.6
6 126.0 | CH 7.77 (1H, d, J = 1.8 Hz) 126.4 7.78 (1H, d, J = 1.8 Hz)
3.14 (1H, dd, J = 8.4, 16.2 Hz)
7 28.6 | CHz 28.7 3.19, m
3.25(1H, dd, J = 9.6, 16.2 Hz)
8 86.7 | CH 4.84 (1H, dd, J = 8.4,9.6 Hz) 86.5 | 4.83 (1H, dd,J =9.6; 8.4 Hz)
9 72.7 C 72.5
3.53 (1H, dd, J = 6.0, 10.2 Hz)
10 66.0 | CHz 66.7 333, m
3.27 (1H,dd, J = 5.4,10.2 Hz)
11 20.7 | CHs 1.04 (3H, s) 20 1.09, s
12 166.0 C 167.2
12-0-
Me 51.7 | CH3 3.79 (3H, s) 51.7 3.79 (3H, s)
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To check if these compounds might be artefacts of the extracting process in
methanol, we performed an HPLC-DAD analysis on the ethanol extract of the plant
material (1 g of the P. fectorius leaves were extracted in 25 mL of ethanol 90%, in
triplicated, then combined the solution and evaporated the solvent to gain the ethanol
extract). We compared it to the chromatograms of isolated compounds under the same
analysis parameter. As shown, compounds Ptl and (2) could be found in the ethanol

extract (Figure 4.16), thus, they were natural products.
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1| mau 1-6.783
25.04
1254
00 - oy T
4'3 g ] Comp. 2 UV_WI5_2 WVL 254 nm
mAL
2004 i1-7.550
0o — d—_JJ -
-100 min
400 Q P tectornus exiract Uv_WIS_2 WVL 254 nm
mAU
20.0 4
’I| 1-6.777 ﬁl'|
" 2-7560 ,3-12.580
ooJ—— A~ L\r\_j\__ _L{I;jL.L\.'_ﬂ__n_ =, \JLL]'\‘_I\ e ]
min

-10.0
0.0 20 4.0 6.0 8.0 10.0 12.0 140 16.0 18.0 200

Figure 4.16. HPLC-DAD chromatogram at UV 254 nm for checking artifacts.

The upper graphs exhibit the chromatogram of the mixture of compound Pt1 (rt
6.8 min) and compound Pt2 (rt 7.6 min). The lower graph shows the chromatogram of
Pandanus tectorius aerial parts ethanol extract, which is analyzed under the same

condition.

4.4.3. Compound Pt3: Pinoresinol

Figure 4.17. The structure of pinoresinol (Pt3)

Compound Pt3 was obtained as a light yellow oil. The "TH-NMR spectrum of Pt3
exhibited signals of an ABX system due to three protons du 6.90 (2H, d, J = 2.4 Hz, H-
2,2"),6.83 (2H, dd, J = 8.4; 2.4 Hz, H-6, 6'), and 6.88 (2H, d, J = 8.4 Hz, H-5, 5'), an
oxymethine group ou 4.74 (2H, d, J =4.2 Hz, H-7, 7'). Additionally, the spectrum
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showed two oxymethylene signals ou 3.89 (2H, dd, J = 9.0; 4.2 Hz, H-9, 9') and 4.26
(2H, dd, J = 9.0; 6.6 Hz, H-9, 9"), a methine group Ju 3.11 (2H, m, H-8, 8'), and two
methoxy groups at du 3.91 (3H, s) and 3.90 (3H, s). Besides, the *C-NMR and DEPT
spectrum showed ten carbons, including three aromatic -CH groups dc 108.6 (C-2, 2'),
114.3 (C-5, 5", 119.2 (C-6, 6'); three non-protonated carbons 133.2 (C-1, 1'), two
aromatic rings directly associated with oxygen oc 145.3 (C-3) and 147.0 (C-4), and two
methoxy groups at dc 56.1 Two methine signals dc 54.4 (C-8, 8'), an oxymethine group
atoc 85.8 (C-7,7"), and an oxymethylene group oc 71.2 (C-9, C-9") suggested a structure
of a furofuran derivative.

In addition, the molecular weight of Pt3 was determined as 358 Da corresponding
with the formula C20H2206 based on the ions at m/z 359 [M+H]", m/z 739 [2M+Na]",
m/z 341 [M-H20+H] on the ESI-MS spectrum. The number of carbon and hydrogen in
the predicted formula was twice as much as the number shown in the spectrum of Pt3,
hence it is possibly indicated that this compound has an axially symmetric benzofuran
structure, and the signals in the NMR spectrum were double shortened. The spectral data
of Pt3 resembled the data of pinoresinol in previous publications [57] so it can be

identified as pinoresinol.

Table 4.3. NMR data of Pt3 and those of pinoresinol from the reference

Pt3 (CDCls) Pinoresinol (CDCls)
No.
13
¢ (ISQCMHZ)’ 'H (600 MHz), ou 13C (125 MHz), oc

L1 | 1332 | C - 132.8

2,2 | 1086 | CH | 6.90(2H,d,J=2.4Hz) 108.5

3,3 | 1470 | C - 146.7

4,4 | 1453 | C - 145.2

55 | 1143 | CH| 6.88(2H,d,J=8.4Hz) 114.2

6,6 | 1192 | CH |6.83 (2H,dd,J = 8.4;2.4 Hz) 118.9

7.7 | 858 |[CH| 474(H.d.J=42Hz) 85.8

8.8 | 544 |CH 3.11 (2H, m) 55.4

, 3.89 (2H, dd, J = 9.0; 4.2 Hz);

20 | T2 M 1406 (2H, dd, /= 9.0 6.6 Hy) 76
3-OMe | 56.1 | CH; 3.91 (3H, 5) 55.9
3-OMe| 56.1 | CHs 3.90 (3H, 5) 55.9
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4.4.4. Compound Pt4: Pinoresinol monomethyl ether
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Figure 4.18. The structure of pinoresinol monomethyl ether (Pt4)
Compound Pt4 was isolated as a yellowish-brown oil. Six proton signals in the
'"H-NMR spectrum éu 6.91 (1H, d, J = 2.4 Hz, H-2), 6.90 (1H, d, J= 2.4 Hz, H-2"), 6.90
(1H, d, J = 9.0 Hz, H-5), 6.84 (1H, d, J=9.0 Hz, H-5"), 6.87 (1H, dd, J = 9.0; 2.4 Hz,
H-6") and 6.84 (1H, dd, J = 9.0; 2.4 Hz, H-6) suggested two ABX system. Additionally,
the "TH-NMR spectrum showed an oxymethine group du 4.76 (2H, d, J = 4.8 Hz, H-7,
7"); two oxymethylene groups ou 4.27 (4H, m, H-9,9°); two methine groups ou 3.12 (2H,
m, H-8, 8'); and three methoxy groups at ou 3.91 (3H, s), 3.90 (3H, s), and 3.89 (3H, s).
Besides, twenty-one carbon signals including six aromatic carbons dc 108.6 (C-2),
109.2 (C-2"), 114.2 (C-5), 111.3(C-5"), 119.1 (C-6), 118.3 (C-6'); six non-protonated
aromatic carbons dc 132.7 (C-1), 133.4 (C-1'); four aromatic carbons directly bonding
with oxygen oc 148.7 (C-3), 149.6 (C-3"), 145.5 (C-4) and 146.6 (C-4'); and three
methoxy groups at dc 56.0 were observed in the 3C-NMR and DEPT spectrum. Two
methine groups oc 54.2 (C-8, 8'), two oxymethine groups oc 86.0 and 85.7 (C-7,7"), two
oxymethylene groups dc 71.7 (C-9, C-9') allowed the identification of two benzofuran
rings.
The molecular weight of Pt4 was 372 Da suggesting the formula was C21H240¢ as
determined from the ESI-MS spectrum at m/z 373 [M+H]*, and m/z 395 [M+Na]".
It can be seen that half of the number of NMR and MS data of Pt4 were similar to
those of Pt3, except for an additional methoxy group. On the basis of spectral analysis
and comparison with the literature [58] the structure of Pt4 was determined to be

pinoresinol monomethyl ether.

Table 4.4.Comparison of NMR data of Pt4 and pinoresinol monomethyl ether

Pinoresinol
No Pt4 (CDCls) monomethyl ether
) (CDCls)
13C (150 MHz), éc 'H (600 MHz) , du 13C (125 MHz) , éc
1 132.7 C — 132.9
2 108.6 CH 6.91 (1H,d,J=2.4 Hz) 108.6
3 148.7 C — 148.6
4 145.5 C — 145.2
5 114.2 CH 6.90 (1H,d,J =9.0 Hz) 114.2
6 119.1 CH 6.84 (1H, dd, J = 9.0; 2.4 Hz) 119.0
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7 86.0 CH 4.76 (14, d, J = 4.8 Hz) 85.8
8 54.5 CH 3.12 (1H, m) 54.1
9 71.7 CH: 427 QH , m) 71.6
I’ 133.4 C — 133.5
2 109.2 CH 6.90 (1H, d, J = 2.4 Hz) 109.2
3 149.6 C _ 149.2
4 146.6 C — 146.7
5 111.3 CH 6.84 (1H, d, J = 9.0 Hz) 111.0
6 118.3 CH | 6.87(1H,dd,J=9.0;2.4 Hz) 118.2
7 85.7 CH 4.76 (14, d, J = 4.8 Hz) 85.9
8’ 54.5 CH 3.12 (1H, m) 54.2
9’ 71.7 CH: 4.27 (2H, m) 71.7
3-OCHs | 56.0 CHs 3.91 3H, s) 56.0
3-OCH:s | 56.0 CHs 3.90 3H, s) 56.0
4-OCHs | 56.0 CHs 3.88 3H, s) 56.0

4.4.5. Compound Pt5: Arctigenin
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Figure 4.19. The structure of arctigenin (Pt5)

Compound Pt5 was found as a yellowish-brown oil. The molecular weight was
determined as 372 Da based on the ESI-MS spectrum at m/z 373 [M+H]".

Six aromatic protons of two sets of an ABX system on 6.64 (1H, d, J = 2.4 Hz, H-
2), 6.75 (1H, d, J = 9.6 Hz, H-5), 6.55 (1H, d, J = 9.6; 2.4 Hz, H-6), and Ju 6.46 (1H,
dd, J = 2.4 Hz, H-2'), 6.82 (1H, dd, J = 7.8 Hz, H-5"), 6.64 (1H, d, J = 7.8; 2.4 Hz, H-
6'); two methine groups du 2.55 (1H, m, H-8), 2.50 (1H, m, H-8'); two oxymethylene
groups on 4.14 (1H, dd, J =9.0; 7.8 Hz, H-9a), 3.89 (1H, dd, J =9.0; 7.8 Hz, H-9b); two
methylene groups ou 2.91 (2H, m, H-7), 2.94 (1H, dd, J = 13.8; 6.0 Hz, H-7'a), 2.90
(1H, dd, J = 13.8; 6.0 Hz, H-7'b); and three methoxy groups du 3.81 (3H, s), 3.86 (3H,
s), 3.88 (3H, s) were observed in the 'H-NMR spectrum.

In addition, the '*C-NMR and DEPT spectrum showed twenty-one carbon signals
including six aromatic carbons Jc 111.8 (C-2), 111.5 (C-2"), 111.3 (C-5), 114.2 (C-5),
120.6 (C-6), 122.0 (C-6"); two non-protonated aromatic carbons oc 130.4 (C-1), 129.4
(C-1"); four aromatic carbons directly bonding with oxygen oc 149.0 (C-3), 146.7 (C-
3"), 147.8 (C-4) and 144.5 (C- 4'), which contributed to the presence of two benzene
rings in the structure of Pt5. Besides, the *C-NMR and DEPT spectrum showed signals
of two methylene groups dc 38.1 (C-7), 34.5 (C-7"); three methoxy groups, especially,

two methine groups dc 46.6 (C-8), 40.9 (C-8’), an oxymethylene group dc 71.2 (C-9),
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and a carboxyl group dc 179.7 (C-10) revealed the presence of a lactone ring. Thus, the

structure of compound PtS was identified as arctigenin by comparison of its spectral
data with those published [58, 59].

Table 4.5.Comparison of NMR data of Pt5 and arctigenin

Pt5 (CDCl3) Arctigenin (CDCls)
o 13
Position | =C (IS;CMHZ)’ 'H (600 MHz) , ou 13C (125 MHz), dc
1 130.4 C - 130.4
2 111.8 CH 6.64 (1H,d,J =2.4 Hz) 111.9
3 149.0 C - 149.3
4 147.8 C — 147.9
5 111.3 CH 6.75 (1H, d, J = 9.6 Hz) 111.9
6 120.6 CH 6.55 (1H,d, J =9.6; 2.4 Hz) 120.7
7 38.1 CH: 2.91 (2H, m) 38.0
8 466 | CH 2.55 (1H, m) 41.2
4.14 (1H, dd, J = 9.0; 7.8 Hz);
? 7121 CHe 30 (11, dd. J = 9.0- 7.8 H) 712
10 179.7 C=0 - 178.8
1’ 129.4 C — 133.0
2 111.5 CH 6.46 (1H, dd, J =2.4 Hz) 111.9
3 146.7 C — 149.1
4' 144.5 C - 145.1
5 114.2 CH 6.82 (1H, dd, J = 7.8 Hz) 113.2
6 122 CH 6.64 (1H,d,J=7.8; 2.4 Hz) 121.9
, 2.94 (1H, dd, J = 13.8; 6.0 Hz);
/ 351 CHx 1) o0 (11, dd. J = 13.8: 6.0 Hz) 344
8 40.9 CH 2.50 (1H, m) 46.4
3-OCHs 55.9 CHs 3.81 (3H, s) 56.0
3'-OCHs 55.8 CH; 3.86 (3H, s) 56.0
4-OCH; 55.8 CH; 3.88 (3H, s) 55.9
4.4.6. Compound Pt6: Matairesinol
—0 9 ON{! (0] o—
3 2 8 /g 23
4
HO : 1 7 71 OH
5 6 6 5

Figure 4.20. The structure of matairesinol (Pt6)

Compound Pt6 was isolated as a yellow oil. Its molecular weight of 358 Da was
assigned based on the ESI-MS spectrum at m/z 359 [M+H]", m/z 739 [M+H]".

The '"H-NMR spectrum showed six protons of two sets of an ABX system Ju 6.41
(1H, d, J = 2.4 Hz, H-2), 6.81 (1H, d, J =8.4 Hz, H-5), 6.51 (1H, dd, J = 8.4; 2.4 Hz,
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H-6) and ou 6,61 (1H, dd, J = 2.4 Hz, H-2"), 6.79 (1H, dd, J =8.4 Hz, H-5"), 6.59 (1H,
d, J = 8.4; 2.4 Hz, H-6"); two methine groups Ju 2.48 (1H, m, H-8), 2.56 (1H, m, H-8");
two oxymethylene on 4.16 (1H, dd, J =9.6; 7.8 Hz, H-9a), 3.89 (1H, dd, J = 9.6; 7.8 Hz,
H-9b); two methylene groups ou 2.60 (2H, m, H-7), 2.95 (1H, dd, J = 13.8; 6.6 Hz, H-
7'a) and 2.89 (1H, dd, J = 13.8; 6.6 Hz, H-7'b); and two methoxy groups Ju 3.80 (3H,
s) and 3.81 (3H, s). *C-NMR and DEPT spectra showed twenty-one carbon signals
including six aromatic carbons dc 111.0 (C-2), 111.5 (C-2"), 114.4 (C-5), 114.1 (C-5"),
121.3 (C-6), 122.1 (C-6"); two non-protonated aromatic carbons oc 129.6 (C-1), 129.5
(C-1"); four aromatic carbons directly attached to oxygen 146.7 (C-3), 146.6 (C-3'),
144.6 (C-4), 144.4 (C-4"), which confirmed the presence of two benzene rings in the
structure of Pt6. Two methine groups dc 41.1 (C-8), 46.6 (C-8'); an oxymethylene group
oc 71.3 (C-9); and a carboxyl group Jc 178.8 (C-10) suggested a lactone ring. Besides,
two methylene groups dc 38.3 (C-7), 34.6 (C-7'), and two methoxy groups were obtained
in the '*C-NMR and DEPT spectra.

The spectral data of the Pté compound resembled those of Pt5 except for the
absence of a methoxy group. The structure of compound Pté6 was identified as

matairesinol when compared with those reported in the literature [60].

Table 4.6. Comparison of NMR data of Pt6 and matairesinol

Pt6 (CDCL) Matairesinol
Position 3C (150 MH (CDCL)
( Sc 2), 'H (600 MHz) , ou 3C (125 MHz), éc
1 129.6 C — 129.7
2 111.0 CH 6.41 (1H,d,J =2.4 Hz) 111.1
3 146.7 C — 146.7
4 144.6 C — 144.6
5 114.4 CH 6.81 (1H, d,J = 8.4 Hz) 114.6
6 121.3 CH 6.51 (1H, dd,J =8.4; 2.4 Hz) 121.3
7 38.3 CH: 2.60 (2H, m) 38.2
8 41.1 CH 2.48 (1H, m) 41.0
3.89 (1H, dd, J = 9.6; 7.8 Hz);
? 713 CH. 4.16((1H, dd,J=9.6;7.8 Hz)) /1.4
10 178.8 C=0 — 179.1
¥ 129.5 C — 129.4
2 111.5 CH 6.61 (1H,d,J =2.4 Hz) 111.6
3 146.6 C — 146.6
4 144.4 C — 144.4
5! 114.1 CH 6.79 (1H, d,J = 8.4 Hz) 114.3
6’ 122.1 CH 6.59 (1H, dd,J = 8.4; 2.4 Hz) 122.0
, 2.89 (1H, dd, J = 13.8; 6.6 Hz);
/ 34.6 CH. 2.95(1H, dd,J =13.8; 6.6 Hz) 34.6
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8’ 46.6 CH 2.56 (1H, m) 46.5

3-OCH: | 559 | CHs 3.80 (3H, s) 55.7

3'-OCHs | 55.8 CHs 3.81 (3H, s) 55.8

4.5. Bioactivities of the isolated compounds

The bioactivity evaluation of compounds isolated from the leaves of P. tectorius
revealed diverse pharmacological potentials across different assays (Table 4.7). With
respect to antioxidant activity, the lignans, including pinoresinol, pinoresinol
monomethyl ether, arctigenin, and matairesinol, exhibited relatively stronger radical
scavenging capacity compared to the newly identified Pandanusfurans. Their ICso values
in the DPPH and hydroxyl radical assays ranged between 143.5 — 155.6 uM and 165.7
—181.2 uM, respectively, which are comparable to the positive controls ascorbic acid
(DPPH) and catechin (hydroxyl radical). In contrast, Pandanusfurans A and B were
markedly less potent, with ICso values exceeding 200 pM in both antioxidant models,
suggesting only moderate activity in this category.

In terms of a-amylase inhibition, Pandanusfurans again demonstrated more
favorable activity than the lignans. Pandanusfuran A and B inhibited a-amylase with
ICso values of 178.4 and 165.7 uM, respectively, approaching the potency of the
reference inhibitor acarbose (160.1 uM). By contrast, the lignans showed considerably
weaker inhibition, with ICso values above 290 uM, highlighting their limited role in
modulating carbohydrate-digesting enzymes.

The cytotoxic evaluation against three human cancer cell lines (A549, K562, and
MCF7) indicated selective activity of the Pandanusfurans. Both Pandanusfurans A and
B exhibited moderate cytotoxicity against the A549 lung carcinoma line, with 1Cso
values of 34.5 and 37.1 uM, respectively, while showing negligible effects against K562
leukemia and MCF7 breast cancer cells at concentrations up to 50 uM. None of the
lignans displayed significant cytotoxicity toward any of the tested cell lines. These
results suggest that the cytotoxic potential of compounds is largely restricted to the novel
furan derivatives, and even then, only toward specific cancer types.

Regarding anti-inflammatory activity, none of the isolated compounds
demonstrated meaningful nitric oxide (NO) inhibitory activity, with ICso values above
50 uM across the board. This stands in contrast to cardamonin, which served as a

positive reference and exhibited potent NO inhibition with an ICso of 4.83 uM.
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Table 4.7. Bioactivities of the isolated compounds from leaves of Pandanus tectorius

Code Name DPPH, Hydroxyl, | a-amylase, AS549, K562, MCF7, NO inhib.,
ICso (uM) | ICs0 (uM) | ICso (uM) | ICso (uM) | ICs0 (uM) 1Cso (uUM) IC50 (uM)
Pt1 Pandanusfuran A 231.0+13.21201.5+9.7 | 1784126 | 345+2.8 >50 >50 >50
Pt2 Pandanusfuran B 2208 +12212273+£6.6|1657+109 | 37.1+2.8 >50 >50 >50
Pt3 Pinoresinol 1504+52 | 1654 +£52(292.6+18.7 >50 >50 >50 >50
Pt4 | Pinoresinol monomethyl ether | 146.6+7.5 | 173.6+6.9 | 310.2 +21.4 >50 >50 >50 >50
Pt5 Arctigenin 155.6+92 | 181.2+5.3 | 328.9+25.1 >50 >50 >50 >50
Pt6 Matairesinol 1435 + 4.7 | 176.1 £4.2 | 305.4 £22.8 >50 >50 >50 >50
Ascorbic acid 139.9+12.9
Catechin
Control Acarbose
Camptothecin
Cardamonin
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4.6. Discussion

Pandanaceae includes about 750 species distributed in five genera: Benstonea
Callmander & Buerki, Freycinetia Gaudichaud, Martellidendron Callmander & Chassot,
Pandanus Parkinson, and Sararanga Hemsley [61]. Pandanus was the largest genus in
the family, with more than 400 species [61]. Previous phytochemistry investigations on
this family mostly focused on the genus Pandanus, while only one study on the
secondary metabolites of the Freycinetia plant [62] and no information about the
chemical constituents of the rest of the genera has been reported.

Lignans have been found in some Pandanus species, such as P. tectorius [7], P.
boninensis [6], or P. odoratissimus [23], but could not be found in P. amaryllifolius, P.
dubius, and P. utilis, which alkaloids were the specific compositions [14-16, 19, 20, 22,
63]. In this study, four lignans were isolated from P. tectorius, including pinoresinol,
pinoresinol monomethyl ether, arctigenin, and matairesinol. While pinoresinol has been
discovered in some species as mentioned above, this is the first isolation of pinoresinol
monomethyl ether, arctigenin, and matairesinol from a Pandanus plant. These findings
enrich the chemical diversity of Pandanus species and provide evidence for further
chemotaxonomic studies. Besides, other studies indicated that P. tectorius might contain
flavonoids [9] or coumarins [7], but few previous studies reported benzofuran
derivatives in this species [24]. Significantly, most of the highly similar compounds with
two isolated benzofuran derivatives were isolated from microorganisms rather than
from plants [54]. Therefore, the isolation of Pandanusfurans A and B from P. tectorius
could reveal an interesting biosynthesis pathway in the plant that should be investigated
further. In addition, another benzofuran racemate was previously separated from the
roots of P. odoratissimus [23]. This may reveal a close chemotaxonomic relationship

between P. tectorius and P. odoratissimus.

The compounds isolated from P. tectorius leaves displayed distinct biological
profiles. The lignans (pinoresinol, pinoresinol monomethyl ether, arctigenin, and
matairesinol) exhibited moderate antioxidant activity, but were weak in a-amylase
inhibition and inactive in cytotoxicity and NO assays. In contrast, the newly identified
Pandanusfurans showed weaker antioxidant effects yet demonstrated o-amylase

inhibition close to that of acarbose and selective cytotoxicity against A549 cells, while
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remaining inactive against K562 and MCF7. None of the isolated compounds exhibited
notable NO inhibition, in contrast to cardamonin. These findings suggest that
Pandanusfurans represent promising multifunctional scaffolds with moderate
antioxidant, antidiabetic, and selective anticancer potential, whereas the lignans mainly

contribute to antioxidant activity.

4.7. Chapter summary

This chapter reports the isolation of two new benzofuran derivatives,
Pandanusfuran A (Ptl1) and Pandanusfuran B (Pt2), together with four known lignans
(pinoresinol, pinoresinol monomethyl ether, arctigenin, matairesinol) from leaves of P
tectorius. Structures were established by HR-ESI-MS and NMR spectra, meanwhile,
absolute configurations of the new compounds were assigned by ECD spectra and
Snatzke’s method (Moz2(OAc)s-induced ECD). HPLC-DAD of the ethanol extract
verified Ptl and Pt2 as native constituents rather than methanolysis artefacts. The
lignans showed considerable antioxidant activity, while a-amylase inhibition was
stronger for the new benzofurans, which approached the value of acarbose, whereas the
lignans were weak inhibitors. New benzofurans also displayed selective cytotoxicity
toward A549 with minimal effects on K562/MCF7 and negligible NO inhibition.
Overall, these results primarily expand the chemical profile of Pandanus; biologically,
the new benzofurans show modest in vitro activities and should be regarded as

preliminary scaffolds for future optimization.
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CHAPTER 5. OPTIMIZATION OF THE EXTRACTION CONDITION AND
BIOACTIVITIES EVALUATION OF PANDANUS TECTORIUS FRUITS
EXTRACTS

5.1. Chapter overview

This study aimed to optimize the extraction conditions for phenolic- and saponin-
enriched fractions from Pandanus tectorius fruits using Response Surface Methodology
(RSM) based on a Box—Behnken Design (BBD), followed by an evaluation of their
antioxidant and anti-inflammatory activities. Four key variables—ethanol concentration,
extraction temperature, solvent-to-material ratio, and extraction time—were assessed
through single-factor experiments and RSM optimization. Refined quadratic models for
total phenolic content (TPC) and total saponin content (TSC) demonstrated high
statistical significance and predictive accuracy. Multi-response optimization yielded
seven extraction conditions, each favoring different phytochemical targets. Validation
experiments confirmed the model's predictive reliability. Bioactivity assays revealed
that phenolic-rich extracts exhibited potent DPPH and hydroxyl radical scavenging
effects, while saponin-rich extracts showed stronger inhibition of nitric oxide (NO)
production in LPS-stimulated RAW 264.7 macrophages, though high saponin content
was associated with cytotoxicity. These findings demonstrate that P. fectorius fruit
extracts can be tailored for targeted bioactivities through optimized extraction strategies,

supporting their potential as natural sources of antioxidant and anti-inflammatory agents.
5.2. Experimental design

5.2.1. Samples

Fruits of P. tectorius were collected at Thanh Oai commune, Vietnam, in August
2021 and identified by Dr. Bui Van Thanh, Institute of Biology, Vietnam Academy of
Sciences and Technology (VAST). A voucher specimen (NCCG 210213) was deposited
at the Centre for High Technology Research and Development, VAST. The collected

sample was cleaned, dried at 60°C in the oven, powdered, and preserved at -20 °C for

further experiments.
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5.2.2. Analytical methods

Total phenolic and saponin contents, antioxidant, and NO production inhibitory
effects of P. tectorius fruit extracts under designed conditions were evaluated using the

protocols as shown in Chapter 2.

5.2.3. Preliminary single-factor experiments

Preliminary single-factor experiments were conducted to establish the appropriate
ranges for key extraction parameters, including temperature, ethanol concentration,
solvent-to-material ratio, and extraction time. First, the influence of ethanol
concentration on TPC and TSC was examined by performing extractions with ethanol
concentrations ranging from 0% to 96%, at 60°C for 120 minutes, maintaining a constant
solvent-to-material ratio of 20 mL/g. Subsequently, the effect of extraction temperature
on the total phenolic content (TPC) and total saponin content (TSC) was investigated by
extracting the plant material in 60% ethanol at temperatures ranging from 30°C to 100°C
for 120 minutes, using a solvent-to-material ratio of 20 mL/g. Next, the effect of varying
the solvent-to-material ratio was assessed by extracting the material in 60% ethanol at
60°C for 120 minutes, using ratios ranging from 5 to 50 mL/g. Finally, the impact of
extraction time was evaluated by extracting the plant material in 60% ethanol at 60°C
with a fixed solvent-to-material ratio of 20 mL/g for durations ranging from 60 to 360

minutes.

5.2.4. Box-Behnken Design for the Response Surface Method

To optimize the extraction conditions for phenolic enrichment from Pandanus
tectorius fruits, response surface methodology (RSM) based on the Box—Behnken
Design (BBD) was employed. The experimental design was carried out using Design-
Expert software version 12.0 (Stat-Ease, Inc., Minneapolis, USA). Four independent
variables were selected: extraction temperature (°C, A), ethanol concentration (%, B),
solvent-to-material ratio (mL/g, C), and extraction time (minutes, D). The total phenolic
content (TPC) and total saponin content (TSC) were designated as the response variables.

Based on the results of preliminary single-factor experiments, the solvent system
included ethanol concentrations of 0% (distilled water), 45%, and 90%. The temperature
range tested was 3080 °C, the solvent-to-material ratios ranged from 10 to 50 mL/g,
and the extraction times varied between 60 and 240 minutes. All experimental runs were
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performed in triplicate, and the average value of TPC was used for subsequent statistical
analysis. The coded levels of the independent variables used in the experimental design

are presented in Table 5.1.

Table 5.1. Coded and actual levels of independent variables used in the Box—Behnken

design
. . Code levels
Variables Unit 1 0 I
Temperature (A) °C 30 55 80
Ethanol concentration (B) % 0 45 90
Volume-to-weight ratio (C) mL/g 10 30 50
Extraction time (D) minutes 60 150 240

5.3. Optimization of the extraction of Pandanus tectorius fruits

5.3.1. The process range conditions for the extraction

To establish appropriate experimental ranges for a subsequent Box-Behnken
Design (BBD) optimization, a preliminary single-factor study was conducted. This
study aimed to investigate the influence of four key variables—ethanol concentration,
temperature, solvent-to-material ratio, and extraction time—on the extraction efficiency
of total phenolic content (TPC) and total saponin content (TSC) from the fruit of P
tectorius.

The influence of ethanol concentration (%EtOH) is illustrated in Figure 5.1. The
TPC yield from the fruit extract increased significantly with ethanol concentration,
peaking at approximately 70% before plateauing. Similarly, the TSC yield rose with
increasing ethanol content, reaching its maximum at 50% EtOH before declining at
higher concentrations. This suggests that a hydroethanolic solvent is more effective than
pure water or ethanol for extracting compounds from P. tectorius fruit, likely due to the
varying polarities of the target phenolics and saponins. Based on these effects, the range

of 0-90% EtOH was selected as the operational range for the BBD.
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Figure 5.1. The effects of (a) ethanol concentration, (b) extracting temperature, (c)
solvent-to-material ratio, and (d) extracting time on TPC and TSC of the extracts

Regarding the extraction temperature, both TPC and TSC yields initially increased
with temperature, reaching their optimal values at 65°C. At temperatures higher than
this, a significant decrease in the yields of both compounds was observed. The data from
the table shows that at 85°C, the yields had already begun to decline from their peak.
This decline is likely attributable to the degradation of thermosensitive substances
within the fruit and the rapid evaporation of the ethanol. Therefore, to ensure compound
stability and avoid degradation, the temperature range for the BBD was determined to
be 30-80°C.

The solvent-to-material ratio demonstrated a strong positive correlation with
extraction yield. A substantial increase in both TPC and TSC was observed when the
ratio was increased from 5 to 25. A ratio below 10 was deemed unsuitable as the solvent
volume was likely insufficient for proper wetting and extraction of the raw fruit material.
While yields continued to rise slightly as the ratio increased from 25 to 50, the rate of
increase diminished, indicating marginal gains. To balance extraction efficiency with
solvent consumption, the working range for the ratio in the BBD was established as 10—
50 mL/g.

The extraction time showed different effects on TPC and TSC. The highest TPC

was achieved at a shorter duration of 60 minutes, with longer times showing no
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improvement and potential degradation. Conversely, the TSC yield peaked at around
180 minutes. To accommodate the different optimal times for these two compound
groups from P. tectorius while maintaining process efficiency, an extraction time range
of 60—240 minutes was chosen as appropriate for the subsequent BBD experiments.

In conclusion, based on the single-factor experimental results, the ranges for the
four independent variables were selected for the Box-Behnken Design as follows:
ethanol concentration (0-90%), temperature (30-80°C), solvent-to-material ratio (10—

50 mL/g), and time (60—240 min).

5.3.2. Optimal extraction conditions

5.3.2.1. TPC and TSC of the extracts in the Box-Behnken design

The RSM with BBD was applied to determine the optimal condition for the
extraction of phenolic compounds from P tectorius fruits. The extraction design

variables effect on the TPC and TSC values are given in Table 5.2.

Table 5.2. TPC and TSC of the extracts to independent variables using Box-Behnken

design
No A: EtOH | B: Temp. | C: Ratio | D: Time TPC TSC
' (%) C) (mL/g) (min) | (mgGAE/g) | (mgAE/g)
1 45 30 30 60 58.3 132.8
2 45 30 50 150 74.5 140.2
3 90 30 30 150 91.5 111.2
4 45 30 30 240 73.1 140.5
5 45 55 10 60 65.2 138.5
6 90 55 30 60 116.6 125.9
7 90 80 30 150 112.3 142.2
8 45 30 10 150 56.8 121.4
9 90 55 50 150 121.5 136.7
10 0 55 30 240 473 135.2
11 45 80 30 240 94.5 164.2
12 90 55 50 60 116.2 124.4
13 45 80 30 60 105.6 152.3
14 90 55 30 150 111.3 129.9
15 0 55 50 150 50.2 131.1
16 0 55 30 60 47.9 128.9
17 45 55 30 150 90.3 161.5
18 45 80 50 150 111.2 170.6
19 90 55 30 240 119.3 128.7
20 45 80 10 150 87.8 149.8
21 0 30 30 150 27.8 110.8
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22 45 55 30 150 92.8 155.2
23 45 55 50 240 100.7 160.1
24 0 80 30 150 58.7 142.6
25 45 55 30 150 99.3 162.8
26 45 55 10 240 70.5 139.3
27 45 55 30 150 87.6 162.4
28 90 55 10 150 96.3 121.6
29 45 55 30 150 96.4 158.9
30 0 55 10 150 35.5 123.5

5.3.2.2. The optimal model for TPC enrichment

The experimental results from the Box-Behnken Design were analyzed using
Analysis of Variance (ANOVA) to evaluate the effects of the process variables on the
total phenolic content (TPC) yield. The statistical significance of the fitted quadratic
model was checked by ANOVA. The experimental results from the Box-Behnken
Design were analyzed using Analysis of Variance (ANOVA) to evaluate the effects of
the process variables on the total phenolic content (TPC) yield. The ANOVA results
indicate that the fitted quadratic model is highly significant, with a model F-value of
55.56 and a p-value < 0.0001, which implies that the model is highly suitable for
describing the relationship between the independent variables and the TPC yield.
Furthermore, the non-significant "Lack of Fit" (p = 0.4437) confirms that the model fits
the experimental data well. The model's suitability is also reinforced by its strong fit
statistics. The coefficient of determination (R?) of 0.9811 indicates that 98.11% of the
variability in the response could be explained by the model, while the close agreement
between the Adjusted R* (0.9634) and Predicted R? (0.9172) demonstrates good
predictive power. Additionally, a high Adeq Precision of 27.1472 and a low coefficient
of variation (C.V. % = 6.09%) suggest an adequate signal-to-noise ratio and high
experimental reliability. An analysis of the individual model terms revealed that the
linear terms A (EtOH concentration), B (temperature), and C (ratio); the interaction term
BD (temperature and time); and the quadratic terms A?, B2 and C? all had a significant
effect on TPC yield (p < 0.05). The significance of the quadratic terms confirms that the
relationship is non-linear. To improve and refine the model, it was proposed that non-
significant interaction terms with p-values greater than 0.5, specifically AD (p = 0.6711),
BC (p = 0.5854), and CD (p = 0.8905), be eliminated to produce a more concise and

robust model.
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Following the initial analysis, the model was refined by removing the non-
significant interaction terms (AD, BC, and CD) to produce a "Reduced Quadratic
model" with markedly improved statistical significance and fit. The refined model's F-
value increased substantially from 55.56 to 81.79, indicating it is now even more
significant in explaining the relationship between the variables and the TPC yield, while
the overall model p-value remained highly significant (< 0.0001) and the Lack of Fit
remained non-significant (p = 0.5396). The most notable improvements are seen in the
Fit Statistics, which highlight the enhanced robustness and predictive power of this
refined model. Specifically, the Adjusted R? increased from 0.9634 to 0.9684, and more
importantly, the Predicted R? increased from 0.9172 to 0.9430. This significantly
narrowed the gap between the two values from 0.0462 to just 0.0254, indicating that
removing the "noise" from irrelevant terms has made the model more accurate and
reliable for making predictions. Furthermore, the Adeq Precision increased from 27.15
to 32.49, signifying an improved signal-to-noise ratio, and the Coefficient of Variation
(C.V. %) decreased from 6.09% to 5.66%, pointing to higher precision and reliability.
Therefore, the model reduction process was highly successful, resulting in a more
precise and robust model for the optimization of TPC extraction. The final regression
equation to predict the TPC based on the actual values of the process variables is as
follows:

TPC=—86.0066+1.26713A+2.45024B+1.35943C+0.26148D-0.00224AB
+0.002416AC—0.00288BD—0.00558 A>~0.01173B%-0.0148C>-0.00029D?

Where: A = EtOH (%), B= Temperature (°C), C = Ratio (mL/g), D = Time (min)

To visualize the relationship between the independent variables and the yield of
Total Phenolic Content (TPC), three-dimensional (3D) response surface plots were
generated based on the model equation. These plots illustrate the interactive effects of
two variables at a time on the TPC yield while the other two variables are held constant
at their central point. Figure 5.2(a) displays the interactive effect of ethanol
concentration (A) and temperature (B) on TPC extraction. The plot reveals a significant
curved surface, indicating that TPC yield increases with both variables up to an optimal
region before leveling off. The peak TPC is predicted at high ethanol concentrations
(approximately 70-90%) and moderately high temperatures (approximately 70-80°C).
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This demonstrates a synergistic effect where higher temperatures enhance the solvent's
extraction capacity. For instance, at a constant temperature of 55°C, increasing the
ethanol concentration from 0% to 90% (while other factors are held at their center points)
raised the TPC yield from 47.9 mg GE/g to 111.3 mg GE/g. This trend is scientifically
sound, as higher temperatures reduce solvent viscosity and increase the solubility and
diffusion rate of phenolic compounds. At the same time, the appropriate ethanol
concentration optimizes solvent polarity for extracting these target compounds. Figure
5.2(b) illustrates the relationship between ethanol concentration (A) and the solvent-to-
material ratio (C). The response surface shows a clear positive correlation, where TPC
yield consistently increases as both the ethanol concentration and the ratio are elevated.
The steep incline suggests that both factors are strong drivers of extraction efficiency
within the tested range. The experimental data support this, showing that at a fixed
ethanol concentration of 45% and temperature of 30°C, increasing the ratio from 10 to
50 mL/g increased the TPC yield from 56.8 to 74.5 mg GE/g. This effect is primarily
due to the principles of mass transfer; a larger volume of solvent (higher ratio) increases
the concentration gradient between the solid material and the liquid phase, thereby
promoting the diffusion of phenolic compounds into the solvent until equilibrium is
approached. The interaction between temperature (B) and extraction time (D) is
presented in Figure 5.2(¢c). The plot indicates that temperature is a more dominant factor
than time in increasing TPC yield. However, a significant interaction between the two
is evident. At lower temperatures (e.g., 30-40°C), extending the extraction time has a
minimal effect on the TPC yield. In contrast, at higher temperatures (e.g., 80°C), a longer
extraction time leads to a more substantial increase in TPC. This is supported by the data:
at 80°C and 45% EtOH, the TPC yield was 111.2 mg GE/g after 150 minutes. The
upward trend of the surface suggests that at elevated temperatures, which provide the
necessary activation energy for extraction, a longer duration allows for more complete

diffusion of solutes from the plant matrix.
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Figure 5.2. Response surfaces between (a) ethanol concentration and temperature, (b)
ethanol concentration and solvent-to-material ratio, c) time and temperature to total

phenolic contents of the P. tectorius fruit extracts.
5.3.2.3. The optimal model for TSC enrichment

The results from the Box-Behnken design for the total saponin content (TSC)
response were analyzed using Analysis of Variance (ANOVA). The initial quadratic
regression model was found to be highly significant, demonstrated by a model F-value
0f 42.97 and a p-value < 0.0001. Additionally, the "Lack of Fit" was not significant (p
= 0.4082), indicating that there was no systematic error and the model was compatible
with the experimental data. The high coefficient of determination (R* = 0.9757) also
suggested that the model could explain 97.57% of the variability in the data. However,

a more detailed analysis of the fit statistics revealed the necessity of refining the model
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to improve its predictive power. Specifically, a significant discrepancy was observed
between the Adjusted R? value of 0.953 and the Predicted R? value of 0.8871. This
difference of 0.0659 suggests that the model was likely over-fitted, containing non-
significant terms that contribute "noise." An examination of the individual p-values
showed that several interaction terms, such as AB (p = 0.9123), AD (p = 0.6888), BC
(p = 0.7832), and BD (p = 0.5652), had a very weak effect on the model. The presence
of these terms reduces the model's ability to accurately predict new outcomes.
Therefore, to enhance its reliability and predictive capability, the model was
refined by eliminating the insignificant interaction terms with a p-value greater than 0.5.
This refinement process proved to be highly successful, resulting in a more robust and
accurate model. The model F-value increased sharply from 42.97 to 73.17, indicating a
statistically stronger model. Most importantly, the difference between the Adjusted R?
(0.9614) and Predicted R? (0.932) was reduced significantly to just 0.0294. This
confirms that the model was no longer over-fitted and possessed excellent predictive
capability. Furthermore, other statistical indicators also improved: the Adeq Precision
increased from 21.68 to 27.82, and the Coefficient of Variation (C.V. %) decreased to
2.31%, both of which confirm the enhanced strength and precision of the new model.
Based on the coefficients for the refined model, the final regression equation in
terms of actual factors is:
TSC=30.65944+1.05281A+1.84852B+1.13388C+0.190449D+0.001958 AC
+0.001446CD-0.01256A%-0.01181B270.01749C>-0.00065D?
Where: A = EtOH (%), B= Temperature (°C), C = Ratio (mL/g), D = Time (min)
The response surface plots were constructed to visualize the interactive effects of
the independent variables on the Total Saponin Content (TSC). These plots are crucial
for understanding the complex relationships and identifying the optimal conditions for
extraction. Figure 5.3(a) illustrates the combined effect of ethanol concentration (A) and
temperature (B). The surface plot is distinctly dome-shaped, indicating that the TSC
yield is maximized at intermediate levels of both variables. The yield increases as
ethanol concentration rises from 0% and temperature increases from 30°C, reaching a
peak before declining. This suggests that while a certain amount of ethanol and heat is
beneficial for dissolving and extracting saponins, excessive levels can have an adverse

effect. This may be due to changes in solvent properties, such as polarity, at very high
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ethanol concentrations or potential solvent loss at temperatures approaching the boiling
point of ethanol, which would alter the extraction conditions. The experimental data
confirm this, showing that at a fixed ratio and time, the TSC yield at 45% EtOH and
80°C (170.6 mg AE/g) is significantly higher than at 90% EtOH and 80°C (152.3 mg
AE/g), highlighting the existence of an optimal range. The interaction between ethanol
concentration (A) and solvent-to-material ratio (C) is depicted in Figure 5.3(b). Similar
to the previous plot, this response surface also shows a clear optimal region. The TSC
yield increases as both the ethanol concentration and the ratio are increased, but only up
to a certain point. The curvature indicates that after reaching an optimal ethanol
concentration (around 40-50%) and ratio (around 30-40 mL/g), the TSC yield begins to
plateau or even slightly decrease. This demonstrates the significant interactive effect
between these two variables. For example, at a fixed temperature of 55°C, increasing
the ratio from 10 to 50 mL/g at 45% EtOH shows a significant increase in yield (from
158.9 to 162.4 mg AE/g), underscoring the importance of an adequate solvent volume
to facilitate mass transfer. Figure 5.3(c) presents the interactive effect of extraction time
(D) and solvent-to-material ratio (C). The surface shows that both factors have a positive
effect on the TSC yield, with the yield increasing as both time and ratio are extended.
The slope is steeper for the ratio than for time, suggesting the solvent volume is a more
dominant factor in this interaction. The plot shows a continuous rise towards the upper
limits of both variables, with the highest TSC yields found at longer times (around 180-
240 min) and higher ratios (around 40-50 mL/g). This is consistent with mass transfer
principles, where a larger solvent volume and a longer contact time allow for more
complete diffusion of the saponins from the plant matrix into the solvent, leading to a
higher extraction yield. For instance, at 45% EtOH and 55°C, increasing the extraction
time from 60 minutes to 240 minutes at a ratio of 50 mL/g resulted in an increased yield

from 150.2 mg/g to 160.1 mg AE/g.
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Figure 5.3. Response surfaces between (a) ethanol concentration and temperature, (b)
ethanol concentration and solvent-to-material ratio, c) time and solvent-to-material

ratio to total saponin contents of the P. tectorius fruit extracts.

5.3.2.4. Optimise the extraction conditions

The refined regression models for both Total Phenolic Content (TPC) and Total
Saponin Content (TSC) were utilized to determine the optimal conditions for extracting
phytochemicals from P. fectorius fruit. As the ideal conditions for maximizing TPC and
TSC differ, a multi-response optimization was performed using the numerical
optimization feature of the software Design-Expert. This approach allows for finding a
range of ideal conditions by assigning different "Importance levels" to each response,

providing flexibility based on the desired outcome.
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Table 5.3. Summary of predicted optimal conditions for achieving different extraction
goals, prioritizing either TPC, TSC, or a balance of both responses.

Condition Importance level | %EtOH | Temp. | Ratio | Time
TPC TSC (%) (°C) | (mL/g) | (min)

Opt TPCI 5 0 90.0 80.0 | 482 | 104.0
Opt TPC2 4 1 76.6 80.0 | 48.6 | 128.1
Opt TPC3 3 2 68.9 79.1 | 472 | 146.4
Balance 25 2.5 59.3 783 | 455 | 167.0
Opt TSC 1 2 3 55.0 78.1 | 44.7 | 175.1
Opt TSC 2 1 4 49.1 78.1 | 43.6 | 186.0
Opt TSC 3 0 5 45.3 78.3 | 429 | 193.1

Table 3 summarizes seven potential optimal solutions generated by varying the
importance placed on TPC versus TSC. The results show a clear trade-off between the
two responses. Conditions prioritizing TPC, designated as the 'Opt TPC' series,
consistently require a high ethanol concentration between 70-90% and a high
temperature of approximately 80°C. Conversely, conditions prioritizing TSC, the
'Opt_TSC' series, favor a lower ethanol concentration around 45-55% and significantly
longer extraction times exceeding 175 minutes, while the optimal temperature remains
high. The 'Balance' condition represents a compromise, using intermediate parameters
to achieve good, though not maximal, yields of both TPC and TSC simultaneously. This
analysis provides a set of validated optimal conditions, allowing for the selection of
specific extraction parameters depending on whether the desired final product is an
extract rich in phenolics, saponins, or a balanced combination of both.

To confirm the validity and predictive accuracy of the developed models, a series
of validation experiments was conducted. The seven sets of optimal conditions derived
from the numerical optimization were slightly adjusted for practical convenience in a
laboratory setting. Extractions were then performed in triplicate under these adjusted
conditions. Table 5.4 presents a comparison between the TPC and TSC yields predicted
by the regression models and the values obtained through these validation experiments.

The results demonstrate a strong correlation and excellent agreement between the
predicted and experimental values across all seven tested conditions, affirming the
reliability of the optimization process. Specifically, the experimental data closely

matched the values predicted by the models. For instance, the 'Balance' condition
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showed remarkable accuracy, with an experimental TPC of 114.7 =+ 7.1 mg GAE/g
against a prediction of 115.0 mg GAE/g. Furthermore, the analysis confirmed that the
Opt_TSC3 condition, which was designed to maximize saponin content, successfully
yielded the highest experimental TSC of 185.6 + 10.6 mg AE/g and concurrently the
lowest experimental TPC of 105.6 + 8.5 mg GAE/g. This lowest TPC value showed
excellent agreement with its predicted value of 103.5 mg GAE/g. While the highest
experimental TSC was greater than its predicted value of 169.5 mg AE/g, the model
nonetheless accurately identified the specific conditions required to achieve the

maximum saponin yield.

Table 5.4. Predicted versus experimental yields (mean + SD, n=3) of TPC (mg GAE/g)
and TSC (mg AE/g) for the validation of the seven adjusted optimal extraction

conditions.
Predict .
EtOH | Temp. | Ratio | Time 1 Experimental
Samples | o) | C) |(mLig) | (min) Mg T o
o 8 TPC | TSC TPC TSC

Opt_ TPC1| 90 80 48 104 | 1293 | 1385 | 124.8+8.8 | 126.1+12.7
Opt TPC2| 75 80 48 130 | 1242 | 1552 | 121.1+11.1 | 142.8+16.5
Opt_ TPC3| 65 80 47 150 | 118.8 | 163.0 | 1183+6.5 | 151.8+15.9

Balance 60 80 46 170 | 115.0 | 1663 | 1147+7.1 | 162.4+19.6
Opt TSC1| 55 80 45 175 | 111.7 | 168.0 | 109.7+8.8 | 168.3 +15.2
Opt TSC2| 50 80 44 190 | 107.4 | 169.2 | 1062 +11.8 | 178.9+ 12.1
Opt_TSC3 | 45 80 43 195 | 103.5 | 169.5 | 105.6+8.5 | 185.6+10.6

The experimental data also validated the predicted trade-off between the two
responses; conditions designed to favor TPC resulted in extracts with higher
experimental TPC yields, while conditions prioritizing TSC successfully produced
extracts richer in saponins. The close correspondence between the predicted and actual
results validates the accuracy of the regression models. This confirms that the developed
models are reliable and effective tools for navigating the design space and optimizing

the extraction of both phenolic and saponin compounds from P. fectorius fruit.

5.4. Bioactivities of the extracts

The antioxidant activity of the seven extracts was evaluated through their ability
to scavenge DPPH and hydroxyl radicals, with the results presented as ICso values. The

data revealed a clear correlation between antioxidant activity and the Total Phenolic
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Content (TPC) of the extracts. The samples belonging to the 'Opt TPC' series, which
were optimized for high TPC, were the only ones to exhibit significant activity with
IC50 values below 100 pg/mL in both assays. Among them, the 'Opt TPC1' extract
demonstrated the highest potency, with an ICso value of 76.4 ng/mL for DPPH
scavenging and 62.5 pg/mL for hydroxyl radical scavenging. In contrast, the saponin-
optimized extracts ('Opt TSC' series) and the 'Balance' extract showed considerably
weaker activity, with ICso values exceeding 100 pg/mL in most tests. While the TPC-
rich extracts demonstrated notable antioxidant potential, their activity was lower than
that of the pure compound positive controls. Specifically, the DPPH scavenging activity
of the most potent extract ('Opt TPC1') was less than that of ascorbic acid (ICso = 27.4
pg/mL), and its hydroxyl radical scavenging activity was less than that of catechin (ICso
=31.7 ug/mL). This result is expected, as crude extracts are complex mixtures, whereas
the controls are highly active, pure antioxidant compounds. These findings collectively
suggest that the phenolic constituents are the primary contributors to the antioxidant
capacity of the P. tectorius extracts.

The anti-inflammatory potential of the seven optimized P. fectorius fruit extracts
was evaluated by measuring their ability to inhibit nitric oxide (NO) production in LPS-
stimulated cells (Table 5.5). A clear trend emerged regarding the extracts' potency, which

was found to correlate with the saponin contents.

Table 5.5. Free-radical scavenging and NO production inhibitory effects of P.

tectorius fruit extracts under optimal conditions

Samples DPPH Hydroxyl NO inhibition
(ICs0, ng/mL) (ICso0, ng/mL) (ICso0, pg/mL)
Opt_TPCI 76.4 + 3.8 62.5+4.1¢ 91.3+8.2
Opt_TPC2 82.1+4.5° 70.8 +5.3° 85.4 + 6.6
Opt_TPC3 89.5+5.1° 79.1 £ 6.2 842+ 7.3
Balance >100 95.6 £ 8.1# 75.5 £3.9%
Opt TSC 1 >100 >100 68.8+ 1.1'
Opt TSC 2 >100 >100 ND
Opt TSC3 >100 >100 ND
Ascorbic acid * 274+ 1.6° - -
Catechin =~ - 31.7+2.8" -
Cardamonin * 3.1£04"

" # Positive control
&M: Data are expressed as mean = SD. Means in each column with different letters are
significantly different (p < 0.05).
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The ICso values ranged from 91.3 pg/mL for the TPC-rich extract Opt TPC1 down
to 68.8 pug/mL for the saponin-rich extract Opt TSCI, indicating that Opt TSCI was
the most potent anti-inflammatory agent among the tested samples. As expected, all
crude extracts were less potent than the pure compound positive control, cardamonin,
which had an ICso of 3.1 pg/mL. To ensure that the observed NO inhibition was not a
result of cytotoxicity, cell survival was assessed (data not shown). The extracts from the
Opt_TPC series, the Balance condition, and Opt TSCI1 all demonstrated excellent safety
profiles, with cell survival rates consistently above 92%. In contrast, the Opt TSC2 and
Opt_TSC3 extracts, which contained the highest concentrations of saponins, exhibited
significant cytotoxicity, causing cell survival to drop to as low as 64.3%. Consequently,
the ICso values for these two extracts could not be determined. This finding suggests that
while saponin-rich extracts possess greater anti-inflammatory potency, very high
concentrations of saponins or co-extracted compounds may induce a cytotoxic effect on

the RAW?264.7 cells.

5.5. Chapter summary

This study successfully optimized the extraction process of phenolic- and saponin-
enriched fractions from Pandanus tectorius fruit using the Box—Behnken Design. The
developed models demonstrated strong statistical validity and predictive power,
allowing for the fine-tuning of extraction conditions based on desired phytochemical
enrichment. Phenolic-rich extracts obtained under high ethanol concentration and
temperature conditions exhibited strong antioxidant activity, while saponin-rich extracts,
obtained under lower ethanol concentration and longer extraction times, showed
superior nitric oxide inhibitory effects, albeit with potential cytotoxicity at higher doses.
These results highlight the importance of process optimization in maximizing both the
yield and bioactivity of natural products. Furthermore, this study provides a robust
methodological framework for future valorization of P. tectorius as a promising source

of functional ingredients in pharmaceutical or nutraceutical applications.
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CHAPTER 6. OPTIMIZATION OF THE EXTRACTION CONDITION AND
BIOACTIVITY EVALUATION OF THE PHENOLIC ENRICHMENT FROM
PANDANUS AMARYLLIFOLIUS LEAVES

6.1. Chapter overview

Pandanus amaryllifolius leaf is a common food, as well as, a well-known tradition
medicine. Previously, we reported the alkaloid compostions of the Pandanus
amaryllifolius leaves [64]. Based on the chemical and bioactivity screening results, this
study investigates the optimal conditions to enrich the phenolic content of the extract
from Pandanus amaryllifolius leaves and evaluates bioactivities of this enrichment. The
phenolic enrichment was prepared under optimized conditions using the Response
Surface Methodology (RSM) with the Box-Behnken Design. The antioxidant properties
were assessed using DPPH and hydroxyl radical scavenging assays, while the NO
production inhibition was measured in LPS-stimulated RAW 264.7 macrophage cells.
Results indicated that the phenolic enrichment showed potent antioxidant activity
comparable to ascorbic acid and catechin, and significantly higher NO inhibition than
the separated non-alkaloid and alkaloid fractions. The study also highlights the
synergistic effect of phenolic and alkaloid compounds on the antioxidants and anti-

inflammatory activities of the phenolic enrichment from Pandanus amaryllifolius leaves.
6.2. Experimental design

6.2.1. Samples

Leaves of P. amaryllifolius were collected at Tam Dao, Phu Tho province, Vietnam,
in April 2021 and identified by Dr. Bui Van Thanh, Institute of Biology, Vietnam
Academy of Sciences and Technology (VAST). A voucher specimen (NCCG 210213)
was deposited at the Department of Agro-Pharmaceutical Research, Centre for High
Technology Research and Development, VAST. The collected sample was cleaned, dried

at 50°C in the oven, powdered, and preserved at -20 °C for further experiments.

6.2.2. Analytical methods

Total phenolic contents (TPC), antioxidant, and NO production inhibitory effects
of P amaryllifolius leaves extracts under designed conditions were evaluated using the

protocols as mentioned in Chapter 2.
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6.2.3. Preliminary single-factor experiments

Ranges of the extraction factors, such as temperature, ethanol concentration, and
time, were evaluated from the following experiments. Firstly, the effect of extraction
temperature on the TPC of the extracts was investigated by extracting the material in
ethanol 96% at 30-80 °C for 180 minutes. Next, the impact of the ethanol concentration
on the TPC values was determined by extracting the P. amaryllifolius leaves in ethanol
0-96% for 180 minutes at 60 °C. Lastly, the influence of extraction time on TPC was
evaluated by extracting the material in ethanol 96% at 60 °C for 60-360 minutes. In each
experiment, 5 g of Pandanus amaryllifolius leaves was extracted in 150 mL of solvent,

maintaining a fixed ratio of leaf weight to solvent volume at 1:30 (g/mL).

6.2.4. Response Surface Method

The response surface method (RSM) applying the Box-Behnken Design (BBD)
was utilised to design the experiments to optimise the conditions to enrich phenolics in
the extract of P. amaryllifolius leaves. The design was conducted on the Design-Expert
12.0 software (Stat-Ease, Inc., Minneapolis, US). Extraction temperature (°C, X),
ethanol concentration (%, X2), and extraction time (minutes, X3) were selected as
independent factors, while total phenolic contents (TPC) were selected as the responses.
From preliminary single-factor experiments, ethanol 0% (distilled water), 48%, and 96%
were used as the solvents, whereas the temperature ranged from 30 °C to 80 °C;
meanwhile, the extraction time varied between 60 to 300 minutes. Each experiment was
conducted in triplicate, and the mean of the response (TPC) was used for further

calculation. The levels of the variables in the experimental design are shown in Table

6.1.

Table 6.1. Levels of the variables in Box- Behnken design
. . Code levels
Variables Unit 1 0 I
Temperature (X1) °C 30 55 80
Ethanol concentration (X2) % 0 48 96
Time (X3) minutes 60 180 300
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6.3. Optimize the conditions for the enrichment of the phenolic content from

Pandanus amaryllifolius leaves

6.3.1. The process range conditions for the extraction

The impact of temperature, ethanol concentration, and extraction time on the total
phenolic content (TPC) of Pandanus amaryllifolius leaf extracts was systematically
investigated. The data from the experimental design, summarized in Table S1 and Figure
1, reveal distinct trends associated with each parameter, leading to the identification of
optimal ranges for phenolic extraction.

The TPC was positively correlated with temperature within the range of 30-80°C,
with the highest TPC (95.84 mg GAE/g) observed at 70°C, and slightly decreased to
86.93 mg GAE/g at 80°C. These suggested that higher temperatures may cause
degradation of phenolic compounds or excessive evaporation of ethanol. For practical
purposes and to align with the experimental environment's ambient conditions,
temperatures below 30°C were deemed unsuitable. These findings confirm that the
temperature range for maximizing phenolic extraction should lie between 30°C and
80°C.
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Figure 6.1. Effect of extraction temperature (a), ethanol concentration (b), and

extraction time (c) on total phenolic content of extracts from P. amaryllifolius leaves
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Meanwhile, the ethanol concentration influenced the TPC, with relatively small
differences observed across the tested range. The TPC increased steadily with rising
ethanol concentrations, from 80.38 mg GAE/g at 0% ethanol (distilled water) to 93.93
mg GAE/g at 80% ethanol, after which it slightly decreased to 92.12 mg GAE/g at 96%
ethanol. While 80% ethanol yielded the highest TPC, the variations between
concentrations above 40% were not substantial. This result highlights the need to
optimize ethanol concentration further within the range of 0-96% to identify the precise
conditions that balance extraction efficiency and solvent consumption.

The extraction time also had a noticeable impact on TPC, with values generally
increasing within the range of 60 to 240 minutes. The highest TPC (93.37 mg GAE/g)
was observed at 120 minutes, indicating this duration was particularly effective for
phenolic extraction. While longer times, such as 240 minutes, still yielded relatively
high TPC (92.46 mg GAE/g), a gradual decline was observed beyond this point, with
89.67 mg GAE/g at 300 minutes and 82.67 mg GAE/g at 360 minutes. This reduction
could be attributed to the potential degradation of phenolic compounds or decreased
solvent efficiency over prolonged periods. Shorter durations, such as 60 minutes, also
provided a reasonably high TPC (91.73 mg GAE/g), suggesting that the extraction
process reaches a significant level of efficiency early on. However, extending the time
to 240 minutes ensures thorough extraction, particularly for phenolic compounds that
may require more time to diffuse into the solvent. Based on these findings, the optimal
time range for extraction is 60—-300 minutes, providing flexibility to balance efficiency

and resource consumption while minimizing the risk of phenolic degradation..
6.3.2. Optimal extraction conditions

The RSM with BBD was applied to determine the optimal condition for the
extraction of phenolic compounds from P. amaryllifolius leaves. The extraction design

variables effect on the TPC values, are given in Table 6.2.
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Table 6.2. Responses of TPC of the extracts to independent variables using the Box-

Behnken design
Variables TPC (mg GAE/g)
No. | Xi: Temp. | Xz: EtOH )53: Experimental | Predicted
©O) (%) Tu.ne value value
(min)

1 55 48 180 92.66 91.10
2 55 48 180 89.57 91.10
3 30 48 300 81.15 81.66
4 30 0 180 54.97 54.92
5 55 96 60 89.43 90.09
6 55 48 180 92.9 91.10
7 55 48 180 92.24 91.10
8 80 96 180 85.71 86.05
9 30 96 180 82.74 82.90
10 55 0 300 76.74 76.27
11 55 48 180 90.51 91.10
12 80 48 60 90.7 90.28
13 55 96 300 89.95 89.59
14 55 48 180 89.93 91.10
15 55 0 60 70.21 70.76
16 55 48 180 89.55 91.10
17 30 48 60 70.57 70.10
18 80 48 300 83.17 83.73
19 80 0 180 81.43 81.38

The modified quadratic models for the estimation of polyphenol content (TPC) in
terms of extracting temperature (Xi), ethanol concentration (X2), and extracting time
(X3) are shown below:

TPC = -13.700711 + 2.12296X; + 0.956150X> + 0.159595X5 - 0.007927X1X> -
0.001509X:X3 - 0.000261X>X3 - 0.012019X;%> - 0.004918X>% - 0.000149X32 +
0.000032X:X22 (1)

The analysis of variance (Table 6.3) illustrated the model F value at 90.26 with p
< 0.0001, which implied that the model was highly significant. The lack of fit was
insignificant (p > 0.05), indicating that the model fit the analytical results. The model,
adjusted, and predicted R? at 0.9912, 0.9802, and 0.9437, respectively, implied that the

model could be validated for use in the investigated ranges.
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Table 6.3. The analysis of variance for the response surface model of the phenolic

enrichment from P. amaryllifolius leaves

Source Sum of df Mean F-value | p-value

Model 1741.539 10 | 174.1539 | 90.26363 | 4.05E-07 | significant

A-Temp. 122.6556 1] 122.6556 | 63.57217 | 4.47E-05

B-EtOH 519.7088 1| 519.7088 269.364 | 1.91E-07

C-Time 12.75125 1| 12.75125 | 6.608947 | 0.033087

AB 137.945 1 137.945 | 71.49663 | 2.92E-05

AC 81.99303 1| 81.99303 | 42.49682 | 0.000184

BC 9.030025 1| 9.030025 | 4.680244 | 0.062459

A 252.8046 1] 252.8046 | 131.0281 | 3.07E-06

B? 240.5061 1 | 240.5061 | 124.6539 | 3.71E-06

C? 20.55429 1] 20.55429 | 10.65325 0.01146

AB? 6.6248 1 6.6248 | 3.433621 0.10101

Residual 15.43514 81 1.929392

Lack of Fit 2.01805 2 | 1.009025 | 0.451227 | 0.656815 | not significant

Pure Error 13.41709 6| 2.236181

Cor Total 1756.974 18

The response surface plots of ethanol concentration — extracting temperature,

ethanol concentration — extracting time, and extracting time and temperature are shown

in Figure 2. As can be seen, the TPC of the P. amaryllifolius leaves extract increased

sharply when raising the ethanol concentration from 0 to about 70% then remained

stable at the higher ratio of alcohol. Meanwhile, the rise in temperature from 30 °C to

60 °C might enhance the TPC of the extract, while a higher temperature might decrease

the phenolic contents due to the decomposition of some metabolites. Besides, the

temperature approximating the boiling point of ethanol led to a decrease in the extraction

yield due to the fast evaporation of the solvent, and a longer extraction time certainly

affected the TPC values of the extract.
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Figure 6.2. Response surfaces between (a) temperature and ethanol concentration, (b)
ethanol concentration and time in response, c) time and temperature to total phenolic
contents of the P. amaryllifolius extracts

From the numerical optimisation, the maximum predicted TPC of the phenolic
enrichment at 93.59 mgGAE/g could be obtained under the conditions of 61.18 °C
extraction temperature, 163.00 min extraction time, and 71.79% ethanol concentration.
The actual condition was slightly modified at 65 °C, ethanol 70%, and an extraction
time of 160 minutes. The TPC of the phenolic enrichment under the optimal condition

was 105.69 mgGAE/g, which was higher than the calculated value above.
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6.4. Chemical composition of the phenolic enrichment from the P. amaryllifolius

leaves

6.4.1. Isolation of the compounds from the P. amaryllifolius leaves’ phenolic

enrichment

The phenolic enrichment from the optimal extraction condition was further
isolated by chromatographic methods. 200 g of the enrichment was acidified with 1IN
HCI solution to pH 2-3 and successively partitioned with ethyl acetate (EtOAc) (2 L x
4 times). The organic layer was separated and completely evaporated to afford the non-
alkaloid extract (62.4 g). The water layer, which contained alkaloids, was basified by
IN NaOH to pH 9-10 and was extracted with CH2Cl> (4x2 L). The CH2Cl: layers were
combined to collect the alkaloid fraction (22.6 g).

The non-alkaloid extract was subjected to a Diaion HP-20 chromatography column
(CC) then wash the column with water, followed by MeOH 30% and 100% to obtain
M30W (4.5 g) and M100W (13.6 g) fractions, respectively. The fraction M30W was
loaded on a silica gel column with gradient mixtures of CH2Cl.-MeOH (20/1-1/1, v/v)
to afford four subfractions (W1-W4). Fraction W3 (121 mg) was separated by
preparative HPLC (120 min, 30-60% MeOH in H>O) to yield the compounds Pam1 (5.5
mg), Pam2 (6.5 mg), and Pam3 (3.7 mg). Fraction W1 (105 mg) was separated by
preparative HPLC (120 min, 30-60% MeOH in H2O) to yield the compound Pam4 (11.2
mg). Fraction W4 (127 mg) was separated by preparative HPLC (120 min, 20-70%
MeOH in H>0) to yield the compounds PamS5 (1.1 mg), Pamé6 (3.2 mg), and Pam7 (3.4
mg). The fraction M100W was subjected to a silica gel column eluted with gradient
mixtures of CH2Cl,.-MeOH (50/1-1/1, v/v) to afford ten subfractions (M1-M10).
Fraction M6 (91.4 mg) was separated by preparative HPLC (120 min, 40-100% MeOH
in H>0) to yield the compounds Pam8 (15.5 mg) and Pam9 (6.8 mg). Fraction M4 (304
mg) was separated by preparative HPLC (120 min, 30-80% MeOH in H>O) to yield the
compounds Pam10 (4.1 mg), and Pamll (6.6 mg). Fraction M8 (178 mg) was
chromatographed on a silica gel CC eluted with CH2Cl,—acetone (5/1, v/v) to get
compounds Pam12 (3.1 mg) and Pam13 (5.6 mg). Fraction M5 (90.9 mg) was separated
on a silica gel CC eluted with CH>Cl,—methanol (9/1, v/v) to gain compound Pam14
(5.6 mg) and Pam15 (2.8 mg). Fraction M9 (91.8 mg) was chromatographed on a silica

gel CC eluted with CH>Cl,—methanol (9/1, v/v) to afford compound Pam16 (4.5 mg).
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Methyl shikimate (Pam1): ESI-MS: m/z 189 [M+H]"; 'TH NMR (CDCl3, 600 MHz):
06.61 (1H, d, J = 1.8 Hz, H-2), 4.24 (1H, m, H-3), 3.85 (1H, m, H-4), 3.58 (1H, m, H-
5),2.07 (1H, dd, J = 2.4, 18.0 Hz, H-6), 2.41 (1H, dd, J = 3.6, 18.0 Hz, H-6), 3.67 (3H,
s, 7-OCH3), 4.82 (2H, brs, 3,5-OH), 4.60 (1H, brs, 4-OH). *C NMR (CDCls, 125 MHz):
0 127.3 (C-1), 139.7 (C-2), 66.8 (C-3), 70 (C-4), 65.4 (C-5), 29.6 (C-6), 166.7 (C-7),
51.5 (7-OCH3).

n-butyl shikimate (Pam2): m/z 231 [M+H]"; '"H NMR (CDCls, 600 MHz): 6 6.61
(1H,t,J = 1.2 Hz, H-2), 4.80 (1H, brs, H-3), 3.85 (1H, m, H-4), 4.59 (1H, m, H-5), 2.62
(1H, m, H-6a), 2.13 (1H, m, H-6b), 4.08 (2H, t, J = 6.4 Hz, H-1"), 1.59 (2H, m, H-2"),
1.36 (2H, m, H-3"), 0.90 (3H, t, J = 7.2 Hz, H-4"). 3C NMR (CDCl;3, 125 MHz): &
127.6 (C-1), 139.4 (C-2), 65.4 (C-3), 70.1 (C-4), 66.8 (C-5), 29.6 (C-6a ), 166.2 (C-7),
63.6 (C-1"), 30.2 (C-27), 18.7 (C-3°), 13.5 (C-4’).

5-epi-shikimate methyl (Pam3): m/z 189 [M+H]"; 'TH NMR (CDCls, 600 MHz): &
6.57 (1H, t,J = 3.0 Hz, H-2), 4.63 (1H, m, H-3), 3.49 (1H, m, H-4), 3.45 (1H, m, H-5),
2.13 (1H, dd, J = 9.0, 18.0 Hz, H-6a), 2.61 (1H, dd, J = 4.8, 18.0 Hz, H-6), 3.70 (3H, s,
7-OCH3), 5.56 (1H, brs, 3-OH), 5.14 (1H, brs, 4-OH), 3.50 (1H, brs, 5-OH),. 3*C NMR
(CDCl3, 125 MHz): 6 129.2 (C-1), 136.4 (C-2), 68.6 (C-3), 77.0 (C-4), 61.5 (C-5), 32.1
(C-6), 165.6 (C-7), 52.0 (7-OCH3).

Pinoresinol 4-O-f-D-glucoside (Pam4): white amorphous powder, ESI-MS: m/z
521 [M+H]"; m/z 1041 [2M+H]"; molecular formula: C26H32011; '"H NMR (CD3;OD,
600 MHz): 6 7.05 (1H, d, J = 2.4 Hz, H-2), 7.17 (1H, d, J = 9.0 Hz, H-5), 6.94 (2H, dd,
J=9.0;2.4Hz, H-6,6"),4.78 (1H, d, J = 4.8 Hz, H-7), 3.15 (2H, m, H-8), 3.72 (2H, dd,
J=9.0;4.8 Hz, H-9a), 4.26 (2H, dd, J = 9.0; 2.4 Hz, H-9b), 6.97 (1H, d, J = 2.4 Hz, H-
2"),6.79 (1H, d, J = 9.0 Hz, H-5"), 6.94 (2H, dd, J = 9.0; 2.4 Hz, H-6"), 4.73 (1H, d, J =
4.5 Hz, H-7"), 3.15 (2H, m, H-8'"), 3.72 (2H, dd, J = 9.0; 4.8 Hz, H-9'a), 4.26 (2H, dd, J
=9.0; 2.4 Hz, H-9'b), 3.88 (3H, s, 3-O-CH3), 3.89 (3H, s, 3'-O- CH3), 4.89 (1H, d, J =
8.4 Hz, H-1"), 3.44 (1H, m, H-2"), 3.42 (1H, m, H-3"), 3.30 (1H, m, H-4"), 3.40 (1H,
m, H-5"), 3.46-3.53 (2H, m, H-6"); *C NMR (CDsOD, 125 MHz):  137.5 (C-1), 111.0
(C-2), 151.0 (C-3), 147.3 (C-4), 118.1 (C-5), 119.8 (C-6), 87.4 (C-7), 55.35 (C-8), 72.7
(C-9), 133.8 (C-1"), 111.7 (C-2"), 149.1 (C-3"), 147.5 (C-4"), 116.11 (C-5"), 119.8 (C-6"),
87.1 (C-7"), 55.54 (C-8"), 72.7 (C-9"), 56.5 (3-O- CH3), 56.8 (3'-O- CH3), 102.9 (C-1"),
74.9 (C-2"), 77.9 (C-3"), 71.4 (C-4™), 78.2 (C-5"), 62.5 (C-6").

Vanillic acid (Pam5): ESI-MS: m/z 169 [M+H]"; 'TH NMR (CD;0D, 600 MHz): ¢
77.58 (1H, d, J = 2.4 Hz, H-2); 6.85 (1H, d, J = 9.0 Hz, H-5); 7.57 (1H, dd, J = 9.0, 2.4
Hz, H-6); 3.92 (3H, s, 3-OCH3). *C NMR (CDCl3, 150 MHz): 6 121.6 (C-1); 125.3 (C-

2); 148.7 (C-3); 154.6 (C-4); 113.9 (C-5); 115.9 (C-6); 170.0 (C-7); 56.4 (3-OCH).
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p-hydroxybenzaldehyde (Pamé6): ESI-MS: m/z 123 [M+H]"; 'H NMR (DMSO-ds,
600 MHz): 6 6.88 (2H, d, J = 7.2 Hz, H-2,6); 7.76 (2H, d, J = 7.2 Hz, H-3,5); 9.72 (1H,
s). 3C NMR (DMSO-ds, 150 MHz): 6 129.1 (C-1); 132.8 (C-2,6); 116.5 (C-3,5); 163.9
(C-4); 191.8 (C-7).

Methyl gallate (Pam7): ESI-MS: m/z 185 [M+H]*."H NMR (CDs0OD, 600 MHz): ¢
7.06 (2H, s, H-2,6); 3.83 (3H, s, 7-OCH3). *C NMR (CDsOD, 150 MHz): § 121.5 (C-1);
110.1 (C-2,6); 146.5 (C-3,5); 139.8 (C-4); 169.0 (C-7); 52.3 (7-OCHa).

Pinoresinol (Pam8): See compound Pt3.

Pinoresinol monomethyl ether (Pam9): See compound Pt4.

Methyl 4-hydroxybenzoate (Pam10): m/z 153 [M+H]"; 'H NMR (DMSO-ds, 600
MHz): ¢ 7.81 (1H, d, J = 6.6 Hz, H-2,6), 6.84 (1H, d, J = 6.6 Hz, H-3,5), 3.78 (3H, s,
OCHj3). 3C NMR (DMSO-ds, 125 MHz): 6 120.2 (C-1), 131.3 (C-2), 115.3 (C-3), 161.9
(C-4), 115.3 (C-5), 131.3 (C-6), 166.0 (C-7), 51.6 (7-OCH3).

3,4-dihydroxyl benzoate methyl (Pam11): m/z 169 [M+H]"; 'H NMR (DMSO-ds,
600 MHz): 6 7.42 (1H, d, J= 1.8 Hz, H-2), 6.83 (1H, d, /= 7.8 Hz, H-5), 7.44 (1H, dd,
J= 1.8, 7.8 Hz, H-6), 3.80 (3H, s, OCH3) . *C NMR (DMSO-ds, 125 MHz): § 121.6
(C-1), 123.4 (C-2), 151.1 (C-3), 163.2 (C-4), 112.7 (C-5), 115 (C-6), 167.1 (C-7), 55.5
(7-OCH3).

4-hydroxy benzoic acid (Pam12): m/z 139 [M+H]"; 'H NMR (DMSO-ds, 600
MHz): 6 7.77 (1H, d, J = 9.0 Hz, H-2,6), 6.80 (1H, d, J = 9.0 Hz, H-3,5) . >*C NMR
(DMSO-ds, 125 MHz): 6 121.3 (C-1), 131.6 (C-2), 115.5 (C-3), 161.5 (C-4), 115.5 (C-
5), 131.6 (C-6), 167.1 (C-7).

Methyl 4-hydroxy-3-methoxybenzoate (Pam13): m/z 183 [M+H]"; 'H NMR
(CDsOD, 600 MHz): 6 7.54 (1H, d, J= 1.8 Hz, H-2,6), 6.83 (1H, d, /= 8.4 Hz, H-5),
7.54 (1H, dd, J= 8.4, 1.8 Hz, H-2,6), 3.87 (3H, s, OCH3), 3.90 (3H, s, OCH3). 3C NMR
(CDs0OD, 125 MHz): 6 121.6 (C-1), 125.2 (C-2), 149.2 (C-3), 154.4 (C-4), 113.5 (C-5),
116.3 (C-6), 168.9 (C-7), 52.3 (3-OCH3), 56.4 (7-OCH3).

Methyl syringate (Pam14): m/z 213 [M+H]"; 'H NMR (CDsOD, 600 MHz): 6 7.34
(2H, s, H-2,6), 3.89 (6H, s, 3,5-OCH3), 3.89 (3H, s, 7-OCH3). *C NMR (CD;0D, 125
MHz): 6 121.37 (C-1), 108.1 (C-2), 148.94 (C-3), 141.94 (C-4), 148.94 (C-5), 108.1 (C-
6), 168.63 (C-7), 56.8 (3,5-OCH3), 52.5 (7-OCH3).

Vanillin (Pam15): ESI-MS: m/z 153 [M+H]*; 'H NMR (DMSO-ds, 600 MHz): &
7.38 (1H, d, J = 1.8 Hz, H-2); 6.96 (1H, d, J = 8.4 Hz, H-5); 7.43 (1H, dd, J = 8.4, 1.8
Hz, H-6); 9.77 (1H, s, H-7); 3.92 (3H, s, 3-OCH3); 10.24 (1H, brs, 4-OH); 3C NMR
(CDCl3, 150 MHz): 6 128.7 (C-1); 126.0 (C-2); 148.2 (C-3); 153.0 (C-4); 110.7 (C-5);

115.4 (C-6); 191.0 (C-7); 55.6 (3-OCHs).
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n-butyl D-galactopyranoside (Pam16): m/z 237 [M+H]"; 'H NMR (CDCls, 600
MHz): 0 4.75 (1H, d, J = 3.6 Hz, H-1), 3.78 (1H, dd, J = 3.6, 6.0 Hz, H-2), 3.73 (1H,
m, H-3), 3.68 (1H, m, H-4), 3.57 (1H, m, H-5), 3.50 (2H, m, H-6), 3.42 (2H, m, H-1"),
1.59 (2H, m, H-2"), 1.40 (2H, m, H-3"), 1.40 (3H, t,J = 7.8 Hz, H-3"). 3C NMR (CDCl3,
125 MHz): 6 99.7 (C-1), 75.3 (C-2), 73.5 (C-3), 73.2 (C-4), 71.9 (C-5), 68.1 (C-6), 62.8
(C-1"), 32.4 (C-2"), 20.1 (C-3"), 14.1 (C-4").

6.4.2. Structure elucidation of the isolated compounds

From the non-alkaloid fraction, 16 compounds were isolated, and their structures

(Figure 3) were elucidated using spectroscopy methods.
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Figure 6.3. Structures of isolated compounds from the phenolic enrichments of P.

amaryllifolius leaves

6.4.2.1. Compound Paml: Methyl shikimate

OH

Figure 6.4. The structure of methyl shikimate (Paml)

Compound Pam1 was obtained as a white amorphous solid. The ESI-MS spectrum
of Pam1 showed peaks at m/z 189 [M+H]", allowing the determination of the molecular
weight of 188 Da. The 'H-NMR spectrum showed the signals of three oximethine sp*
protons at ou 4.24 (1H, m, H-3), 3.85 (1H, m, H-4), 3.58 (1H, m, H-5), one methylene
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group at oy 2.07 (1H, dd, J = 2.4, 18.0 Hz, H-6) and 2.41 (1H, dd, J = 3.6, 18.0 Hz, H-
6), one methoxy group at on 3.67 (3H, s, 7-OCH3), an olefine proton at ou 6.61 (1H, d,
J = 1.8 Hz, H-2), and three hydroxy protons at 4.82 (2H, brs, 3,5-OH) and 4.60 (1H, brs,
4-OH). The '3C NMR spectrum showed three sp? oximethine signals at dc 66.8 (C-3),
70.0 (C-4), and 65.4 (C-5), two olefinic carbons at dc 127.3 (C-1) and 139.7 (C-2), and
a methoxy group at 51.5 (7-OCHj3). Compound Paml was determined as methyl
shikimate by comparing its NMR data to the literature. [65].

6.4.2.2. Compound Pam2: n-butyl shikimate

Figure 6.5. The structure of n-butyl shikimate (Pam?2)

Compound Pam2 was obtained as a white amorphous solid. The ESI-MS spectrum
of Pam2 showed peaks at m/z 231 [M+H]". The '"H-NMR spectrum exhibited the signals
of three oximethine sp® protons at du 4.30 (1H, brs), 3.62 (1H, m), 3.93 (1H, m), two
methylene signals at u2.62 (1H, m, H-6a), 2.13 (1H, m, H-6b), an olefine proton at ou
6.61 (1H, d, J = 1.2 Hz, H-2). The '*C NMR spectrum showed three sp? oximethine
signals at dc 65.4 (C-3), 70.1 (C-4), 66.8 (C-5), two olefine carbons at dc 127.6 (C-1)
and 139.4 (C-2), and signals of an n-butyl fragment at dc 63.6 (C-1"), 30.2 (C-2’), 18.7
(C-3%), 13.5 (C-4’). Compound Pam2 was determined as n-butyl shikimate by
comparing its NMR data to the reported literature [66].

6.4.2.3. Compound Pam3: 5-epi-shikimate methyl

_0._0O
71

2 @ 6
HO" “’OH

OH

Figure 6.6. The structure of 5-epi-shikimate methyl (Pam3)

Compound Pam3 was obtained as a white amorphous solid. The ESI-MS spectrum
of Pam3 showed peaks at m/z 231 [M+H]". The 'H-NMR spectrum showed three
oximethine sp? protons at du 4.63 (1H, m, H-3), 3.49 (1H, m, H-4), 3.45 (1H, m, H-5),
two signals of a methylene group at ou 2.13 (1H, dd, J = 9.0, 18.0 Hz, H-6a) and
2.61 (1H, dd,J =4.8, 18.0 Hz, H-6b) , one methoxy group at ou 3.67 (3H, s, 7-OCH3),an
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olefine proton at on 6.61 (1H, d, J = 1.8 Hz, H-2), and two hydroxy protons at 4.78 (2H,
brs, 3,5-OH) and 4.58 (1H, brs, 4-OH). The '*C NMR spectrum showed three sp?
oximethine signals at dc 66.6 (C-3), 77.0 (C-4), and 61.5 (C-5), two olefin carbons at dc
129.2(C-1) and 136.4 (C-2), and a methoxy group at 52.0 (7-OCHj3). ESI-MS and NMR
data of compound Pam3 were highly similar to those of compound Paml. By
comparing to the reference data, compound Pam3 was determined as 5-epi-shikimate

methyl [67].

6.4.2.4. Compound Pam4: Pinoresinol 4-O-f-D-glucoside

Figure 6.7. The structure of pinoresinol 4-O-f-D-glucoside (Pam4)

Compound Pam4 was obtained as a white powder. The molecular weight of Pam4
was 520 Da by the ESI-MS spectrum at m/z 521 [M+H]", and m/z 1041 [2M+H]".

The 'H-NMR spectrum indicated two ABX systems at du 7.05 (1H, d, J = 2.4 Hz,
H-2),7.17 (1H, d, J = 9.0 Hz, H-5), 6.94 (2H, dd, J = 9.0; 2.4 Hz, H-6, H-6"), 6.97 (1H,
d, J = 2.4 Hz, H-2"), 6.79 (1H, d, J = 9.0 Hz, H-5"); a sugar unit identified as f-D-
glucopyranoside based on the anomeric proton signals at dy 4.91 (1H, d, J = 8.4 Hz, H-
1") and other signals ranging from 3.30 ppm to 3.46 ppm; two methoxy groups ou 3.86
(3H, s, 3'-OMe) and 3.84 (3H, s, 3-OMe); and two oxygenated methine groups ou 4.73
(1H, d,J=4.8 Hz, H-7"),4.78 (1H, d, J = 4.8 Hz, H-7).

The *C-NMR spectrum and DEPT spectrum showed twenty-six carbon signals, in
which 12 carbon signals at 6c 111.6-151.0 (6 CH, 6 C) confirmed the presence of two
ABX systems. In addition to the typical signals of f-D-glucopyranoside at 5¢ 102.9 (C-
1"); 77.9 (C-3"); 74.9 (C-2"); 71.4 (C-4"); 78.2 (C-5"); 62.5 (C-6"), in the '3C NMR
spectrum, there were signals of two methine groups, two methylene groups attached to
oxygen, respectively at ¢ 87.4 ( C-7); 87.1 (C-7"); 72.7 (C-9, C-9'), and two methoxy
groups at d¢ 56.8 (3'-OMe); 56.4 (3-OMe).

The spectral data of Pam4 have many similarities with those of Pt3, except for an

additional sugar unit, f-D-glucopyranoside. In conclusion, the structure of Pam4 was
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determined to be pinoresinol 4-O-f-D-glucopyranoside by comparison of spectral data

with those reported in the literature [57].

6.4.2.5. Compound Pam): Vanillic acid

Figure 6.8. The structure of vanillic acid (Pam})

Compound Pam5 was obtained as a white amorphous solid. The ESI-MS spectrum
exhibited a molecular ion peak at m/z 169 [M+H]", corresponding to a molecular weight
of 168 Da. The 'H NMR spectrum of Pam5 showed signals of an aromatic ABX system
at on 7.58 (1H, d, J = 2.4 Hz, H-2), 6.85 (1H, d, J = 9.0 Hz, H-5), and 7.57 (1H, dd, J
= 9.0, 2.4 Hz, H-6), along with a methoxy signal at du 3.92 (3H, s, OCH3). The *C
NMR and DEPT spectra displayed a carboxyl carbon at oc 170.0 (C-7), three aromatic
methine carbons at dc 125.3 (C-2), 113.9 (C-5), and 115.9 (C-6), two oxygenated
aromatic carbons at dc 148.7 (C-3) and 154.6 (C-4), and a methoxy carbon at dc 56.4
(3-OCH3s). Based on these spectroscopic data and comparison with reference values,

compound Pam5 was identified as vanillic acid [68].

6.4.2.6. Compound Pam6: p-hydroxybenzaldehyde
Os_H

Figure 6.9. The structure of p-hydroxybenzaldehyde (Pam6)

Compound Pamé was obtained as a white amorphous solid with a molecular
weight of 122 Da, as determined from the ion peak at m/z 123 [M+H]" in the ESI-MS
spectrum. The 'H NMR spectrum of compound Pamé6 showed signals corresponding to
an aromatic A2B> system at Ju 6.88 (2H, d, J = 7.2 Hz, H-2,6) and 7.76 (2H, d, J = 7.2
Hz, H-3,5), together with an aldehydic proton signal at du 9.72 (1H, s, H-7). The '*C
NMR and DEPT spectra revealed an aldehyde carbon at oc 191.8 (C-7), aromatic
methine carbons at dc 132.8 (C-2,6) and 116.5 (C-3,5), and an oxygenated aromatic
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carbon at dc 163.9 (C-4). Comparison of these spectroscopic data with literature values

led to the identification of compound Pamé6 as p-hydroxybenzaldehyde [69].

6.4.2.7. Compound Pam?7: Methyl gallate

Figure 6.10. The structure of methyl gallate (Pam?7)

Compound Pam7 was obtained as a white amorphous solid. The ESI-MS spectrum
displayed a molecular ion peak at m/z 185 [M+H]", corresponding to a molecular weight
of 184 Da. The '"H NMR spectrum of compound Pam7 showed signals of two equivalent
aromatic protons at ou 7.06 (2H, s, H-2,6) and a methoxy group at ou 3.83 (3H, s, 7-
OCH3). The *C NMR and DEPT spectra revealed aromatic methine carbons at dc 110.1
(C-2,6), oxygenated aromatic carbons at dc 146.5 (C-3,5), a quaternary oxygenated
aromatic carbon at Jc 139.8 (C-4), and a methoxy carbon at dc 52.3 (7-OCHs).
Comparison of these NMR data with reference values confirmed the identity of

compound Pam7 as methyl gallate [70].

6.4.2.8. Compound Paml10: methyl 4-hydroxybenzoate

Oy O
7
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Figure 6.11. The structure of methyl 4-hydroxybenzoate (Pam10)

Compound Pam10 was isolated as a white powder. The ESI-MS spectrum
illustrated a molecular peak at m/z 153 [M+H]". The 'H-NMR spectrum of the
compound exhibited the presence of an AxB> benzene moiety at on 7.81 (1H, d, J = 6.6
Hz, H-2,6), 6.84 (1H, d, J = 6.6 Hz, H-3,5), and a methoxy group at du 3.78 (3H, s,
OCH3). The '*C NMR spectrum showed six signals of an A»,B> phenyl group at 5c 120.2
(C-1),131.3(C-2), 115.3 (C-3), 161.9 (C-4), 115.3 (C-5), 131.3 (C-6), a carboxylate and
a methoxy group at dc 166.0 (C-7), 51.6 (7-OCH3), respectively. These data were highly
in agreement with those of methyl 4-hydroxybenzoate in the literature [71]. Thus,

compound Pam10 could be determined as methyl 4-hydroxybenzoate.
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6.4.2.9. Compound Pamll: 3,4-dihydroxyl benzoate methyl

Ox O

OH
Figure 6.12. The structure of 3,4-dihydroxyl benzoate methyl (Paml1)
Compound Paml1 illustrated a molecule peak at m/z 169 [M+H]" on the ESI-MS

spectrum. The 'H-NMR spectrum of compound Pam11 exhibited the presence of an
ABX aromatic moiety at ou 7.42 (1H, d, J = 1.8 Hz, H-2), 6.83 (1H, d, J= 7.8 Hz, H-
5), 7.44 (1H, d, J= 1.8, 7.8 Hz, H-6), and a methoxy group at du 3.80 (3H, s, OCH3).
The '*C NMR spectrum showed six signals of an ABX dihydroxy benzene moiety at dc
121.6 (C-1),123.4 (C-2), 151.1 (C-3), 163.2 (C-4), 112.7 (C-5), 115 (C-6), and a methyl
carboxylate moiety at oc 167.1 (C-7) and 55.5 (7-OCHs). Compound Paml1l was
identified as 3,4-dihydroxyl benzoate methyl by comparing the spectroscopy data with
the reference [72].

6.4.2.10. Compound Pam12: 4-hydroxy benzoic acid

Figure 6.13. The structure of 4-hydroxy benzoic acid (Pam12)

Compound Pam12 was isolated as a white solid. The ESI-MS spectrum showed a
molecular peak at m/z 139 [M+H]". The 'H-NMR spectrum of the compound exhibited
the presence of an A;B> benzene moiety at ou 7.77 (1H, d, J = 9.0 Hz, H-2,6), 6.80 (1H,
d, J = 9.0 Hz, H-3,5), which was like Pam10. The '3C NMR spectrum also showed six
signals of an A2B: phenyl group at oc 121.3 (C-1), 131.6 (C-2), 115.5 (C-3), 161.5 (C-
4), 115.5 (C-5), 131.6 (C-6), and a carboxyl group at dc 167.1 (C-7). However, the NMR
data of Pam12 did not show any signals of the methoxy group, as in the spectra of
Pam10. These were also proved via the decrease of a methyl group on the molecular

weight. Thus, the compound could be determined as methyl 4-hydroxybenzoic acid [73].
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6.4.2.11. Compound Pam1l3: methyl 4-hydroxy-3-methoxybenzoate

|

OH

Figure 6.14. The structure of methyl 4-hydroxy-3-methoxybenzoate (Paml3)
Compound Pam13 illustrated a molecule peak at m/z 183 [M+H]" on the ESI-MS

spectrum. The '"H-NMR spectrum of compound Pam13 exhibited the presence of an
ABX aromatic moiety at oy 7.42 (1H, d, J= 1.8 Hz, H-2), 6.83 (1H, d, J= 7.8 Hz, H-
5), 7.44 (1H, dd, J= 1.8, 7.8 Hz, H-6), and two methoxy group at on 3.87 (3H, s, OCH3),
3.90 (3H, s, OCH3). The '3C NMR spectrum showed six signals of an ABX dihydroxy
benzene moiety at dc 121.6 (C-1), 125.2 (C-2), 149.2 (C-3), 154.4 (C-4), 113.5 (C-5),
116.3 (C-6), a carboxylate group at dc 168.9 (C-7) and two methoxy group at dc 52.3
(3-OCH3), 56.4 (7-OCH3). These were highly similar to those of compound 5, with the
addition of a methoxy group. Compound Pam13 was identified as methyl 4-hydroxy-3-

methoxybenzoate by comparing the spectroscopy data with the reference [74]

6.4.2.12. Compound Pam14: methyl syringate

Figure 6.15. The structure of methyl syringate (Paml14)
Compound Pam14 was obtained as a white amorphous solid. The ESI-MS

spectrum of Pam14 showed peaks at m/z 213 [M+H]". The '"H-NMR spectrum showed
signals of two meta-aromatic protons at ou 7.34 (2H, s, H-2,6) and three methoxy groups
at on 3.89 (6H, s, 3,5-OCH3), 3.88 (3H, s, 7-OCH3). The '*C NMR spectrum illustrated
six signals of a three-hydroxy aromatic moiety at dc 121.37 (C-1), 108.1 (C-2), 148.94
(C-3), 141.94 (C-4), 148.94 (C-5), 108.1 (C-6), a carboxylate group at doc 168.63 (C-7),
and three methoxy groups at oc 56.8 (3,5-OCHz), 52.5 (7-OCH3). The compound was
determined as methyl syringate by comparing its spectroscopy data to the previous

report [75].
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6.4.2.13. Compound Paml5: Vanillin

Figure 6.16. The structure of vanillin(Paml5)
Compound Pam15 was obtained as a white amorphous solid. The ESI-MS

spectrum exhibited a molecular ion peak at m/z 153 [M+H]", consistent with a molecular
weight of 152 Da. The '"H NMR spectrum of Pam15 displayed characteristic signals of
an aromatic ABX system at ou 7.38 (1H, d, J = 1.8 Hz, H-2), 6.96 (1H, d, J = 8.4 Hz,
H-5), and 7.43 (1H, dd, J = 8.4, 1.8 Hz, H-6), together with a methoxy signal at oy 3.92
(3H, s, 3-OCH3), a hydroxyl group signal at 0H 10.24 (1H, brs, 4-OH), and an aldehydic
proton signal at oy 9.77 (1H, s, H-7). The *C NMR and DEPT spectra showed an
aldehyde carbon at oc 191.0 (C-7), three aromatic CH carbons at oc 126.0 (C-2), 110.7
(C-5), and 115.4 (C-6), two oxygenated aromatic carbons at dc 148.2 (C-3) and 153.0
(C-4), and a methoxy carbon at dc 55.6 (3-OCH3s). These spectral data suggested a
benzaldehyde derivative. Comparison with reported data confirmed that compound

Pam15 was identified as vanillin [68].

6.4.2.14. Compound Pam16: n-butyl D-galactopyranoside
HO
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Figure 6.17. The structure of n-butyl D-galactopyranoside (Pam16)
Compound Pam16 was obtained as a white amorphous solid. The ESI-MS

spectrum of Pam16 showed m/z 237 [M+H]". The '"H-NMR spectrum showed the signal
of an anomeric proton at du 4.75 (1H, d, J/= 3.6 Hz, H-1), together with four signals at
ou 3.78 (1H, dd, J= 3.6, 6.0 Hz, H-2), 3.73 (1H, m, H-3), 3.68 (1H, m, H-4), 3.57 (1H,
m, H-5), 3.50 (2H, m, H-6) of a sugar moiety, and signals of an oxidated n-butyl group
at on3.42 (2H, m, H-1"), 1.59 (2H, m, H-2"), 1.40 (2H, m, H-3"), 1.40 (3H, t, J= 7.8 Hz,
H-4"). The '*C NMR spectrum exhibited signals of a galactose moiety at dc 99.7 (C-1),
75.3 (C-2), 73.5 (C-3), 73.2 (C-4), 71.9 (C-5), 68.1 (C-6), and an oxygenated n-butyl

moiety at dc 62.8 (C-1"), 32.4 (C-2"), 20.1 (C-3"), 14.1 (C-4"). The compound was
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determined as n-butyl D-galactopyranoside by comparing its NMR data to the previous
study [76].

6.5. Bioactivities of extract and enrichments from the P. amaryllifolius leaves

Table 6.4. Free-radical scavenging effects of phenolic enrichment from P.

amaryllifolius leaves

DPPH Hydroxyl NO inhibition
(ICs0, ng/mL) (ICso, ng/mL) | (ICso, ng/mL)

The phenolic enrichment 32.68 £2.93° 40.20 + 3.84°¢ 21.44 £2.61"
The non-alkaloid fraction 28.75+1.81° 41.11 £3.76° 57.61 £4.541

Sample

The alkaloid fraction 52.10 £ 4.26° 82.35 £ 6.09° 33.47 +2.92
Ascorbic acid * 24.65+2.27¢ -
Catechin ™ - 32.27 £1.568
Cardamonin® 2.98+0.35%

™ # Positive control
»k: Data are expressed as mean = SD. Means in each column with different letters are significantly
different (p < 0.05).

The phenolic enrichment from Pandanus amaryllifolius leaves exhibited

significant antioxidant and NO inhibition activities compared to both its derived alkaloid
and non-alkaloid fractions, as well as the positive controls used in this study (Table 6.4).
For DPPH and hydroxyl radical scavenging assays, the phenolic enrichment displayed
ICso values of 32.68 pg/mL and 40.20 pg/mL, respectively, which are close to the
efficacy of ascorbic acid (ICso of 24.65 pg/mL) and catechin (ICso of 32.27 pg/mL),
respectively. This suggests that the phenolic enrichment possesses potent free radical
scavenging abilities, on par with well-known antioxidants. In terms of NO inhibition,
the phenolic enrichment achieved an ICso of 21.44 pg/mL, which, while not as potent as
cardamonin (ICso of 2.98 pg/mL), is markedly more effective than either the non-
alkaloid fraction (57.61 pg/mL) or the alkaloid fraction (33.47 pg/mL). This indicates
that while cardamonin serves as an exceptionally potent NO inhibitor, the phenolic
enrichment’s moderate yet significant inhibition points to a synergistic effect within the
mixture, potentially due to the interplay between phenolic and alkaloid components.
The higher NO inhibition in the phenolic enrichment compared to its separated
fractions suggests a synergistic interaction between phenolic and alkaloid compounds
within the mixture, enhancing the NO inhibition capacity beyond what is observed in

either fraction alone. Although individual compounds like cardamonin show stronger
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inhibition, the phenolic enrichment still represents a balanced and effective option for
reducing oxidative stress and inflammation, leveraging the combined effects of its
components. This highlights the potential of using phenolic enrichment as a natural
source of antioxidants and anti-inflammatory agents, with a broader range of bioactivity

than isolated components.

6.6. Chapter summary

The optimized phenolic enrichment from Pandanus amaryllifolius leaves
demonstrated substantial antioxidant and NO inhibition activities, surpassing the
efficacy of its individual non-alkaloid and alkaloid fractions. The phenolic enrichment
enhanced NO inhibition capacity suggests a synergistic interaction between its phenolic
and alkaloid compounds, contributing to a broader range of bioactivity. While the
enrichment exhibited significant antioxidant effects comparable to standard antioxidants
like ascorbic acid and catechin, its NO inhibition effect, though less than cardamonin,
was markedly superior to that of the isolated fractions. The phytochemical investigation
of the phenolic enrichment from P. amaryllifolius leaves led to the isolation of 16
compounds, including 3 lignans and 9 benzoate derivatives, together with 3 shikimates
and 1 glycoside. Except for 4-hydroxybenzoic acid (Pam9), the other compounds were
identified for the first time from the plant. These findings support the use of phenolic
enrichment as a balanced and effective option for managing oxidative stress and

inflammation, highlighting its potential as a multifunctional natural therapeutic agent.

103



CONCLUSION

This work expands the chemical and functional landscape of Pandanus by
combining broad extract-level screening with focused isolation/characterization and
process optimization. At the genus level, extract chemistries and bioactivities are highly
species- and tissue-dependent: P. tectorius consistently emerged as a phenolic, saponin-
rich, antioxidant-active taxon; P. amaryllifolius concentrated alkaloids with associated
cytotoxicity. These comparative findings guided subsequent targeted studies and
underscore the value of integrating chemical metrics with multiaxis bioassays.

From P. tectorius leaves, two new benzofuran epimers (Pandanusfurans A and B)
and four lignans were elucidated. The lignans chiefly contributed to antioxidant capacity,
whereas the benzofurans, while weaker antioxidants, approached acarbose in a-amylase
inhibition and showed selective cytotoxicity toward A549 with little effect on K562,
MCF7, and negligible NO inhibition. Given these modest yet multifaceted activities, the
benzofurans are best viewed as preliminary scaffolds for further optimization rather than
as immediate leads.

Process engineering of P. tectorius fruits demonstrated that extract composition
and bioactivity can be predictably tuned. TPC-oriented conditions (higher ethanol, 80 °C)
produced stronger radical-scavenging, whereas TSC-oriented conditions (lower ethanol,
extended times) enhanced NO inhibition but at the highest saponin levels could
introduce cytotoxicity in RAW 264.7 cells. The validated multi-response windows
provide practical guidance for producing phenolic-rich, saponin-rich, or balanced
extracts depending on intended use, while also highlighting safety considerations for
highly saponin-enriched fractions.

For P. amaryllifolius, the optimized phenolic enrichment achieved antioxidant
performance comparable to standard references and stronger NO suppression than
separated fractions, consistent with synergistic contributions from phenolics and
alkaloids. The accompanying compositional work catalogued multiple shikimate-
derived and simple phenolic constituents, as well as a lignan glycoside, providing a basis

for future standardization and quality control.

Overall, the thesis (i) delineates species-level chemical-bioactivity patterns across

Pandanus, (i1) contributes two new benzofurans, and (iii) establishes statistically
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validated extraction windows that reconcile yield, composition, bioactivity, and safety.
Limitations include the largely in-vitro nature of activity data and the moderate
potencies observed for many samples/isolates. Future work should prioritize structure—
activity optimization of the benzofurans, in vivo efficacy and toxicity studies for
phenolic- and saponin-enriched extracts (with attention to saponin-related cytotoxicity
at higher doses), targeted standardization protocols for fruits or leaves preparations, and

biosynthetic or chemotaxonomic investigations linking norisoprenoids to aroma and

ecological function in Pandanus.
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APPENDIX



Supplementary tables



Table S1. Kruskal-Wallis test with Benjamini—Hochberg FDR-adjusted p-values for
differences in TPC, TFC, TSC, TAC contents of Pandanus tectorius leaves, Pandanus
tectorius fruits, and Pandanus amaryllifolius leaves extracts.

variable n statistic df |p dunn_pairs dunn_min_padj

TPC 18 13.56090226 | 2 0.00114 3 0.000886114

Dunn post-hoc (BH) for TPC

variable groupl group2 nl | n2 statistic p-adj
TPC Pal PtF 6 3.619326116 0.000295371 | 0.0009
TPC PaL PtL 6 2.380881048 0.017271288 | 0.0259
TPC PtF PtL 5 -1.480702942 0.13868575 | 0.1387
variable n statistic df |p dunn_pairs dunn_min_padj

TFC 18 11.61203008 | 2 0.00301 3 0.006584747

Dunn post-hoc (BH) for TFC

variable groupl group2 nl | n2 statistic p.adj
TFC Pal PtF 3.062506713 0.002194916 | 0.0066
TFC PaL PtL 2.813768511 0.004896447 | 0.0073
TFC PtF PtL -0.493567647 0.621611554 | 0.6216
variable n statistic df |p dunn_pairs dunn_min_padj

TSC 18 13.89774436 | 2 0.00096 3 0.00069643

Dunn post-hoc (BH) for TSC

variable groupl group2 nl | n2 statistic p.adj
TSC PaL PtF 3.681194938 0.000232143 | 0.0007
TSC Pal PtL 2.332782441 0.019659567 | 0.0295
TSC PtF PtL -1.590384642 0.11174813 | 0.1117
variable n statistic df |p dunn_pairs dunn_min_padj

TAC 18 13.76464891 | 2 0.00103 3 0.001109969

variable groupl group2 nl | n2 statistic p-adj
TAC PaL PtF -3.560613164 0.00036999 | 0.0011
TAC Pal PtL -2.667464337 0.0076426 | 0.0115
TAC PtF PtL 1.147689541 0.25109675 | 0.2511




Table S2. R’ values, O° values, variables correlation, VIP score, and % variance by
components of the PLSR for chemical components and bioactivities of Pandanus

tectorius leaves, Pandanus tectorius fruits, and Pandanus amaryllifolius leaves extracts

Overall model performance

Metric Value
Mean R? (train) 0.7466
Mean Q?* (CV) 0.3262
Adjusted
Response R? (train) Q*(CV)
DPPH 0.892 0.795
Hydroxyl 0.928 0.873
a-Amylase 0.951 0.924
NO inhibition 0.83 0.61
A549 cytotoxicity 0.188 -1.618
K562 cytotoxicity 0.69 0.165
MCF?7 cytotoxicity 0.746 0.535
correlation_XY
DPPH Hydroxyl | a-amylase | NO inhib. ;Aystﬁ? gigtz l\c/[yffy
TPC 0.9076 | 0.9237 0.9362 -0.6136 0.0205 0.7822 -0.7526
TFC 0.8712 | 0.9431 0.9608 -0.7683 -0.1641 0.7711 -0.7281
TSC 0.8497 | 0.8888 0.9366 -0.5872 0.0045 0.7916 -0.7893
TAC -0.8269 | -0.8614 -0.8743 0.8852 0.1964 -0.6223 0.7757
VIP score
Components Comp 1 Comp2 | Comp3 Comp 4
VIP score 0.9891 1.0072 0.9799 1.0232
% Variance by components
Components Comp1 | Comp2 Comp 3 Comp 4
Individual Variance 91.52 6.78 1.16 0.54
Cumulative Variance 91.52 98.30 99.46 100.00
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM

KHOA HQOC VA CONG NGHE VN Pic 1ap - Ty do - Hanh phiic
VIEN SINH THAI VA
TAI NGUYEN SINH VAT Ha Noi, ngay 18 thang 08 nam 2020

PHIEU XAC PINH TEN KHOA HQC
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This study investigates the optimal conditions to enrich the phenolic content of the extract from Pandanus amaryllifolius leaves
and evaluates the bioactivities of this enrichment. The phenolic enrichment was prepared under optimized conditions using the
response surface methodology (RSM) with the Box-Behnken design. The antioxidant properties were assessed using DPPH and
hydroxyl radical scavenging assays, while the NO production inhibition was measured in LPS-stimulated RAW 264.7 macrophage
cells. Results indicated that the phenolic enrichment showed potent antioxidant activity comparable to ascorbic acid and catechin
and significantly higher NO inhibition than the separated nonalkaloid and alkaloid fractions. The study also highlights the
synergistic effect of phenolic and alkaloid compounds on the antioxidants and anti-inflammatory activities of the phenolic

enrichment from Pandanus amaryllifolius leaves.

Keywords: antioxidant; Box-Behnken; Pandanus amaryllifolius; phenolic

1. Introduction

Pandanus amaryllifolius Roxb is an evergreen tree with fra-
grantly scented leaves. The plant is cultivated for its leaves in
gardens in Vietnam, Indonesia, Malaysia, Thailand, New
Guinea, Sri Lanka, and the Philippines [1, 2]. Phytochemical
studies reported that alkaloids were the major secondary me-
tabolites in P. amaryllifolius with considerable anti-
inflammatory and anticancer effects [2-6]. Besides, flavo-
noids, coumaroyl malate, and coumarin derivatives, together
with terpenoids and other organic compounds, were de-
termined from leaves of P. amaryllifolius [7-12]. While these
findings highlight the diverse chemical profile of

P. amaryllifolius, detailed quantitative data on the composition
of these compounds remain limited and warrant further in-
vestigation. Furthermore, variations in the reported antioxidant
effects of alkaloids across studies have raised questions about the
consistency of these results [9-11]. Antioxidants, particularly
those derived from plant sources, play a crucial role in miti-
gating oxidative stress, which is linked to various chronic
diseases such as cancer, cardiovascular diseases, and neuro-
degenerative disorders. Plant-based antioxidants offer advan-
tages over synthetic counterparts due to their biocompatibility,
lower toxicity, and additional bioactive properties. In this
context, the optimization of extraction processes becomes es-
sential to maximize the yield and efficacy of phytoconstituents.
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Conventional extraction methods often suffer from
limitations such as low selectivity, high solvent consump-
tion, and extended processing times [13]. To overcome these
challenges, the response surface methodology (RSM) with
the Box-Behnken design (BBD) was employed for opti-
mizing the extraction of bioactive products from natural
sources [14]. The BBD was chosen for its efficiency in
evaluating interactions among variables with fewer experi-
mental runs than traditional methods [13, 14]. Parameters
such as solvent concentration, extraction time, and tem-
perature were systematically optimized to enrich the phe-
nolic content, significantly improving the extraction yield.

Previously, we investigated alkaloids from the aerial part
of P. amaryllifolius from Vietnam and evaluated their anti-
inflammatory activity [15]. In the current study, we con-
tinuously determined and elucidated the structures of
phenolics from the nonalkaloid fraction of the samples. The
extracting process was optimized to enrich the phenolic
content using the RSM with BBD. Moreover, the antioxidant
and NO production inhibitory effects of the fractions and
compounds were investigated.

2. Materials and Methods

2.1. Plant Materials. Leaves of P. amaryllifolius were col-
lected at Tam Dao, Vinh Phuc Province, Vietnam, in April
2021 and identified by Dr. Bui Van Thanh, Institute of
Ecology and Biological Resources, Vietnam Academy of
Sciences and Technology (VAST). A voucher specimen
(NCCG 210213) was deposited at the Department of Agro-
Pharmaceutical Research, Center for High Technology Re-
search and Development, VAST. The collected sample was
cleaned, dried at 50°C in the oven, powdered, and preserved
at —20°C for further experiments.

2.2. General. ESI-MS was measured by a Thermo LCQ Fleet
system. NMR spectra were recorded on a Bruker AVANCE
NEO 600-MHz spectrometer with tetramethylsilane (TMS)
as an internal standard. Column chromatography (CC) was
carried out using Diaion HP-20 resin (0.25-0.85mm,
Mitsubishi Chemical Corp., Japan), silica gel 60 (70-230
mesh, Merck, Germany), or RP-C18 resin (150 um, YMC,
Japan). HPLC analysis and prep-HPLC were conducted on
a Thermo Ultimate 3000 HPLC-DAD and an Agilent 1100
system. The extraction was processed in a shaking water bath
(Daihan Scientific).

2.3. Total Phenolic Assay. 'The total phenolic contents (TPC)
of the samples were evaluated by the Folin-Ciocalteu
method [16]. In brief, 0.1mL of each solution of
P. amaryllifolius leaves’ extract was mixed with 0.9 mL of
Folin-Ciocalteu 10% and 1.0 mL of Na,CO3 6% solution.
Next, the mixture was incubated at 40°C for 15 min, and then
the absorbance was measured at 760 nm. Gallic acid, which
was processed under the same condition, was used as the
standard compound for the calibration curve of the
measurement.
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2.4. Preliminary Single-Factor Experiments. Ranges of the
extraction factors, such as temperature, ethanol concen-
tration, and time, were evaluated from the following ex-
periments. Firstly, the effect of extraction temperature on the
TPC of the extracts was investigated by extracting the
material in ethanol 96% at 30°C-80°C for 180 min. Next, the
impact of the ethanol concentration on the TPC values was
determined by extracting the P. amaryllifolius leaves in
ethanol 0%-96% for 180 min at 60°C. Lastly, the influence of
extraction time on TPC was evaluated by extracting the
material in ethanol 96% at 60°C for 60-360 min. In each
experiment, 5g of P. amaryllifolius leaves was extracted in
150 mL of solvent, maintaining a fixed ratio of leaf weight to
solvent volume at 1:30 (g/mL).

2.5.RSM. The RSM applying the BBD was utilized to design
the experiments to optimize the condition to enrich phe-
nolics into the extract of P. amaryllifolius leaves. The design
was conducted on the Design-Expert 12.0 software (Stat-
Ease, Inc., Minneapolis, US). Extraction temperature (°C,
X,), ethanol concentration (%, X,), and extraction time
(minute, X;) were selected as independent factors, while
TPCs were selected as the responses. From preliminary
single-factor experiments, ethanol 0% (distilled water), 48%,
and 96% were used as the solvents, whereas the temperature
ranged from 30°C to 80°C; meanwhile, the extraction time
varied between 60 and 300 min. Each experiment was
conducted in triplicate and the mean of the response (TPC)
was used for further calculation. The levels of the variables in
the experimental design are shown in Table 1.

2.6. Extraction and Isolation. The phenolic enrichment from
the optimal extracting condition was further isolated by
chromatographic methods. 200g of the enrichment was
acidified with 1 N HCI solution to pH 2-3 and successively
partitioned with ethyl acetate (EtOAc) (2L x4 times). The
organic layer was separated and completely evaporated to
afford nonalkaloid extract (62.4g). The water layer which
contained alkaloids was basified by 1N NaOH to pH 9-10
and was extracted with CH,Cl, (4 x 2 L). The CH,Cl, layers
were combined to collect the alkaloid fraction (22.6 g). The
alkaloid fraction was analyzed and compared to the reported
compounds in our in-house library [15] using the
HPLC-DAD system to identify its composition.

The nonalkaloid extract was subjected to a Diaion HP-20
CC and then the column was washed with water, followed by
MeOH 30% and 100% to obtain M30W (4.5 g) and M100W
(13.6g) fractions, respectively. The fraction M30W was
loaded on a silica gel column with gradient mixtures of
CH,Cl,-MeOH (20/1-1/1, v/v) to afford four subfractions
(W1-W4). Fraction W1 (105mg) was separated by pre-
parative HPLC (120 min, 30%-60% MeOH in H,0) to yield
the compound Paml1 (11.2 mg). The fraction M100W was
subjected to a silica gel column eluted with gradient mixtures
of CH,Cl,-MeOH (50/1-1/1, v/v) to afford 10 subfractions
(M1-M10). Fraction M6 (91 mg) was separated by pre-
parative HPLC (120 min, 40%-100% MeOH in H,O) to yield
the compounds Pam2 (15.5mg) and Pam3 (6.8 mg).

8518017 SUOWIWIOD @A 1810 3|qeot dde aup Aq peusenob a.e sajoe YO ‘SN JO SNl 1oy Afeid178UIIUO AB|IM UO (SUORIPUOD-PUR-SLLLBIWI0D" A8 |1 Aeiq| Ul |UO//STIY) SUORIPUOD pUe Swiie | 84} 885 *[9202/70/0T] U ARiqiTauliuo A8|IMm * (‘ouleAnqe ) aqnopeay - Bueis BueoH 0 Aq 88£952G/AWeI/SSTT 0T/I0PA0D" A8 I ARIq U1 |UO//SCNY WOJ) pepeojumoa ‘T ‘SZ0Z ‘TLFT



Journal of Analytical Methods in Chemistry

TABLE 1: Levels of the variables in Box-Behnken design.

Code levels

Variables Unit

-1 0 1
Temperature (X,) °C 30 55 80
Ethanol concentration (X,) % 0 48 96
Time (X;) minutes 60 180 300

Fraction M4 (304 mg) was separated by preparative HPLC
(120 min, 30%-80% MeOH in H,0) to yield the compounds
Pam4 (4.1 mg) and Pam5 (6.6 mg). Fraction M8 (178 mg)
was chromatographed on a silica gel CC eluted with
CH,Cl,~-acetone (5/1, v/v) to afford compounds Pamé6
(3.1mg) and Pam7 (5.6 mg). Fraction M5 (91 mg) was
chromatographed on a silica gel CC eluted with
CH,Cl,-methanol (9/1, v/v) to afford compound Pam8
(5.6 mg).

Pinoresinol 4-O-f-D-glucoside (Paml): white amor-
phous powder, ESI-MS: m/z 521 [M+H]"; m/z 1041
[2M +H]"; molecular formula: C26H32011; 'H NMR
(CD30D, 500 MHz): § 7.05 (1H, d, ] =2.0 Hz, H-2), 7.17 (1H,
d, J=8.5Hz, H-5), 6.94 (2H, dd, J=8.5; 2.0 Hz, H-6), 4.78
(1H, d, J=4.5Hz, H-7), 3.15 (2H, m, H-8), 3.72 (2H, dd,
J=9.0; 4.5Hz, H-9a), 4.26 (2H, dd, J=9.0; 2.0 Hz, H-9b),
6.97 (1, d, J=2.0 Hz, H-2'), 6.79 (1H, d, J=8.5Hz, H-5),
6.94 (2H, dd, J=8.5;2.0 Hz, H-6"),4.73 (1H, d, J= 4.5 Hz, H-
7", 3.15 (2H, m, H-8'), 3.72 (2H, dd, ] =9.0; 4.5 Hz, H-9'a),
426 (2H, dd, J=9.0; 2.0 Hz, H-9'b), 3.88 (3H, s, 3-O-CHj;),
3.89 3H, s, 3-0-CH3), 4.89 (1H, d, J=7.5Hz, H-1"), 3.44
(1H, m, H-2"), 3.42 (1H, m, H-3"), 3.30 (1H, m, H-4"), 3.40
(1H, m, H-5"), 3.46-3.53 (2H, m, H-6"); *C NMR (CD50D,
125 MHz): § 137.5 (C-1), 111.0 (C-2), 151.0 (C-3), 147.3
(C-4), 118.1 (C-5), 119.8 (C-6), 87.4 (C-7), 55.35 (C-8), 72.7
(C-9), 133.8 (C-1"), 111.7 (C-2"), 149.1 (C-3"), 147.5 (C-4"),
116.11 (C-5"), 119.8 (C-6'), 87.1 (C-7'), 55.54 (C-8'), 72.7
(C-9"), 56.5 (3-0O-CH3), 56.8 (3'-O-CH3), 102.9 (C-1"), 74.9
(c-2M, 77.9 (C-3"), 71.4 (C-4"), 78.2 (C-5"), 62.5 (C-6").

Pinoresinol (Pam2): Yellow oil; ESI-MS: m/z 359
[M+H]*, m/z 341 [M+H-H,0]", m/z 739 [2M +Na]™;
molecular formula: C,0H,,04 (358 g/mol); 'H NMR (CDCl3,
500 MHz): 8 7.0 (2H, brs, H-2, 2'), 6.89 (2H, d, J=8.0 Hz,
H-5,5'), 6.82 (2H, dd, J=8.0; 2.0 Hz, H-6, 6'), 4.73 (2H, d,
J=4.0Hz, H-7, 7'), 3.11 (2H, m, H-8, 8'), 3.88 (2H, dd,
J=9.0; 4.0 Hz, H-9,9'), 4.26 (2H. dd. J=9.0; 6.5 Hz, H-9, 9'),
3.91 (3H, s, 3-O-CHs), 3.89 (3H, s, 3'-O-CH,); *C NMR
(CDCls, 125 MHz): § 133.1 (C-1, 1'), 108.8 (C-2, 2), 146.9
(C-3,3'),145.4 (C-4,4'),114.4 (C-5,5'), 119.1 (C-6, 6'), 86.0
(C-7,7"), 54.3 (C-8, 8'), 71.6 (C-9, 9"), 56.1 (3-O-CH3), 56.1
(3'-0O-CHs;).

Pinoresinol monomethyl ether (Pam3): pale yellow oil;
ESI-MS: m/z 373 [M+H]", m/z 395 [M+Na]*; molecular
formula: CyH»,06 (372 g/mol); 'H NMR (CDCls,
500 MHz): § 6.90 (1H, d, J=2.0Hz, H-2), 6.89 (1H, d,
J=9.0Hz, H-5), 6.83 (1H, dd, /=9.0; 2.0 Hz, H-6), 4.75 (1H,
d,J=4.5Hz, H-7), 3.31 (1H, m, H-8), 4.25 (2H, m, H-9), 6.90
(1H, dd, J=6.5; 1.5 Hz, H-2'), 6.85 (1H, d, J=9.0 Hz, H-5'),
6.87 (1H, dd, J=9.0, 2.0Hz, H-6'), 4.75 (1H, d, J=4.5Hz,
H-7'), 3.31 (1H, m, H-8'), 3.87 (2H, m, H-9'), 3.89 (3H, s,
3-0-CH3), 3.90 (3H, s, 3’-O-CH3), 3.91 (3H, s, 4'-0-CH3),;

3C NMR (CDCls, 125 MHz): § 132.9 (C-1), 108.7 (C-2),
148.7 (C-3), 145.3 (C-4), 114.3 (C-5), 119 (C-6), 85.8 (C-7),
54.2 (C-8), 71.7 (C-9), 133.6 (C-1'), 109.3 (C-2'), 149.3
(C-3"), 146.8 (C-4'), 111.1 (C-5'), 118.3 (C-6'), 85.8 (C-7"),
54.2 (C-8"), 71.7 (C-9"), 56.0 (3-O-CHj;), 56.0 (3'-O-CH3),
56.0 (4'-O-CHs;).

Methyl 4-hydroxybenzoate (Pam4): m/z 153 [M +H]";
"H NMR (DMSO-d,, 600 MHz): § 7.81 (1H, d, J=6.6Hz,
H-2,6), 6.84 (1H, d, J=6.6 Hz, H-3,5), 3.78 (3H, s, OCH3).
C NMR (DMSO-d,, 125 MHz): § 120.2 (C-1), 131.3 (C-2),
115.3 (C-3), 161.9 (C-4), 115.3 (C-5), 131.3 (C-6), 166.0
(C-7), 51.6 (7-OCH3).

3,4-Dihydroxyl benzoate methyl (Pam5): m/z 169
[M +H]*; "H NMR (DMSO-d,, 600 MHz): § 7.42 (1H, d,
J=1.8Hz, H-2), 6.83 (1H, d, J=7.8 Hz, H-5), 7.44 (1H, dd,
J=1.8, 7.8 Hz, H-6), 3.80 (3H, s, OCH3). >*C NMR (DMSO-
dg, 125 MHz): § 121.6 (C-1), 123.4 (C-2), 151.1 (C-3), 163.2
(C-4), 112.7 (C-5), 115 (C-6), 167.1 (C-7), 55.5 (7-OCHj).

4-Hydroxy benzoic acid (Pam6): m/z 139 [M + H]%; 'H
NMR (DMSO-d, 600MHz): § 7.77 (1H, d, J=9.0Hz,
H-2,6), 6.80 (1H, d, J= 9.0 Hz, H-3,5). *C NMR (DMSO-d,
125MHz): & 121.3 (C-1), 131.6 (C-2), 115.5 (C-3), 161.5
(C-4), 115.5 (C-5), 131.6 (C-6), 167.1 (C-7).

Methyl 4-hydroxy-3-methoxybenzoate (Pam?7): m/z 183
[M+H]*%; 'H NMR (CD;0D, 600 MHz): § 7.54 (1H, d,
J=1.8Hz, H-2,6), 6.83 (1H, d, J=8.4 Hz, H-5), 7.54 (1H, dd,
J=8.4, 1.8Hz, H-2,6), 3.87 (3H, s, OCH;), 3.90 (3H, s,
OCHj;). *C NMR (CD;0D, 125 MHz): § 121.6 (C-1), 125.2
(C-2), 149.2 (C-3), 154.4 (C-4), 113.5 (C-5), 116.3 (C-6),
168.9 (C-7), 52.3 (3-OCHj3), 56.4 (7-OCH3).

Methyl syringate (Pam8): m/z 213 [M + H]*; 'H NMR
(CD;0D, 600 MHz): § 7.34 (2H, s, H-2,6), 3.89 (6H, s,
3,5-OCHj3), 3.89 (3H, s, 7-OCH;). >*C NMR (CD;OD,
125 MHz): 6 121.37 (C-1), 108.1 (C-2), 148.94 (C-3), 141.94
(C-4), 148.94 (C-5), 108.1 (C-6), 168.63 (C-7), 56.8
(3,5-OCH3), 52.5 (7-OCH3).

2.7. Antioxidant and NO Production Inhibition Assay.
The antioxidant activities of the phenolic enrichment were
evaluated by DPPH and hydroxyl radicals scavenging assays
using previously established methods [17, 18]. For DPPH
free radical scavenging effect, 100 uL of each sample was
combined with 1900 pL of DPPH in methanol and incubated
in the dark at 37°C for 20 min. The absorbance was then
measured at 517 nm, with ascorbic acid as the positive
control. For the hydroxyl radicals scavenging assay, 200 L
aliquot of the test sample was combined with 400 uL of
50 mM phosphate buffer (pH 7.8), 400 uL of 2.8 mM de-
oxyribose, and 400 pL of 500 uM Fe(NH,),(SO,), and then
incubated at 37°C for 1h. The reaction was stopped by
adding 1000 uL of 10% (w/v) trichloroacetic acid and
1000 pL of 1% (w/v) thiobarbituric acid, followed by heating
the mixture in a water bath at boiling temperature for
15 min. The absorbance of the resulting solution was read at
532 nm, using catechin as a positive control.

The impact of samples on NO production in LPS-
stimulated RAW 264.7 macrophage cells was assessed us-
ing the Griess reaction [19]. Cells were seeded in 96-well
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plates at a density of 0.5 x 10° cells per well and incubated in
a humidified chamber at 37°C with 5% CO, for 22 h. After
incubation, samples at concentrations ranging from 3 to
25 pg/mL were added, followed by the addition of 0.1 mg/mL
LPS (Sigma-Aldrich, USA) after 30 min. The cells were then
incubated for an additional 24 h. Subsequently, 100 pL of the
culture supernatant was transferred to a new 96-well plate
and combined with 100 uL of the Griess reagent. The ab-
sorbance of the reaction mixture was measured at 570 nm
using an iMark microplate reader (Bio-Rad, USA). The
remaining cells in the original 96-well plate were used for the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay to evaluate cell viability, based on the
reduction of MTT by mitochondrial dehydrogenases in
viable cells, thus estimating the number of live cells. Car-
damonin, a known NO production inhibitor, was used as
a positive control.

3. Results and Discussion

3.1. The Process Range Conditions for the Extraction. The
impact of temperature, ethanol concentration, and extrac-
tion time on the TPC of P. amaryllifolius leaf extracts was
systematically investigated. The data from the experimental
design, summarized in Table S1 and Figure 1, reveal distinct
trends associated with each parameter, leading to the
identification of optimal ranges for phenolic extraction.

The TPC was positively correlated with temperature
within the range of 30°C-80°C, with the highest TPC
(95.84 mg GAE/g) observed at 70°C, and slightly decreased
to 86.93mg GAE/g at 80°C. These suggested that higher
temperatures may cause degradation of phenolic com-
pounds or excessive evaporation of ethanol. For practical
purposes and to align with the experimental environment’s
ambient conditions, temperatures below 30°C were deemed
unsuitable. These findings confirm that the temperature
range for maximizing phenolic extraction should lie between
30°C and 80°C.

Meanwhile, the ethanol concentration influenced the
TPC, with relatively small differences observed across the
tested range. The TPC increased steadily with rising ethanol
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concentrations, from 80.38 mg GAE/g at 0% ethanol (dis-
tilled water) to 93.93 mg GAE/g at 80% ethanol, after which
it slightly decreased to 92.12mg GAE/g at 96% ethanol.
While 80% ethanol yielded the highest TPC, the variations
between concentrations above 40% were not substantial.
This result highlights the need to optimize ethanol con-
centration further within the range of 0%-96% to identify
the precise conditions that balance extraction efficiency and
solvent consumption.

The extraction time also had a noticeable impact on TPC,
with values generally increasing within the range of
60-240 min. The highest TPC (93.37 mg GAE/g) was ob-
served at 120 min, indicating this duration was particularly
effective for phenolic extraction. While longer times, such as
240 min, still yielded relatively high TPC (92.46 mg GAE/g),
a gradual decline was observed beyond this point, with
89.67 mg GAE/g at 300 min and 82.67 mg GAE/g at 360 min.
This reduction could be attributed to the potential degra-
dation of phenolic compounds or decreased solvent effi-
ciency over prolonged periods. Shorter durations, such as
60 min, also provided a reasonably high TPC (91.73 mg
GAE/g), suggesting that the extraction process reaches
a significant level of efficiency early on. However, extending
the time to 240 min ensures thorough extraction, particu-
larly for phenolic compounds that may require more time to
diffuse into the solvent. Based on these findings, the optimal
time range for extraction is 60-300 min, providing flexibility
to balance efficiency and resource consumption while
minimizing the risk of phenolic degradation.

3.2. Optimizing the Extracting Condition to Prepare the
Phenolic Enrichment From P. amaryllifolius Leaves. The RSM
with BBD was applied to determine the optimal condition
for the extraction of phenolic from P. amaryllifolius leaves.
The extraction design variables’ effect on the TPC values is
given in Table 2.

The modified quadratic models for the estimation of
polyphenol content (TPC) in terms of extracting tempera-
ture (X,), ethanol concentration (X,), and extracting time
(X3) are shown below:

TPC = —13.700711 + 2.12296 X, + 0.956150X, + 0.159595X, — 0.007927X, X, — 0.001509X, X; — 0.000261X, X,

(1)

- 0.012019X; — 0.004918X3 — 0.000149X> + 0.000032X, X>.

The analysis of variance illustrated the model F value at
90.26 with p<0.0001 which implied that the model was
highly significant. The lack of fit was insignificant (p > 0.05),
indicating that the model fit the analytical results. The
model, adjusted, and predicted R* at 0.9912, 0.9802, and
0.9437, respectively, implied that the model could be vali-
dated for use in the investigated ranges. The response surface
plots of ethanol concentration-extracting temperature,
ethanol concentration-extracting time, and extracting
time-temperature are shown in Figure 2.

As can be seen, the TPC of the P. amaryllifolius leaves
extract increased sharply when raising the ethanol con-
centration from 0 to about 70% and then kept stably at the
higher ratio of the alcohol. Meanwhile, the rise in tem-
perature from 30°C to 60°C might enhance the TPC of the
extract, while a higher temperature might decrease the
phenolic contents due to the decomposition of some me-
tabolites. Besides, the temperature approximated the boiling
point of ethanol led to a decrease in the extraction yield due
to the fast evaporation of the solvent and a longer extraction
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FiGure 1: Effect of extraction temperature (a), ethanol concentration (b), and extraction time (c) on total phenolic content of extracts from
P. amaryllifolius leaves.

TaBLE 2: Responses of TPC of the extracts to independent variables using Box-Behnken design.

N Variables TPC (mg GAE/g)
o X,: Temp. (°C) X,: EtOH (%) X;: Time (min) Experimental value Predicted value

1 55 48 180 92.66 91.10
2 55 48 180 89.57 91.10
3 30 48 300 81.15 81.66
4 30 0 180 54.97 54.92
5 55 96 60 89.43 90.09
6 55 48 180 92.9 91.10
7 55 48 180 92.24 91.10
8 80 96 180 85.71 86.05
9 30 96 180 82.74 82.90
10 55 0 300 76.74 76.27
11 55 48 180 90.51 91.10
12 80 48 60 90.7 90.28
13 55 96 300 89.95 89.59
14 55 48 180 89.93 91.10
15 55 0 60 70.21 70.76
16 55 48 180 89.55 91.10
17 30 48 60 70.57 70.10
18 80 48 300 83.17 83.73
19 80 0 180 81.43 81.38
time also affected certainly the TPC values of the extract.  concentration. The actual condition was slightly modified at

From the numerical optimization, the maximum predicted 65°C, ethanol 70%, and an extraction time of 160 min. The
TPC of the phenolic enrichment at 93.59 mgGAE/g couldbe =~ TPC of the phenolic enrichment under the optimal con-
obtained under the conditions of 61.18°C extraction tem-  dition was 105.69 mgGAE/g, which was higher than the
perature, 163.00-min extraction time, and 71.79% ethanol calculated value above.
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FIGURE 2: Response surfaces between (a) temperature and ethanol concentration, (b) ethanol concentration and time in response, and (c)
time and temperature to total phenolic contents of the P. amaryllifolius extracts.

3.3. Chemical Composition of the Phenolic Enrichment From
the P. amaryllifolius Leaves. The phenolic enrichment was
further isolated for the determination of its chemical
composition. The alkaloid fraction was analyzed in com-
parison with the reference compounds as reported in [15]
using the HPLC-DAD method. The analytical data identified
pandalizine A, pandalizine B, pandamarilactione B,
pandamarilactone-1, pandamarilactione G, and dubius-
amine A in the alkaloids fraction. This result indicated that
a certain amount of alkaloids still presented in the contents
and may affect to the bioactivities of the phenolic enrich-
ment from the P. amaryllifolius leaves.

Meanwhile, from the nonalkaloid fraction, eight phe-
nolics were isolated and their structures (Figure 3) were
elucidated using spectroscopy methods.

Compound Pam1 was obtained as a white powder. The
molecular weight of Paml was 520Da by the ESI-MS
spectrum (Figure S1) at m/z 521 [M+H]" and m/z 1041
[2M + H]". The 'H-NMR spectrum (Figure S2) indicated
two ABX systems at 0y 7.05 (1H, d, J=2.0Hz, H- 2), 7.17
(1H, d, J=8.5Hz, H-5), 6.94 (2H, dd, J=8.5; 2.0 Hz, H-6,
H-6'), 6.97 (14, d, J=2.0Hz, H-2"), 6.79 (1H, d, J=8.5Hz,
H-5'); a sugar unit identified as B-D-glucopyranoside based
on the anomeric proton signals at 8y 4.91 (1H, d, J=7.5Hz,
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FIGURE 3: Structures of isolated compounds from the phenolic enrichments of P. amaryllifolius leaves.

H-1") and other signals ranging from 3.30 ppm to 3.46 ppm;
two methoxy groups 8 3.86 (3H, s, 3'-OMe) and 3.84 (3H,
s, 3-OMe); and two oxygenated methine groups 8y 4.73 (1H,
d, J=45Hz, H-7'), 478 (1H, d, J=4.5Hz, H-7). The
C-NMR and DEPT spectra showed 26 carbon signals of
which 12 carbon signals at §c 111.6-151.0 (6 CH, 6C)
confirmed the presence of two ABX systems. In addition to
the typical signals of 3-D-glucopyranoside at ¢ 102.9 (C-
1"); 77.9 (C-3"); 74.9 (C-2"); 71.4 (C-4"); 78.2 (C-5"); 62.5
(C-6"), in the ">C NMR spectrum (Figure S3), there were
signals of two methine groups, two methylene groups at-
tached to oxygen, respectively, at 8¢ 87.4 (C-7); 87.1 (C-7");
72.7 (C-9, C-9'), and two methoxy groups at 8¢ 56.8
(3'-OMe); 56.4 (3-OMe). The structure of Pam1l was de-
termined to be pinoresinol 4-O-B-D-glucopyranoside by
comparison of spectral data with those reported in the
literature [20].

Compound Pam2 was obtained as a light yellow oil.
The 'H-NMR spectrum of Pam2 (Figure S5) exhibited
signals of an ABX system due to three protons dy 7.00 (2H,
s, H-2, 2'); 6.82 (2H, d, J=8.5Hz, H-6, 6'), and &y 6.89
(2H, d, J=8.0Hz, H-5, 5'), an oxymethine group Jy; 4.73
(2H, d, J=4.0Hz, H-7, 7). Additionally, the spectrum
showed two oxymethylene signals &y 3.88 (2H, dd, J=9.0;
4.0 Hz, H-9a, 9'a) and 4.26 (2H, dd, J=9.0; 6.5 Hz, H-9b,
9'b), a methine group dy; 3.05 (2H, m, H-8, 8'), and two
methoxy groups at dy 3.91 (3H, s) and 3.89 (3H, s). Be-
sides, the ">*C-NMR and DEPT spectrum (Figure S6)
showed 10 carbons, including three aromatic -CH groups
dc 108.8 (C-2, 2'), 114.4 (C-5, 5'), and 119.4 (C-6, 6'),
three nonprotonated carbons 133.1 (C-1, 1'), two aromatic
rings directly associated with oxygen 8. 145.4 (C-3) and
146.9 (C-4), and two methoxy groups at d: 56.1 Two
methine signals §. 54.3 (C-8, 8'), an oxymethine group at
8. 86.0 (C-7,7"), and an oxymethylene group 8. 71.6 (C-9,
C-9') suggested a structure of a benzofuran derivative. In
addition, the molecular weight of Pam2 was determined
as 358 Da corresponding with the formula C,oH,,04
based on the ions at m/z 359 [M+H]", m/z 739

[2M + Na]™, m/z 341 [M-H,O + H] on the ESI-MS spec-
trum (Figure S4). The number of carbon and hydrogen in
the predicted formula was twice as much as the number
shown in the spectrum of Pam2; hence, it is possibly
indicated that this compound has an axially symmetric
benzofuran structure and the signals in the NMR spec-
trum were double shorted. The spectral data of Pam2
resembled the data of pinoresinol in previous publications
[20], so it can be identified as pinoresinol.

Compound Pam3 was isolated as a yellowish-brown
oil. The molecular weight of Pam3 was 372 Da suggesting
the formula was C,;H,,0g as determined from the ESI-MS
spectrum (Figure S7) at m/z 373 [M +H]", and m/z 395
[M +Na]*. Six proton signals in the "H-NMR spectrum
(Figure S8) 8y 6.91 (1H, s, H-2'), 6.90 (1H, s, H-2), 6.89
(1H, d, J=9.0 Hz, H-5), 6.85 (1H, d, /= 9.0 Hz, H-5'), 6.87
(1H, dd, J=9.0; 2.0 Hz, H-6"), and 6.83 (1H, dd, J=9.0;
2.0Hz) suggested an ABX system. Additionally, the
"H-NMR spectrum showed an oxymethine group &y 4.73
(2H, d, J=4.0Hz, H-7, 7"); two oxymethylene groups dy
4.25 (2H, m, H-9), and 3.87 (2H, m, H-9'); two methine
groups &y 3.31 (2H, m, H-8, 8'); and three methoxy groups
at 6 3.91 (3H, s), 3.90 (3H, s), and 3.89 (3H, s). Besides, 21
carbon signals including six aromatic carbons d 108.7 (C-
2),109.3 (C-2'), 114.3 (C-5), 111.1(C-5'), 119.0 (C-6), and
118.3 (C-6'); six nonprotonated aromatic carbons 8 133.6
(C-1), 132.9 (C-1'); four aromatic carbons directly
bonding with oxygen 8. 148.7 (C-3), 149.3 (C-3'), 145.3
(C-4), and 146.8 (C-4'); and three methoxy groups at 8
56.0 were observed in the '>C-NMR and DEPT spectrum
(Figure S9). Two methine groups 8. 54.2 (C- 8, 8'), two
oxymethine groups 8. 85.8 and 85.9 (C-7, 7'), two oxy-
methylene groups 8- 71.7 (C-9, C-9') allowed the iden-
tification of two benzofuran rings. It can be seen that half
of the number of NMR and MS data of Pam3 were similar
to those of Pam?2, except for an additional methoxy group.
Based on spectral analysis and comparison with the lit-
erature [21], the structure of Pam3 was determined to be
pinoresinol monomethyl ether.
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TaBLE 3: Free radical scavenging effects of phenolic enrichment from P. amaryllifolius leaves.

Sample DPPH (ICsp, pg/mL) Hydroxyl (ICsg, pg/mL) NO 1nl::§/1rt11121)1 (ICso»

The phenolic enrichment 32.68 £2.93% 40.20 + 3.84° 2144+ 2.61}_’

The nonalkaloid fraction 28.75+1.81° 41.11+3.76° 57.61 +4.54'

The alkaloid fraction 52.10 +4.26° 82.35+6.09° 33.47 +£2.92)

Ascorbic acid” 24.65 +2.27¢ —

Catechin™” — 32.27 +1.568

Cardamonin® 2.98 +0.35"

ok

Positive control.

*Data are expressed as mean + SD. Means in each column with different letters are significantly different (p < 0.05).

The rest of the compounds, including methyl 4-
hydroxybenzoate (Pam4), 3,4-dihydroxyl benzoate methyl
(Pam5), 4-hydroxy benzoic acid (Pam6), methyl 4-hydroxy-
3-methoxybenzoate (Pam?7), and methyl syringate (Pam8)
were identified by comparing their NMR (Figure S10-524)
data to those of reported studies [22-26]. Previously, flavo-
noids, coumaroyl malate, coumarin derivatives, and some
other phenolics have been investigated from P. amaryllifolius
leaves [2, 8, 9]. In the current study, the phytochemical in-
vestigation of the phenolic enrichment from P. amaryllifolius
leaves led to the isolation of 8 compounds, including 3 lignans
and 5 benzoate derivatives, whereas, except for 4-hydroxy
benzoic acid (Pame), the other phenolics were identified for
the first time from the plant.

3.4. Antioxidant and NO Production Inhibition of the Phenolic
Enrichment. The isolated lignans, such as pinoresinol 4-O-
p-D-glucopyranoside (Paml), pinoresinol (Pam2), and
pinoresinol monomethyl ether (Pam3) have been proven as
significant antioxidant compounds [27-29], while other
p-hydroxybenzoic derivatives also had considerable free-
radical scavenging effects [30, 31]. In this study, the phe-
nolic enrichment of P. amaryllifolius leaves, which contained
these compounds, was evaluated for its antioxidant activity
via DPPH and hydroxy free radical scavenging effects
(Table 3). Besides, the NO production inhibition of the
phenolic enrichment was evaluated and compared with
those of the alkaloid and nonalkaloid fractions.

The phenolic enrichment from P. amaryllifolius leaves
exhibited significant antioxidant and NO inhibition activi-
ties compared to both its derived alkaloid and nonalkaloid
fractions as well as the positive controls used in this study.
For DPPH and hydroxyl radical scavenging assays, the
phenolic enrichment displayed ICs, values of 32.68 and
40.20 pug/mL, respectively, which are close to the efficacy of
ascorbic acid (ICsy of 24.65 ug/mL) and catechin (ICsq of
32.27 ug/mL), respectively. This suggests that the phenolic
enrichment possesses potent free radical scavenging abilities,
on par with well-known antioxidants. In terms of NO in-
hibition, the phenolic enrichment achieved an ICs, of
21.44 ug/mL, which, while not as potent as cardamonin (ICs,
of 2.98 pg/mL), is markedly more effective than either the
nonalkaloid fraction (57.61 pg/mL) or the alkaloid fraction
(33.47 ug/mL). This indicates that while cardamonin serves
as an exceptionally potent NO inhibitor, the phenolic en-
richment’s moderate yet significant inhibition points to

a synergistic effect within the mixture, potentially due to the
interplay between phenolic and alkaloid components.

The higher NO inhibition in the phenolic enrichment
compared to its separated fractions suggests a synergistic in-
teraction between phenolic and alkaloid compounds within the
mixture, enhancing the NO inhibition capacity beyond what is
observed in either fraction alone. Although individual com-
pounds like cardamonin show stronger inhibition, the phenolic
enrichment still represents a balanced and effective option for
reducing oxidative stress and inflammation, leveraging the
combined effects of its components. This highlights the po-
tential of using phenolic enrichment as a natural source of
antioxidants and anti-inflammatory agents, with a broader
range of bioactivity than isolated components.

4. Conclusion

The optimized phenolic enrichment from P. amaryllifolius
leaves demonstrated substantial antioxidant and NO in-
hibition activities, surpassing the efficacy of its individual
nonalkaloid and alkaloid fractions. The phenolic enrichment
enhanced NO inhibition capacity suggests a synergistic
interaction between its phenolic and alkaloid compounds,
contributing to a broader range of bioactivity. While the
enrichment exhibited significant antioxidant effects com-
parable to standard antioxidants like ascorbic acid and
catechin, its NO inhibition effect, though less than carda-
monin, was markedly superior to that of the isolated frac-
tions. These findings support the use of phenolic enrichment
as a balanced and effective option for managing oxidative
stress and inflammation, highlighting its potential as
a multifunctional natural therapeutic agent.
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From the leaves of Pandanus tectorius, we isolated two new benzofuran epimers—Pandanusfuran A (1) and Pandanusfuran B
(2)—together with four known lignans (pinoresinol (3), pinoresinol monomethyl ether (4), arctigenin (5), and matairesinol (6)).
Structures and absolute configurations were established by an orthogonal validation strategy combining HR-ESI-MS, 1D/2D
NMR (600 MHz), ECD, and Snatzke’s Mo,(OAc),-induced CD method, with diagnostic Cotton effects supporting configuration
assignments at C-8/C-9. To exclude methanol-derived artifacts, the natural occurrence of 1-2 was confirmed by HPLC-DAD
detection in an independently prepared ethanol extract under identical chromatographic conditions. Isolation yields were as
follows: 1 (5.1 mg), 2 (3.5mg), 3 (24.7 mg), 4 (32.1 mg), 5 (14.9mg), and 6 (22.3 mg) from 3.5 kg of dried leaves. Spectroscopic
signatures (chemical shifts, coupling patterns, HRMS formulae, and ECD/ICD profiles) were concordant across instruments and
repeat scans, and the diagnostic ICD signals for the Mo,(OAc), complexes of Pandanusfuran A and B were reproduced under the
same conditions, collectively evidencing reproducibility of the structural results. In an NO-production assay in LPS-stimulated
RAW264.7 cells (with MTT viability as the control and cardamonin as a positive control), 1-2 showed weak activity
(ICsp > 50 uM). These findings constitute the first report of benzofuran derivatives from P. tectorius and enrich the chemo-
taxonomic landscape of the genus.

Keywords: benzofuran; ECD; lignan; Pandanus tectorius; Snatzke’s method

1. Introduction

Pandanus tectorius Parkinson ex Du Roi is a robust, hardy
plant which is widely distributed in tropical, subtropical, and
warm temperate regions of Southeast Asia and the Pacific
[1]. P. tectorius fruits have been used as food in several
Pacific islands [1]. The roots were used for the treatment of
nephropathy, hepatitis, hypertension, and diabetes [2, 3].
Previous studies indicated that lignans, flavonoids,

coumarins, and other phenolic derivatives were the major
secondary metabolites of P. tectorius plants and some other
species of the Pandanus genus as well [4-9].

Previous phytochemical investigations have revealed
that benzofuran derivatives were relatively uncommon
secondary metabolites within the Pandanus genus. Most
prior studies on Pandanus species have focused primarily on
lignans, flavonoids, and other phenolic constituents, while
benzofuran scaffolds have been rarely reported [10].
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Recently, a new series of benzofurans was identified from
P. tectorius [11], suggesting that this chemical class, although
previously overlooked, may represent a minor yet charac-
teristic metabolite group in the genus. This study reports the
isolation of two new benzofuran epimers from P. tectorius,
which may serve as significant chemotaxonomic markers for
the species. The absolute configurations of these compounds
were determined using electronic circular dichroism (ECD)
analysis combined with Snatzke’s method—an established
empirical approach for assigning the absolute configuration
of optically active acyclic 1,2-diols [12, 13]. This approach
exploits the induced circular dichroism (ICD) of dimo-
lybdenum tetraacetate (Mo,(OAc),) complexes formed
upon addition to the diol sample. The resulting con-
formationally constrained molybdate ester generates
a characteristic Cotton effect around 305nm, whose sign
directly correlates with the O-C-C-O torsional angle,
thereby allowing configuration assignment of the diol. A key
advantage of this method is its procedural simplicity: The
diol is simply mixed with Mo,(OAc), in dimethyl sulfoxide
(DMSO) at room temperature, and CD spectra can be
readily acquired. Furthermore, this method has proven
reliable across various structural and steric conditions,
demonstrating utility even in cases of low chemical and
optical purity, making it exceptionally versatile in synthetic
organic chemistry [12]. Determining the absolute configu-
rations of the two epimeric benzofurans is of particular
significance, as even slight stereochemical differences can
lead to substantial variations in their physicochemical
characteristics and biological activities. Therefore, elucida-
tion of the absolute configurations of these epimers provides
valuable insight into their structure-activity relationships
and enhances the chemical understanding of Pandanus-
derived metabolites.

2. Materials and Methods

2.1. Plant Materials. Leaves of P. tectorius were collected
from Thanh Oai town, on the outskirts of Hanoi City of
Vietnam, in March 2021, and identified by Dr. Bui Van
Thanh, Institute of Biology, Vietnam Academy of Science
and Technology. The voucher specimens were deposited at
the Institute of Biology (HN00128210208) and the Center for
High Technology Research and Development (NCCG
210208), Vietnam Academy of Science and Technology.

2.2. Extraction and Isolation. Dried powder (3.5kg) of
P. tectorius leaves was extracted with 20L (in triplicate) of
methanol (MeOH) in a sonication bath. The combined extracts
were evaporated to remove the solvent and obtain the crude
residue (178 g). Then, the residue was suspended in 2 L of water
and then successively partitioned with hexane (2L x 3 times)
and acetate ethyl (EtOAc) (2L x 3 times) to afford the cor-
responding fractions, respectively. The EtOAc fraction (37.5g)
was loaded onto a silica gel chromatography column (CC)
eluted by mixtures of CH,Cl, and MeOH (100/0-0/100, v/v) to
afford seven subfractions (E1-E7). The fraction E4 (689 mg)
was isolated on a silica gel CC eluted with #n-hexane-acetone

Journal of Chemistry

(3/1, v/v) followed by preparative HPLC (90 min, 50%-80%
MeOH in H,0) to yield the compounds (1) (5.1 mg) and (2)
(3.5mg). Fraction E3 (2.68 g) was chromatographed on a silica
gel CC eluted with CH,Cly-acetone (10/1, v/v) to afford
compound (3) (24.7mg) and compound (4) (32.1 mg). Frac-
tion E6 (3.72g) was isolated using a YMC RP-C18 column
eluted with MeOH-water (3:1, v/v) to yield compound (5)
(149mg) and compound (6) (22.3mg). Structures of the
isolated compounds are shown in Figure 1.

Pandanusfuran A (1): white amorphous powder; HR-
ESI-MS: m/z 253.1071 [M+H]"(calc for C;3H;,0s5,
253.1076); [aly -32.2; CD (MeOH) A, (mdge): 220
(+1.73), 264 (-6.66); '"H NMR (DMSO-dg, 600 MHz): § 6.79
(1H, d, J=8.4Hz, H-3), 7.73(1H, dd, /=8.4, 1.8 Hz, H-4),
7.77 (1H, d, J= 1.8 Hz, H-6), 3.14 (1H, dd, J = 8.4, 16.2 Hz, H-
7a), 3.25 (1H, dd, J=9.6, 16.2 Hz, H-7b), 4.84 (1H, dd, J= 8.4,
9.6 Hz, H-8), 3.53 (1H, dd, J=6.0, 10.2 Hz, H-10a), 3.27 (1H,
dd, J=5.4, 10.2 Hz, H-10b), 1.04 (3H, s, H-11), 3.79 (3H, s,
12-O-Me); *C NMR (DMSO-d, 150 MHz): § 128.6 (C-1),
164.0 (C-2), 108.5 (C-3), 130.2 (C-4), 121.3 (C-5), 126.0 (C-
6), 28.6 (C-7), 86.7 (C-8), 72.7 (C-9), 66.0 (C-10), 20.7 (C-
11), 166.0 (C-12), 51.7 (12-O-Me). Purity 98.7% (by HPLC).

Pandanusfuran B (2): white amorphous powder; HR-
ESI-MS: m/z 287.0697 [M+Cl]™ (calc for C,;3H;;0s,
287.0686); [a]¥ —41.5; '"H NMR (DMSO-ds, 600 MHz):
6.81 (1H, d, J=8.4Hz, H-3), 7.73(1H, dd, J= 8.4, 1.8 Hz, H-
4),7.78 1H, d, J = 1.8 Hz, H-6), 3.13 (1H, dd, ] = 9.6, 16.2 Hz,
H-7a), 3.26 (1H, dd, J=8.4, 16.2 Hz, H-7b), 4.83 (1H, dd,
]=9.6,8.4Hz, H-8), 3.32 (2H, overlap, H-10), 1.04 (3H, s, H-
11),3.79 (3H, s, 12-O-Me); *C NMR (DMSO-d,, 150 MHz):
§128.7 (C-1), 163.9 (C-2), 108.6 (C-3), 130.2 (C-4), 121.4 (C-
5), 126.1 (C-6), 28.6 (C-7), 86.6 (C-8), 72.5 (C-9), 66.7 (C-
10), 19.9 (C-11), 166.0 (C-12), 51.7 (12-O-Me). Purity 97.3%
(by HPLC).

2.3. Preparation of Mo,(OAc), Complex of the Compounds (1)
and (2) for ECD (Snatzke’s Method). Compounds (1) and (2)
were each reacted with Mo,(OAc), in anhydrous DMSO,
and ECD spectra were recorded from 250 to 500 nm im-
mediately after mixing. After 20 min, the stable ICD spec-
trum was obtained, and the Cotton effect at 290-340 nm was
used to determine the diol’s absolute configuration.

2.4. NO Production Inhibition Assay. RAW 264.7 macro-
phages were treated with samples (3-25 ug/mL) and stim-
ulated by LPS. NO production was quantified using the
Griess reaction, and cell viability was checked via the MTT
assay [14]. Cardamonin served as the positive control.

3. Results and Discussion

3.1. Structural Elucidation of the Isolated Compounds.
Compound (1) was isolated as a white amorphous powder
that generated [M + H]" ion with the mass-to-charge ratio
(m/z) value of 253.1071 on HRESIMS, suggesting the mo-
lecular formula C;3H;60s. 'H NMR spectrum of compound
(1) performed the signals of three aromatic protons of an
ABX system [6.79 (1H, d, J=8.4Hz, H-3), 7.73 (1H, dd,
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FIGURE 1: Structures of six isolated compounds.

J=8.4,1.8Hz,H-4),7.77 (1H, d, J= 1.8 Hz, H-6)] which were
also confirmed by the COSY correlation of H-3 and H-4;
four methylene protons at g 3.14 (1H, dd, /=84, 16.2 Hz,
H-7a), 3.25 (1H, dd, J=9.6, 16.2 Hz, H-7b), 3.53 (1H, dd,
J=6.0, 10.2Hz, H-10a), 3.27 (1H, dd, J=5.4, 10.2 Hz, H-
10b); an oxymethine sp3 proton at Oy 4.84 (1H, dd, J=84,
9.6 Hz, H-8); a methyl group at 6y 1.04 (3H, s, H-11); and
a methoxy group at 3.79 (3H, s, 12-O-CH3). The "°C and
HSQC spectra showed signals of one methyl (¢ 20.7, C-11),
one methoxy (8¢ 51.7, 12-O-CH3), one conjugated carbonyl
(8¢ 166.0, C-12), two quaternary sp> [8¢ 128.6 (C-1), 121.3
(C-5)], three methines sp2 [6¢130.2 (C-4),126.0 (C-6), 108.5
(C-3)], one oxy-quaternary sp2 (8¢ 164.0, C-2), one meth-
ylene sp” (8¢ 28.6, C-7), and one oxymethine sp> (8¢ 86.7, C-
8). The HMBC spectrum showed the correlations of aro-
matic protons and carbons, such as H-3 (8 6.79) with C-1
(8¢ 128.6) and C-5 (8¢ 121.3), H-4 (8 7.73) with C-2 (8¢
164.0) and C-6 (8¢ 126.0), and H-6 (8¢ 7.77) with C-2 (8¢
164.0) and C-4 (8¢ 130.2). The position of the furan ring was
determined by the HMBC correlations of H-7 (8y 3.14 and
3.25) and H-8 (0y 4.84) with C-1 (8¢ 128.6) and C-2 (6¢
164.0), and H-7 (8¢ 3.14 and 3.25) with C-6 (8¢ 126.0). The
position of the dihydroxy isopropyl group was identified by
the HMBC correlations of H-10 (8y 3.27 and 3.53) and H-11
(8 1.04) with C-8 (8¢ 86.7). NMR spectra of compound (1)
were highly similar to those of gasphostrin D, a reported
benzofuran derivative [15] (Table S1). However, compound
(1) exhibited one more methoxy group than the reported
compound, and the HMBC correlation between methoxy
protons (8y 3.79) and C-12 (8¢ 166.0) might reveal the
methylation of the carboxyl group.

Compound (2) was isolated as a white amorphous
powder. The molecular formula of compound (2) was de-
termined as C;3H;505 by the HR-ESI-MS at m/z 287.0697

[M +Cl]". The "H NMR spectrum of compound (2) showed
the signals of three aromatic protons of an ABX system [6.81
(1H, d, J=8.4Hz, H-3), 7.73 (1H, dd, =84, 1.8 Hz, H-4),
7.78 (1H, d, J= 1.8 Hz, H-6)]; two pairs of methylene protons
at 8y 3.13 (1H, dd, J=9.6, 16.2Hz, H-7a), 3.26 (1H, dd,
J=8.4, 16.2Hz, H-7b), and 3.32 (2H, overlap, H-10); an
oxymethine sp3 proton at 6y 4.83 (1H, dd, J=9.6, 8.4 Hz, H-
8); a methyl group at 8y 1.04 (3H, s, H-11); and a methoxy
group at 3.79 (3H, s, 12-O-CHj3). "*C and HSQC spectra of
the compound exhibited signals of one methyl (8¢ 19.9, C-
11), one methoxy (8¢ 51.7, 12-O-CHj3), one conjugated
carbonyl (8¢ 166.0, C-12), two quaternary sp2 [6¢ 128.7 (C-
1), 121.4 (C-5)], three methines sp” [8¢ 130.2 (C-4), 126.1
(C-6), 108.6 (C-3)], one oxy-quaternary sp2 (8¢ 163.9, C-2),
one methylene sp” (8¢ 28.6, C-7), and one oxymethine sp’
(8¢ 86.6, C-8). The HMBC spectrum showed the correlations
of H-3 (8y 6.81) with C-1 (8¢ 128.7) and C-5 (8¢ 121.4), H-4
(8 7.73) with C-2 (8¢ 163.9) and C-6 (8¢ 126.1), and H-6
(8y 7.78) with C-2 (8¢ 163.9) and C-4 (8¢ 130.2) (Figure 2).
The position of the furan ring was determined by the HMBC
correlations of H-7 (8y 3.13 and 3.26) and H-8 (8y 4.83)
with C-1 (8¢ 128.7) and C-2 (8¢ 163.9), and H-7 (8x; 3.13 and
3.26) with C-6 (8¢ 126.1). The dihydroxy isopropyl group
was identified by the HMBC correlations of H-10 (8 3.32)
and H-11 (8y 1.04) with C-8 (8¢ 86.6). The NMR spectra of
compound (2) resembled those of compound (1) (Table S1),
indicating their same planar structures.

The C-8 absolute configurations of both compounds
were determined by comparison of the experimental ECD
spectra to the referenced spectra [15]. The ECD spectra of the
compounds (Figure 3) showed opposite trends of Cotton
effects to gasphostrin D (8S, 9R) and was well matched with
the calculated ECD spectrum of the (8R, 9R) derivative [15].
Moreover, the negative optical rotation of the compounds
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FiGgure 2: Key HMBC correlations of compounds (1) and (2).
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FIGURE 3: ECD spectra of compound (1) (blue) and compound (2) (red).

@ ([ot]%)5 —32.2) and (2) ([a]%)s —41.5) was opposed to
gasphostrin D ( [01]1235 +78.9) and matched to several similar
8R-benzofuran derivatives [16]. Thus, the absolute config-
uration of C-8 in compounds (1) and (2) was elucidated as R.

Snatzke’s method was applied to elucidate the C-9
absolute configuration in the structures of these two iso-
lated compounds. The induced negative Cotton effects at
290-320 nm (Figure 4), which was in contrast to those of
gasphostrin D (8S, 9R) [15], revealed the 9S configuration
of (1). The observed positive Cotton effect at about 324 nm,
indicative of the O-C-C-O torsion angle, corresponded to
a right-handed (positive) helicity, consistent with that
reported for gasphostrin D (8S, 9R) [15], indicated the 9R
configuration of (2). Besides, significant chemical shift
difference between H-10a [dy 3.53 (1H, dd, J=5.0, 8.5 Hz)]
and H-10b [y 3.27 (1H, dd, J=5.0, 8.5Hz)] of (1) was in
good agreement with those of (8S, 9S)-dihydrofur-
ocoumarin and (8S, 95)-diacetatefurocoumarin, whereas
the overlap of H-10 protons of the compound (2) was
similar to the smaller difference between the chemical
shifts of these two protons in the 9R-derivatives [17].
Therefore, compound (1) was assigned as methyl (R)-8-
((S)-9,10-dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-
5-carboxylate, namely, Pandanusfuran A. Meanwhile,
compound (2) was identified as methyl (R)-8-((R)-9,10-

dihydroxypropan-8-yl)-7,8-dihydrobenzofuran-5-carbox-
ylate, namely, Pandanusfuran B. These are two new isolated
benzofurans from P. tectorius.

To check if these compounds might be artifacts of the
extracting process in methanol, we performed an
HPLC-DAD analysis on the ethanol extract of the plant
material and compared it to the chromatograms of isolated
compounds under the same parameters. As shown, com-
pounds (1) and (2) could be found in the ethanol extract
(Figure S13), and thus, they were natural products.

NO production inhibitory effects of the two new com-
pounds were evaluated. These compounds exhibited weak
NO production inhibition with IC5y > 50 uM in comparison
to cardamonin, the positive control.

Compounds (3-6) were identified as four lignans, in-
cluding pinoresinol (3), pinoresinol monomethyl ether (4),
arctigenin (5), and matairesinol (6), by comparing their NMR
data to the previous report [18, 19]. Therefore, six compounds
were isolated from the leaves of P. tectorius, including two new
benzofuran derivatives and four known lignans.

4. Discussion

Pandanaceae includes about 700 species with five genera:
Benstonea Callmander & Buerki, Freycinetia Gaudichaud,
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F1GURE 4: ICD spectra of the Mo,(AcO), complex of (1) and (2).

Martellidendron Callmander & Chassot, Pandanus Parkin-
son, and Sararanga Hemsley [20]. Pandanus was the largest
genus, with more than 400 species [20]. Previous phyto-
chemistry investigations on this family mostly focused on
the genus Pandanus, while only one study on the secondary
metabolites of the Freycinetia plant [21] and no information
about the chemical constituents of the rest of the genera have
been reported.

Lignans have been investigated in several Pandanus
species, including P. tectorius [7], P. boninensis [4], or
P. odoratissimus [10], but could not be found in
P. amaryllifolius, P. dubius, and P. utilis, which alkaloids
were the specific compositions [22-28]. In this study, four
lignans were isolated from P. tectorius, including pinor-
esinol, phillygenin, arctigenin, and matairesinol. While
pinoresinol has been discovered in some species as men-
tioned above, this is the first isolation of phillygenin, arc-
tigenin, and matairesinol from a Pandanus plant. These
results broaden the known chemical spectrum of Pandanus
species and offer valuable insights for future chemotaxo-
nomic investigations. Besides, other studies indicated that
P. tectorius might contain flavonoids [5] or coumarins [7],
only one study reported benzofuran derivatives in this
species [11]. Significantly, most of the highly similar com-
pounds with two isolated benzofuran derivatives were iso-
lated from microorganisms [15, 29] rather than from plants.
Therefore, the isolation of Pandanusfuran A and Pan-
danusfuran B from P. tectorius could reveal an interesting
biosynthesis pathway in the plant that should be investigated
further. In addition, another benzofuran racemate was
previously separated from the roots of P. odoratissimus [10].
This may reveal a close chemotaxonomic relationship be-
tween P. tectorius and P. odoratissimus. Moreover, benzo-
furan derivatives are also known for their pharmacological
significance, forming the core structures of several valuable
therapeutic agents such as amiodarone, dronedarone, and
griseofulvin. Thus, the discovery of these benzofuran epi-
mers from P. tectorius not only expands the phytochemical

profile of the genus but also suggests potential pharmaco-
logical relevance worthy of further investigation.

5. Conclusion

The current study reports the isolation of two unprecedented
benzofuran derivatives, Pandanusfuran A and B, from
Pandanus  tectorius leaves. Additionally, four known
lignans—pinoresinol, pinoresinol monomethyl ether, arc-
tigenin, and matairesinol—were also isolated and identified.
Employing state-of-the-art analytical techniques such as
NMR, HRMS, ECD, and Snatzke’s method, we accurately
determined the chemical structures and absolute configu-
rations of these compounds. Furthermore, the discovery of
benzofuran derivatives alongside these lignans enriches the
phytochemical profile of the Pandanus genus, offering sig-
nificant implications for future chemotaxonomic and bio-
synthetic studies.
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Pandanus tectorius fruits are a promising but underutilized source of bioactive constituents. We optimized extraction conditions
for phenolic- and saponin-enriched fractions using Box-Behnken/response surface methodology across ethanol concentration,
temperature, solvent-to-material ratio, and time and then evaluated antioxidant and anti-inflammatory activities. Total phenolic
content (TPC; Folin—Ciocalteu, 760 nm) and total saponin content (TSC; vanillin-sulfuric acid, 560 nm) served as responses for
model fitting (R* > 0.96), validation, and multiresponse optimization that yielded seven distinct optimums targeting different
extract profiles. Phenolic-rich extracts showed potent DPPH and hydroxyl radical scavenging, whereas saponin-rich extracts more
strongly inhibited LPS-induced nitric oxide in RAW 264.7 cells; excessive saponin enrichment, however, coincided with cy-
totoxicity. These results demonstrate that tuned extraction can deliver purpose-built extracts for antioxidant or anti-inflammatory
applications, supporting the valorization of P. tectorius as a natural source for functional and nutraceutical ingredients.

Keywords: anti-inflammation; antioxidant; Box-Behnken; multiresponse optimization; Pandanus tectorius; response surface
method

1. Introduction

The genus Pandanus (family Pandanaceae) comprises ap-
proximately 700-750 species predominantly distributed
across tropical and subtropical regions of the Paleotropics,
extending from West Africa to the Pacific Islands [1, 2].
Members of this genus are morphologically distinctive,
characterized by spiral phyllotaxy, long, narrow leaves, and
prominent aerial prop roots that aid in anchorage and
adaptation to coastal or sandy habitats [1]. Ecologically,
Pandanus species contribute significantly to shoreline sta-
bilization and serve as key components in tropical forest

ecosystems. Culturally, they hold economic and ethnobo-
tanical value, with their leaves widely used in traditional
crafts (e.g., mats, baskets, and roofing materials) and, in
some regions, as aromatic ingredients in culinary practices
(1, 2].

Pandanus tectorius Parkinson ex Du Roi, a member of
the Pandanaceae family, is widely distributed throughout
tropical and subtropical coastal regions of Asia and the
Pacific. It has long been used in traditional medicine for the
treatment of ailments such as hypertension, diabetes, uri-
nary tract infections, and inflammation. Recent phyto-
chemical investigations have revealed that this species is
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a rich source of structurally diverse secondary metabolites
with notable biological activities. Key compound classes
identified include phenolic acids and aldehydes (e.g., p-
coumaric acid, ferulic acid, vanillin, and syringaldehyde),
flavonoids (e.g., vitexin, tricin, chrysin, and sakuranetin),
and various lignans such as pinoresinol, syringaresinol,
medioresinol, eudesmin, and sesamin, which have been
isolated from fruits, roots, and leaves [3-8]. Coumarins,
including bergapten and several prenylated derivatives, have
also been detected, along with one benzofuran compound
and multiple volatile constituents such as geranyl acetate and
ethyl cinnamate identified by GC-MS analysis [4, 7, 8].
Furthermore, several miscellaneous compounds such as 5-
hydroxymethylfurfural, methylsuccinic acid, long-chain
fatty alcohol esters, and sugar derivatives were also re-
ported [6, 9-12].

A growing body of evidence has demonstrated that
P. tectorius possesses a wide range of biological activities,
including antioxidant, cytotoxic, antimicrobial, and anti-
diabetic effects. Among the phytoconstituents, phenolic
compounds stand out as the most studied and bioactive
group. Several in vitro assays, such as DPPH, ABTS, and
hydroxyl radical scavenging tests, have confirmed the strong
antioxidant capacity of both crude extracts and phenolic-
enriched fractions, especially those obtained using ethyl
acetate or methanol [7-10, 13]. These effects are attributed to
abundant phenolic aldehydes and acids, flavonoids, and
lignans found in fruits and leaves. For instance, caffeoyl-
quinic acid derivatives from P. tectorius have shown lipid-
lowering effects in hyperlipidemic hamsters via modulation
of PPARa and AMPK signaling pathways [14]. Moreover,
phenolic constituents were reported to protect Schwann cells
from oxidative stress through activation of the Nrf2/Keapl
antioxidant response pathway [15]. Antidiabetic potential
has also been widely explored through a-glucosidase in-
hibition assays. Multiple phenolic compounds—including
aromatic aldehydes, coumarins, and flavonoids—exhibited
strong inhibitory activity and promising hypoglycemic ef-
fects [6, 9, 10]. In addition, extracts of P. tectorius have
demonstrated selective cytotoxicity against various human
cancer cell lines such as A549, MCF-7, and HeLa, with dose-
dependent inhibition of cell viability [8, 16, 17]. Further-
more, antimicrobial activity has been observed in both polar
and semipolar extracts, effective against a range of gram-
positive and gram-negative bacteria [7]. Recent de-
velopments also explored the use of P. tectorius fruit extract
in nanoparticle formulations for potential therapeutic ap-
plications in metabolic disorders [16].

Despite extensive research on phenolics, the saponins of
P. tectorius remain largely underexplored. Saponins in
Pandanus species are expected to comprise triterpenoid and
steroidal frameworks, consistent with related genera, and
have been associated with membrane-active, hemolytic, and
immunomodulatory properties relevant to inflammation.
Preliminary studies in P. tectorius and allied species have
suggested that saponin-containing fractions contribute to
anti-inflammatory or cytoprotective effects, yet systematic
enrichment, quantification, and modeling remain limited

[15]. This knowledge gap highlights the need for targeted
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extraction and comparative evaluation of both phenolic and
saponin constituents to better understand their relative
contributions to bioactivity.

Because extraction efficiency is determined by complex
interactions among solvent polarity, temperature-driven
mass transfer and degradation kinetics, solvent-to-
material ratio, and extraction time, the traditional one-
factor-at-a-time approach is inadequate for identifying true
optima. Response surface methodology (RSM), particularly
the Box-Behnken design (BBD), enables quantitative as-
sessment of main, interaction, and curvature effects while
reducing experimental runs and improving predictive ac-
curacy. Therefore, the present study employed RSM/BBD to
optimize the extraction of phenolic- and saponin-enriched
fractions from P. tectorius fruits, aiming to maximize both
yield and bioactivity through multiresponse optimization.

2. Materials and Methods

2.1. Plant Materials. Fruits of P. tectorius were collected at
Thanh Oai Province, Vietnam, in August 2021 and identified
by Dr. Bui Van Thanh, Institute of Biology, Vietnam
Academy of Sciences and Technology (VAST). A voucher
specimen (NCCG 210213) was deposited at the Center for
High Technology Research and Development, VAST. The
collected sample was cleaned, dried at 60°C in the oven to
under 10% moisture, milled, sieved to < 1 mm to improve
batch homogeneity and mass transfer reproducibility prior
to extraction, and preserved at —-20°C for further
experiments.

2.2. General. The solvents, such as ethanol (EtOH), water,
DMSO, and necessary inorganic chemicals, were purchased
from Daihan Scientific, Korea; meanwhile, other chemicals
were supplied by Merck, Germany. The extraction was
processed in a shaking water bath with the support of
a stirrer (Daihan Scientific, Korea).

2.3. Determination of Total Phenolic Content (TPC). The
TPCs of the samples were determined using the Folin-
Ciocalteu assay [18]. The characteristic blue chromophore
also provided qualitative confirmation of phenolics in the
samples. Standard solutions of gallic acid at various con-
centrations were prepared for calibration. Sample extracts
were dissolved in methanol at defined concentrations. A
volume of 100 pL from each sample or standard solution was
combined with 900 uL of 10% Folin-Ciocalteu reagent and
1000 pL of 6% sodium carbonate (Na,CO;). The resulting
mixture was incubated at 40°C for 15 min. Absorbance was
measured at 760 nm using a UV-visible spectrophotometer.
The TPC was quantified based on the gallic acid standard
curve and expressed as milligrams of gallic acid equivalents
per gram of sample (mg GAE/g).

2.4. Determination of Total Saponin Content (TSC). The TSC
of the samples was assessed using the vanillin-sulfuric acid
method [19]. The characteristic reddish (vanillin-H,SO,)

8518017 SUOWIWIOD @A 810 3|qeot dde aup Aq peusenob a.e 9o e YO ‘SN JO SNl 1oy Afeid178UIIUO AB|IM UO (SUORIPUOD-PUR-SLLLBIWI0D" A8 |1 ALeiq| Ul |UO//STIY) SUORIPUOD pUe Swiie | 8y} 885 *[9202/70/0T] Uo ARiqiTauliuo A8|IMm * (‘ouleAnqe ) aqnopeay - Bueis BueoH 0 Aq £r86E5S/AWRI/SSTT 0T/I0PA0D" A8 |IM ARIq U1 |UO//SCNY WOJ) pepeojumoa ‘T ‘SZ0Z ‘TLFT



Journal of Analytical Methods in Chemistry

chromophore also indicated qualitative confirmation of
saponins in the samples. For this procedure, 100 uL of each
extract was mixed with 100 pL of 8% (w/v) vanillin in EtOH
and 2800 uL of 80% (v/v) sulfuric acid. The mixture was
incubated at 70°C for 15min. Solutions of the reference
compound (aescin) and reagent blanks (with solvent) were
also prepared. After incubation, the mixtures were allowed
to cool at room temperature for 5 min, and absorbance was
recorded at 560 nm against the blank.

2.5. Preliminary Single-Factor Experiments. Preliminary
single-factor experiments were conducted to establish the
appropriate ranges for key extraction parameters, including
temperature, EtOH concentration, solvent-to-material ratio,
and extraction time. First, the influence of EtOH concentration
on TPC and TSC was examined by performing extractions with
EtOH concentrations ranging from 0% to 90%, at 60°C for
120 min, maintaining a constant solvent-to-material ratio of
20 mL/g. Subsequently, the effect of extraction temperature on
the TPC and TSC was investigated by extracting the plant
material in 60% EtOH at temperatures ranging from 30°C to
100°C for 120 min, using a solvent-to-material ratio of 20 mL/g.
Next, the effect of varying the solvent-to-material ratio was
assessed by extracting the material in 60% EtOH at 60°C for
120 min, using ratios ranging from 5 to 50 mL/g. Finally, the
impact of extraction time was evaluated by extracting the plant
material in 60% EtOH at 60°C with a fixed solvent-to-material
ratio of 20 mL/g for durations ranging from 60 to 360 min.

2.6. Response Surface Method. To optimize the extraction
conditions for phenolic enrichment from P. tectorius fruits,
RSM based on the BBD was employed. The experimental
design was carried out using Design-Expert software version
12.0 (Stat-Ease, Inc., Minneapolis, USA). Four independent
variables were selected: extraction temperature (°C, A),
EtOH concentration (%, B), solvent-to-material ratio (mL/g,
C), and extraction time (minutes, D). The TPC and TSC
were designated as the response variables.

Based on the results of preliminary single-factor ex-
periments, the solvent system included EtOH concentra-
tions of 0% (distilled water), 45%, and 90%. The temperature
range tested was 30°C-80°C, the solvent-to-material ratios
ranged from 10 to 50 mL/g, and the extraction times varied
between 60 and 240 min. All experimental runs were per-
formed in triplicate, and the average value of TPC was used
for subsequent statistical analysis. The coded levels of the
independent variables used in the experimental design are
presented in Table 1.

2.7. Antioxidant Assay. The antioxidant potential of the
phenolic-enriched extracts was assessed using DPPH and
hydroxyl radical scavenging assays, following established
protocols [20, 21].

For the DPPH assay, 100 uL of each sample was mixed
with 1900 pL of DPPH solution in methanol and incubated
in the dark at 37°C for 20 min. Absorbance was measured at
517 nm, with ascorbic acid serving as the reference standard.

TaBLE 1: Coded and actual levels of independent variables used in
the Box-Behnken design.

Code levels

Variables Unit

-1 0 1
Temperature (A) °C 30 55 80
Ethanol concentration (B) % 0 45 90
Volume-to-weight ratio (C) mL/g 10 30 50
Extraction time (D) min 60 150 240

In the hydroxyl radical scavenging assay, a 200 pL aliquot
of each test sample was added to a mixture containing 400 pL
of 50mM phosphate buffer (pH 7.8), 400 uL of 2.8 mM
deoxyribose, and 400 uL of 500 uM ferrous ammonium
sulfate [Fe(NH,4),(SO4),]. The mixture was incubated at 37°C
for 1h. The reaction was terminated by the addition of
1000 pL of 10% (w/v) trichloroacetic acid and 1000 pL of 1%
(w/v) thiobarbituric acid. The resulting solution was then
heated in a boiling water bath for 15min, and absorbance
was measured at 532 nm. Catechin was used as the positive
control for this assay.

2.8. Nitric Oxide (NO) Production Inhibition Assay. The
inhibitory effect of the samples on NO production in li-
popolysaccharide (LPS)-stimulated RAW 264.7 macro-
phages was evaluated using the Griess reagent method [22].
Cells were seeded in 96-well plates at a density of 0.5x10°
cells per well and incubated at 37°C in a humidified at-
mosphere containing 5% CO, for 22h. Following this in-
cubation, samples at concentrations ranging from 3 to 25 pg/
mL were added to the wells. After 30 min, 0.1 mg/mL of LPS
(Sigma-Aldrich, USA) was introduced to stimulate NO
production, and the cells were further incubated for 24 h.
After treatment, 100puL of the culture supernatant was
transferred to a new 96-well plate and mixed with an equal
volume of Griess reagent. The absorbance was measured at
570 nm using an iMark microplate reader (Bio-Rad, USA).
To assess cell viability, the remaining cells in the original
plate were subjected to the MTT assay. This assay measures
mitochondrial dehydrogenase activity in viable cells through
the reduction of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide), providing an estimate of
living cell numbers [23]. Cardamonin, a known inhibitor of
NO production, served as the positive control.

2.9. Statistical Analysis. All RSM computations were con-
ducted in Design-Expert v12.0. Model adequacy was eval-
uated by analysis of variance (ANOVA) (model F, p), lack of
fit, coefficients of determination (R?, adjusted R?, and
predicted R?), Adeq Precision, and coefficient of variation
(CV). Data are reported as mean + SD of triplicate runs.

3. Results and Discussion

3.1. The Process Range Conditions for the Extraction. To es-
tablish appropriate experimental ranges for a subsequent BBD
optimization, a preliminary single-factor study was con-
ducted. This study aimed to investigate the influence of four
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FiGuRre 1: The effects of (a) ethanol concentration, (b) extracting temperature, (c) solvent-to-material ratio, and (d) extracting time on TPC

and TSC of the extracts.

key variables—ethanol concentration, temperature, solvent-
to-material ratio, and extraction time—on the extraction
efficiency of TPC and TSC from the fruit of P. tectorius.

The influence of EtOH concentration (%EtOH) is il-
lustrated in Figure 1(a). The TPC yield from the fruit extract
increased significantly with EtOH concentration, peaking at
approximately 70% before plateauing. Similarly, the TSC
yield rose with increasing EtOH content, reaching its
maximum at 50% EtOH before declining at higher con-
centrations. This suggests that a hydroethanolic solvent is
more effective than pure water or EtOH for extracting
compounds from P. tectorius fruit, likely due to the varying
polarities of the target phenolics and saponins. Based on
these effects, the range of 0%-90% EtOH was selected as the
operational range for the BBD.

Regarding the extraction temperature, both TPC and
TSC yields initially increased with temperature, reaching
their optimal values at 65°C. At temperatures higher than
this, a significant decrease in the yields of both compounds
was observed. The data from the table show that at 85°C, the
yields had already begun to decline from their peak. This
decline is likely attributable to the degradation of thermo-
sensitive substances within the fruit and the rapid evapo-
ration of the EtOH. Therefore, to ensure compound stability
and avoid degradation, the temperature range for the BBD
was determined to be 30°C-80°C.

The solvent-to-material ratio demonstrated a strong
positive correlation with extraction yield. A substantial in-
crease in both TPC and TSC was observed when the ratio

was increased from 5 to 25. A ratio below 10 was deemed
unsuitable as the solvent volume was likely insufficient for
proper wetting and extraction of the raw fruit material.
Although yields continued to rise slightly as the ratio in-
creased from 25 to 50, the rate of increase diminished, in-
dicating marginal gains. To balance extraction efficiency
with solvent consumption, the working range for the ratio in
the BBD was established as 10-50 mL/g.

The extraction time showed different effects on TPC and
TSC. The highest TPC was achieved at a shorter duration of
60 min, with longer times showing no improvement and
potential degradation. Conversely, the TSC yield peaked at
around 180 min. To accommodate the different optimal
times for these two compound groups from P. tectorius while
maintaining process efficiency, an extraction time range of
60-240 min was chosen as appropriate for the subsequent
BBD experiments.

In conclusion, based on the single-factor experimental
results, the ranges for the four independent variables were
selected for the BBD as follows: EtOH concentration
(0%-90%), temperature (30°C-80°C), solvent-to-material
ratio (10-50 mL/g), and time (60-240 min).

3.2. Optimize the Extraction Conditions Using BBD. The RSM
with BBD was applied to determine the optimal condition
for the extraction of phenolic compounds from P. tectorius
fruits. The extraction design variable effects on the TPC and
TSC values are given in Table 2.
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TaBLE 2: TPC and TSC of the extracts to independent variables using the Box-Behnken design.

No. As (E;’?H B: (?E‘;‘P‘ (Z;nlf;;;) D(‘n;ri‘n“)‘e TPC (mgGAE/g) TSC (mgAE/g)
1 45 30 30 60 58.3 1328
2 45 30 50 150 74.5 140.2
3 90 30 30 150 915 111.2
4 45 30 30 240 73.1 1405
5 45 55 10 60 65.2 1385
6 90 55 30 60 116.6 125.9
7 90 80 30 150 112.3 142.2
8 45 30 10 150 56.8 1214
9 90 55 50 150 121.5 136.7
10 0 55 30 240 47.3 135.2
11 45 80 30 240 945 164.2
12 90 55 50 60 116.2 124.4
13 45 80 30 60 105.6 1523
14 90 55 30 150 1113 129.9
15 0 55 50 150 50.2 1311
16 0 55 30 60 47.9 128.9
17 45 55 30 150 90.3 1615
18 45 80 50 150 111.2 170.6
19 90 55 30 240 119.3 128.7
20 45 80 10 150 87.8 149.8
21 0 30 30 150 27.8 110.8
2 45 55 30 150 92.8 155.2
23 45 55 50 240 100.7 160.1
24 0 80 30 150 58.7 142.6
25 45 55 30 150 99.3 162.8
26 45 55 10 240 70.5 139.3
27 45 55 30 150 87.6 162.4
28 90 55 10 150 96.3 1216
29 45 55 30 150 96.4 158.9
30 0 55 10 150 35.5 1235

3.3. The Optimal Model for TPC Enrichment. The experi-
mental results from the BBD were analyzed using ANOVA
to evaluate the effects of the process variables on the TPC
yield. The statistical significance of the fitted quadratic model
was checked by ANOVA. The experimental results from the
BBD were analyzed using ANOVA to evaluate the effects of
the process variables on the TPC yield. The ANOVA results
indicate that the fitted quadratic model is highly significant,
with a model F-value of 55.56 and a p value < 0.0001, which
implies that the model is highly suitable for describing the
relationship between the independent variables and the TPC
yield. Furthermore, the nonsignificant “lack of fit”
(p = 0.4437) confirms that the model fits the experimental
data well. The model’s suitability is also reinforced by its
strong fit statistics. The coefficient of determination (R*) of
0.9811 indicates that 98.11% of the variability in the response
could be explained by the model, whereas the close agree-
ment between the adjusted R* (0.9634) and predicted R*
(0.9172) demonstrates good predictive power. Additionally,
a high Adeq Precision of 27.1472 and a low CV % of 6.09%
suggest an adequate signal-to-noise ratio and high experi-
mental reliability. An analysis of the individual model terms
revealed that the linear terms A (EtOH concentration), B
(temperature), and C (ratio); the interaction term BD
(temperature and time); and the quadratic terms A% B, and
C? all had a significant effect on TPC yield (p < 0.05). The

significance of the quadratic terms confirms that the re-
lationship is nonlinear. To improve and refine the model, it
was proposed that nonsignificant interaction terms with p
values greater than 0.5, specifically AD (p = 0.6711), BC
(p =0.5854), and CD (p = 0.8905), be eliminated to pro-
duce a more concise and robust model.

Following the initial analysis, the model was refined by
removing the nonsignificant interaction terms (AD, BC, and
CD) to produce a “reduced quadratic model” with markedly
improved statistical significance and fit. The refined model’s
F-value increased substantially from 55.56 to 81.79, in-
dicating it is now even more significant in explaining the
relationship between the variables and the TPC yield,
whereas the overall model p value remained highly signif-
icant (< 0.0001) and the lack of fit remained nonsignificant
(p = 0.5396). The most notable improvements are seen in
the fit statistics, which highlight the enhanced robustness
and predictive power of this refined model. In particular, the
adjusted R* increased from 0.9634 to 0.9684, and more
importantly, the predicted R*> increased from 0.9172 to
0.9430. This significantly narrowed the gap between the two
values from 0.0462 to just 0.0254, indicating that removing
the “noise” from irrelevant terms has made the model more
accurate and reliable for making predictions. Furthermore,
the Adeq Precision increased from 27.15 to 32.49, signifying
an improved signal-to-noise ratio, and the CV % decreased
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from 6.09% to 5.66%, pointing to higher precision and
reliability. Therefore, the model reduction process was
highly successful, resulting in a more precise and robust
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model for the optimization of TPC extraction. The final
regression equation to predict the TPC based on the actual
values of the process variables is as follows:

TPC = - 86.0066 + 1.26713A + 2.45024B + 1.35943C + 0.26148D — 0.00224AB

(1)

+0.002416AC — 0.00288BD — 0.00558A% — 0.01173B — 0.0148C* — 0.00029D°,

where A = EtOH (%), B = temperature ("C), C =ratio (mL/g),
and D =time (min).

To visualize the relationship between the independent
variables and the yield of TPC, three-dimensional (3D)
response surface plots were generated based on the model
equation. These plots illustrate the interactive effects of two
variables at a time on the TPC yield, whereas the other two
variables are held constant at their central point.
Figure 2(a) displays the interactive effect of EtOH con-
centration (A) and temperature (B) on TPC extraction. The
plot reveals a significant curved surface, indicating that
TPC yield increases with both variables up to an optimal
region before leveling off. The peak TPC is predicted at
high EtOH concentrations (approximately 70%-90%) and
moderately high temperatures (approximately 70°C-80°C).
This demonstrates a synergistic effect where higher tem-
peratures enhance the solvent’s extraction capacity. For
instance, at a constant temperature of 55°C, increasing the
EtOH concentration from 0% to 90% (whereas other
factors are held at their center points) raised the TPC yield
from 47.9 mg GE/g to 111.3 mg GE/g. This trend is sci-
entifically sound, as higher temperatures reduce solvent
viscosity and increase the solubility and diffusion rate of
phenolic compounds. At the same time, the appropriate
EtOH concentration optimizes solvent polarity for
extracting these target compounds. Figure 2(b) illustrates
the relationship between EtOH concentration (A) and the
solvent-to-material ratio (C). The response surface shows
a clear positive correlation, where TPC yield consistently
increases as both the EtOH concentration and the ratio are
elevated. The steep incline suggests that both factors are
strong drivers of extraction efficiency within the tested
range. The experimental data support this, showing that at
a fixed EtOH concentration of 45% and temperature of
30°C, increasing the ratio from 10 to 50 mL/g increased the
TPC yield from 56.8 to 74.5mg GE/g. This effect is pri-
marily due to the principles of mass transfer; a larger
volume of solvent (higher ratio) increases the concentra-
tion gradient between the solid material and the liquid
phase, thereby promoting the diffusion of phenolic com-
pounds into the solvent until equilibrium is approached.

The interaction between temperature (B) and extraction
time (D) is presented in Figure 2(c). The plot indicates that
temperature is a more dominant factor than time in in-
creasing TPC yield. However, a significant interaction be-
tween the two is evident. At lower temperatures (e.g.,
30°C-40°C), extending the extraction time has a minimal
effect on the TPC yield. In contrast, at higher temperatures

(e.g., 80°C), a longer extraction time leads to a more sub-
stantial increase in TPC. This is supported by the data: At
80°C and 45% EtOH, the TPC yield was 111.2 mg GE/g after
150 min. The upward trend of the surface suggests that at
elevated temperatures, which provide the necessary acti-
vation energy for extraction, a longer duration allows for
more complete diffusion of solutes from the plant matrix.

3.4. The Optimal Model for TSC Enrichment. The results from
the BBD for the TSC response were analyzed using ANOVA.
The initial quadratic regression model was found to be
highly significant, demonstrated by a model F-value of 42.97
and a p value < 0.0001. Additionally, the “lack of fit” was not
significant (p = 0.4082), indicating that there was no sys-
tematic error and the model was compatible with the ex-
perimental data. The high coefficient of determination
(R*=0.9757) also suggested that the model could explain
97.57% of the variability in the data. However, a more
detailed analysis of the fit statistics revealed the necessity of
refining the model to improve its predictive power. Spe-
cifically, a significant discrepancy was observed between the
adjusted R? value of 0.953 and the predicted R* value of
0.8871. This difference of 0.0659 suggests that the model was
likely overfitted, containing nonsignificant terms that con-
tribute “noise.” An examination of the individual p values
showed that several interaction terms, such as AB
(p =0.9123), AD (p = 0.6888), BC (p = 0.7832), and BD
(p =0.5652), had a very weak effect on the model. The
presence of these terms reduces the model’s ability to ac-
curately predict new outcomes.

Therefore, to enhance its reliability and predictive ca-
pability, the model was refined by eliminating the in-
significant interaction terms with a p value greater than 0.5.
This refinement process proved to be highly successful,
resulting in a more robust and accurate model. The model
F-value increased sharply from 42.97 to 73.17, indicating
a statistically stronger model. Most importantly, the dif-
ference between the adjusted R? (0.9614) and the predicted
R* (0.932) was reduced significantly to just 0.0294. This
confirms that the model was no longer overfitted and
possessed excellent predictive capability. Furthermore, other
statistical indicators also improved: The Adeq Precision
increased from 21.68 to 27.82 and the CV % decreased to
2.31%, both of which confirm the enhanced strength and
precision of the new model.

Based on the coefficients for the refined model, the final
regression equation in terms of actual factors is
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FIGURE 2: Response surfaces between (a) ethanol concentration and temperature, (b) ethanol concentration and solvent-to-material ratio,
and (c) time and temperature to total phenolic contents of the P. fectorius fruit extracts.

TSC =30.65944 + 1.05281A + 1.84852B + 1.13388C + 0.190449D + 0.001958AC

(2

+0.001446CD_0.01256A% — 0.01181B>70.01749C? — 0.00065D?,

where A = EtOH (%), B = temperature ("C), C =ratio (mL/g),
and D =time (min).

The response surface plots were constructed to visualize the
interactive effects of the independent variables on the TSC.
These plots are crucial for understanding the complex re-
lationships and identifying the optimal conditions for extrac-
tion. Figure 3(a) illustrates the combined effect of EtOH
concentration (A) and temperature (B). The surface plot is

distinctly dome-shaped, indicating that the TSC yield is max-
imized at intermediate levels of both variables. The yield in-
creases as EtOH concentration rises from 0% and temperature
increases from 30°C, reaching a peak before declining. This
suggests that although a certain amount of EtOH and heat is
beneficial for dissolving and extracting saponins, excessive levels
can have an adverse effect. This may be due to changes in
solvent properties, such as polarity, at very high EtOH
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concentrations or potential solvent loss at temperatures
approaching the boiling point of EtOH, which would alter the
extraction conditions. The experimental data confirm this,
showing that at a fixed ratio and time, the TSC yield at 45%
EtOH and 80°C (170.6 mg AE/g) is significantly higher than at
90% EtOH and 80°C (152.3 mg AE/g), highlighting the existence
of an optimal range. The interaction between EtOH concen-
tration (A) and solvent-to-material ratio (C) is depicted in
Figure 3(b). Similar to the previous plot, this response surface
also shows a clear optimal region. The TSC yield increases as
both the EtOH concentration and the ratio are increased, but
only up to a certain point. The curvature indicates that after
reaching an optimal EtOH concentration (around 40%-50%)
and ratio (around 30-40 mL/g), the TSC yield begins to plateau
or even slightly decrease. This demonstrates the significant
interactive effect between these two variables. For example, at
a fixed temperature of 55°C, increasing the ratio from 10 to
50mL/g at 45% EtOH shows a significant increase in yield
(from 158.9 to 162.4 mg AE/g), underscoring the importance of
an adequate solvent volume to facilitate mass transfer.

Figure 3(c) presents the interactive effect of extraction
time (D) and solvent-to-material ratio (C). The surface shows
that both factors have a positive effect on the TSC yield, with
the yield increasing as both time and ratio are extended. The
slope is steeper for the ratio than for time, suggesting the
solvent volume is a more dominant factor in this interaction.
The plot shows a continuous rise toward the upper limits of
both variables, with the highest TSC yields found at longer
times (around 180-240 min) and higher ratios (around 40-
50mL/g). This is consistent with mass transfer principles,
where a larger solvent volume and a longer contact time allow
for more complete diffusion of the saponins from the plant
matrix into the solvent, leading to a higher extraction yield.
For instance, at 45% EtOH and 55°C, increasing the extraction
time from 60 min to 240 min at a ratio of 50 mL/g resulted in
an increased yield from 150.2 mg/g to 160.1 mg AE/g.

The extraction time exerted contrasting effects on
phenolic and saponin recovery due to their distinct physi-
cochemical properties. Phenolic compounds, being rela-
tively small and highly soluble in aqueous ethanolic media,
reach diffusion equilibrium rapidly, and prolonged heating
may promote oxidative degradation or polymerization. In
contrast, saponins are amphiphilic glycosides with bulky
triterpenoid or steroidal aglycones, which require extended
contact time for complete solvent penetration and micellar
solubilization. Consequently, phenolic yield tends to plateau
or slightly decline with time, whereas saponin yield con-
tinues to increase until reaching its own saturation point.

3.5. Optimize the Extraction Conditions. The refined re-
gression models for both TPC and TSC were utilized to
determine the optimal conditions for extracting phyto-
chemicals from P. tectorius fruit. As the ideal conditions for
maximizing TPC and TSC differ, a multiresponse optimi-
zation was performed using the numerical optimization
feature of the software Design-Expert. This approach allows
for finding a range of ideal conditions by assigning different
“importance levels” to each response, providing flexibility
based on the desired outcome.

Journal of Analytical Methods in Chemistry

Table 3 summarizes seven potential optimal solutions
generated by varying the importance placed on TPC versus
TSC. The results show a clear trade-off between the two re-
sponses. Conditions prioritizing TPC, designated as the
“Opt_TPC” series, consistently require a high EtOH con-
centration between 70% and 90% and a high temperature of
approximately 80°C. Conversely, conditions prioritizing TSC,
the “Opt_TSC” series, favor a lower EtOH concentration
around 45%-55% and significantly longer extraction times
exceeding 175 min, whereas the optimal temperature remains
high. The “balance” condition represents a compromise, using
intermediate parameters to achieve good, though not maxi-
mal, yields of both TPC and TSC simultaneously. This analysis
provides a set of validated optimal conditions, allowing for the
selection of specific extraction parameters depending on
whether the desired final product is an extract rich in phe-
nolics, saponins, or a balanced combination of both.

To confirm the validity and predictive accuracy of the
developed models, a series of validation experiments was
conducted. The seven sets of optimal conditions derived
from the numerical optimization were slightly adjusted for
practical convenience in a laboratory setting. Extractions
were then performed in triplicate under these adjusted
conditions. Table 4 presents a comparison between the TPC
and TSC yields predicted by the regression models and the
values obtained through these validation experiments.

The results demonstrate a strong correlation and excellent
agreement between the predicted and experimental values
across all seven tested conditions, affirming the reliability of the
optimization process. In particular, the experimental data
closely matched the values predicted by the models. For in-
stance, the “balance” condition showed remarkable accuracy,
with an experimental TPC of 114.7+7.1 mg GAE/g against
a prediction of 115.0mg GAE/g. Furthermore, the analysis
confirmed that the Opt_TSC3 condition, which was designed to
maximize saponin content, successfully yielded the highest
experimental TSC of 185.6 + 10.6 mg AE/g and concurrently the
lowest experimental TPC of 105.6 + 8.5 mg GAE/g. This lowest
TPC value showed excellent agreement with its predicted value
of 103.5mg GAE/g. Although the highest experimental TSC
was greater than its predicted value of 169.5 mg AE/g, the model
nonetheless accurately identified the specific conditions re-
quired to achieve the maximum saponin yield.

The experimental data also validated the predicted trade-
off between the two responses; conditions designed to favor
TPC resulted in extracts with higher experimental TPC
yields, whereas conditions prioritizing TSC successfully
produced extracts richer in saponins. The close corre-
spondence between the predicted and actual results validates
the accuracy of the regression models. This confirms that the
developed models are reliable and effective tools for navi-
gating the design space and optimizing the extraction of both
phenolic and saponin compounds from P. tectorius fruit.

3.6. Bioactivities of the Extracts

3.6.1. Antioxidant and NO Production Inhibitory Effect.
The antioxidant activity of the seven extracts was evaluated
through their ability to scavenge DPPH and hydroxyl radicals,
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FIGURE 3: Response surfaces between (a) ethanol concentration and temperature, (b) ethanol concentration and solvent-to-material ratio,
and (c) time and solvent-to-material ratio to total saponin contents of the P. tectorius fruit extracts.

TaBLE 3: Summary of predicted optimal conditions for achieving different extraction goals, prioritizing either TPC, TSC, or a balance of both
responses.

Importance level

.. o o . . . .
Condition TPC TSC %EtOH (%) Temp. (°C) Ratio (mL/g) Time (min)
Opt_TPC1 5 0 90.0 80.0 48.2 104.0
Opt_TPC2 4 1 76.6 80.0 48.6 128.1
Opt_TPC3 3 2 68.9 79.1 47.2 146.4
Balance 2.5 2.5 59.3 78.3 45.5 167.0
Opt_TSC 1 2 3 55.0 78.1 44.7 175.1
Opt_TSC 2 1 4 49.1 78.1 43.6 186.0
Opt_TSC 3 0 5 45.3 78.3 429 193.1
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TaBLE 4: Predicted versus experimental yields (mean + SD, n = 3) of TPC (mg GAE/g) and TSC (mg AE/g) for the validation of the seven

adjusted optimal extraction conditions.

. . . . Predict values Experimental
Samples EtOH (%) Temp. (°C) Ratio (mL/g) Time (min)
TPC TSC TPC TSC

Opt_TPC1 90 80 48 104 129.3 138.5 124.8+8.8 126.1+12.7
Opt_TPC2 75 80 48 130 124.2 155.2 121.1+£11.1 142.8 +16.5
Opt_TPC3 65 80 47 150 118.8 163.0 118.3+6.5 151.8+15.9
Balance 60 80 46 170 115.0 166.3 114.7+7.1 162.4+19.6
Opt_TSC1 55 80 45 175 111.7 168.0 109.7 + 8.8 168.3+15.2
Opt_TSC2 50 80 44 190 107.4 169.2 106.2+11.8 1789+ 12.1
Opt_TSC3 45 80 43 195 103.5 169.5 105.6 £8.5 185.6 +10.6

TaBLE 5: Free-radical scavenging and NO production inhibitory effects of P. tectorius fruit extracts under optimal conditions.

NO inhibition (ICs,

Samples DPPH (ICsp, pg/mL) Hydroxyl (ICsp, ug/mL) ug/mL)
Opt_TPCl1 76.4+3.8° 62.5+4.19 91.3+8.2!
Opt_TPC2 82.1+4.5° 70.8 +5.3¢ 854+6.6
Opt_TPC3 89.5+5.1° 79.1 +6.2° 84.2+7.3
Balance > 100 95.6 +8.1% 75.5+3.9%
Opt_TSC 1 > 100 > 100 68.8+1.1'
Opt_TSC 2 > 100 > 100 ND
Opt_TSC 3 > 100 > 100 ND
Ascorbic acid” 27.4+ 1.6 — —
Catechin™* — 31.7+2.8" —
Cardamonin® 3.1+04™

ek ke

PR
Positive control.

*MData are expressed as mean + SD. Means in each column with different letters are significantly different (p <0.05).

with the results presented as ICs, values. The data revealed
a clear correlation between antioxidant activity and the TPC of
the extracts. The samples belonging to the “Opt_TPC” series,
which were optimized for high TPC, were the only ones to
exhibit significant activity with ICs, values below 100 pg/mL in
both assays. Among them, the “Opt_TPC1” extract demon-
strated the highest potency, with an ICs, value of 76.4 ug/mL
for DPPH scavenging and 62.5ug/mL for hydroxyl radical
scavenging. In contrast, the saponin-optimized extracts
(“Opt_TSC” series) and the “balance” extract showed con-
siderably weaker activity, with ICs, values exceeding 100 ptg/mL
in most tests. Although the TPC-rich extracts demonstrated
notable antioxidant potential, their activity was lower than that
of the pure compound positive controls. Specifically, the DPPH
scavenging activity of the most potent extract (“Opt_TPC1”)
was less than that of ascorbic acid (ICsy=27.4 ug/mL), and its
hydroxyl radical scavenging activity was less than that of
catechin (ICsp=31.7 pg/mL). This result is expected, as crude
extracts are complex mixtures, whereas the controls are highly
active, pure antioxidant compounds. These findings collectively
suggest that the phenolic constituents are the primary con-
tributors to the antioxidant capacity of the P. tectorius extracts.

The anti-inflammatory potential of the seven optimized
P. tectorius fruit extracts was evaluated by measuring their
ability to inhibit NO production in LPS-stimulated cells
(Table 5). A clear trend emerged regarding the extracts’ po-
tency, which was found to correlate with the saponin contents.

The ICsy values ranged from 91.3 ug/mL for the TPC-
rich extract Opt_TPCI1 down to 68.8 pg/mL for the saponin-
rich extract Opt_TSCI, indicating that Opt_TSCI was the

most potent anti-inflammatory agent among the tested
samples. As expected, all crude extracts were less potent than
the pure compound positive control, cardamonin, which
had an ICsq of 3.1 ug/mL. To ensure that the observed NO
inhibition was not a result of cytotoxicity, cell survival was
assessed (Table S1). The extracts from the Opt_TPC series,
the balance condition, and Opt_TSC1 all demonstrated
excellent safety profiles, with cell survival rates consistently
above 92%. In contrast, the Opt_TSC2 and Opt_TSC3 ex-
tracts, which contained the highest concentrations of sa-
ponins, exhibited significant cytotoxicity, causing cell
survival to drop to as low as 64.3%. Consequently, the ICs,
values for these two extracts could not be determined. This
finding suggests that although saponin-rich extracts possess
greater anti-inflammatory potency, very high concentrations
of saponins or coextracted compounds may induce a cyto-
toxic effect on the RAW 264.7 cells. Phenolic compounds
exert antioxidant effects mainly through electron or hy-
drogen donation and stabilization of resulting phenoxyl
radicals, as well as through transition-metal chelation (Fe**/
Cu®") that limits Fenton-type radical formation [24, 25]. In
contrast, saponins are amphiphilic glycosides whose agly-
cone cores and membrane-active properties modulate in-
flammatory signaling and suppress LPS-induced NO
production via iNOS/NF-«kB downregulation, while stabi-
lizing cellular membranes [26]. These class-specific prop-
erties explain why TPC-enriched extracts excel in
antioxidant assays, whereas TSC-enriched extracts more
effectively inhibit NO production. Among the optimized
conditions, Opt_TPC1 and Opt_TSC1 displayed the highest
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bioactivities within their groups. The 90% EtOH and
moderate extraction time (104 min) in Opt_TPC1 favored
recovery of midpolarity flavonoids and aldehydes with
strong redox capacity, accounting for its lower ICs, values
despite similar TPC yields to Opt_TPC2-3. Conversely,
Opt_TSC1 (55% EtOH, 175min) likely promoted the
extraction of moderately polar triterpenoid saponins with
stronger membrane-modulating activity, whereas higher
water content in Opt_TSC2-3 may have diluted or de-
graded active aglycones. Overall, the superior potency of
these extracts reflects not only quantitative yield but also
qualitative compositional shifts controlled by solvent
polarity and extraction kinetics, underscoring the need to
balance concentration and selectivity in RSM
optimization.

The optimized phenolic- and saponin-enriched extracts of
P. tectorius thus exhibit distinct functional profiles with
promising industrial relevance. Phenolic-rich extracts could
serve as natural antioxidants in food and nutraceutical
products, whereas saponin-rich extracts, showing anti-
inflammatory and mild surfactant properties, may be appli-
cable in cosmetic or pharmaceutical formulations. Further
work on scale-up, stability, and formulation compatibility
would support their practical use.

4. Conclusion

This study successfully optimized the extraction conditions
for phenolic- and saponin-rich fractions from P. tectorius
fruits using RSM based on a BBD. The developed quadratic
models exhibited excellent statistical reliability, with co-
efficients of determination (R?) exceeding 0.98 for both TPC
and TSC responses, confirming the adequacy of the fitted
models. Under the validated optimal conditions, the ex-
perimental yields reached 124.8 + 8.8 mg GAE/g for total
phenolics and 168.3+15.2mg AE/g for total saponins,
closely matching the predicted values. The optimized phe-
nolic extract (Opt_TPC1) demonstrated potent antioxidant
effects with DPPH and hydroxyl radical ICs, values of 76.4
and 62.5 ug/mL, respectively, whereas the saponin-rich ex-
tract (Opt_TSC1) showed considerable anti-inflammatory
activity with an ICs of 68.8 ug/mL for NO inhibition. These
results highlight the compositional and functional com-
plementarity between phenolic and saponin fractions and
support the potential of P. tectorius fruit as a renewable
source of bioactive ingredients. Nevertheless, the cytotox-
icity observed in extracts with excessive saponin content
indicates a need for further refinement. Future studies
should focus on isolating individual active compounds,
improving extract selectivity, and conducting comprehen-
sive safety assessments to ensure both efficacy and bio-
compatibility in prospective food, cosmetic, and
pharmaceutical applications.
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ABSTRACT:

Pandanus tectorius is widely marketed in Vietnam as crude herbal material and tea, yet comparative data on its
phytochemical quality and a-amylase inhibition remain limited. In this study, thirteen fruit and nine leaf
samples were purchased from local markets and e-commerce sources and extracted with 90% ethanol. Total
phenolic content (TPC) and total saponin content (TSC) were determined by Folin—Ciocalteu and vanillin—
sulfuric acid assays, while a-amylase inhibition was evaluated using a modified DNSA method. Results were
expressed on both a sample basis (mg/g dry material) and an extract basis (mg/g extract). Extraction yields
were higher in leaves (11.51-14.51%) than in fruits (9.59-11.94%). On a sample basis, fruits and leaves
contained comparable levels of TPC (12.17 vs 12.99 mg GAE/g; p = 0.187) and TSC (5.63 vs 5.31 mg AE/g; p
= (0.214). On an extract basis, fruit extracts were significantly more enriched, with TPC of 115.43 vs 99.38 mg
GAE/g extract (p = 0.002) and TSC of 53.42 vs 40.73 mg AE/g extract (p < 0.0001). The a-amylase inhibitory
activity was moderate, with ICso values ranging from 130.48 to 200.45 ug/mL (fruits 163.77 ug/mL, leaves
171.49 ug/mlL), compared with 88.96 ug/mL for acarbose. Correlation analysis revealed a strong negative
relationship between TPC and ICso (r = —0.842, R? = 0.709), while TSC correlated only weakly (r = —0.319, R?
= 0.102). These results indicate that phenolic compounds are the main contributors to the inhibitory activity
and that fruit extracts represent a more concentrated source of bioactive metabolites suitable for functional food
or nutraceutical applications.
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I. INTRODUCTION

The genus Pandanus (family Pandanaceae) comprises approximately 700-750 species predominantly
distributed across tropical and subtropical regions of the Paleotropics, ranging from West Africa to the Pacific
Islands [1, 2].Members of this genus are morphologically distinctive, with spiral phyllotaxy, long, narrow
leaves, and aerial prop roots that facilitate adaptation to sandy or coastal habitats. Ecologically, Pandanus
species play an important role in shoreline stabilization and tropical forest ecosystems, while culturally they
possess considerable economic and ethnobotanical value. Their leaves are widely used for weaving mats,
baskets, and roofing materials, and in some regions as aromatic culinary ingredients [1, 2].Pandanus tectorius
Parkinson ex Du Roi is a widely distributed species occurring in tropical and subtropical coastal regions from
South Asia to the Pacific Islands, and in Vietnam, it is commonly found from the northern midland areas to the
coastal regions of Khanh Hoa [3]. Traditionally, this plant has been employed in folk medicine for the treatment
of various ailments. Its roots have been used for edema, dysuria, and kidney stones, and externally for bone
fractures and hemorrhoids, while its leaves, characterized by a sweet taste and cooling properties, are applied to
reduce fever and treat colds. Young shoots have also been reported to support the treatment of kidney stones and
pediatric convulsions [4-6].Beyond medicinal uses, P. tectorius holds ecological significance in mangrove and
coastal ecosystems.

Phytochemical studies have demonstrated that P. fectorius is a rich source of structurally diverse
secondary metabolites. International and regional investigations have identified multiple compound classes,
including phenolic acids and aldehydes (e.g., p-coumaric acid, ferulic acid, vanillin, syringaldehyde), flavonoids
(e.g., vitexin, tricin, chrysin, sakuranetin, naringenin), and lignans such as pinoresinol, syringaresinol,
medioresinol, lyoniresinol, and balanophonin[7-12]. Coumarins, benzofuran derivatives, and volatile
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constituents such as geranyl acetate and ethyl cinnamate have also been reported [8, 11, 12]. In addition, other
miscellaneous compounds, including long-chain fatty alcohol esters, methylsuccinic acid, sugar derivatives, and
5-hydroxymethylfurfural, have been documented [10, 13-16].These phytoconstituents underpin a broad
spectrum of biological activities. Extracts and isolated compounds from P. fectorius have demonstrated strong
antioxidant, anti-inflammatory, antimicrobial, cytotoxic, and antidiabetic properties. In particular, phenolic-rich
extracts exhibit potent radical scavenging capacity in DPPH, ABTS, and hydroxyl radical assays [11-14, 17],
protective effects against oxidative stress in Schwann cells through the Nrf2/Keap1 pathway [18], lipid-lowering
effects via PPARo and AMPK signaling [19], and o-glucosidase inhibitory activity contributing to
hypoglycemic potential [10, 13, 14]. Cytotoxicity against several cancer cell lines, including A549, MCF-7, and
HeLa, has also been documented [12, 15, 20]. Moreover, antimicrobial effects against gram-positive and gram-
negative bacteria have been reported [11]. Recent studies have further highlighted the potential of P. tectorius
fruit extracts in nanoparticle formulations for therapeutic applications in metabolic disorders [15].

In Vietnam, the fruits and leaves of P.fectorius are widely available on the market, either as raw
materials or in packaged tea bags. Beyond their use in traditional medicine, they are also consumed as a
common food product. The present study investigates the levels of major classes of secondary metabolites,
including phenolics and saponins, and evaluates the a-amylase inhibitory activity of marketed fruits and leaves
of P. tectorius in Vietnam, thereby contributing to quality assessment and further exploration of the biomedical
potential of this species.

II. MATERIAL AND METHODS
2.1. Materials
Nine dried leaf samples and thirteen dried fruit samples of P.tectorius were purchased from herbal
markets in Hanoi, Vietnam, or through e-commerce platforms. Common solvents such as ethanol, DMSO, and
inorganic salts were obtained from Daihan Scientific (South Korea), while reference standards and other
chemicals were supplied by Merck (Germany).

2.2. Extracts preparation

To prepare the extract for chemical analysis and bioassays, 50 g of each sample was powdered, then
extracted in triplicate with 1 L of ethanol 90% in a sonication bath at 70°C. The solution was filtered and
evaporated to yield the total extract.

2.3. Total phenolic assay

Total phenolic content (TPC) was determined using the Folin—Ciocalteu method with gallic acid as the
standard [21].Absorbance was measured at 760 nm, and results were expressed as mg gallic acid equivalents per
gram of dry sample (mg GAE/g).

2.4. Total saponin assay

The total saponin content (TSC) of the samples was assessed using the vanillin—sulfuric acid method[22].
For this procedure, 100 pL of each extract was mixed with 100 pL of 8% (w/v) vanillin in ethanol and 2800 puL
of 80% (v/v) sulfuric acid. The mixture was incubated at 70°C for 15 minutes. Solutions of the reference
compound(aescin) and reagent blanks (with solvent) were also prepared. After incubation, the mixtures were
allowed to cool at room temperature for 5 minutes, and absorbance was recorded at 560 nm against the blank.

2.5. a-amylase inhibition assay

o-amylase inhibition was evaluated using a modified DNSA method [23].Reaction mixtures containing
sample extracts and a-amylase were incubated with starch substrate, and the reaction was terminated with
DNSA reagent. Absorbance was measured at 650 nm, with acarbose as the positive control.

II1. RESULTSAND DISCUSSION
3.1. Phytochemical contents of the P. tectoriusfruits and leaves

The extraction yields of P. tectorius ranged from 9.59% to 11.94% in fruits and from 11.51% to 14.51%
in leaves, indicating that leaves generally provided higher extraction efficiency than fruits. In contrast, the
distribution of secondary metabolites showed distinct patterns.

The total phenolic content (TPC) of fruits varied between 9.38 and 14.31 mg GAE/g sample, while the
figures for the leaves ranged from 11.27 to 16.03 mg GAE/g sample.For total saponin content (TSC), fruits
displayed higher values, ranging from 4.61 to 6.54 mg AE/g sample, compared to leaves, which contained 4.52—
5.93 mg AE/g sample.
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Table 1: Extraction yields, total phenolic (TPC) and saponin (TSC) contents of the P. fectoriussamples

Extraction TPC (mg GAE/g) TSC (mgAE/g)
No. Code Part yield Sample Extract Sample Extract
1 FO1 Fruits 9.78% 11.38+1.34 116.32 £ 13.66 547+0.57 55.96 +5.82
2 F02 Fruits 9.77% 11.17+1.11 11434 +£11.38 5.63+0.64 57.64+6.51
3 FO03 Fruits 11.51% 12.73 £1.56 110.62 +13.54 5.16 £0.59 44.82 +5.17
4 F04 Fruits 9.59% 12.15+£1.30 126.67 £ 13.51 4.61 £0.48 48.07 +£5.02
5 F05 Fruits 10.15% 12.28 +1.46 120.97 £ 14.42 4.82+0.52 47.45 +5.09
6 F06 Fruits 11.09% 11.02 £0.90 99.34 £ 8.08 6.41 +0.81 57.81+7.27
7 F07 Fruits 11.00% 12.64 +1.38 114.92 £12.58 5.86+0.74 53.27+6.77
8 FO8 Fruits 9.75% 11.26 £0.97 115.51 £9.90 4.94 +0.50 50.70 +£5.14
9 F09 Fruits 10.00% 9.38+1.13 93.75+11.31 5.94+0.58 59.43 +5.81
10 F10 Fruits 11.35% 1431 +£1.78 126.09 + 15.69 6.38 +0.69 56.24 + 6.05
11 Fl11 Fruits 11.94% 13.82 +1.44 115.74 £12.03 6.54 + 0.55 54.78 +4.63
12 F12 Fruits 10.01% 12.66 +1.25 126.44 £12.54 6.06 +0.67 60.49 £ 6.65
13 F13 Fruits 11.17% 13.40 £ 1.45 119.93 + 13.0 5.34+0.64 47.85+5.71
14 LO1 Leaves 12.67% 11.27 £1.39 88.94 +10.99 4.52 £047 35.67+£3.73
15 L02 Leaves 14.51% 12.57 £ 1.46 86.63 +10.09 5.2940.52 36.45 +3.60
16 L03 Leaves 13.00% 12.38 £ 1.01 95.25+7.78 5.53+0.59 42.52 +£4.51
17 L04 Leaves 14.15% 16.03 +1.60 113.31+£11.31 5.57+0.55 39.34+£3.86
18 LO5 Leaves 14.04% 12.15+1.14 86.54 £ 8.11 543+0.53 38.70 £3.76
19 L06 Leaves 12.18% 13.38+1.72 109.84 + 14.09 5.65+0.66 46.41 +£5.39
20 L07 Leaves 13.21% 14.39+1.34 108.95+10.17 4.75+£0.52 35.99 £3.96
21 L08 Leaves 11.51% 11.80 £ 1.46 102.55 £ 12.73 5.14+0.44 44.66 + 3.84
22 L09 Leaves 12.66% 12.96 +£1.22 102.37 +£9.60 5.93+0.75 46.87 +5.96

The corresponding boxplot (Figure 1) confirmed this trend, showing that fruits had higher median

saponin levels and a more clustered distribution, suggesting greater stability in saponin accumulation relative to
leaves.Boxplot analysis highlighted that fruits exhibited relatively consistent TPC values, whereas leaves
showed broader variability, with some samples reaching comparatively higher phenolic concentrations.

Total Phenolic contents Total Saponin contents
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& 12.00 % @ 5.00 @
g oo < o R ——
®  8.00 X
£ £ 3.00
S 6.00 g
2.00 1.00
0.00 0.00

Fruits Leaves Fruits Leaves
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Figure 1: Boxplots of the TPC (left) and TSC (right) of the P. tectoriussamples

To statistically evaluate these observations, permutation tests were conducted on sample-based values.
The mean TPC did not differ significantly between fruits (12.17 mg GAE/g) and leaves (12.99 mg GAE/g)
(mean difference = —0.82 mg GAE/g; p = 0.187). Similarly, the mean TSC values of fruits (5.63 mg AE/g) and
leaves (5.31 mg AE/g) were not significantly different (mean difference = +0.32 mg AE/g; p = 0.214). These
findings are consistent with the overlapping distributions shown in the boxplots, indicating that although fruits
tended to accumulate more saponins and leaves occasionally exhibited higher phenolic levels, such differences
were not statistically robust.

The phenolic content of Pandanus tectorius extracts showed a clear difference between plant parts. Fruit
extracts contained between 93.75 and 126.67 mg GAE/g extract, with a mean of 115.43 mg GAE/g extract,
whereas leaf extracts ranged from 86.63 to 113.31 mg GAE/g extract, with a lower mean of 99.38 mg GAE/g
extract. The boxplot (Figure 2) illustrates this separation, with fruits displaying higher median values and a
narrower interquartile range, suggesting more consistent phenolic enrichment compared to leaves. A
permutation test confirmed the statistical significance of this difference (mean difference = +16.06 mg GAE/g
extract; p = 0.002), indicating that fruit extracts are consistently richer in phenolic compounds.A similar pattern
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was observed for saponins. Fruit extracts displayed concentrations between 44.82 and 60.49 mg AE/g extract,
with a mean of 53.42 mg AE/g extract, while leaf extracts contained 35.67-46.87 mg AE/g extract, averaging
40.73 mg AE/g extract.

Total Phenolic contents Total Saponin contents
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Figure 2: Boxplots of the TPC (left) and TSC (right) of the P. tectoriusfruit and leaf extracts

The boxplot also highlights this divergence, with fruit extracts showing higher medians and tighter
distributions compared to the broader and lower range of leaves. The difference in saponin content between
plant parts was even more pronounced than that observed for phenolics, with a mean difference of +12.69 mg
AE/g extract, which was highly significant according to permutation testing (p < 0.0001).Together, these results
clearly demonstrate that while both fruits and leaves yield ethanol-soluble phenolics and saponins, fruit extracts
consistently exhibit higher concentrations and more uniform distributions of these metabolites, as evidenced by
both boxplot visualization and robust statistical testing.

3.2. a-amylase inhibitory effect of the extracts from the P. tecforius fruits and leaves

The o-amylase inhibitory activity of P. fectorius extracts, expressed as ICso values (ug/mL), varied
considerably among samples (Table 2). For fruit extracts, ICso values ranged from 130.48 = 10.51 pg/mL (F12)
to 200.45 £ 26.01 pg/mL (F09), with an overall mean of approximately 162 pg/mL. Leaf extracts displayed a
similar variability, ranging from 146.38 £ 12.25 ug/mL (L06) to 198.90 £ 22.32 pg/mL (L02), with a mean of
about 171 pg/mL. These results indicate that both fruits and leaves possess moderate a-amylase inhibitory
potential, though the activity was not uniform across all samples. When compared to the positive control
acarbose (ICsp = 88.96 + 9.69 pug/mL), all extracts were less potent, requiring approximately 1.5-2 times higher
concentrations to achieve 50% enzyme inhibition.

Table 2: a-amylase inhibitory effect of the P. tectoriusextracts
No. Code Part a-amylase
1 FO1 Fruits 158.24 + 12.74
2 F02 Fruits 159.94 £ 14.45
3 FO03 Fruits 186.32 £17.12
4 F04 Fruits 148.01 £12.12
5 F05 Fruits 160.85 £ 18.3
6 F06 Fruits 191.09 £+ 17.67
7 FO07 Fruits 165.07 £20.92
8 FO8 Fruits 167.56 £ 16.15
9 F09 Fruits 200.45 £26.01
10 F10 Fruits 137.38 + 15.54
11 F11 Fruits 161.16 + 14.29
12 F12 Fruits 130.48 £10.51
13 F13 Fruits 162.44 £ 18.33
14 LO01 Leaves 195.81 £25.09
15 L02 Leaves 198.9 £22.32
16 L03 Leaves 176.53 £ 18.86
17 L04 Leaves 148.87 £14.22
18 LO05 Leaves 196.34 £ 19.66
19 L06 Leaves 146.38 £12.25
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20 L07 Leaves 160.52 +15.33
21 L08 Leaves 161.21 +15.96
22 L09 Leaves 158.85 +13.11
Acarbose Positive control 88.96 + 9.69

Nevertheless, several fruit samples (notably F10 and F12) exhibited relatively strong inhibition (ICso at
130-140 pg/mL), approaching the activity of acarbose. The observed variability among extracts likely reflects
differences in the abundance and composition of phenolic and saponin constituents, which are known
contributors to a-amylase inhibition. Overall, both fruit and leaf extracts of P. fectorius demonstrated promising
a-amylase inhibitory activity, with fruits generally showing slightly stronger effects than leaves, although the
differences were not as pronounced as those observed in metabolite concentrations. These findings support the
potential role of P. tectorius as a natural source of a-amylase inhibitors, relevant for the management of
postprandial hyperglycemia
3.3. Discussion
The correlation analysis revealed distinct relationships between metabolite levels and a-amylase
inhibitory activity. A strong negative correlation was observed between total phenolic content (TPC) and ICso
values (Pearson’s r = —0.842, R? = 0.709), indicating that extracts richer in phenolics required markedly lower
concentrations to achieve 50% enzyme inhibition. This strong inverse association, also illustrated in the scatter
plot (Figure 3a), highlights the central role of phenolic compounds as key contributors to a-amylase inhibition in
P. tectorius. In particular, fruit samples such as F10 and F12, which exhibited the highest TPC levels, also
showed the lowest ICsy values, approaching the potency of the positive control acarbose.In contrast, total
saponin content (TSC) displayed only a weak negative correlation with ICsp (r = —0.319, R = 0.102). Although
higher TSC was generally associated with somewhat lower ICso values, the relationship was inconsistent across
samples, as reflected in the scattered distribution of data points in the TSC—ICs plot (Figure 3b). This suggests
that while saponins may contribute to a-amylase inhibition, their effect is minor compared to phenolic
constituents.
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Figure 2: Correlation betweena-amylase inhibitory activity and the TPC (a) and TSC (b) of the P.
tectoriusfruit and leaf extracts

Previous studies have demonstrated that phenolic compounds inhibit a-amylase activity primarily
through direct interactions with the enzyme’s active site[24]. The hydroxyl groups of phenolics can form
hydrogen bonds with catalytic residues, while their aromatic rings participate in hydrophobic and n—mr stacking
interactions, thereby reducing substrate access and catalytic efficiency[25]. This mechanism is consistent with
the strong negative correlation observed between TPC and ICs in the present study, suggesting that phenolic
enrichment in P. tectorius extracts directly enhances inhibitory potency. In contrast, the weaker relationship
between TSC and ICsy implies that saponins may act through indirect mechanisms, such as modulating
membrane permeability or protein conformations, but are less effective in directly blocking a-amylase
activity[26].Collectively, these findings highlight the importance of phenolic constituents as the principal
bioactive agents responsible for a-amylase inhibition in P. tectorius. This provides a biochemical rationale for
the potential application of fruit extracts, which are phenolic-rich, in the development of functional foods or
phytopharmaceuticals aimed at managing postprandial hyperglycemia and related metabolic disorders.
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IV. CONCLUSION
This study shows that fruits and leaves of P. fectorius provide similar levels of phenolics and saponins

on a raw material basis, but fruit extracts are significantly richer in these metabolites when expressed per gram
of ethanol extract. Phenolic content exhibited a strong negative correlation with a-amylase ICso values,
confirming its predominant role in the inhibitory effect, while saponins had a minor contribution. Although both
plant parts have potential as herbal resources, fruit extracts appear to be superior candidates for the development
of standardized phytopharmaceutical or nutraceutical products targeting postprandial hyperglycemia.
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Nghién ctru khoa hoc c6ng nghé

MQT SO HQP CHAT SHIKIMATE ESTER, MEGASTIGMANE VA
GLYCOSIDE TU LA DUA THOM (PANDANUS AMARYLLIFOLIUS)

PO HOANG GIANG ®2 BUI THI NHAT LE @, NGUYEN HAI DANG @,
NGUYEN THI THU THUY ©, NGO THI THUY NGAN ®, HOANG LE TUAN ANH @,
NGUYEN NGOC TUNG @, NGUYEN TIEN PAT @

1. PAT VAN PE

Dura thom (Pandanus amaryllifolius Roxb) la mét loai cay thuong xanh vai 1a
c6 mui thom. Cy c6 than thing, cao 2 - 4,5 mét va duong kinh 15 cm [1, 2]. Cum
hoa cai chua dugc biét dén, nhung né tao ra hoa duc trong nhiing truong hop cuc ky
hiém. La duoc str dung rong rai lam huong liéu trén khip Pong Nam A. Cay duoc
trong dé lay la ¢ Viét Nam, Indonesia, Malaysia, Thai Lan, New Guinea, Sri Lanka
va Philippines [1-3]. O Viét Nam, la dira thom thudng duoc sir dung lam thyc pham,
tao mui huong cho cac mon an hodc sir dung lam tra giai khat. Cac nghién ctru trude
day vé thanh phan hoa hoc trén loai cay nay chu yéu tap trung vao cac hop chat
alkaloid [4, 5] trong khi rat hiém cong b vé cac thanh phan khac. Nghién ctu nay
gidi thiéu két qua phan lap va xac dinh cau trdc cua ba hop chét shikimate ester 1a
methyl shikimate (1), n-butyl shikimate (2), methyl 5-epi-shikimate (3), cung vai
mot hop chat megastigmane 1a vomifoliol (4) va mét hop chat glycoside n-butyl D-
galactopyranoside (5) tur 14 dira thom.

2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
2.1. Miu nghién ctru

Phan 14 cua cdy dia thom (P. amaryllifolius) dugc thu hai tai Tam Pao, Vinh
Phtc vao thang 04 nam 2021 va dugc giam dinh boi TS. Bui Van Thanh, Vién Sinh
thai va Tai nguyén Sinh vat. Mau tiéu ban duogc luu trir tai Trung tdm Nghién ciu
Nong duoc, Trung tdm Nghién cau va Phat trién Coéng nghé cao, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam.

2.2. Vit liéu va phwong phap nghién ciru

Sic ky 16p mong dugc thuc hién trén ban mong trang sin TLC Silica gel 60
Fas4 (Merck). Sac ki cot dugc thuc hién véi cac vat lieu hap phu Silica gel 60 c6 kich
thugc hat 0,040-0,063 mm (240-430 mesh ASTM) (Merck, CHLB bDuc);
LiChroprep® RP-18 (0,040-0,063 mm) (Merck, CHLB brc); Diaion HP-20 (Merck,
CHLB Duc). Sic ky diéu ché duoc tién hanh trén hé thdng sic ky long hiéu niang
cao Thermo Ultimate 3000 két néi véi detector DAD cung loai, st dung cot YMC
ODS-A 250x10 mm, 5 um. Pho cong huong tir hat nhan duoc do trén may Brucker
Avance 600 MHz (chat chuan noi la Tetramethylsilane - TMS) tai Vién Hoéa hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Phd ESI-MS duogc do trén thiét bi
Thermo LCQ Fleet LC/MS tai Trung tm Nghién ctu va Phat trién Céng nghé cao,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Do quay cuc duge do trén thiét bi
JASCO P-2000 polarimeter, tai Vién Hoa sinh bién, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.
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2.3. Phan lap céc chat

Phan 14 cua loai P. amaryllifolius duoc ria sach bang nuéc may, sau do cat
nho va siy khd & 45-55°C. Mau sau khi siy kho duoc nghién nho thanh bot (1,3 kg)
va chiét véi 20 L methanol trong bé siéu am & 30-40°C trong vong 30 phut (1ap lai 4
lan). Sau do, phan dich loc duoc tach ra, con phan bi duoc chiét thém ba lan theo
cung phuong phap. Toan bd dich chiét duoc gom lai, cét loai hoan toan dung moi
thu duoc cin chiét tong (129 g) sau d6 hoa lai trong nudc cat, roi duoc acid hoé voi
dung dich HCI 1N dén pH = 3 va chiét phan 16p véi ethyl acetate (EA) (2L x 3 lan).
Pha hitu co duoc tach riéng va cat loai dung méi dé thu dwgc phan doan khong chira
alkaloid (PamNA, 24,6 g). Phan dich nudc duoc kiém héa bang NaOH 1N t&i pH =
9 roi chiét phan bd véi CH,Cl, (4L x 3 1an), tach riéng phan hiru co va cét loai dung
moi dé thu duoc phan doan alkaloid (PamA, 1,8 g).

Phéan doan PamNA (24,6 g) duoc hap phu hoan toan Ién cot sic ky Diaion HP-
20, rira VGi nudc cat, giai hap lan luot véi methanol 30% va 100% thu dugc céc
phan doan M30W (3,2 g) va M100W (8,1 g). Phan doan M30W duoc tach trén cot
sac ky silica gel voi gradient dung méi CH,Cl,-MeOH (20/1-1/1, v/v) thu dugc bon
phan doan W1-W4. Phan doan W3 (121 mg) duoc phan tach trén sic ky long hiéu
ning cao diéu ché HPLC (120 min, 20-70% MeOH trong nudc, 4 mL/phut) thu
duogc cac hop chat 1 (5,5 mg), 2 (6,5 mg), va 3 (3,7 mg). Phan doan M100W duoc
tach trén cot sic ky silica gel véi gradient dung mdi CH,Cl,-MeOH (50/1-1/1, v/v)
thu dugc muoi phan doan M1-M10. Phan doan M5 (91,0 mg) dugc phén tach trén
cot sac ky silica gel véi hé dung méi rira giai CH,Cl,-MeOH (9/1, v/v) thu duoc hai
hop chéat 4 (3,2 mg) va 5 (4,5 mg).

Methyl shikimate (1): ESI-MS: m/z 189 [M+H]*; 'H NMR (CDCls, 600
MHz): 64 6,61 (1H; d; J = 1,8 Hz, H-2); 4,24 (1H, m, H-3); 3,85 (1H, m, H-4); 3,58
(1H, m, H-5); 2,07 (1H, dd, J = 2,4; 18,0 Hz, H-6); 2,41 (1H, dd, J = 3,6; 18,0 Hz;
H-6): 3,67 (3H, s, 7-OCHs); 4,82 (2H, brs, 3,5-OH); 4,60 (1H, brs, 4-OH). *C NMR
(CDCls, 150 MHz): ¢ 127,3 (C-1); 139,7 (C-2); 66,8 (C-3); 70,0 (C-4); 65,4 (C-5);
29,6 (C-6); 166,7 (C-7); 51,5 (7-OCHs).

n-butyl shikimate (2): ESI-MS: m/z 231 [M+H]"; 'H NMR (CDCls, 600
MHz): dy 6,61 (1H, t, J = 1,2 Hz, H-2); 4,80 (1H, brs, H-3); 3,85 (1H, m, H-4); 4,59
(1H, m, H-5); 2,62 (1H, m, H-6a); 2,13 (1H, m, H-6b); 4,08 (2H, t, J = 6,4 Hz, H-
1); 1,59 (2H, m, H-2"); 1,36 (2H, m, H-3%); 0,90 (3H, t, J = 7,2 Hz, H-4"). *C
NMR (CDCls, 150 MHz): ¢ 127,6 (C-1); 139,4 (C-2); 65,4 (C-3); 70,1 (C-4); 66,8
(C-5); 29,6 (C-6a); 166,2 (C-7); 63,6 (C-17); 30,2 (C-2°); 18,7 (C-3°); 13,5 (C-4").

Methyl 5-epi-shikimate (3): ESI-MS: m/z 189 [M+H]"; *H NMR (CDCls;, 600
MHz): n 6,57 (1H, t, J = 3,0 Hz, H-2); 4,63 (1H, m, H-3); 3,49 (1H, m, H-4); 3,45
(1H, m, H-5); 2,13 (1H, dd, J = 9,0; 18,0 Hz, H-6a); 2,61 (1H, dd, J = 4,8; 18,0 Hz,
H-6); 3,70 (3H, s, 7-OCHs); 5,56 (1H, brs, 3-OH); 5,14 (1H, brs, 4-OH); 3,50 (1H,
brs, 5-OH). *C NMR (CDCls, 150 MHz): éc 129,2 (C-1); 136,4 (C-2); 68,6 (C-3);
77,0 (C-4); 61,5 (C-5); 32,1 (C-6); 165,6 (C-7); 52,0 (7-OCHy).

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 35, 09 - 2024 83



Nghién cutu khoa hoc céng nghé

Vomifoliol (4): ESI-MS: m/z 225 [M+H]*, m/z 207 [M-H,O+H]", m/z 471
[2M+Na]"; [a]3® +28,2 (c = 0,25, MeOH):; 'H NMR (CDs0D, 600 MHz): dy 2,51
(1H, d, J = 17,0 Hz, H-2a); 2,20 (1H, d, J = 17,0 Hz, H-2b); 5,90 (1H, brs, H-4);
5,80 (1H, dd, J = 1,5; 15,0 Hz, H-7); 5,84 (1H, m, H-8); 4,39 (1H, m, H-9); 1,26
(3H, d, J =6,5 Hz, H-10); 1,03 (3H, s, H-11); 1,06 (3H, s, H-12); 1,93 (3H, s, H-13);
3C NMR (CD;0D, 150 MHz): dc 50,7 (C-2); 201,2 (C-3); 127,1 (C-4); 167,4 (C-
5); 79,9 (C-6); 130,1 (C-7); 136,9 (C-8); 68,7 (C-9); 23,8 (C-10); 24,4 (C-11); 23,4
(C-12); 19,5 (C-13).

n-Butyl D-galactopyranoside (5): ESI-MS: m/z 237 [M+H]"; 'H NMR
(CDCl3, 600 MHz): oy 4,75 (1H, d, J = 3,6 Hz, H-1); 3,78 (1H, dd, J = 3,6; 6,0 Hz,
H-2); 3,73 (1H, m, H-3); 3,68 (1H, m, H-4); 3,57 (1H, m, H-5); 3,50 (2H, m, H-6);
3,42 (2H, m, H-1%; 1,59 (2H, m, H-2"); 1,40 (2H, m, H-3"); 1,40 (3H, t, J = 7,8 Hz,
H-3'). *C NMR (CDCls, 150 MHz): dc 99,7 (C-1); 75,3 (C-2); 73,5 (C-3); 73,2 (C-
4); 71,9 (C-5); 68,1 (C-6); 62,8 (C-1"; 32,4 (C-2; 20,1 (C-3"); 14,1 (C-4").

Pandanus amaryllifolius
Phan 14 cua cdy duaa thom

(1,3kg)
‘ + MeOH (20 L = 4idn)
Ciin chiét tong sb (129 g)
+ HCI IN't6ipH 3
+EA(2L % 3lan)
R [ \
Phan khong alkaloid (PamNA) Dich mr('rc'l )
(24’6 g} :;Eﬁﬁ;(;\if:;;ﬂiii' L = 3ianj
CC, Diaion HP-20,
+MeOH 30% | . l
+MeOH 100% Phin Alkaloid Dich nuée 2
[ | (1,82 ¢)
M30W (3.2 g) MI0OW (8.1 g)
‘ CC, silica gel DM 20/1 =111, viv | CC, silica gel DIMS0/1 - /1, v
[ I ] [ I |
WL, W2 W3 W4 M1-M4 M6-M10
prep-HPLC, YMC-C18, 120
min_20-70°% MeOH
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Hinh 1. So d6 phan lap cac hop chit

3. KET QUA VA THAO LUAN

Hop chét 1 thu dugce dudi dang chit rin vo dinh hinh mau tring. Phd ESI-MS
xuat hién tin hiéu m/z 189 [M+H]"* cho phép xac dinh khéi luong phan tir 188 Da
cua hop chat. Phé *H-NMR cua hop chat 1 xuét hién tin hiéu ctia ba proton
oximethine sp® tai 64 4,24 (1H, m, H-3), 3,85 (1H, m, H-4), 3,58 (1H, m, H-5), mot
nhém methylene tai oy 2,07 (1H, dd, J = 2,4, 18,0 Hz, H-6) va 2,41 (1H, dd, J =
3,6, 18,0 Hz, H-6), mot nhdm methoxy tai oy 3,67 (3H, s, 7-OCH3), mét proton
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olefine tai oy 6,61 (1H, d, J = 1,8 Hz, H-2), va ba hydroxy proton tai 4,82 (2H, brs,
3,5-OH) va 4,60 (1H, brs, 4-OH). Phb **C NMR xuét hién ba tin hiéu sp® oximethine
tai oc 66,8 (C-3), 70,0 (C-4), va 65,4 (C-5), hai carbon olefine tai oc 127,3 (C-1) va
139,7 (C-2), mét tin hiéu carbon carbonyl tai oc 166,7 (C-7) va mot nhom methoxy
tai 51,5 (7-OCHj3). Hop chét 1 dugc xac dinh 13 methyl shikimate qua so sanh cac dit
lieu phé MS va NMR ndi trén véi tai liéu tham khao [6].

2
.
\/\/O 0 /O O 12 HO
oo T, T s OH OF\g
2 6 2 6 \ 44 50
" 10
‘ " g o H3o " 2
; H HOY 7 YOH HO" Y “OH o 4
: : : 13 0
- - - 4 NS
OH OH OH 3

1 2 Q) “) ®)
Hinh 2. C4u tric hoa hoc cua céc hop chat 1-5

Hop chat 2 thu dugc dudi dang chat rin vo dinh hinh mau trang. Pho ESI-MS
xuat hién tin hiéu m/z 231[M+H]" cho phép xac dinh khéi luong phan tir 230 Da cua
2. Phd 'H-NMR cua hop chit 2 xuit hién ba tin hiéu proton oximethine sp® tai oy
4,80 (1H, brs, H-3), 3,85 (1H, m, H-4), 4,59 (1H, m, H-5), hai tin hiéu methylene tai
on 2,62 (1H, m, H-6a), 2,13 (1H, m, H-6b), mét proton olefine tai oy 6,61 (1H, d, J
= 1,2 Hz, H-2) va bén tin hiéu cua mot nhém n-butylate tai oy 4,08 (2H, t, J = 6,4
Hz, H-1°), 1,59 (2H, m, H-2"), 1,36 (2H, m, H-3"), 0,90 (3H, t, J = 7,2 Hz, H-4").
Phé C NMR xuét hién céac tin hiéu oximethine sp* carbon tai éc 65,4 (C-3), 70,1
(C-4), 66,8 (C-5), hai olefine carbon tai 6c 127,6 (C-1) va 139,4 (C-2), mét tin hiéu
carbon carbonyl tai dc 166,2 (C-7) va cac tin hiéu caa mot géc n-butyl tai 63,6 (C-
17), 30,2 (C-2°), 18,7 (C-3"), 13,5 (C-4”). Tt cé4c dit liéu trén, két hop voi cac dit lidu
tham khao, hop chit 2 duoc xac dinh 1a n-butyl shikimate [7].

Hop chét 3 thu duoc dudi dang chat ran vo dinh hinh mau trang. Khéi lugng
phan tir ciia 3 dugc xac dinh 1a 188 Da théng qua tin hiéu m/z 189 [M+H]" trén pho
ESI-MS. Phé *H-NMR cua hop chét 3 xuét hién tin hiéu cia ba proton oximethine
sp® tai o4 4,63 (1H, m, H-3), 3,49 (1H, m, H-4), 3,45 (1H, m, H-5), mdt nhém
methylene tai 6y 2,13 (1H, dd, J = 9,0; 18,0 Hz, H-6) va 2,41 (1H, dd, J = 4,8, 18,0
Hz, H-6), mot nhom methoxy tai oy 3,70 (3H, s, 7-OCHg3), mot proton olefine tai dy
6,57 (1H, d, J = 3,0 Hz, H-2), va ba hydroxy proton tai 3,50 (2H, brs, 5-OH), 5,14
(1H, brs, 4-OH) va 5,56 (1H, brs, 3-OH). Phd **C NMR xuét hién ba tin hiéu carbon
sp® oximethine tai Jc 66,6 (C-3), 77,0 (C-4), va 61,5 (C-5), hai carbon olefine tai dc
129,2 (C-1) va 136,4 (C-2), mét tin hiéu carbon carbonyl tai éc 165,6 (C-7), va mot
nhom methoxy tai 52,0 (7-OCHs). Dit liéu ph6 cua hop chat 3 cho thay nhiéu nét
trong dong véi hop chit 1, tuy nhién, cé giam di kha rd nét vé do chuyén dich hoé
hoc trén phé **C va *H NMR & vj tri C-5 (61,5 ppm va 3,45 ppm so Vi 65,4 ppm va
3,58 ppm cua 1). Tir cac dit lieu nay két hop so séanh véi céc tai liéu tham khao, co
thé xac dinh day 1a 5-epi-shikimate methyl [8].
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Hop chat 4 thu duoc dudi dang chat dau trong sudt. Trén phd khéi lwong ESI-
MS cia 4 xuét hién pic ion phan tir tai m/z 225 [M+H]", ciing tin hiéu cia cac ion m/z
207 [M-H20+H]+ va m/z 471 [2M+Na]" cho phép xac dinh khdi lwong phan tir 224
Da. Trén phé *H NMR cua 4 xuét hién tin hiéu cia 4 nhém methyl tai Jy 1,26 (3H, d,
J = 6,5 Hz, H-10), 1,03 (3H, s, H-11), 1,06 (3H, s, H-12) va 1,93 (3H, s, H-13).
Ngoai ra trén phé *H NMR con cho thay sy xuét hién caa ba proton olefine tai on
5,90 (1H, brs, H-5), 5,84 (1H, m, H-8); 5,80 (1H, dd, J = 1,5; 15,0 Hz, H-7). Tin hiéu
cua hai proton methylene dugc xac dinh tai oy 2,20 (1H, d, J = 17,0 Hz, H,-3) va
2,51 (1H, d, J = 17,0 Hz, H-3), trong khi tin hiéu proton oximethine dugc xac dinh
tai o4 4,39 (1H, m, H-9). Phd *C NMR xuét hién tin hiéu caa 13 nguyén ti carbon,
trong d6 c6 mot nhom carbonyl cong huong tai oc 201,2 (C-4), 4 tin hi¢u carbon
ving truong thap tai 127,1 - 167,4 goi y su ton tai cua hai ndi d6i C=C. Ngoai ra, tin
hi¢u cua 4 carbon methyl ciing dugc xac dinh tai oc 23,8 (C-10), 24,4 (C-11), 23,4
(C-12), 19,5 (C-13), tin hiéu carbon methylene dugc xac dinh tai dc 50,7 (C-3) va 2
tin hiéu carbon carbinol tai dc 79,9 (C-6), 68,7 (C-9). Dix liéu pho NMR cua hop chat
4 phii hop Vi thong tin da cong b vé hop chat vomifoliol, két hop véi thdng tin vé
tri s6 [a]3° +28,2 cho phép xac dinh 4 1a 6S,9R-vomifoliol [9, 10].

Hop chit 5 thu duoc dudi dang chat rin mau trang. Phd ESI-MS cua 5 xuét
hién tin hiéu m/z 237 [M+H]*. Phé *H-NMR xuét hién tin hiéu caa mot anomeric
proton tai oy 4,75 (1H, d, J = 3,6 Hz, H-1), cting bdn tin hiéu proton oxymethine tai
on 3,78 (1H, dd, J = 3,6; 6,0 Hz, H-2), 3,73 (1H, m, H-3), 3,68 (1H, m, H-4), 3,57
(1H, m, H-5), 3,50 (2H, m, H-6) ching minh cau trdc cua mot tiéu phan duong,
cung tin hiéu caa mot nhom n-butyl oxy hoa tai oy 3,42 (2H, m, H-1'), 1,59 (2H, m,
H-2", 1,40 (2H, m, H-3"), 1,40 (3H, t, J = 7,8 Hz, H-4"). Phé 13C NMR xuét hién tin
hiéu cia mot tiéu phan galactose tai dc 99,7 (C-1), 75,3 (C-2), 73,5 (C-3), 73,2 (C-
4), 71,9 (C-5), 68,1 (C-6), cung tin hiéu caa mot nhom n-butyl tai Joc 62,8 (C-1),
32,4 (C-2), 20,1 (C-3), 14,1 (C-4"). Céc dir liéu pho noi trén, két hop voi dit lidu
tham khao [11], cho phép xéac dinh hop chét 5 1a n-butyl D-galactopyranoside.

Céc nghién ctu trude day trén ddi twong 14 dira thom da phan 1ap rat nhiéu
hop chat alkaloid vai nhiéu hoat tinh sinh hoc dang chu y [4, 5, 12, 13]. Nghién cau
nay la lan dau tién céc ester cua shikimic acid, mot hop chat megastigmane va mot
hop chit glycoside dugc phan lap va xac dinh cau tric tir 14 dta thom P.
amaryllifolius. Viéc phat hién cac hop chét shikimate ester ciing goi ¥ V& sy ton tai
cua chu trinh shikimic trong qua trinh ban tong hop cac hop | chat chuyen hoa thir cap
trong cay dira thom. Nhirng nghién ctru sau hon can duoc tién hanh dé 1am rd nhitng
phat hién mai nay.

4. KET LUAN

Tir phan 14 cua cay dira thom P. amaryllifolius, nim hop chat gdm mét hop
chat megastigmane, mot hop chét glycoside cuing véi ba hop chét shikimate ester da
duoc phan lap. Pay 1a 1an dau tién, cac hop chét nay duoc tim thay trong thanh phan
hoa hoc cua la dira thom. Nhitng nghién ciru sdu hon vé cac hop chat khéng phai
alkaloid trong cdy dira thom cin duoc tién hanh dé lam 13 tinh da dang vé thanh
phan hod hoc va hoat tinh sinh hoc cua loai thuc vat nay.
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SUMMARY

SHIKIMATE ESTERS, MEGASTIGMANE AND GLYCOSIDE FROM LEAVES
OF PANDANUS AMARYLLIFOLIUS

Phytochemical investigation of the leaves of Pandanus amaryllifolius led to
the isolation of three shikimate esters including methyl shikimate (1), n-butyl
shikimate (2), and 5-epi-shikimate methyl (3), together with vomifoliol (4), a
megastigmane, and n-butyl D-galactopyranoside (5)-a glycoside. Structures of the
isolated compounds were elucidated by spectroscopy data.

Keywords:  Pandanus, Pandanus amaryllifolius, shikimate ester,
megastigmane, vomifoliol, D-galactopyranoside.
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MOT SO HGP CHAT PHENOLIC TU QUA DUA DAI
(PANDANUS TECTORIUS)

PHENOLICS FROM FRUITS OF PANDANUS TECTORIUS

D6 Hoang Giang'?, Nguyén Hai Pang’, Nguyén Thu Uyén?,

Bui Thi Nhat Lé?, Hoang Thuy Duong?, Luu Hai Nhi?,

Nguyén Thi Luyén?, Hoang Lé Tuan Anh?, Nguyén Ngoc Tung?,
Nguyén Thi Thu Thuy?, Ngé Thi Thuy Ngan*, Nguyén Tién Dat>"
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TOM TAT

Tu qua difa dai (Pandanus tectorius), hai hop chat lignan va hai dan xuat benzoate la matairesinol (1), arctigenin (2), methyl 4-hydroxybenzoate (3) va
methyl syringate (4) da dugc phan lap. Cac hgp cht dugc phan Iap bang cac phuong phap sac ky c6t truyén thdng két hgp véi phuong phap diéu ché hién dai
trén hé thong sac ky long hiéu nang cao. (au tric cia cac hgp chat dugc xdc dinh dua trén cic dif liéu pho cdng hudng tir hat nhan (NMR) va khdi pho (MS). Két
qua clia nghién ctiu nay gép phan lam rd hon vé thanh phan hoa hoc clia loai dia dai, lam co s6 cho nhiing nghién ctiu chuyén sau hon vé hoat tinh sinh hoc va
(ing dung clia qua difa dai trong linh vuc y dugc, thuc pham.

Tir khéa: Dita dai, matairesinol, arctigenin, lignan, phenolic.

ABSTRACT

From the fruit of Pandanus tectorius, two lignan compounds and two benzoate derivatives - matairesinol (1), arctigenin (2), methyl 4-hydroxybenzoate (3),
and methyl syringate (4) were isolated. The compounds were separated using traditional column chromatography methods combined with modern preparative
technigues on a high-performance liquid chromatography (HPLC) system. Their structures were determined based on nuclear magnetic resonance (NMR) and
mass spectrometry (MS) data. The results of this study contribute to a better understanding of the chemical composition of Pandanus tectorius, providing a
foundation for further in-depth research on its biological activities and potential applications in pharmaceuticals and food industries.

Keywords: Pandanus tectorius, matairesinol, arctigenin, lignan, phenolic.
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1. GIGI THIEU tU trung du va mién nui phia Bdc dén vung duyén hai

Dua dai (Pandanus tectorius Parkinson ex Du Roi) la  Khanh Hba’ [2]. Trong y hoc dén gian, ré C"f‘y dual dai,dch:ic
mot loai thuc vat phé bién tai cac khu vuc riing nhiét ddi, sirdung dé tri cdc bénh nhu phu thiing, tiéu budt, tiéu rat,
riing ngap man va viing dét ven bién, phan bé rong rai tur s6i than hodc duing ngoai dé chira gay xuang, tri 10i [3, 41.
Nam A dén cic dao thudc Théi Binh Duong [1]. G Viét La cla cay ¢6 vi ngot, tinh mat, gilp gidi nhiét va thudng
Nam, loai cay nay thudng xuat hién tai nhiéu dia phuong, dugc dung dé chita cdm, sét. Ngoai ra, dot non ciing duoc
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ghi nhan c6 tac dung ho trg diéu tri séi than va kinh
phong & tré em [2-4]. VEé madt hoa hoc, cac nghién clu
quéc té da xac dinh nhiéu nhém hgp chat trong P.
tectorius, bao gom flavonoid, lignan, coumarin, va cac dan
xudt clia axit benzoic [5-7]. Mot sé nghién ctu vé thanh
phan héa hoc clia la va qua cay dua dai da phat hién mot
s6 hop chat lignan nhu pinoresinol, syringaresinol,
medioresinol, lyoniresinol va balanophonin [5, 7] hoac
mot sé flavonoid nhu tangeretin, sakranetin, chrysin,
naringenin [8]. Cac thanh phan hod hoc tur cdy dia dai da
thé hién mét s hoat tinh sinh hoc dang chu y nhu chéng
oxi hoa, khang viém, gay déc té bao ung thu...

Trong nghién ctu hién tai, ching téi trinh bay két qua
phan lap va xac dinh cdu trdc cia bon hgp chat phenolic
bao gém matairesinol, arctigenin, methyl 4-
hydroxybenzoate va methyl syringate tU qua dda dai P.
tectorius, trong d6 hai hgp chat lignan cung véi hgp chat
methyl syringate lan dau tién dugc phat hién ti loai thuc
vat nay.

2. PHUONG PHAP NGHIEN CUU VA THUC NGHIEM
2.1. M3u nghién ciu

Phan qua cla cay dua dai P. tectorius dugc thu hai tai
xa Cao Vién, huyén Thanh Oai, thanh ph6 Ha Néi vao
thang 03 nam 2021 va dugc giam dinh bdi TS. Bui Van
Thanh, vién Sinh thai va Tai nguyén Sinh vat. Mau tiéu ban
(ma s6 NCCG 200107) dugc luu tri tai Trung tam Nghién
ctu Nong dugc, Trung tdm Nghién ctu va Phat trién Cong
nghé cao, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
2.2, Vat liéu va phuong phap nghién ciu

Sac ki cot dugc thuc hién véi cac vat liéu hap phu Silica
gel 60 c6 kich thudc hat 0,040 - 0,063mm (240 - 430 mesh
ASTM) (Merck, CHLB Duc); LiChroprep® RP-18 (0,040 -
0,063mm) (Merck, CHLB Buc); Diaion HP-20 (Merck, CHLB
Bic). Sac ky 16p mong dugce thuc hién trén ban mong
trang san TLC Silica gel 60 Fasa (Merck). Sac ky diéu ché
dugc tién hanh trén hé théng sac ky long hiéu nang cao
Thermo Ultimate 3000 két n6i véi detector DAD cung loai,
st dung c6t YMC ODS-A 250x10mm, 5um. Phé cong
hudng tu hat nhan dugc do trén may Brucker Avance 600
MHz (chat chudn néi la Tetramethylsilane - TMS) tai Vién
Héa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
Phé ESI-MS dugc do trén thiét bi Thermo LCQ Fleet LC/MS
tai Trung tdm Nghién ctu va Phat trién Cong nghé cao,
Vién Han Iam Khoa hoc va Céng nghé Viét Nam.

2.3. Phéan lap cac chat

Phan qua cay dua dai P. tectorius (21kg) dugc rifa sach
bang nudc, sau d6 cat nhé va say kho 645 - 55°C. Mau sau
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khi sdy khé dugc nghién nho thanh bét (2,9kg) va chiét
vGi 20L methanol trong bé siéu am & 30 - 40°C trong vong
60 phut (Iap lai 4 1an). Toan bé dich chiét dugc gom lai, cat
loai hoan toan dung maéi thu dugc can chiét téng (154q).
Can chiét nay dugc phan tan trong 3L nudc va chiét phan
b6 lan luot véi n-hexane (3L x 3 lan) va ethyl acetate (3L
x 3 1an), thu lai ting pha hiru ca r6i cat loai dung moi dé
thu dugc phan doan hexan (31,2g) va phan doan ethyl
acetate (40,7g). Phan nuéc dugc cat loai hét dung moi
hitu co r6i hap phu trén c6t sac ky Diaion HP-20, sau dé
ria bang nudc cat trudc khi gidi hap lan lugt bang
methanol 50% va methanol 100% thu dugc phan doan
M50 (7,5g) va M100 (11,49).

Phan doan ethyl acetate dugc phan tach trén cét sac
ky silica gel v6i hé dung mai rira gidi CH,Cl,- MeOH (100/0
- 0/100, v/v) thu dugc chin phan doan E1-E9. Phan doan
E7 (1,47g) dugc phan tach trén cot sac ky silica gel véi hé
dung mai rdra giai CH,Cl, - methanol (9/1, v/v) thu dugc
hop chat 1 (6,7mg). Phan doan E5 dugc phan tach trén
cot sac ky silicagel v6i hé dung moi rira giai CH.Cl, -
acetone (3/1, v/v) sau d6 tinh ché lai san pham trén hé
thong sac ky diéu ché vaéi gradient dung moéi methanol -
nudgc (1/2 - 4/1,v/v), t6c d6 dong 4mL/phut, thu dugc hop
chat 2 (7,9mq).

Phan doan M100 dugc phan tach trén cét sac ky silica
gel v6i hé dung méi rira gidi CH,Cl, - MeOH (30/1 - 0/100,
v/v) thu dugc sdu phan doan M1-M6. Phan doan M5
(547mg) phan tach trén cot sac ky RP-18 véi hé dung moi
methanol - nudc (2/1, v/v) thu dugc hai hgp chat 3
(3,6mg) va 4 (5,9mg).

Matairesinol (1): [a]? =-22,4°(c 0,9, MeOH); ESI-MS:
m/z 359 [M+H]*; 'TH NMR (CDCl;, 500MHz): 6 6,41 (1H; d;
J = 2,0Hz; H-2); 6,81 (1H; d; J = 8,0Hz; H-5); 6,51 (1H; dd;
J =8,0; 2,0Hz, H-6); 2,53-2,63 (2H; m; H-7); 2,48 (1H; m;
H-8); 3,89 (1H; dd; J=9,0; 7,0Hz; H-9a); 4,16 (1H; dd; J=9,0;
7,0Hz; H-9b); 6,61 (1H; d; J = 2,0Hz H-2"; 6,79 (1H; d;
J=8,0Hz; H-5"; 6,59 (1H; dd; J =8,0; 2,0Hz; H-6"); 2,89 (1H;
dd; J = 14,0; 6,0Hz ; H-7'a); 2,95 (1H; dd; J = 14,0; 6,0Hz;
H-7'b); 2,56 (1H; m; H-8"); 3,81 (3H; s; 3-O-CHs); 3,81 (3H; s;
3'-0-CHs); *C NMR (CDCls; 125MHz): 6 129,6 (C-1); 111
(C-2); 146,7 (C-3); 144,6 (C-4); 114,4 (C-5); 121,3 (C-6); 38,3
(C-7); 41 (C-8); 71,3 (C-9); 178,8 (C-10); 129,5 (C-1"; 11,5
(C-2"; 146,6 (C-3"); 144,4 (C-4"; 114,1 (C-5"; 122,1 (C-6");
34,6 (C-7"); 46,6 (C-8"); 55,9 (3-O-CHs); 55,8 (3'-O-CHs).

Arctigenin (2): [a]* =-16,8° (c 0,8 , MeOH); ESI-MS:

m/z 373 [M+HT1*; "H NMR (CDCls, 500MHz): 6 6,64 (1H; d;
J=1,5Hz; H-2); 6,75 (1H; d; J = 8,0Hz; H-5); 6,55 (1H; d; J =
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8,0; 1,5Hz; H-6); 2,91 (1H; m; H-7); 2,55 (1H; m; H-8); 4,14
(1H; dd; J = 9,0; 7,5Hz; H-9a); 3,89 (1H; dd; J = 9,0; 7,5Hz;
H-9b); 6,46 (1H; dd; J = 2,0Hz; H-2"); 6,82 (1H; dd; J = 8,0Hz;
H-5"; 6,64 (1H; d; J=8,0; 2,0Hz; H-6'); 2,94 (1H; dd; J= 14,0;
5,5Hz; H-7'a); 2,90 (1H; dd; J = 14,0; 6,5Hz; H-7'b); 2,50 (1H;
m; H-8'); 3,88 (3H; m; 3-O-CHs); 3,88 (3H; m; 3'-O-CHs); 3,88
(3H; m; 4-O-CHs); >*C NMR (CDCls; 125MHz): 6 130,4 (C-1);
111,8 (C-2); 149 (C-3); 147,8 (C-4); 111,3 (C-5); 120,6 (C-6);
38,1 (C-7); 46,6 (C-8); 71,2 (C-9); 179,7 (C-10); 129,4 (C-1");
111,5 (C-2"); 146,7 (C-3'); 144,5 (C-4"); 114,2 (C-5"; 122,0
(C-6"; 34,5 (C-7"); 40,9 (C-8); 55,9 (3-O-CHs); 55,8 (3'-O-
CHs); 55,8 (4-O-CH).

Methyl 4-hydroxybenzoate (3): ESI-MS: m/z 153
[M+H]*; "TH NMR (CDCls; 600 MHz): 6 7,81 (1H; d; /= 6,6Hz;
H-2;6); 6,84 (1H; d; J = 6,6Hz H-3,5); 3,78 (3H; s; 7-O-CH;),
3CNMR (CDCl5; 125MHz): 6 120,2 (C-1); 131,3 (C-2); 115,3
(C-3,5); 161,9 (C-4); 131,3 (C-6); 166,0 (C-7); 51,6 (7-O-CHs).

Methyl syringate (4): ESI-MS: m/z 213 [M+H]*; 'TH NMR
(CDCls; 600MHz): 6 7,34 (2H; s; H-2,6); 3,88 (6H; s; 3,5-O-
CHs); 3,89 (3H; s; 7-O-CHs), *C NMR (CDCls; 125MHz): 6
121,37 (C-1); 108,1 (C-2); 148,9 (C-3,5); 141,94 (C-4); 108,1
(C-6); 168,6 (C-7); 56,8 (3,5-O-CHs); 52,5 (7-O-CHs).

3. KET QUA VA THAO LUAN

Hop chat 1 thu duéi dang dau mau vang. Khéi lugng
phan tur cta 1 dugc xac dinh 1a 358 Da dua vao su xuét
hién tin hiéu ion phan t& [M+H]* & m/z 359 trén phé ESI-
MS. Trén phd "H NMR xudt hién sau tin hiéu cta hai hé
vong thom ABX tai 616,41 (1H, d, J = 2,0Hz, H-2), 6,81 (1H,
d, J=8,0Hz, H-5),6,51 (1H, d, J=8,0; 1,5Hz, H-6) va 64 6,61
(1H, dd, J =2,0Hz, H-2", 6,79 (1H, dd, J = 8,0Hz, H-5), 6,59
(1H, d, J=8,0; 2,0Hz, H-6"); hai tin hiéu methine 6,1 2,48 (1H,
m, H-8), 2,56 (1H, m, H-8"); hai tin hiéu proton clia nhom
oxymethylene tai 6y 4,16 (1H, dd, J = 9,5; 7,5Hz, H-9a),
3,89 (1H, dd, J =9,5; 7,5Hz, H-9b) cung tin hiéu cla hai
nhém methylene khac tai én 2,60 (2H, m, H-7), 2,95 (1H,
dd, J=14,0; 5,5Hz, H-7'a) va 2,89 (1H, dd, J = 14,0; 6,5Hz,
H-7'b); va tin hiéu cia hai nhém methoxy 64 3,80 (3H, s)
va 3,81 (3H, s). Trén phd *C NMR va phé DEPT xuat hién
tin hiéu cta 21 nguyén ti carbon bao gém 6 nhém -CH
thudc vong thom 6¢111,0 (C-2), 111,5 (C-2'), 114,4 (C-5),
114,1 (C-5"), 121,3 (C-6), 122,1 (C-6'), 6 tin hiéu carbon
thom khong lién két véi hydro bao gom 6¢ 129,6 (C-1),
129,5 (C-1") va bén tin hiéu carbon vong thom lién két truc
ti€p vGi oxy 8¢ 146,7 (C-3), 146,6 (C-3'), 144,6 (C-4) va 144,4
(C-4'). Céc tin hiéu nay moét lan nita khdng dinh sy xuat
hién cda hai vong thom trong cau trdc ctia 1. Su xuat hién
cua hai tin hiéu methine 6¢ 41,0 (C-8), 46,6 (C-8'), mét tin
hiéu oxymethylene 6¢ 71,3 (C-9), va mét tin hiéu nhém
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carboxyl tai 6c178,8 (C-10) trén phd *C NMR va phé DEPT
gai y vé su xuat hién cia mot vong lactone. Ngoai ra, trén
phé 3C NMR va phé DEPT cla 1 con ¢ tin hiéu cda hai
nhém methylene &¢ 38,3 (C-7), 34,6 (C-7) va hai nhém
methoxy tai 8¢ 55,9 (3-O-CHs); 55,8 (3'-O-CHs). DU liéu phé
clia hgp chat 1 trung khép vai dit liéu phé da cong bé cta
matairesinol [9], trong d6, cau hinh (-) dugc xac dinh
thong qua su tuong dong vé tri s6 [a]?® = -22,4° véi hop
chat tuong tu trong tai liéu tham khao. Do d6 c6 thé xac
dinh 1 la matairesinol [10].

OO
AL
O___
S22 3 2 6
g 4 3 5
B OH R 4 R
s OH
(1)R=H (3)R=H
(2) R=CH; (4) R=OCHj3

Hinh 1. Cau triic hod hoc clia cdc hop chat 1-4

Hgp chat 2 thu duéi dang dau mau vang nau. Khéi
lugng phan ti clia 2 dugc xac dinh la 372 Da dua vao su
xuat hién pic ion gia phan t& [M+H]* & m/z 373 trén phé
ESI-MS. Trén phé 'H NMR xuét hién sau tin hiéu cda hai hé
vong thom ABX tai 616,64 (1H, d, J=1,5Hz, H-2), 6,75 (TH,
d,J =8,0Hz, H-5),6,55 (1H, d, J=8,0; 1,5Hz, H-6) va 6. 6,46
(1H, dd, J =2,0Hz, H-2"), 6,82 (1H, dd, J = 8,0Hz, H-5'), 6,64
(1H,d, J=8,0; 2,0Hz, H-6"); hai tin hiéu methine 64 2,55 (1H,
m, H-8), 2,50 (1H, m, H-8'); hai tin hiéu proton clia nhém
oxymethylene tai 64 4,14 (1H, dd, J=9,0; 7,5Hz, H-9a), 3,89
(1H, dd, J=9,0; 7,5Hz, H-9b) cung tin hiéu cla hai nhém
methylene khac tai 6x 2,91 (2H, m, H-7), 2,94 (1H, dd,
J = 14,0; 5,5Hz, H-7'a) va 2,90 (1H, dd, J = 14,0; 6,5Hz,
H-7'b); va tin hiéu ctia ba nhém methoxy 64 3,81 (3H, s),
3,86 (3H, s) va 3,88 (3H, s). Trén phd '*C NMR va phd DEPT
xuat hién tin hiéu ctia 21 nguyén ti carbon bao gém 6
nhém -CH thudc vong thom 6¢111,8 (C-2), 111,5 (C-2"),
111,3 (C-5), 114,2 (C-5"), 120,6 (C-6), 122,0 (C-6"), 6 tin hiéu
carbon thom khong lién két véi hydro bao gém 6 130,4
(C-1), 129,4 (C-1") va bon tin hiéu carbon vong tham lién
két truc tiép vai oxy 8¢ 149,0 (C-3), 146,7 (C-3'), 147,8 (C-4)
va 144,5 (C-4"), hai nhdm methylene 6¢ 38,1 (C-7), 34,5
(C-7") va ba nhém methoxy tai 6c 55,9 (3-O-CHs); 55,8 (3'-
O-CHs); 55,8 (4-O-CHs). Su xuat hién cua hai tin hiéu
methine &c 46,6 (C-8), 40,9 (C-8), mét tin hiéu
oxymethylene 6¢ 71,2 (C-9), va mot tin hiéu nhém
carboxyl tai 6c179,7 (C-10) ggi y vé su xuat hién clia mét
vong lactone. Cé thé thay, dit liéu phé ctia hop chat 2 ¢
su tuang dong rat 1én véi hgp chat 1 nhung c6 thém mét

Tap 61- S0 5B (5/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

tin hiéu methoxy. Tu cac dir liéu trén, két hop véi cac di
litu tham khao [11], hgp chat 2 dugc xac dinh la
arctigenin. Cau hinh (-) dugc xac dinh théng qua su tuong
dong vé tri s6 [a]® = -16,8° vdi hop chat tuong tu trong
tai liéu tham khao [10].

Hgp chat 3 thu dugc dudi dang chét ran vé dinh hinh
mau trang. Khéi lugng phan t ctia 3 dugc xac dinh la 152
Da théng qua tin hiéu m/z 153 [M+H]* trén phé ESI-MS.
Phé "H-NMR clia hgp chat 3 xuét hién cac tin hiéu proton
clia hé vong thom A;B; tai 647,81 (1H; d; J = 6,6Hz; H-2;6)
va 6,84 (1H; d; J = 6,6Hz; H-3;5) cung tin hiéu clla mot
nhom methoxy tai 3,78 (3H; s; 7-O-CHs). Trén phd *C NMR
va DEPT clia hgp chat 3 xuat hién tin hiéu ctia sau carbon
vong thom hé A;B; tai 6c cung tin hiéu cla mot nhom
carboxyl tai 6c 166,0 (C-7) va mét tin hiéu methoxy tai 6¢
51,6 (7-O-CHs). So sdnh d(t liéu phé cta 3 vdi tai liéu tham
khdo [12], c6 thé xac dinh day la hgp chat methyl
4-hydroxybenzoate.

Hop chat 4 thu dugc dudi dang chat rdn mau trang.
Trén phd khéi luong ESI-MS cuia 4 xuat hién pic ion phan
tdr tai m/z 213 [M+H]* cho phép xac dinh khéi lugng phan
t&r 212 Da clia hgp chat. Trén phé 'H NMR cla 4 xuéat hién
tin hiéu cda hai proton d6i xting nhau & vi tri meta tai 6
7,34 (2H; s; H-2,6) cung véi tin hiéu clla ba nhém methoxy
tai 64 3,89 (6H; s; 3,5-0-CHs) va 3,88 (3H; s; 7-O-CHs). Phé
13C NMR va DEPT xuat hién tin hiéu cia sau carbon vong
thom tai 6¢ 121,37 (C-1); 108,1 (C-2); 148,9 (C-3,5); 141,94
(C-4); 108,1 (C-6), mét tin hiéu carboxyl tai ¢ 168,6 (C-7)
va ba tin hiéu methoxy tai 8¢ 56,8 (3,5-O-CH;); 52,5 (7-O-
CHs). DU liéu phé cta hgp chat 4 ¢6 su tuong déng kha
I6n v6i hop chat 3, nhung c6 su thay d6i & hai vi tri carbon
vong thom lién két vai oxy tai 8¢ 148,9 (C-3,5) tuong Uing
véi su c6 mat cda hai nhém methoxy tai ¢ 56,8 (3,5-0O-
CHs). TU cac di liéu trén, két hop véi dit liéu tham khao
[13], c6 thé két luan hop chat 4 1a methyl syringate.

Tu phan qua cla cay dia dai P. tectorius, bon hgp chat
da dugc phan lap bao gébm matairesinol (1), arctigenin
(2), methyl 4-hydroxybenzoate (3) va methyl syringate
(4). Ngoai trir hgp chat 3, cac hgp chat con lai déu dugc
phat hién lan dau tién trong thanh phan hoé hoc cta loai
P. tectorius. Cac nghién ctu trudc day chira rang, cao chiét
tU cac bo phan trén mat dat cla loai dua dai P. tectorius
thé& hién nhiéu hoat tinh sinh hoc quy nhu chéng oxi hoa,
khéng khuan, gay doc t€ bao ung thu [14-17]. Nhimng phat
hién mdi trong nghién ctu nay gop phan lam sang té
ngudn gbc cac hoat tinh sinh hoc ké trén cla loai P.
tectorius va cho thdy day van la mét doi tugng nghién ctu
day tiém nang dé tim kiém cac chat c6 hoat tinh sinh hoc.
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Nghién ctu vé thanh phan hoa hoc cia qua dura dai (P.
tectorius) da phat hién bén hop chat phenolic, bao gom
hai hgp chat lignan la matairesinol va arctigenin, cing hai
hgp chat benzoate la methyl 4-hydroxybenzoate va
methyl syringate. Trong s6 d6, cac hgp chat matairesinol,
arctigenin va methyl syringate lan dau tién dugc phat
hién tir loai dua dai (P. tectorius). Két qua clia nghién ctu
cho thay tiém nang rat 16n trong viéc khai thac va sttdung
qua dta dai trong d&i séng va trong y hoc, gop phan tao
ra cac ché phdm cé ich, phuc vu va cham séc stic khoé ctia
con nguai.
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MOT SO HQP CHAT PHENOLIC TU LA DUA THOM (PANDANUS
AMARYLLIFOLIUS)
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NGUYEN HAI PANG®, NGUYEN THI THU THUY®, NGO THI THUY NGAN®, HOANG LE
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@ Bai hoc Khoa hoc va Céng nghé Ha Néi, Vién Han lam Khoa hoc va Céng nghé Viét Nam
@ Trung tam Nghién cieu va Phat trién Cong nghé cao, Vién Han lam Khoa hoc va Cong nghé Viét Nam
@ Trung tam Nhiét ddi Viét - Nga
@ Truwong Pai hoc Y Duoc, Pai hoc Thdi Nguyén
* Tdc gid lién hé: - Nguyén Tién Pat
- Dia chi: Trung tam Nghiérz ctru va Phat tr’ié’n cong {zghé cao, Vién Han ldam Khoa hoc
va Cong nghé Viét Nam, so 18 Hoang Quoc Viét, Cau Giay, Ha Noi
- 86 dién thogi: 0936401456; Email: ntdat@chid.vast.vn

- Diém néi bit:
v' Lan dau tién, bon hop chat phenolic gom vanillin, vanillic acid, p-
hydroxybenzaldehyde va methyl gallate duwgc phat hién tir 14 dra thom
(Pandanus amaryllifolius).
v Céc hop chat duogc phan 1ap bang cac phuong phap sic ky va xac dinh cdu
trac bang cac phuong phap pho hién dai.
- Tém tdt : Bing cac phuong phap séc ky, bén hop chét phenolic bao gdm vanillin
(1), vanillic acid (2), p-hydroxybenzaldehyde (3) va methyl gallate (4) dugc phan lap tur
14 dira thom (Pandanus amaryllifolius). Cau triic cia cac hop chit dugc xac dinh dya vao
cac dir lidu phd cong huong tir hat nhan (NMR) va khdi phd (MS). Day 1a lan dau tién,
cac hop chét nay dwoc phat hién tir loai dira thom (Pandanus amaryllifolius).

- Tir khoa: Pandanus, dira thom, phenolic, vanillin, methyl gallate.
1. PAT VAN PE

Dta thom (Pandanus amaryllifolius Roxb) 1a mét loai cidy moc phd bién tai cac
qudc gia nhiét d6i va can nhiét déi [1, 2]. O Viét Nam, 14 dtra thom thuong dugc st dung
lam thuc phém, huong li€u, tra nho mui thom dac trung va vi thanh mat. Trong y hoc co
truyén, 1a dtra con duge dung dé 1am diu dau khép, giam duong huyét va hd tro hé tiéu
hoa [1-3]. Cac nghién ctru trudc ddy vé thanh phan hoa hoc cho thay 14 dira thom chira
nhiéu céc alkaloid khung pandamarilactone, pandanamine, pandanusine [4-6]. Cac thanh
phan hoa hoc cua 14 dira thom thé hién nhiéu hoat tinh sinh hoc quy nhu chéng oxi hoa
[7], khang khuan [8], gdy doc té bao ung thu [9]... Cac nghién ciru trén 14 dira thom chu
yéu tap trung vao thanh phan céc alkaloid, trong khi khong ¢ nhiéu nghién ctru vé cac
nhoém hop chat khac duoc cong bd [10]. Trong mot nghién ciru gan day, chung t6i da
phan 1ap duoc mot s hop chét shikimate ester, megastigmane va glycoside tir 14 dira
thom [11]. Trong nghién ciru nay, chiing téi trinh bay két qua phan 1ap va xac dinh céu
tric ctia bén hop chat phenolic tir can chiét khong alkaloid ciia 14 dtra thom gdm vanillin,
vanillic acid, p-hydroxybenzaldehyde va methyl gallate.
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2. PHUONG PHAP NGHIEN CUU VA THU'C NGHIEM
2.1. Miu nghién ctru

Phan 14 cua cay dira thom (P. amaryllifolius) dugc thu hai tai Tam Dao, Vinh Phuc
vao thang 04 nam 2021 va dugc giam dinh béi TS. Bui Van Thanh, Vién Sinh thai va Tai
nguyén sinh vat. Mau tiéu ban dugc huu trit tai Trung tim Nghién ctru Nong dugc, Trung
tdm Nghién ctru va Phat trién Cong ngh¢ cao, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam.

2.2. Vit liéu va phwong phap nghién ciru

Séc ky 16p mong duoc thuc hién trén ban mong trang sin TLC Silica gel 60 Fasq
(Merck). Séc ky cot dugce thuc hién véi cac vat liéu hép phu Silica gel 60 ¢ kich thudc
hat 0,040-0,063 mm (240-430 mesh ASTM) (Merck, CHLB Drrc); LiChroprep® RP-18
(0,040-0,063 mm) (Merck, CHLB Drc); Diaion HP-20 (Merck, CHLB buc). Phd cong
huong tir hat nhan dugc do trén may Brucker Avance 600 MHz (chat chuan noi 1a
Tetramethylsilane - TMS) tai Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét
Nam. Ph6 ESI-MS dugc do trén thiét bi Thermo LCQ Fleet LC/MS tai Trung tim Nghién
ctru va Phat trién Cong ngh¢ cao, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.3. Phén l3p cac chit

Phan 14 cta loai P. amaryllifolius duge xu 1y va chiét xuat bang phuong phap acid-
base dé tach riéng phan can chiét chira alkaloid va phan cin chiét khong chua alkaloid
(PamNA) nhu da trinh bay trong cong b6 trude [11]. Phan doan PamNA (24,6 g) dugc
phan tach trén cot sic ky Diaion HP-20, v&i dung mai giai hap lan lugt 13 voi nudc cét,
methanol 30% va 100% thu dugc cac phan doan M30W (3,2 g) va M100W (8,1 g). Phén
doan M100W duoc tach trén cot sic ky silica gel v6i gradient dung moi CH,Cl,-MeOH
(50/1-1/1, v/v) thu dugc muodi phan doan M1-M10. Phan doan M6 (55,6 mg) dugc phan
tach trén cot sic ky silica gel véi hé dung mdi rira giai CH2Cl,-MeOH (20/1, v/v) thu
duogc hop chat 1 (2,8 mg). Phan doan M7 (158,5 mg) duoc phan tach trén cot sic ky RP-
C18 véi hé dung moi rira giai MeOH-H>O (2/1, v/v) thu duoc hai hop chét 2 (1,1 mg) va
3 (3,2 mg). Phan doan M9 (202,5 mg) dugc phan tach trén cot séc ky silica gel vdi hé
dung mdi rira giai EA-MeOH (10/1, v/v) thu dugc hop chat 4 (3,4 mg).

Vanillin (1): ESI-MS: m/z 153 [M+H]"; '"H NMR (DMSO-ds, 600 MHz): 5u 7,38
(1H, d,J =1,8 Hz, H-2); 6,96 (1H, d, J = 8,4 Hz, H-5); 7,43 (1H, dd, J = 8,4; 1,8 Hz, H-
6); 9,77 (1H, s, H-7); 3,92 (3H, s, 3-OCH3); 10,24 (1H, brs, 4-OH); '*C NMR (CDCl3,
150 MHz): dc 128,7 (C-1); 126,0 (C-2); 148,2 (C-3); 153,0 (C-4); 110,7 (C-5); 115,4 (C-
6); 191,0 (C-7); 55,6 (3-OCH3).

Vanillic acid (2): ESI-MS: m/z 169 [M+H]"; 'H NMR (CDsOD, 600 MHz): 5u 7,58
(1H, d, J = 2,4 Hz, H-2); 6,85 (1H, d, J = 9,0 Hz, H-5); 7,57 (1H, dd, J = 9,0; 2,4 Hz,
H-6); 3,92 (3H, s, 3-OCH3). *C NMR (CDCls, 150 MHz): dc 121,6 (C-1); 125,3 (C-2);
148,7 (C-3); 154,6 (C-4); 113,9 (C-5); 115,9 (C-6); 170,0 (C-7); 56,4 (3-OCH3).

p-hydroxybenzaldehyde (3): ESI-MS: m/z 123 [M+H]"; '"H NMR (DMSO-ds, 600
MHz): ou 6,88 (2H, d, J = 7,2 Hz, H-2, 6); 7,76 (2H, d, J = 7,2 Hz, H-3, 5); 9,72 (1H, s).
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13C NMR (DMSO-ds, 150 MHz): ¢ 129,1 (C-1); 132,8 (C-2, 6); 116,5 (C-3, 5); 163,9
(C-4); 191,8 (C-7).

Methyl gallate (4): ESI-MS: m/z 185 [M+H]".\H NMR (CD;OD, 600 MHz): 61 7,06
(2H, s, H-2, 6); 3,83 (3H, s, 7-OCH3). 3C NMR (CD;0D, 150 MHz): 6c 121,5 (C-1); 110,1
(C-2, 6); 146,5 (C-3, 5); 139,8 (C-4); 169,0 (C-7); 52,3 (7-OCH3).

3.KET QUA VA THAO LUAN

Hop chét 1 thu dugc dudi dang chit rin v6 dinh hinh mau tring. Pho ESI-MS xuit
hién tin hiéu m/z 153 [M+H]" cho phép xéac dinh khdi lwong phan tir cia hop chat 1a 152
Da. Phd 'H-NMR cuia 1 xuét hién tin hiéu cia cac proton thudc hé vong thom ABX tai
ou 7,38(1H, d, J = 1,8 Hz, H-2); 6,96 (1H, d, J = 8,4 Hz, H-5); 7,43 (1H, dd, J = 8,4; 1,8
Hz, H-6), mdt tin hiéu methoxy tai du 3,92 (3H, s, 3-OCHj3), mdt tin hiéu nhom hydroxy
tai on 10,24 (1H, brs, 4-OH) va mdt tin hiéu proton thugc nhom aldehyde tai 619,77 (1H,
s, H-7). Ph6 *C NMR va DEPT xuét hién tin hiéu carbon aldehyde tai dc 191,0 (C-7), ba
tin hi¢u nhom CH thudc vong thom tai dc 126,0 (C-2), 110,7 (C-5) va 115,4 (C-6), hai tin
hi€u carbon vong thom lién két véi oxy tai dc 148,2 (C-3); 153,0 (C-4) va mot nhom
methoxy tai 55,6 (3-OCHjz). Céc dit liéu phd noi trén cho phép du doan céu trac ciia mot
dan xuét benzaldehyde. So sanh cac dir liéu nay véi tai liéu tham khao, co thé xac dinh
hop chét 1 1a vanillin [12].

o G

Hinh 1. Cau triic hoa hoc ciia cac hop chat 1-4

Hop chét 2 thu dugc dudi dang chit rin v6 dinh hinh mau tring. Pho ESI-MS xuit
hién tin hiéu m/z 169 [M+H]" cho phép xéac dinh khdi lwgng phan tir 168 Da cuia 2. Pho
'H-NMR cua 2 xuét hién tin hiéu clia cac proton thudc hé vong thom ABX tai du 7,58
(1H, d, J = 2,4 Hz, H-2); 6,85 (1H, d, J = 9,0 Hz, H-5); 7,57 (1H, dd, J = 9,0; 2,4 Hz,
H-6), mot tin hiéu methoxy tai du 3,92 (3H, s, OCH3). Phd '*C NMR va DEPT xuét hién
tin hi¢u nhom carboxyl tai dc 170,0 (C-7), ba tin hi¢u nhém methine vong thom tai Jc
125,3 (C-2), 113,9 (C-5), 115,9 (C-6), hai tin hiéu carbon vong thom lién két véi oxy tai
Sc 148,7 (C-3), 154,6 (C-4) va mdt nhém methoxy tai 56,4 (3-OCH3). Dit liéu pho cia
hop chét 2 hau nhu twong dong véi hop chét 1 ngoai trir sy khac biét gitra tin hiéu nhém
carboxyl & hop chat 2 so v6i nhom aldehyde & hop chét 1. Pidu nay dugc khing dinh
thong qua chénh léch 16 Da trong khdi lwong phan tir giita hai hop chét. Tir cac dir lidu
trén, két hop voi cac dir liéu tham khao, xac dinh hop chat 2 1a vanillic acid [12].

C))

Hop chét 3 thu duoc dudi dang chét rin vo dinh hinh mau trang Vol khdi luong
phan tir 122 Da théng qua tin hiéu m/z 123 [M+H]" trén pho ESI-MS. Pho '"H-NMR ctia
hop chat 3 xuat hién tin hiéu cua bon proton thudc hé vong thom A»B:> tai du 6,88 (2H, d,
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J=17,2Hz, H-2,6); 7,76 (2H, d, J = 7,2 Hz, H-3, 5) va mdt tin hiéu proton thudc nhém
aldehyde tai oy 9,72 (1H, s, H-7). Phé 3C NMR va DEPT xuét hién tin hiéu carbon
aldehyde tai oc 191,8 (C-7), cac tin hiéu nhom methine trong vong thom tai dc 132,8 (C-
2, 6); 116,5 (C-3, 5) va mot tin hiéu carbon vong thom lién két truc tiép vai oxy tai dc
163,9 (C-4). So sanh dit liéu phd trén véi tai lidu tham khao, c6 thé xac dinh hop chét 3
1a p-hydroxybenzaldehyde [13]

Hop chét 4 thu duoc dudi dang chat ran vo dinh hinh mau trang. Phd ESI-MS xuit
hién tin hiéu m/z 185 [M+H]" cho phép xac dinh khdi lwong phan tir cia hop chat 1a 184
Da. Trén pho 'H NMR cua 4 xuat hién tin hiéu ctia hai proton thom d6i xtmg nhau tai oy
7,06 (2H, s, H-2, 6) va m0t nhom methoxy tai du 3,83 (3H, s, 7-OCH3). Phé *C NMR va
DEPT xuét hién tin hiéu cta carbon methine vong thom tai dc 110,1 (C-2, 6), tin hi€u ctia
hai carbon thom lién két véi oxy doi xung nhau tai dc 146,5 (C-3, 5), va mot carbon thom
lién két vai oxy tai 0c139,8 (C-4) va mdt nhom methoxy tai dc 52,3 (7-OCHj3). So sanh
dir liéu pho NMR ciia hop chat 4 véi tai liéu tham khao cho phép xac dinh day 1a hop chat
methyl gallate [14].

Nhu vay, tir can chiét khong chira alkaloid tir 1a dira thom (P. amaryllifolius) ching
t61 da phan 1ap dugc bbn hop chét phenolic. Cac nghién ciru trude day tap trung chu yéu
vao thanh phan alkaloid cua 14 dira thom [4, 5, 15, 16]. Bén canh d6, mot s6 hop chat
phenolic nhu p-hydroxybenzoic acid, gallic acid, ferulic acid, coumaric acid... ciing ting
duogc phat hién tir & va 14 cia loai P. amaryllifolius [9]. Mic du vay, cong bé nay 1a lan
diu tién phat hién bon hop chit gdom vanillin (1), vanillic acid (2), p-
hydroxybenzaldehyde (3), methyl gallate (4) tir 14 dua thom (P. amaryllifolius). Cac hop
chét nay da dugc ching minh 1a ¢6 hoat tinh thu don nhiéu loai géc tu do nhu DPPH,
ABTS, OH... [17, 18] hodc hoat tinh khang khuén [19], khang virus [20]... Phat hién
nay gbp phan lam giau thém cac thong tin vé thanh phin hoa hoc cua loai thuc vat nay,
dong thoi cho thiy tiém nang 16n vé kha ning chong goc tu do, chdng oxi hoa va nhiéu
hoat tinh sinh hoc khac cua la dira thom.

4. KET LUAN

Tir phan 14 ciia cay dira thom P. amaryllifolius, bén hop chat phenolic 1a vanillin
(1), vanillic acid (2), p-hydroxybenzaldehyde (3), methyl gallate (4) da duoc phan 1ap.
Day 1a lan dau tién cac hop chat nay dugc tim thiy trong thanh phan hoa hoc cua 14 dua
thom. Két qua cta nghién ctru nay gép phan lam sang t6 thém vé thanh phan cua 14 dua
thom, 1am co s& cho cac nghién ciru sdu hon vé tac dung cta loai nguyén liéu thuc phim
nay ddi véi sirc khoé con nguoi.

Loi cam on: Nghién cuu nay dwoc thuc hién voi sy hé tro cia Vién Han lam Khoa
hoc va Cong nghe Viét Nam trong khudn khé nhiém vu "Phat trién nhém nghlen cibu xudt
sdc hang I vé irng dung cac phwong phdp phan tich hién dai trong nghién ciu chat hrong
va an toan thuc pham " md so: NCXS01.02/23-25.

Tuyén bo vé déng gép ciia cdc tic gid: P6 Hoang Giang, Nguyén Thi Thu Thuy:
Xay dung téng quan, soan ban thao bai bdo. Nguyen Tiéen Dat: Ra soat va chiu trach
nhi¢m ngi dung bai bao. Ngo Thi Thuy Ngan, Nguyén Hai Pang: Thu thap mau nghién
citu. Hoang Thuy Dwong: Xir 1y mau sau khi thu thdp. Luu Hai Nhi: Chiét xudt mau. Bii

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 38, 06 - 2025 125



Théng tin khoa hoc c6ng nghé

Thi Nhat Lé: Phan lap cdc hop chat bang cdc phuong phap sdc ky. Nguyén Ngoc Ting,
Hoang Lé Tudn Anh: Gidi cdu tric ciia cdc hop chdt da phén Idp.
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ABSTRACT
PHENOLICS FROM LEAVES OF PANDANUS AMARYLLIFOLIUS
Four phenolic compounds such as wvanillin (1), vanillic acid (2), p-

hydroxybenzaldehyde (3), and methyl gallate (4) were isolated from leaves of Pandanus
amaryllifolius, using chromatographic methods. Structures of the isolated compounds
were elucidated by spectroscopic data, such as NMR and MS. These four compounds
were determined for the first time from the species Pandanus amaryllifolius.

Keywords: Pandanus, Pandanus amaryllifolius, phenolic, vanillin, methyl gallate
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM

KHOA HOC VA CONG NGHE VN Doc lap - Tw do - Hanh phiic
TRUONG PAI HQC KHOA HQC
VA CONG NGHE HA NOI Ha Noi, ngay AQ thdng A2 ndm 2025

S6:12.3%/QP-PHKHCN

QUYET PINH
Veé viéc thay dbi tén d@ tai ludn an tién si
ciia nghién ciru sinh P Hoang Giang
HIEU TRUONG
TRUONG PAI HQC KHOA HQC VA CONG NGHE HA NOI
Cén ctr Quyét dinh s6 2067/QP-TTg ngay 09/12/2009 ciia Thii tuéng Chinh phii vé
viéc thanh Idp Truong Dai hoc Khoa hoc va Céng nghé Ha Noi (PHKHCNHN),
Cén cvr Quyét dinh s6 2557/QD-TTg ngay 30/12/2016 ciia Thii tuéng Chinh phii vé o
viéc ban hanh Quy ché Té chirc va Hoat dong cia Truong DHKHCNHN; ;’; ,“fl‘;‘l;;
Can cir Quyét dinh 56 307/QP-PHKHCN ngay 04/04/2025 ciia Hiéu truong Truor / PAIH
DHKHCNHN vé viéc ban hinh Quy ché dio tao trinh @ tién st cia T ruo%g \ WICA W

DHKHCNHN; A

Can ctr Quyét dinh s6 1070/0P-PHKHCN ngay 24/10/2022 vé viéc cong nhdn dé \@:,
tai ludn dn va nguoi huéng déan ciia nghién ciru sinh B6 Hoang Giang;

Can cit Bién ban hop Hoi dong ddnh gid ludn dn cdp co sé déi véi nghién ciru sinh
Do Hoang Giang;

Can cu Bqn de nghi vé viéc diéu chinh tén dé tai ciia nghién citu sinh D6 Hodng
Giang va tdp thé nguoi hudng dan,

Xét d@é nghi cria Trudng phong Qudn Iy ddo tao.

QUYET PINH:

Pic¢u 1. Thay doi tén dé tai luan an Tién si cua nghién ctru sinh (NCS) P Hoang
Giang véi cac thong tin nhu sau:

Ho va tén: P6 Hoang Giang

M2 NCS: D22.PMAB.004

Ngay sinh: 12/07/1991

Nganh: Cong nghé Sinh hoc ndng, y, dugc

Tén d tai theo Quyét dinh cong nhan NCS: Study on phytochemical constituents
and bioactivities of natural products from Pandanus species in Vietnam/ Nghién ciru
thanh phén hoa hoc va hoat tinh sinh hoc ctia mot s6 loai thudc chi Pandanus tai Viét
Nam.

Tén dé tai méi: Phytochemical constituents and bioactivities of Pandanus tectorius

and Pandanus amaryllifolius/ Nghién ciru thanh phdn héa hoc va hoat tinh sinh hoc clia
loai dita dai (Pandanus tectorius) va loai dita thom (Pandanus amaryllifolius).



Tép thé can bo huéng din v thoi gian dao tao khong thay ddi.

Piéu 2. Trudng khoa Khoa hoc Su séng, Truong phong Quan ly dao tao, Trudng
phong Bao dam chét lwong va Khéo thi, Chanh vin phong, can bo huéng dan, NCS Pd
Hoang Giang va cdc bd phén c6 lién quan chiu trach nhiém thi hianh Quyét dinh nay./ Q\(

Noi nhin:

HIEU . TRUONG CHINH
- Nhu biéu 2; : %C W‘N*-
-HT; j;i_ap; TRUNG @
- Cac PHT; .

KACA HQOC VA .|
- Luu: VT, KHSS, QLDT.L3 0 &

b Jean-Marc Lavest




VIETNAM ACADEMY SOCIALIST REPUBLIC OF VIETNAM

OF SCIENCE AND TECHNOLOGY Independence - Freedom - Happiness
UNIVERSITY OF SCIENCE AND
TECHNOLOGY OF HANOI
No.A2.3%/QD-DPHKHCN Hanoi, [Decornhoes, 40,2025
DECISION

On the approval of the amendment to the thesis title
of PhD student Do Hoang Giang
RECTOR OF
UNIVERSITY OF SCIENCE AND TECHNOLOGY OF HANOI

Pursuant to Decision No. 2067/OD-TTg dated December 9, 2009 of the Prime Minister
on the establishment of University of Science and Technology in Hanoi (USTH);

Pursuant to Decision No. 2557/QD-TTg dated December 30, 2016 of the Prime Minister on
the Regulations on the organization and operation of USTH;

Pursuant to Decision No. 307/QD-DHKHCN dated April 04, 2025 of the Rector of USTH on
issuing the Regulation of doctoral training;

Pursuant to Decision No. 1070/QP-DHKHCN dated October 24, 2022 of the Rector of
USTH on the recognition of the thesis title and thesis supervisors for PhD student Do Hoang
Giang;

Pursuant to the Report of the internal Jury for PhD student Do Hoang Giang;

Pursuant to the request for amendment of the PhD thesis title submitted by PhD student
Do Hoang Giang and his supervisors;

At the proposal of the Director of the Department of Academic Affairs.
DECIDES
Article 1. To amend the PhD thesis title of PhD student Do Hoang Giang as follows:
Full name: Do Hoang Giang
PhD Student ID: D22 PMAB.004
Date of birth: 12/07/1991
Program: Pharmacological, Medical and Agronomical Biotechnology

Thesis title as stated in the recognition decision: Study on phytochemical constituents
and bioactivities of natural products from Pandanus species in Vietnam.

New thesis title: Phytochemical constituents and bioactivities of Pandanus tectorius
and Pandanus amaryllifolius.

Supervisors and training duration remain unchanged.

Article 2. The Director of the Department of Life Sciences, the Director of the
Department of Academic Affairs, the Director of the Department of Quality Assurance and
Examination, the Director of the Administration, the PhD supervisors and PhD student Do
Hoang Giang shall be responsible for the implementation of this Decision./.qg ™

Recipients: PRINCIPAL RECTOR
- As Article 3; ,

_Rector: (Signed and sealed)

- Vice-Rectors; Jean-Marc Lavest

- Archive: Admin, LS, DAA.L3



VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Doc lap — Tu do — Hanh phiic
TRUONG PAI HOC KHOA HOQC
VA CONG NGHE HA NOI

S6: 65 /QD-DHKHCN Ha Ngi, ngay 29 thang 04 nam 2026

QUYET DINH
Vé viée thanh 1ap Hoi dong danh gia ludn 4n Tién si cAp truong
d6i véi nghién ciru sinh DS Hoang Giang

HIEU TRU’O’\IG
TRUONG PAI HQC KHOA HQC VA CONG NGHE HA NOI

Can cir Quyét dinh sé 2067/0D-TTg ngay 09/12/2009 ciia Thii twdng Chinh phii vé
vige thanh lap Truong Dai hoc Khoa hoc va Cong nghé Ha Noi (DHKHCNHN);

Cén cir Quyét dinh s6 2557/QD TTg ngay 30/12/2016 ctia Thii tudng Chinh phii vé
viéc ban hanh QOuy ché té chire va hoat dong ciia Truong PHKHCNHN,

Can cir Quyet dinh 56 3 07/Qb-DHKHCN ngay 04/04/2025 cua Hiéu truong Truong
DHKHCNHN vé viéc ban hanh Quy ché dao tao trinh do tién st

Cancu Quyet dinh s6 1 070/Ob-DHKHCN ngay 24/10/2022 cuiia Hiéu trieong Truong
DHKHCNHN vé viéc cong nhan nghién citu sinh D6 Hoang Giang, tén dé tai va nguoi
hudmg dan lugn én tién st:

Can cir Quyet dinh s 1009/0P-PHKHCN ngay 10/10/2025 cua Hiéu trieong Truong
DHKHCNHN vé viéc thanh Igp Hoi dong danh gid ludn dn tién st cdp co s6 doi véi nghién
ciru sinh D Hoang Giang;

Cdn cir Bién ban hop HGi dong ddnh gid lugn dn tién si cdp co s¢ déi voi nghién ciru
sinh Bé Hoang Giang ngay 24/10/2025;

Can cur Quyet dinh so 1238/0D-DHKHCN ngay 10/12/2025 cua Hiéu truong Tr uong
DHKHCNHN vé viéc cong nhdan thay doi tén dé tai ludn dan tién st cua nghién ctru sinh D6
Hoang Giang;

Xét dé nghi ciia Trudng phong Quan Iy dao tao.

QUYET PINH:

Piéu 1. Thanh 14p Héi dong danh gia ludn 4n Tién si cap truong ddi vai nghién clru
sinh D5 Hoang Giang, mi sé nghién ctru sinh D22.PMAB.004, nganh Cong ngh¢ Sinh hoc
néng, y, dugc.

Tén dé tai luédn 4n: Phytochemical constituents and bioactivities of Pandanus tectorius
and Pandanus amaryllifolius.

Danh sich thanh vién hoi dong tai Phu luc kém theo Quyét dinh nay.

Piéu 2. Hoi ddng c6 trach nhiém t6 chirc danh gia luan 4n Tién si cia Nghién ctru sinh
theo quy, ché do tao hién hanh va tir gii thé sau khi hoan thanh nhiém Vu.

Diéu 3. Trudng phong Quan 1ly dao tao, Trudng khoa Khoa hoc Su song, Chanh van
phong, Trucmg phong Bao dam chit luong va Khao thi, Trudng phong Ké toan — Tai chinh
va c4c thanh vién c6 tén tai Diéu 1 chju trach nhiém thi hanh quyét dinh nay./. a5
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DONG DANH GIA LUAN AN TIEN SI CAP TRUONG
I NGHIEN CU'U SINH DO HOANG GIANG
iét dinh s6 6S /QD-DHKHCN ngay 29 /04 /2026)

/
—_ - . Chirc danh
H$i dong Noi cdng tic i ddng
Vién Hoa hoc, Vién Han lam
GS.TS. Nguyén Vin Hung Khoa hoc va Céng nghé Viét Cha tich
Nam
o8, Barie. Creniave Truomg Dai hoc Lyon 1, Phap | Phan bién
Dijoux- Franca
T Hoc vién Y- duoc hoc Co .
PGS.TS. Vi Buc Loi truyén Viét Nam Phan bién
PGS.TS. Lé Nguyén Thanh Vién Duoc liéu Phan bién
3 Vién Hoa hoc, Vién Han lam )
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nghé Viét Nam

Danh séch gém 07 thanh vién./. IS
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PhD Thesis Examination Jury
Jury Report

Time: From 2:00 PM- 5:00 PM, April 24, 2026
Location: Meeting Room 402, USTH Building

I. JURY MEMBERS:

UNIVERSITY OF SCIENCE & TECHNOLOGY OF HANOI
UNIVERSITE DES SCIENCES ET DES TECHNOLOGIES DE HANOI
TRUONG PAI HOC KHOA HQC & CONG NGHE HA NOI

Position in

No. Members Institutions .
the jury
Institute of Chemistry, Vietnam )
I | profDr. Nguyen Van Hung Academy of Science and Chairman
Technology
2 | Prof.Dr. Marie- Genevieve University of Lyon 1, France Reviewer
Dijoux- Franca
3 Assoc.Prof. Vu Duc Loi Viet Nam Umverslt'y of Traditional | Reviewer
Medicine
4 Assoc.Prof. Le Nguyen Thanh National Instltqte Medicinal Reviewer
Materials
Institute of Chemistry, Vietnam
5> | Assoc.Prof. Nguyen Phi Hung Academy of Science and Member
Technology
6 | Dr. Pham Hoan ¢ Nam USTH, Vietnam Academy of Member
Science and Technology
. Member
7 . USTH, Vietnam Academy of ’
Dr. Nguyen Huu Nghi Science and Technology Secretary
- IL PHD STUDENT:
Full name Do Hoang Giang
Student ID D22.PMAB.004
Program Pharmacological, Medical and Agronomical Biotechnology
Phytochemical constituents and bioactivities of Pandanus tectorius and
Thesis tifle Pandanus amaryllifolius/ Nghién citu thanh phdn héa hoc va hoat tinh
sinh hoc cua loai dira dai (Pandanus tectorius) va loai dita thom
(Pandanus amaryllifolius).
Supervisor Assoc. Prof. Nguyen Tien Dat, Center for Research and Technology
P Transfer, Vietnam Academy of Science and Technology
Co-supervisor Assoc. Prof. Nguyen Hai Dang, USTH
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VIETNAM FRANCE UNIVERSITY
III. JURY COMMENTS:
1. Assoc. Prof. DIJOUX-FRANCA Marie G - reviewer
- Well presented, extraction, identification, fully detected with strong NMR spectra. The
candidate has rich academic achievements from CV.
- The optimization experiment is interesting
- What is the global context of this study, what is objectives of the study, the two species?
Is there any global context for the product from the extract?
- The two new compounds identified from this study. Do you think that methyl ester could
be affected by the extraction solvent since the author used methanol for extraction.
- What do you think, how to complete the study considering the location, season, and
environmental conditions?
2. Assoc. Prof. Dr. Le Nguyen Thanh- reviewer
- The thesis is logically structured to progress from broad screening to targeted isolation,
then to process optimization. The optimization studies have direct implications for
developing standardized extracts for nutraceutical or pharmaceutical applications
- PhD student have used comprehensive analytical methods combination of colorimetric
assays (TPC, TFC, TSC, TAC), chromatographic isolation (column chromatography,
preparative HPLC), and advanced spectroscopic techniques (NMR, HR-MS, ECD). The
use of ECD and Snatzke's Mo2(OAc)s-induced ECD method for determining absolute
configurations of the new benzofuran epimers represents modern practice in natural
product chemistry.
- The thesis appears to be well-organized into chapters and has already resulted in
multiple publications, which is a strong indicator of quality. Consistent chapter format:
Each chapter begins with an overview and ends with a summary, aiding readability
The introduction mentions traditional uses for kidney stones and edema. Your bioassays
focused on antioxidant, anti-inflammatory, and cytotoxic activities. How do these relate to
the traditional indications ?
Why did not evaluate the biological activity of isolated compound from P. amaryllifolius?
3. Assoc. Prof. Vu Duc Loi- reviewer
+ The introduction should include a more comprehensive overview of the genus, covering
botanical characteristics, chemical constituents, and biological activities.
+ The methodology section should further clarify the quantitative methods used for
different compounds groups. If any methods are self-developed, proper method validation

should be carried out before they are applied.
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+ In the bioactivity section, ICso values should be presented more comprehensively. In
addition, the study would be more logical if fraction screening is performed first, followed
by chemical investigation of the most active fraction.
+ An initial screening across several Pandanus species within the genus, and then select
the two most promising ones for more in-depth investigation.
+ The conclusions should be closely aligned with the stated objectives of the thesis and
should clearly distinguish the results obtained for each species, in terms of chemical
composition and biological activity.
+ A separate section on recommendations
+ The reference list should be updated by reducing the number of references published
before 2010.
Two Questions for the candidate as follows:
1. Why did the author not investigate all plant parts (leaves, fruits, roots, aerial parts) as
described in the introduction for other species in the genus?
2. For the proposed synergism in P. amaryllifolius, what specific phenolic-alkaloid
interactions were hypothesized, and why was no further fractionation performed to
confirm this?
4. Assoc. Prof. Dr. Nguyen Phi Hung- Jury member
1. Please Provide:
* Picture or the image of the two plants/plant materials
* The information describing about these plant materials into the Result part or
Appendix
2. In the Quantitative analysis:
- Table 3.1, in page 27: The author should check again the value present for TPC, TFC,
and TAC (in %). Because the result showed very high value unit in % for the TAC (total
alkaloid content) over 21,76% as calculated for the dry weight. The author should clarify
whether the calculation is based on the original dry sample or the extract.
3. In the bioactivity test:
- Page 32, Table 3.3: The author should give a discussion why there is a significant
difference in biological activity between the two test samples Pama-1 and Pama-2.
- Table 3.4: The value should be presented as % Inhibition rather than % cell survival.

4. Chapter 4: Isolation of compounds from Pandanus tectorius leaves
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- Need provide the detail HPLC chromatographic condition, such as HPLC model,
column, mobile phase (solvent system), flowrate in mL, UV scanning, and also the
retention time of each compound.
- In other hand, the isolation of every compounds should also be described in detail.
- Table 4.1: need to revise the NMR data for compound Graphostrin D
- Table 4.2: need to provide the 1H and 13C NMR data for the methoxy moiety of the
new compound Pt2.

5. The Appendix needs providing:
+ NMR spectroscopic data of all isolated compounds;
+ MS spectral data of two new compounds PT1 and Pt2;
+ The HPLC chromatographic profile and its condition;
+ The hard copies of all publications belong to this thesis.
Questions
Optimize fruit extraction but chemical constituents is investigated from leaf.
In the case of compounds Pt1 and Pt2, can you explain why the C value and also the
proton value of the methoxy (-OCH3) group attached to the acetyl group appeared
(resonated) at around 51.27 ppm and 3,79 ppm (the more up field)?
Usually, for an OCH3 group attached to a phenyl, so the C value often appeared at around
55 — 60 ppm, the proton value often appeared at around 3.8 — 4.1 ppm.
5. Dr. Pham Hoang Nam- Jury member
The topic is of relevance to natural product chemistry, plant-based drug discovery, and
functional food development.
The methodological framework is well-constructed and appropriate for the stated
objectives
The thesis is written in clear, generally accurate scientific English. The candidate
demonstrates command of the relevant technical vocabulary in natural product chemistry
and pharmacognosy ’
The fact that all major findings have been independently peer-reviewed and published
prior to the defense is a strong indicator of the overall scientific rigor of the work
The candidate demonstrates a solid general scientific background in natural product

chemistry, pharmacognosy, and analytical methodology
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Written English is at an acceptable academic standard throughout the thesis. Based on the
written work, the candidate shows a clear understanding of the research field and is
capable of conducting and communicating independent doctoral-level research.
Questions
1. explicitly connect the poor PLSR predictive performance for A549 cytotoxicity to the
compound-specific findings of Chapter 4; and
2. discuss the absence of individual saponin characterization as a limitation and outline it as
a concrete priority for future work
3. How about the stability of the compounds during further food processing.
6. Dr. Nguyen Huu Nghi- Jury member
Table 3.1. Quantitative levels of TPC, TFC, TSC, TAC. The candidate has quantified
bioactive compounds in leaves and fruits of P. tectorius and P. amaryllifolius. However,
the method regarding sampling is confusing. TPC and TFC were measured by taking dried
sample powders. The TAC was measured based on the extract (no information about the
dried or wet extract). TSC was measured by 50 microliter extract. An explanation of the
units for each measurement is necessary.
Table 4.7. The values of DPPH, hydroxyl, and alpha amylase assays were different from
those in table 3.1. However, the method is the same. You should make it consistently.
The optimization design in Table 5.1, regarding temperature at 80°C is not reasonable
since ethanol is evaporated at 78°C
Some author names in references are wrong and not consistent; check the hard copy of the
manuscript
Discussion on extraction and biological activities in the manuscript is quite limited.
Questions
1. Why did you try to approach saponins in these plants since the literature review did not
mention saponin as a common compound of these species?
2. What would be the future formulation of health products that you suggest from these
herbs?
7. Prof. Dr. Nguyen Van Hung — Jury chairman
Can you summarize why did you chose the two species for your study?
* The study and investigation to discover the bioactive compounds from Plants is the
impressive interest of the scientists in high-ranking research institutes in the field of

Phytochemisty over the World
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In the Abstract and Introduction of the Thesis , PhD student has very effectively
summarized and clarified the objectives and obtained results of the PhD Research
Work

The PHD student has applied an integrated workflow combining plant collection and
authentication from multiple locations in Vietnam, solvent extraction and fractionation,
quantitative determination of major phytochemical groups, Bioactivities are evaluated

in vitro, and structure elucidation are performed using advanced spectroscopic

techniques

In the PhD Thesis have been obtained

Iv.

From P. tectorius leaves, two new benzofuran epimers (Pandanusfuran A and B) and
four known lignans are isolated and investigated biological activities

Optimization of P. tectorius fruit extraction identifies seven validated conditions
balancing TPC and TSC. Under these conditions, Phenolic-enriched extracts show
superior antioxidant activity, while saponin-enriched extracts demonstrate stronger NO
inhibition, with increased cytotoxicity observed at very high saponin levels.

For P. amaryllifolius leaves, the phenolic enrichment exhibits potent antioxidant
activity (ICso values close to those of ascorbic acid and catechin) and enhanced NO
inhibition via phenolic-alkaloid synergism. Sixteen compounds are isolated, including
shikimate derivatives, simple phenolics, and a lignan glycoside

These findings suggest that Pandanusfurans represent promising multifunctional
scaffolds with moderate antioxidant, antidiabetic, and selective anticancer potential,
whereas the lignans mainly contribute to antioxidant activity

Structure: The thesis is logically structured with six chapters progressing from
introduction and methodology to screening, compound isolation, extraction
optimization, and conclusion.

References: The reference list consisted of 105 entries, diverse (including books,
journal articles,and theses), and relevant. Citations are used appropriately to support

major statements

CONCLUSION:

I The title of the thesis is appropriate for the program of Pharmacological, Medical
and Agronomical Biotechnology (Code: 9420201).

M The thesis does not overlap with any previously published works or theses.
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0 The main scientific conclusions, new findings, and contributions of the thesis are as
follows:

- From P. tectorius leaves, two new benzofuran epimers (Pandanusfurans A and B)
and four lignans were elucidated. The lignans contributed to antioxidant capacity,
whereas the benzofurans, showed weaker antioxidant activity but exhibited a-amylase
inhibition and showed selective cytotoxicity toward A549.

- This study successfully optimized the extraction process of phenolic- and saponin
enriched fractions from Pandanus tectorius fruit using the Box—Behnken Design.
Phenolic-rich extracts obtained under high ethanol concentration and temperature
conditions exhibited strong antioxidant activity.

- Saponin-rich extracts obtained under lower ethanol concentration and longer extraction
times, showed good nitric oxide inhibitory effects, albeit with potential cytotoxicity at
higher doses

- The phytochemical investigation of the pheﬁolic enrichment from P. amaryllifolius
leaves led to the isolation of 16 compounds, including 3 lignans and 9 benzoate
derivatives, together with 3 shikimates and 1 glycoside. Except for 4-hydroxybenzoic
acid, the other compounds were identified for the first time from the plant.

- The optimized phenolic enrichment from Pandanus amaryllifolius leaves
demonstrated substantial antioxidant and NO inhibition activities, surpassing the
efficacy of its individual non-alkaloid and alkaloid fractions.

- Contribution on Chemistry : expanding the phytochemical knowledge of the genus.

- Chemotaxonomic insights: The clear differentiation between species based on
metabolite profiles (phenolics/saponins in P. fectorius vs. alkaloids in P. amaryllifolius)
provides valuable chemotaxonomic markers.

O Agree to award the PhD diploma to the candidate.
M Agree to award the PhD diploma to the candidate after revision.
[ The thesis is not qualified for the PhD diploma. A second jury could be considered.

V. SIGNATURES:

Chairman ' Secretary

74
=

Prof.Dr. Nguyen Van Hung Dr. Nguyen Huu Nghi

—
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Examination Jury for PhD thesis
Jury Member’s Assessment Remarks

PhD Student
Full name Do Hoang Giang
Program Pharmacological, Medical and Agronomical Biotechnology
PhD ID D22.PMAB.004
PhD thesis
Title Phytochemical constituents and bioactivities of Pandanus tectorius and

Pandanus amaryllifolius/ Nghién cteu thanh phdn héa hoc va hoat tinh
sinh hoc cua loai dita dai (Pandanus tectorius) va loai dira thom
(Pandanus amaryllifolius).

Supervisor Assoc. Prof. Nguyen Tien Dat, Center for Research and Technology
Transfer, Vietnam Academy of Science and Technology
Co-supervisor Assoc. Prof. Nguyen Hai Dang, USTH
Jury Member
Full name Nguyen Van Hung
Title Professor of Chemistry
Institution Institute of Chemistry — VAST

Contact (Email/SMS) | gsnguyenvanhunghn@gmail.com

Role (Chairman/ Chairman
Reviewer/ Member)

Technical comments (e.g. on the thesis topic, research methodology, finding, discussion, thesis

structure, wording, references, etc). Please note that the reviewers can fill this part as “please

refer to my review report” and/or with additional comments on the revised manuscript and/
or on the presentation made by the candidate
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PhD Thesis Research Topic: The study and investigation to discover the bioactive compounds
from Plants is the impressive interest of the scientists in high-ranking research institutes in the field
of Phytochemisty over the World.

The PhD Thesis Work is to investigate two species, Pandanus tectorius and Pandanus
amaryllifolius, belonging to the genus Pandanus. The genus is large, comprising approximately 750
species worldwide, with 17 species reported in Vietnam.

From the Genus Pandanus species have been isolated many bioactive, potentially used for the
pharmaceutical industry. Therefore, for the first time, conducting

a study on the chemical constituents and biological activities of these two species in Vietnamese
Flora is highly impressive and appropriated.

In the Abstract and Introduction of the Thesis, PhD student has very effectively summarized and
clarified the objectives and obtained results of the PhD Research Work. In This way, he has
emphasized the reasons why the Execution of the research topic is urgently needed.

Research Methodology:

+ The PHD student has applied an integrated workflow combining plant collection and
authentication from multiple locations in Vietnam, solvent extraction and fractionation
(maceration, liquid-liquid partitioning, column chromatography), and quantitative determination of
major phytochemical groups. He has found : total phenolics (TPC), flavonoids (TFC), alkaloids
(TAC), and saponins (TSC)).

+ Bioactivities are evaluated in vitro, including antioxidant activity (DPPH and hydroxyl radical
scavenging), a-amylase inhibition, cytotoxicity against A549, K562, and MCF7 cell lines, and
nitric oxide (NO) production inhibition in LPS-stimulated RAW 264.7 cells.

+ Structure elucidation are performed using advanced spectroscopic techniques

(HR-ESI-MS, 'H/*C NMR, HSQC, HMBC, COSY, DEPT, ECD, and Snatzke’s Mo,(OAc),-
induced ECD), with artifact verification via HPLC-DAD.. -

Findings: In the PhD Thesis have been obtained :

+ Comparative screening reveals distinct phytochemical and bioactivity profiles between the two
species: P. tectorius (leaves and fruits) is rich in phenolics, flavonoids, and saponins and shows
superior antioxidant activity; whereas P. amaryllifolius (leaves) contains high levels of alkaloids
and exhibits notable cytotoxicity and anti-inflammatory effects.

+ From P. tectortus leaves, two new benzofuran epimers (Pandanusfuran A and B) and four known
lignans are isolated. The lignans exhibit stronger radical-scavenging activity, whereas the
benzofurans

display a-amylase inhibition comparable to acarbose and selective cytotoxicity toward A549 cells.
+ Optimization of P. tectorius fruit extraction identifies seven validated conditions balancing TPC
and TSC. Under these conditions, Phenolic-enriched extracts show superior antioxidant activity,
while saponin-enriched extracts demonstrate stronger NO inhibition, with increased cytotoxicity
observed at very high saponin levels.

+ For P. amaryllifolius leaves, the phenolic enrichment exhibits potent antioxidant activity (ICs,
values close to those of ascorbic acid and catechin) and enhanced NO inhibition via phenolic-
alkaloid synergism. Sixteen compounds are isolated, including shikimate derivatives, simple
phenolics, and a lignan glycoside.

Discussion: andanaceae family includes about 750 species distributed in five genera: Benstonea
Callmander & Buerki, Freycinetia Gaudichaud, Martellidendron Callmander & Chassot,
Pandanus Parkinson, and Sararanga Hemsley [61]. Pandanus was the largest genus in

the family, with more than 400 species [61]. Previous phytochemistry investigations on

2
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this family mostly focused on the genus Pandanus, while only one study on the
secondary metabolites of the Freycinetia plant [62] and no information about the
chemical constituents of the rest of the genera has been reported.

The compounds isolated from P. tectorius leaves displayed distinct biological

profiles. The lignans (pinoresinol, pinoresinol monomethyl ether, arctigenin, and
matairesinol) exhibited moderate antioxidant activity, but were weak in a-amylase
inhibition and inactive in cytotoxicity and NO assays. In contrast, the newly identified
Pandanusfurans showed weaker antioxidant effects yet demonstrated a-amylase
inhibition close to that of acarbose and selective cytotoxicity against A549 cells, while
65

remaining inactive against K562 and MCF7. None of the isolated compounds exhibited
notable NO inhibition, in contrast to cardamonin. These findings suggest that
Pandanusfurans represent promising multifunctional scaffolds with moderate
antioxidant, antidiabetic, and selective anticancer potential, whereas the lignans mainly
contribute to antioxidant activity

Thesis structure and presentation:

+ Structure: The thesis is logically structured with six chapters progressing from introduction and
methodology to screening, compound isolation, extraction optimization, and conclusion. It includes
English and Vietnamese abstracts, acknowledgements, lists of

abbreviations/tables/figures,publications, and references. Clear chapter overviews and summaries
support readability and continuity.

+ Writing style: The writing is formal, accurate, and academic, with consistent use of scientific
terminology. Although some repetition appears in the abstracts and summaries. In overall terms:
The presentation is coherent, and experimental data are effectively integrated with figures and
tables.

+ Wording: The wording is generally accurate, but there are minor issues such as inconsistent
hyphenation (e.g., “nitric-oxide” vs. “nitric oxide) and some awkward phrases (e.g., “attendant
cytotoxic effects”). The Vietnamese abstract is well translated.

+ References: The reference list consisted of 105 entries, diverse (including books, journal
articles,and theses), and relevant. It includes both classic and recent sources (up to 2025) and is
generally well formatted, and the Vietnamese Pharmacopoeia is included for local
context.Citations are usedappropriately to support major statements.

+ The work integrates multidisciplinary approaches of phytochemistry, biotechnology, and
statistics, providing a holistic understanding of chemical-bioactivity relationships.

+ The PhD Thesis Research Work results are published on 7 papers, including 3 SCIE-indexed
publications), demonstrating scientific impact and originality

Questions:

1 .Why has the PhD student chosen two species of Pandanus tectorius and Pandanus
amaryllifolius as the objects for his PhD research Topic ?

2.Why did the author not investigate another parts of these plants?
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Comment on the candidate ability (e.g. general scientific background, understanding on the
research field and research topic, presentation skill, English level, etc)

In my opinion, The Ph D student D Hoang Giang expresses a solid fundamental scientific
knowledge of background, presentation skills and has demonstrated competence in
phytochemical isolation, structure elucidation, bioassay techniques, and statistical
optimization (excellent skill in conducting experiments and analyzing the obtained data). His
high English level of advanced writing is highly appreciated.
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Conclusions (indicates whether the manuscript is accepted in the current form or accepted
after minor/ major revisions; and whether the candidate deserves the USTH PhD degree)

The PhD Thesis presents substantial original research meets all the requirements for a PhD
degree in Pharmacological, Medical, and Agronomical Biotechnology.

The PhD Research work has already resulted in 07 peer-reviewed publications, confirming
its scientific high quality.

With minor revisions it would meet the standards of a PhD thesis in the research field.

The PhD Thesis is Completely satisfied all conditions for the PhD defense and PhD student
Do Hoang giang will have obtained Doctor of Philosophy in Chemistry.
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[ Accept the manuscript in the current form.
X Accept the manuscript with minor/ major revisions.

[ The manuscript is not qualified to for the PhD degree.

Jury Member’s signature

 Professor Nguyén Vin Hing

—
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Examination Jury for PhD thesis
Reviewer’s Report

PhD Student
Full name Do Hoang Giang
Program/ Department | PMAB/ Life Sciences
Student ID number D22.PMAB.004
P PhD thesis
Title Phytochemical constituents and bioactivities of Pandanus tectorius and Pandanus
amaryllifolius
Supervisor Assoc. Prof. Nguyen Tien Dat, Center for Research and Technology Transfer, Vietnam

Academy of Science and Technology

Co-supervisor Assoc. Prof. Nguyen Hai Dang, USTH
[ Reviewer
Tull name Pr. Marie Genevieve DIJOUX-FRANCA
Title Assoc. Prof. DIJOUX-FRANCA Marie G.,
Institution Lab Microbial Ecology (UMR 5557 CNRS/UCBL Lyon1), University LYON1

Contact (Email/SMS) marie.dijoux-franca@univ-lyon1.fr

Technical comments (e.g. on the research topic, methodology, finding, discussion, thesis structure, wording,
references etc)




The work of Ms. DO Hoang Giang's thesis is devoted to the study of the components of two specie of Pandanus
in Vietnam. The work's objectives are twofold: firstly, to list the compounds present in these plants and,
secondly, to assess their potential benefits on health.

The study is presented in six different parts:

- Part 1. provides a review of the literature on Pandanus genus. Secondary metabolites in different chemical
classes such as phenols, coumarins, flavonoids, lignans and alkaloids are described. Bioactivities are also
reported for different Pandanus species and for leaves and fruits extracts: antioxidant, anti-inflammatory,
antimicrobial, antitumor.

Based on these data, the choice was made to work on two species: P. tectorius {leaves and fruits) and P.
amaryllifolius (leaves).

- Part 2. outlines the materials and methodologies employed in the study, including analytical technics,
fractionation methods, structural identification methods and biological assays.

- Part 3. presents the phytochemical screening and bioactivities of leaves and fruits extracts from the two species
of Pandanus.

Quantitative analyses of mains classes of metabolites are presented, and guided the selection of the material
for further investigation.

- Part 4. describes the results on isolation using CC chromatography and structural characterization of pure
compounds from leaves of P. tectorius. Complete structures were established using 1D and 2D-NMR
experiments, MS, and circular dichroism (CD) technics. The description of the structure determination method
is detailed and easy to follow. Six compounds were isolated and identified.

A potential link between the key compounds and the activities of the extracts is proposed.

- Part 5. and Part 6. deal with the optimization of extraction processes, evaluation of bioactivities for P. tectorius
fruit extracts and P. amaryllifolius leaves.

In these two chapters Mrs Do Hoang Giang uses an alternative method for extraction processes optimization.
Part 6 is completed by the isolation and identification of phenolic compounds obtained from an optimized
extract.

With the work, she has thus gained new expertise in optimizing analytical methods applied to natural
substances.

Upon reviewing the manuscript, we observe that Mrs Do Hoang Giang was able to employ standard techniques
for the extraction, purification, characterization, and in vitro evaluation of the biological activities of natural
compounds such as polyphenols and alkaloids. In doing so, she has acquired significant expertise in
phytochemistry and the search for bioactive natural compounds.

She also worked on optimizing the extraction conditions for certain compounds that appear to be linked to the
demonstrated biological activities. in doing so, she demonstrated the necessary rigor in selecting parameters
and the value of these in silico methods.

The manuscript is well-structured, well-written, making it easier for the reviewer to read. The subjects, the
context, as well as the approach followed are clearly presented and documented.




Questions/ Suggestions/ Request of Revisions

- The choice of Pandanus genus for the study is not clear as it is said that in this family, some species are already
well described. What is the broader context?

- Explain more the reason why the optimization of extraction protocol is done: is it for further developing a
marketed product based on these extracts? Or?

- P21-: Traditional uses of P. amaryllifolius are not described. Why?

For example, see ref: Review article ISSN:23194820
Biman Bhuyan and Richa Sonowal. 2021. An overview of Pondanus amaryllifolius Roxb.Exlindl. and its potential
impact on health. Current Trends in Pharmaceutical Research, 8(1), 2582-4783

It seems that P. amaryllifolius is not used in traditional medicine in Vietnam. Is this the reason?

- At the end of part 1.2. Add a table with compounds isolated from the two species on which the thesis is based
and the bioactivities describes for each of them

- In part 1.3. a table would be useful to summarize all the specie and the bioactivities that have been described.

Conclusions (whether the work is suitable/ could be suitable after revisions for presenting to obtain the USTH
PhD degree?)

The subject of this thesis is part of a comprehensive study of the plant with a view to understanding its use in
traditional medicine. Specifically, it aims to describe its chemical composition and correlate it with biological
activities that may or may not confirm the plant’s medicinal use.

The work is suitable for presenting to obtain PhD degree.

[0 Recommended for defense at the PhD Thesis Examination Jury in the current form.’
Recommend for defense at the PhD Thesis Examination Jury with minor revisions.

1 Not recommended for defense at the PhD Thesis Examination Jury.

01/04/2026

Reviewer’s signature

Pr Marie-Geneviéve Dijoux-Franca
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Technical comments (e.g. on the research topic, methodology, finding, discussion, thesis structure,
wording, references etc)

Research Topic: Phytochemical Constituents and Bioactivities of Pandanus tectorius and Pandanus
amaryllifolius

The thesis investigates two species, Pandanus tectorius and Pandanus amaryllifolius, belonging to the
genus Pandanus. The genus is large, comprising approximately 750 species worldwide, with 17 species




reported in Vietnam. Pandanus species have important applications in the pharmaceutical and medical
fields, yet remain insufficiently studied, particularly for the two selected species. Therefore, conducting
a study on the chemical constituents and biological activities of these two species is highly appropriate.

Research Methodology:

+ The thesis applies an integrated workflow combining plant collection and authentication from
multiple locations in Vietnam, solvent extraction and fractionation (maceration, liquid-liquid
partitioning, column chromatography), and quantitative determination of major phytochemical groups
(total phenolics (TPC), flavonoids (TFC), alkaloids (TAC), and saponins (TSC)). -

+ Bioactivities are evaluated in vitro, including antioxidant activity (DPPH and hydroxyl radical
scavenging), a-amylase inhibition, cytotoxicity against A549, K562, and MCF7 cell lines, and nitric
oxide (NO) production inhibition in LPS-stimulated RAW 264.7 cells.

+ Compound isolation and structure elucidation are performed using advanced spectroscopic techniques
(HR-ESI-MS, 'H/*C NMR, HSQC, HMBC, COSY, DEPT, ECD, and Snatzke’s Mo2(OAc)s-induced
ECD), with artifact verification via HPLC-DAD.

+ Extraction optimization is conducted using Response Surface Methodology (RSM) with Box—
Behnken Design (BBD), supported by single-factor experiments, ANOVA model validation, and multi-
response desirability functions.

+ Statistical tools include PLS regression for multivariate correlations and GraphPad Prism for data
analysis.

Findings:

+ Comparative screening reveals distinct phytochemical and bioactivity profiles between the two
species: P. tectorius (leaves and fruits) is rich in phenolics, flavonoids, and saponins and shows superior
antioxidant activity; whereas P. amaryllifolius (leaves) contains high levels of alkaloids and exhibits
notable cytotoxicity and anti-inflammatory effects.

+ From P. tectorius leaves, two new benzofuran epimers {Pandanusfuran A and B} and four known
lignans are isolated. The lignans exhibit stronger radical-scavenging activity, whereas the benzofurans
display a-arnylase inhibition comparable to acarbose and selective cytotoxicity toward A549 cells.

+ Optimization of P. tectorius fruit extraction identifies seven validated conditions balancing TPC and
TSC. Under these conditions, Phenolic-enriched extracts show superior antioxidant activity, while
saponin-enriched extracts demonstrate stronger NO inhibition, with increased cytotoxicity observed at
very high saponin levels.

+ For P. amaryllifolius leaves, the phenolic enrichment exhibits potent antioxidant activity (ICso values
close to those of ascorbic acid and catechin) and enhanced NO inhibition via phenolic-alkaloid
synergism. Sixteen compounds are isolated, including shikimate derivatives, simple phenolics, and a
lignan glycoside.

Discussion:

+ The discussion effectively links the findings to the literature, explaining species/organ differences
(e.g., alkaloid accumulation in P. amaryllifolius associated with cytotoxicity), potential bioactivity
mechanisms (e.g., selective effects of benzofurans related to structural features), and the trade-offs
observed in extraction optimization for practical applications.

+ The thesis also addresses limitations such as the in vitro nature of the study and the moderate potency
of certain samples, and proposes future directions including in vivo studies, structure-activity
relationship investigation, and standardization.

+ The novelty of the study is emphasized, with web searches confirming Pandanusfurans A/B as new
compounds (published in 2025).

Thesis structure and presentation:

+ Structure: The thesis is logically structured with six chapters progressing from introduction and
methodology to screening, compound isolation, extraction optimization, and conclusion. It includes




English and Vietnamese abstracts, acknowledgements, lists of abbreviations/tables/figures,
publications, and references. Clear chapter overviews and summaries support readability and
continuity.

+ Writing style: The writing is formal, accurate, and academic, with consistent use of scientific
terminology. Although some repetition appears in the abstracts and summaries, the overall presentation
remains coherent, and experimental data are effectively integrated with figures and tables.

+ Wording: The wording is generally accurate, but there are minor issues such as inconsistent
hyphenation (e.g., “nitric-oxide” vs. “nitric oxide”) and some awkward phrases (e.g., “attendant
cytotoxic effects”). The Vietnamese abstract is well translated.

+ References: The reference list is extensive (105 entries), diverse (including books, journal articles,
and theses), and relevant. It includes both classic and recent sources (up to 2025) and is generally well
formatted, and the Vietnamese Pharmacopoeia is included for local context. Citations are used
appropriately to support major statements.

Questions/ Suggestions/ Request of Revisions

Advantages of the thesis:

+ The thesis identifies novel compounds (Pandanusfurans A and B, confirmed as new via web search)
and first-in-genus megastigmanes, contributing to the phytochemical knowledge of the genus Pandanus.
+ The optimization study provides robust and practical extraction protocols for obtaining fractions
enriched in specific metabolite classes and tuned for bioactivities, with potential industrial applicability.
+ The work integrates multidisciplinary approaches (phytochemistry, biotechnology, and statistics),
providing a holistic understanding of chemical-bioactivity relationships.

+ The thesis is supported by a strong publication record (7 papers, including 3 SCIE-indexed
publications), demonstrating scientific impact and originality.

Limitations of the thesis:

1. Presentation and structure:

- Regarding the overall presentation, the thesis should consider reducing the number of separate
chapters. It could be reorganized into fewer major chapters, for example:

v Chapter 1: Introduction/Literature review

v Chapter 2: Materials and Methods

v" Chapter 3: Results

v’ Chapter 4: Discussion, Conclusions, and Recommendations

2. Chapter 1 (General Introduction)

- The introduction should be expanded to include a general overview of the genus, including
botanical characteristics, chemical constituents, and biological activities. After that, a more in-
depth review should be provided for the two studied species, focusing on their botanical aspects,
chemistry, and biological activities.

- Summary of research content: In the summary section of the thesis, additional information
should be included regarding what has been studied on the two target species so far and what
results have been obtained in previous studies. This would help identify the existing research
gaps, clarify which aspects still require further investigation, and justify the necessity of the
present thesis.

3. Chapter 2 (Materials and Methods):




It is recommended to add more detailed information on sample collection, including harvesting
methods, harvesting time/season, sample processing, and storage conditions.

Information on reference standards used in quantitative assays should be provided
(manufacturer, batch number, expiry date, etc.).

The thesis should clarify why, although the introduction refers to studies on various plant parts
in other species (roots, fruits, leaves, aerial parts), the present study examines only leaves and
fruits of P. tectorius and only leaves of P. amaryllifolius. '

Quantification methods: The quantification methods for each metabolite group should be
clarified, including the analytical principles, detailed procedures, test samples, and reference
standards. If the methods are self-developed, appropriate method validation must be conducted
prior to application. Linear calibration curves should also be provided.

The methodology is detailed and reproducible; however, it lacks specific discussion of plant
authentication methods (e.g., molecular identification) and does not address
seasonal/environmental variability.

Chapter 3 (Phytochemicals and bioactivities screening of Pandanus plant samples)
Background and methodological content should be moved to the general introduction and
general methods section, rather than repeated in Chapter 3. Bioactivity result tables should
include ICso values. |

Chapter 4 (Isolation, structure elucidation, and bioactivity evaluation of compounds from
Pandanus tectorius leaves)

The thesis should consider presenting ICso values of different solvent fractions (e.g., n-hexane,
ethyl acetate, and aqueous fractions) prior to focusing on the chemical investigation of the most
active fraction. After isolation of compounds from this fraction, their bioactivities should be
evaluated to confirm their contributions to the observed effects. This approach would improve
the logical flow of the study.

Chapter 5 (Optimization of the extraction condition and bioactivities evaluation of Pandanus
tectorius fruits extracts) '

Chapter 5 has similar issues to Chapter 4; therefore, the same revisions are recommended.

In addition, Chapters 3 and 4 should be merged and consolidated to improve coherence and
overall structure.

Additional limitations

Results: The thesis presents extensive data with tables and figures, but some bioactivity values
(e.g., ICs0) are moderate compared with standards, and replicates are not consistently reported
for all assays.

Discussion: The correlations are insightful; however, the discussion underplays the possibility
of artifacts in isolation despite HPLC verification and does not include broader ecological
implications.

Conclusions: The conclusions summarize well and propose future directions, but do not address
the economic feasibility of the optimization process.

References

Some references published before 2010 should be reduced where appropriate, and replaced with
more recent publications to ensure that the literature review reflects current research
developments.

Appendices




- The appendices should include calibration curves for quantitative assays and validation data for
the quantification methods.

Questions and Discussions:

1. Why did the author not investigate all plant parts (leaves, fruits, roots, aerial parts) as described
in the introduction for other species in the genus?

2. How do the absolute configurations of Pandanusfurans A/B influence their selective
cytotoxicity against A549 cells? Were computational docking studies considered?

3. In the fruit optimization study, why were seven conditions presented instead of a single multi-
objective optimum, and how do these conditions perform in scaled-up extractions?

4. For the proposed synergism in P. amaryllifolius, what specific phenolic-alkaloid interactions
were hypothesized, and why was no further fractionation performed to confirm this?

Conclusions (whether the work is suitable/ could be suitable after revisions for presenting to
obtain the USTH PhD degree?)

The thesis demonstrates originality, methodological rigor, and relevance to pharmacological
biotechnology. The work is supported by publications and includes novel findings. The thesis meets the
requirements for a doctoral degree. 1 fully support its approval and recommend that the candidate
(should) be awarded the doctoral degree in accordance with current regulations from USTH, after
revising the dissertation according to the reviewer comments.

O

Recommended for defense at the PhD Thesis Examination Jury in the current form.

]

Recommend for defense at the PhD Thesis Examination Jury with minor/ major revisions.

O
Not recommended for defense at the PhD Thesis Examination Jury.

Ha Noi, 13/02/ 2026

Reviewer’s signature

TTdd

Vu Duc Loi
End of the document
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The dissertation of PhD student Do Hoang Giang “Phytochemical constituents and
bioactivities of Pandanus tectorius and Pandanus amaryllifolius” presents a comprehensive
phytochemical investigation of two Pandanus species (P. tectorius and P. amaryllifolius)
collected in Vietnam, combined with bioactivity screening and process optimization studies.
The work comprises of extract screening, isolation and structural elucidation of secondary
metabolites, response surface methodology optimization of extraction conditions, and
evaluation of antioxidant, cytotoxic, anti-inflammatory, and enzyme inhibitory activities.
Research topic: The Pandanus genus encompasses a diverse group of tropical plants, among
that about 17 species in the genus were determined In Vietnam. The genus is known for diverse
secondary metabolites, yet comprehensive comparative studies remain limited.. The thesis has a
clear objectives. The study addresses two under-investigated Pandanus species with traditional
medicinal uses in Vietnam and Southeast Asia.

The thesis is logically structured to progress from broad screening to targeted isolation, then to
process optimization. The optimization studies have direct implications for developing
standardized extracts for nutraceutical or pharmaceutical applications

Methodology:

PhD student have used comprehensive analytical methods combination of colorimetric assays
(TPC, TFC, TSC, TAC), chromatographic isolation (column chromatography, preparative
HPLC), and advanced spectroscopic techniques (NMR, HR-MS, ECD). The use of ECD and
Snatzke's Mo(OAc)O-induced ECD method for determining absolute configurations of the

new benzofuran epimers represents modern practice in natural product chemistry..

Findings:

From P. tectorius leaves, two new benzofuran epimers (Pandanusfurans A and B)
and four lignans were elucidated. The lignans contributed to antioxidant capacity,
whereas the benzofurans, showed weaker antioxidant activity but exhibited a-amylase
inhibition and showed selective cytotoxicity toward A549.

This study successfully optimized the extraction process of phenolic- and saponin enriched
fractions from Pandanus tectorius fruit using the Box—Behnken Design. Phenolic-rich extracts
obtained under high ethanol concentration and temperature conditions exhibited strong
antioxidant activity.

Saponin-rich extracts obtained under lower ethanol concentration and longer extraction times,
showed good nitric oxide inhibitory effects, albeit with potential cytotoxicity at higher doses
The phytochemical investigation of the phenolic enrichment from P. amaryllifolius leaves led
to the isolation of 16 compounds, including 3 lignans and 9 benzoate derivatives, together with
3 shikimates and 1 glycoside. Except for 4-hydroxybenzoic acid, the other compounds were
identified for the first time from the plant.




The optimized phenolic  enrichment from  Pandanus  amaryllifolius  leaves
demonstrated substantial antioxidant and NO inhibition activities, surpassing the
efficacy of its individual non-alkaloid and alkaloid fractions.

Contribution on Chemistry : expanding the phytochemical knowledge of the genus.
Chemotaxonomic insights: The clear differentiation between species based on metabolite
profiles (phenolics/saponins in P. fectorius vs. alkaloids in P. amaryllifolius) provides valuable
chemotaxonomic markers.

The results of this work have been published in 07 publications including 03 SCIE papers
(Journal of Analytical Methods in Chemistry 02, and Journal of Chemistry 01; 01
international journals and 03 domestic journal The articles have good quality.

Thesis Structure: This is a 103 page thesis including

Chapter 1, General Introduction (18 pages),

Chapter 2. Materials and Methods (5 pages),

Chapter 3. PHYTOCHEMICALS AND BIOACTIVITIES SCREENING OF PANDANUS PLANT
SAMPLES (16 pages),

Chapter 4. ISOLATION, STRUCTURE ELUCIDATION, AND BIOACTIVITY EVALUATION OF
COMPOUNDS FROM PANDANUS TECTORIUS LEAVES (26 pages).

CHAPTER 5. OPTIMIZATION OF THE EXTRACTION CONDITION AND BIOACTIVITIES
EVALUATION OF PANDANUS TECTORIUS FRUITS EXTRACTS (16 pages).

CHAPTER 6. OPTIMIZATION OF THE EXTRACTION CONDITION AND BIOACTIVITY
EVALUATION OF THE PHENOLIC ENRICHMENT FROM PANDANUS AMARYLLIFOLIUS
LEAVES (20 pages). CONCLUSION (2 pages)

Thesis contains 21 tables, 42 figures

The thesis appears to be well-organized into chapters and has already resulted in multiple
publications, which is a strong indicator of quality. Consistent chapter format: Each chapter
begins with an overview and ends with a summary, aiding readability

The dissertation has 79 references cover the relevant literature on Pandanus phytochemistry
and bioactivity, including recent work (2025 citations). References include reputable journals in
natural product chemistry, pharmacognosy, and analytical chemistry

The English is generally clear and understandable, with a formal academic tone appropriate for
a doctoral thesis. However, there are numerous grammatical errors, typographical issues, and
awkward phrasings that require correction.

Questions/ Suggestions/ Request of Revisions




List of Figures: A comprehensive list of figures (beyond the Table of Contents) would aid
navigation.

Abbreviations list: Page 15 has a partial list, but many abbreviations used later (e.g., BBD,
RSM, TPC, TFC, etc.) are not included.

Chapter 1. The chemical structure of isolated compoudns from Pandanus genus should be
arranged, page 7,9, 13, 14.

The biological activity like antidiabtic effect should be added (moved from chemical part to
biological part)

Chapter 3. Correct the structure numbers in Figure 4.1

Correct the name of compound Pt1 and Pt2: 8R, 9S or 8R, 9R

Page 57, 58. Pinoresinol is furofurane lignan

Chapter 6. The NMR data of isolated compound can be presented iu table, consistent with
chapter 4.

Conclusion: paragraph 1: should remove P. odoratissimus nad P. tonkinensis

Reference 54 and 66: These appear to be the same paper (Niu et al. 2018 on Graphostroma
sp.).

Reference 63: Byrne et al. 1992 appears to duplicate Reference 14.

Add the NMR, MS spectra of known compounds in SI

Quenstion: The introduction mentions traditional uses for kidney stones and edema. Your
bioassays focused on antioxidant, anti-inflammatory, and cytotoxic activities. How do these
relate to the traditional indications ?

Why did not evaluate the biological activity of isolated compound from P. amaryllifolius ?

Conclusions (whether the work is suitable/ could be suitable after revisions for presenting to obtain the USTH

PhD degree?)




The thesis presents substantial original research meeting the requirements for a PhD degree in
Pharmacological, Medical, and Agronomical Biotechnology.

The candidate has demonstrated competence in phytochemical isolation, structure elucidation,
bioassay techniques, and statistical optimization. The work has already resulted in 07 peer-
reviewed publications, attesting to its scientific quality.

With minor revisions it would meet the standards of a PhD thesis in the research field.

The work is suitable for presenting to obtain the USTH PhD degree

O Recommended for defense at the PhD Thesis Examination Jury in the current form.
Recommend for defense at the PhD Thesis Examination Jury with minor/ major revisions.

O Not recommended for defense at the PhD Thesis Examination Jury.

Hanoi, 10" March, 2026

Reviewer's signature
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Comments to the author (PhD candidate):
1. Please Provide:

- Picture or the image of the two plants/plant materials
- The information describing about these plant materials into the Result part or Appendix

2. In the Quantitative analysis:

- Table 3.1, in page 27: The author should check again the value present for TPC, TFC, and TAC
(in %). Because the result showed very high value unit in % for the TAC (total alkaloid content)
over 21,76% as calculated for the dry weight. The author should clarify whether the calculation is
based on the original dry sample or the extract.

3. In the bioactivity test:

- Page 32, Table 3.3: The author should give a discussion why there is a significant difference in
biological activity between the two test samples Pama-1 and Pama-2.

- Table 3.4: The value should be presented as % Inhibition rather than % cell survival.

4. Chapter 4: Isolation of compounds from Pandanus tectorius leaves

- Need provide the detail HPLC chromatographic condition, such as HPLC model, column, mobile
phase (solvent system), flowrate in mL, UV scanning, and also the retention time of each
compound.

- In other hand, the isolation of every compounds should also be described in detail.
- Table 4.1: need to revise the NMR data for compound Graphostrin D

- Table 4.2: need to provide the 1H and 13C NMR data for the methoxy moiety of the new
compound Pt2.

5. The Appendix needs providing:

+ NMR spectroscopic data of all isolated compounds;

+ MS spectral data of two new compounds PT1 and Pt2;
+ The HPLC chromatographic profile and its condition; _
+ The hard copies of all publications belong to this thesis.

Comment on the candidate ability (e.g. general scientific background, understanding on the
research field and research topic, presentation skill, English level, etc)
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Some questions to the author:

1.

In the case of compounds Pt1 and Pt2, can you explain why the C value and also the proton
value of the methoxy (-OCH3) group attached to the acetyl group appeared (resonated) at
around 51.27 ppm and 3,79 ppm (the more up field)?

Usually, for an OCHj3 group attached to a phenyl, so the C value often appeared at around
55 — 60 ppm, the proton value often appeared at around 3.8 — 4.1 ppm.

Does the Pandanus amaryllifolius (14 nép/ 14 dira thom in Vietnamese) has the fruit?

. Why did the author choose to study on the optimization of the extract condition of the P.

tectorius fruit, but not its leaves?
Because, the author studied the chemical composition of the leaves, but not the fruits. So,
what is the purpose of the above study?

Conclusions (indicates whether the manuscript is accepted in the current form or accepted
after minor/ major revisions; and whether the candidate deserves the USTH PhD degree)

I Accept the thesis After all the comments to the author are addressed.

[ Accept the manuscript in the current form.
X Accept the manuscript with minor/ major revisions.

[ The manuscript is not qualified to for the PhD degree.

Hanoi, March 23, 2026

Jury Member’s signature e
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- Thesis topic:

The thesis investigates the phytochemistry and bioactivities of two Pandanus species, P. tectorius
(screw pine) and P. amaryllifolius (pandan), which are ecologically widespread and ethnobotanically
significant plants in Vietnam and throughout the Indo-Pacific region. The research addresses a
genuine knowledge gap in the genus-level chemical diversity of Pandanus, a group that, despite its
extensive traditional use, remains incompletely characterized at the metabolite level. The scope is
appropriately bounded, combining comparative extract-level screening with targeted isolation and
process-level optimization, reflecting a well-planned multi-phase research strategy. The topic is of
relevance to natural product chemistry, plant-based drug discovery, and functional food
development.

- Research methodology:

The methodological framework is well-constructed and appropriate for the stated objectives. Plant
materials were collected across multiple time points and locations, authenticated by a taxonomic
specialist, and voucher specimens were properly deposited. The bioassay panel is comprehensive,
covering antioxidant (DPPH, hydroxyl), enzyme inhibitory (0-amylase), cytotoxic (A549, K562,
MCEFE7), and anti-inflammatory (NO/RAW 264.7) endpoints. Structural characterization of new
compounds employed state-of-the-art instrumentation (HR-ESI-MS, 2D NMR at 500/600 MHz,
HPLC-DAD, CD spectrometry), and absolute configuration was assigned using two complementary
approaches (ECD comparison with reference spectra and Snatzke's Mo2(OAc)s-induced CD),
providing a robust stereochemical basis. The RSM-BBD optimization studies in Chapters 5 and 6
are statistically rigorous, with well-fitted models and appropriate validation.

Two methodological points are worth noting for further consideration.

The PLSR model in Chapter 3 performs well for antioxidant and a-amylase inhibitory endpoints (Q?
= 0.795 - 0.924), and the candidate appropriately acknowledges that the weaker predictive
performance for cytotoxic activities reflects limited sample size and greater biological complexity
rather than a modelling failure. It would, however, strengthen the overall coherence of the thesis to
explicitly connect this observation to the findings of Chapter 4: the selective A549 cytotoxicity of
Pandanusfurans A and B (ICso ~35 uM) while all lignans remain inactive is precisely the kind of
compound-specific driver that bulk phytochemical descriptors cannot capture-and making this link
explicit would turn a limitation into a meaningful cross-chapter insight.

Regarding the saponin characterization, the thesis relies throughout on total saponin content
expressed as diosgenin equivalents, without isolation or identification of individual saponin
constituents. Given that saponin-enriched fractions from P. tectorius fruits showed both the strongest
NO inhibitory activity and dose-dependent cytotoxicity at higher concentrations- observations that
the candidate rightly flags as important-future work targeting the isolation and structural
characterization of the dominant saponin species would be a natural and valuable extension of this
research.

- Writing:
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The thesis is written in clear, generally accurate scientific English. The candidate demonstrates
command of the relevant technical vocabulary in natural product chemistry and pharmacognosy.
Minor issues include occasional redundancy between chapter overview and results sections, and a
few instances of non-idiomatic phrasing that do not impede comprehension. The abstract (both
English and Vietnamese versions) is concise and representative of the thesis content.

- References

The reference list comprises more than 70 citations, predominantly from international peer-reviewed
journals. The literature coverage is appropriate and up to date for the field. Citations are applied
correctly and consistently throughout the text.

- Scientific quality:

The scientific quality of the thesis is further confirmed by the candidate's publication record. Three
SCIE-indexed articles published as first author in 2025 directly correspond to the core research
chapters: Pandanusfurans A and B in Journal of Chemistry, and the two extraction optimization
studies in Journal of Analytical Methods in Chemistry. One additional article in an international
Journal (International Journal of Engineering Research and Development, 2025) reports on o-
amylase inhibition of marketed P. fectorius samples. Three Vietnamese article on shikimate esters
and megastigmanes from P. amaryllifolius (Journal of Tropical Science and Engineering, 2024),
phenolics from P. tectorius fruits (HaUlI Journal of Science and Technology, 2025), and phenolics
from P. amaryllifolius leaves (Journal of Tropical Science and Engineering, 2025) further
complement the portfolio. The fact that all major findings have been independently peer-reviewed
and published prior to the defense is a strong indicator of the overall scientific rigor of the work.

Comment on the candidate ability (e.g. general scientific background, understanding on the
research field and research topic, presentation skill, English level, etc)

The candidate demonstrates a solid general scientific background in natural product chemistry,
pharmacognosy, and analytical methodology, as evidenced by the coherent research design,
appropriate selection of analytical tools, and rigorous execution of multi-step isolation and
characterization work. The ability to critically assess the limitations of the PLSR model and
acknowledge the moderate potency of many isolates reflects scientific maturity and intellectual
honesty. Written English is at an acceptable academic standard throughout the thesis. Based on the
written work, the candidate shows a clear understanding of the research field and is capable of
conducting and communicating independent doctoral-level research.

Conclusions (indicates whether the manuscript is accepted in the current form or accepted
after minor/ major revisions; and whether the candidate deserves the USTH PhD degree)
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The thesis makes a genuine and well-documented contribution to the phytochemistry of the genus
Pandanus, through the discovery and full structural characterization of two new benzofuran natural
products, the first report of megastigmanes in the genus, and the establishment of statistically
validated multi-response extraction protocols for both species. All major findings have been
independently peer-reviewed and published prior to the defense. The manuscript is recommended
for acceptance with minor revisions, primarily to: (i) explicitly connect the poor PLSR predictive
performance for A549 cytotoxicity to the compound-specific findings of Chapter 4; and (ii) discuss
the absence of individual saponin characterization as a limitation and outline it as a concrete priority
for future work. The candidate is deserving of the USTH PhD degree.

O Accept the manuscript in the current form.
x Accept the manuscript with minor/ major revisions.

O The manuscript is not qualified to for the PhD degree.

Hanoi 26™ March, 2026

Jury Member’s signature

Pham Hoang Nam

End of the document
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Examination Jury for PhD thesis
Jury Member’s Assessment Form

PhD Student
Full name Do Hoang Giang
Program Pharmacological, Medical and Agronomical Biotechnology
PhD ID D22.PMAB.004 Bl
PhD thesis
Title Phytochemical constituents and bioactivities of Pandanus tectorius and

Pandanus amaryllifolius/ Nghién cieu thanh phan héa hoc va hoat tinh
sinh hoc ctia loai dira dai (Pandanus tectorius) va loai dita thom
(Pandanus amaryllifolius).

Supervisor Assoc. Prof. Nguyen Tien Dat, Center for Research and Technology
Transfer, Vietnam Academy of Science and Technology

| Co-supervisor Assoc. Prof. Nguyen Hai Dang, USTH
Jury Member
Full name Nguyen Huu Nghi
Title | PhD
Institution USTH

Contact (Email/SMS) | 0982425406/nguyen-huu.nghi@usth.edu.vn

Role (Chairman/ Member
Reviewer/ Member)

Technical comments (e.g. on the thesis topic, research methodology, finding, discussion, thesis
structure, wording, references, etc). Please note that the reviewers can fill this part as “please
refer to my review report” and/or with additional comments on the revised manuscript and/
or on the presentation made by the candidate
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- Thesis topic:

The thesis manuscript presents a comprehensive investigation into the phytochemicals and
bioactivities of Pandanus tectorius and Pandanus amaryllifolius. The present work also isolate and
determine some chemicals in the two species. From the chemical constituent information, the
research tried to optimize extraction process for P. tectorius fruit and P. amaryllifolius leaves and
investigate bioactivity of phenolic and saponin enrichment extract. The research topic is
scientifically relevant aligned with chemical identification, extraction and biological property
investigation.

- Research methodology:

The research methods are comprehensive and technically appropriate. The author has used advanced
techniques such as HR-ESI-MS, NMR, ECD for chemical identification, Box-Behnken design for
optimization study, cell model (A549, K562, MCF7) as well as in vitro DPPH, hydroxyl, alpha

amylase inhibition test.

Findings and discussions

The thesis presents substantial and well-structured results. The findings provide a scientific basis to
get insight into chemical constituents and biological properties as well as provide optimal for
extraction of bioactive compounds from the herbs. The data are extensive and generally well
presented through figures, tables. The results demonstrate originality and contribute new
knowledge to the field

- Writing:

The dissertation is written in clear scientific English. Terminology is appropriate and consistent.
While minor grammatical and stylistic corrections are recommended, the overall academic
standard is satisfactory. Some impropriate terms should be revised

- References

The reference list consists of 79 research articles which is sufficient and highly relevant to the
research topic.

- Scientific quality:

The present work demonstrated high scientific quality through 7 publications

Comments: Table 3.1. Quantitative levels of TPC, TFC, TSC, TAC. The candidate has quantified
bioactive compounds in leaves and fruits of P. tectorius and P. amaryllifolius. However, the method,
regarding sampling is confusing. TPC and TFC were measured by taking dried sample powders. The

TAC was measured based on the extract (no information about the dried or wet extract). TSC was
measured by 50 microliter extract. An explanation of the units for each measurement is necessary.

Table 4.7. The values of DPPH, hydroxyl, and alpha amylase assays were different from those in
table 3.1. However, the method is same. You should make it consistently.
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The optimization design in Table 5.1, regarding temperature at 80°C is not reasonable since ethanol
is evaporated at 78°C

Some references format of author names are wrong and not consistent; check the hard copy of the
manuscript

Discussion on extraction and biological activities in the manuscript is quite limited.

Questions:

1. Why did you try to approach saponin in these plants since the literature review did not mention
saponin as a common compound of these species.

2. What would be the future formulation of health products that you suggest from these herbs?

Comment on the candidate ability (e.g. general scientific background, understanding on the
research field and research topic, presentation skill, English level, etc)

The candidate demonstrates wide scientific background on chemical identification and biological
activity investigation with strong experimental capacity with analytical techniques. English for
presentation and writing is sufficient and good ability for scientific reasoning and explanation.

Conclusions (indicates whether the manuscript is accepted in the current form or accepted
after minor/ major revisions; and whether the candidate deserves the USTH PhD degree)

The thesis satisfies the scientific and academic requirements for the award of the Doctor of
Philosophy degree with minor revision as mentioned above

O Accept the manuscript in the current form.
M Accept the manuscript with minor/ major revisions.

[] The manuscript is not qualified to for the PhD degree.

Hanoi 21" April, 2026

Jury Member’s signature

ok —

Nguyeén Huu Nghi
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Location : Meeting Room 402, USTH Building

L PHD STUDENT:

Full name Do Hoang Giang
Student ID D22.PMAB.004
Program Pharmacological, Medical and Agronomical Biotechnology
Phytochemical constituents and bioactivities of Pandanus tectorius
L. and Pandanus amaryllifolius/ Nghién citu thanh phan héa hoc va
Thesis title , . , e . ) o
hoat tinh sinh hoc cua loai dira dai (Pandanus tectorius) va loai
dira thom (Pandanus amaryllifolius)
Assoc. Prof. Nguyen Tien Dat, Center for Research and
Supervisor Technology Transfer, Vietnam Academy of Science and

Technology

Co-supervisor

Assoc. Prof. Nguyen Hai Dang, USTH

II. COMMENTS (if any):

I1I. FINAL ASSESSMENT:

O Agree to award the PhD diploma to the candidate.

CE3-Agree to award the PhD diploma to the candidate after revision.

[ The thesis is not qualified for the PhD diploma. A second jury could be considered.

Jury member
(Signature & full name)
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Thesis title

Co-supervisor Assoc. Prof. Nguyen Hai Dang, USTH

IL. COMMENTS (if any):
- regarding the structure

- regarding the content

- conclusions

- the reference list

Questions and Discussions:

1. Why did the author not investigate all plant parts (leaves, fruits, roots, aerial parts) as
described in the introduction for other species in the genus?

2. How do the absolute configurations of Pandanusfurans A/B influence their selective
cytotoxicity against A549 cells? Were computational docking studies considered?

3. In the fruit optimization study, why were seven conditions presented instead of a single
multi-objective optimum, and how do these conditions perform in scaled-up
extractions?

For the proposed synergism in P. amaryllifolius, what specific phenolic-alkaloid
interactions were hypothesized, and why was no further fractionation performed to
confirm this?
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JTION OF THE UNIVERSITY’S DOCTORAL THESIS EXAMINATION JURY
(The 1°' meeting)

Thesis title: Phytochemical constituents and bioactivities of Pandanus tectorius and Pandanus

amaryllifolius/ Nghién citu thanh phdn héa hoc va hoat tinh sinh hoc cua loai dira dai
(Pandanus tectorius) va loai dira thom (Pandanus amaryllifolius).

PhD student’s full name: Do Hoang Giang Student ID: D22 PMAB.004

Specialty: Pharmacological, Medical and Agronomical Biotechnology, Code: 9420201

Today, April 24, 2026., at USTH, after listening to the thesis presentation by PhD student Do
Hoang Giang, the comments from 3 reviewers, the comments of the Jury’s members and other

participants, the Thesis Examination Jury reached the following conclusions:

1.

The title of the thesis is appropriate for the program of Pharmacological, Medical and
Agronomical Biotechnology, Code: 9420201.
The thesis does not overlap with any previously published works, theses, or thesis.

Main scientific conclusions, new points, new contributions of the thesis:

- From P. tectorius leaves, two new benzofuran epimers (Pandanusfurans A and B)
and four lignans were elucidated. The lignans contributed to antioxidant capacity,
whereas the benzofurans, showed weaker antioxidant activity but exhibited a-amylase
inhibition and showed selective cytotoxicity toward A549.

- This study successfully optimized the extraction process of phenolic- and saponin
enriched fractions from Pandanus tectorius fruit using the Box-Behnken Design.
Phenolic-rich extracts obtained under high ethanol concentration and temperature
conditions exhibited strong antioxidant activity.

- Saponin-rich extracts obtained under lower ethanol concentration and longer
extraction times, showed good nitric oxide inhibitory effects, albeit with potential
cytotoxicity at higher doses

- The phytochemical investigation of the phenolic enrichment from P. amaryllifolius
leaves led to the isolation’of 16 compounds, including 3 lignans and 9 benzoate
derivatives, together with 3 shikimates and 1 glycoside. Except for 4-hydroxybenzoic
acid, the other compounds were identified for the first time from the plant.

- The optimized phenolic enrichment from Pandanus amaryllifolius leaves
demonstrated substantial antioxidant and NO inhibition activities, surpassing the
efficacy of its individual non-alkaloid and alkaloid fractions.

- Contribution on Chemistry : expanding the phytochemical knowledge of the genus.



- Chemotaxonomic insights: The clear differentiation between species based on
metabolite profiles (phenolics/saponins in P. tectorius vs. alkaloids in P. amaryllifolius)

provides valuable chemotaxonomic markers.

After discussion, the committee unanimously voted to approve the Decision with the results of
7./7 votes in favor (accounting for 100%).

The Chairman of the Committee declared the end of the Thesis Examination J ury at USTH on
the same day.

Chairman Secretary
e —
Prof.Dr. 1 guyen Van Hung Dr. Nguyen Huu Nghi

Director of Department of Academic Affairs

Assoc.Prof. Nguyen Hong Nam
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