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ABSTRACT

Several studies have focused on the biological and chemical properties of different species of the family
Arecaceae. Isolation and characterization of the phytochemicals of Archontophoenix alexandrae (Wendl. &
Drude) and Dictyosperma album (Bory) H.Wendl & Drude ex Scheff. leaves (family Arecaceae) and deter-
mination of their total phenolics, flavonoids contents and antioxidant activity were investigated in this study.
Chromatographic and spectral techniques were used for the phytochemical investigation. Total phenolics content
was estimated using Folin-Ciocalteu method, total flavonoids content was determined using AlClz assay, while
antioxidant activity was estimated using DPPH and reducing power assays. Nine compounds; stigmasterol (1),
p-sitosterol (2), tricin (3), luteolin (4), quercetin (5), g-sitosterol-g-D-glucoside (6), ent-epicatechin-(2a—7, 40—8)-
ent-catechin (7), rutin (8) and orientin (9) were isolated and identified. Their structures were established based
on spectral techniques (UV, H, 3C and 2D-NMR). The antioxidant activity of Dictyosperma album leaves is
higher than that of Archontophoenix alexandrae leaves. This work enriched the phytochemical data of
Archontophoenix alexandrae (Wendl. & Drude) and Dictyosperma album (Bory) H.Wendl & drudeex.Scheff and

their leaves may be a potential antioxidant drug.

Keywords:

Archontophoenix alexandrae, Dictyosperma album, Antioxidant, Arecaceae, Phenolics

.

J

1. INTRODUCTION

The role of natural products as remedies has
been recognized since ancient times. Demand for medi-
cinal plants is increasing in both developed and developing
countries due to growing recognition of natural products
as being safer and having a potential of large benefits to
society. Egyptian flora, being variable, has become an
interesting spot to prospect for new chemical leads®. So,
in recent decades, many studies have been carried out on
different plant species to discover compounds of possible
interest for different medicinal applications. Among
these studies, several have focused on the biological and
phytochemical properties of different species of the
family Arecaceae®*. Arecaceae is among the famous plant
families which include genera that introduce phenolic-
rich species. Previous phytochemical investigations have
shown that flavonoids, anthocyanidins, lignans, benze-
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noids, benzoguinone, monoterpenoids, and nor isoprenoids
are constituents of family Arecaceae®>”.

Archontophoenix alexandrae is known as
Alexander palm, king Alexander palm, king palm and
northern bangalow palm. It is endemic to northern
Queensland and Australia and occurs in the rainforests
of tropical and warm temperate regions®. It is often used
as an ornamental plant®. Dictyosperma album has two
common names; princess palm and hurricane palm®. It
is native to Reunion and Mauritius. The root decoction
of Dictyosperma album is used as diuretic't*2,

It was reported that Archontophoenix alexan-
drae (Wendl. & Drude) and Dictyosperma album (Bory)
H.Wendl. & Drude ex Scheff.; family Arecaceae; contain
glycoflavones; being with few reports on their chemical
constituents®; motivated us to investigate their phyto-
chemical constituents and their antioxidant activity.
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2. EXPERIMENTAL
2.1. General experimental procedures

All NMR spectra were obtained on Bruker
Avance Il 400 MHz with BBFO Smart Probe and
Bruker 400 MHz AEON Nitrogen-Free Magnet (Bruker
AG, Switzerland) operating at 400 MHz for proton and
100 MHz for carbon using the residual protons in
deuterated solvent as an internal standard. 1D and 2D-
NMR spectra (HSQC and HMBC) were obtained using
standard Bruker pulse programs. Flash Chromatography
was conducted by puriFlash®4125 for flash chromate-
graphy (interchem, France) at Nawah Center, Cairo,
Egypt. Column; C18 HP-120.0 g (20 bar), fractions were
collected based on photodiode array (PDA) detection.

Column chromatography was performed using
silica gel 60 (63-200 um), polyamide-6 (50-160 um) and
Sephadex LH-20 (Sigma-Aldrich, Germany). Pre-coated
silica gel 60 TLC plates were purchased from Merck
(Darmstadt, Germany). Visualization of the TLC plates
was achieved with a UV lamp (Amax 254 and 365 nm) and
p-anisaldehyde’s reagent/sulphoric acid spray reagent
(methanol-formic acid-p-anisaldehyde-sulfuric acid,
85:10:0.5:5)™.

2.2. Plant material

Archontophoenix alexandrae and Dictyosper-
ma album leaves were collected in April 2015 from EI-
Zohorya Garden, Cairo; and EI-Orman Public Garden,
Giza, respectively. The plants were kindly identified
by Dr. Mohamed Gibali, Senior Botanist, Agriculture
Research Center, Ministry of Agriculture, Dokki, Giza.
Voucher specimens (BUPD-64 and BUPD-65, respect-
tively) was deposited in Pharmacognosy Department,
Faculty of Pharmacy, Beni-Suef University, Beni-Suef,

Egypt.
2.3. Preparation of extracts

The extraction of the air-dried powdered leaves
of Archontophoenix alexandrae and Dictyosperma
album (1 g, each) was carried out at room temperature
separately using 50 ml methanol (80%) for 2h on an
orbital shaker adjusted at 200 rpm. The supernatant
produced from mixture centrifugation for 20 min was
transferred to a 100 ml volumetric flask. The procedure
was repeated, and respective supernatant was pooled.
The final volume was adjusted to 100 ml and was used
for determination of total phenolics content, total flavo-
noids content and antioxidant activity®.

The air-dried powdered leaves of Archonto-
phoenix alexandrae and Dictyosperma album (3.8 and
3.75 kg, respectively) were separately extracted with 80%
ethanol by percolation and the solvent was evaporated
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under reduced pressure to afford crude extracts (CE)
(486 and 615 g, respectively). Four hundred grams of each
extract was suspended in distilled water and partitioned
with solvents of different polarities (n-hexane, dichloro-
methane, ethyl acetate, and n-butanol) to afford (75, 30,
14 and 75 g, respectively for Archontophoenix alexan-
drae) and (16, 20, 26 and 70 g, respectively for Dictyo-
sperma album). These fractions were used for studying
their phytochemistry.

2.4. Determination of total phenolics content

The total phenolics content was evaluated
spectrophotometrically using Folin-Ciocalteu reagent.
The methanol extract (300 ul) was added to 2.25 ml of
Folin-Ciocalteu reagent and wait for 5 min at room
temperature then add to the mixture 2.25 ml of sodium
carbonate (60 g/L) solution and stand at room tempera-
ture for 90 min then measure the absorbance at 725 nm.
The standard curve was prepared using gallic acid as
standard. The final results were expressed as mg gallic
acid equivalents in 1 g of dried sample (mg GAE/qg) for
total phenolics®.

2.5. Determination of total flavonoids content

The total flavonoids content was evaluated
spectrophotometrically using AICI;. Methanol extract
(0.5 ml) was added to 2.25 ml of distilled water then 0.15
ml of 5% NaNO; solution was added to the mixture.
Wait for 6 min. then add to the mixture 0.3 ml of 10%
AICI3.6H,0 solution. Stand for another 5 minutes then
add 1.0 ml of 1 M NaOH. Mix the mixture well using
vortex, the absorbance was immediately measured spec-
trophotometrically at 510 nm. The standard curve was
prepared using rutin. The final results were expressed
as mg rutin equivalents in 1 g of dried sample (mg RE/g)
for total flavonoids®®.

2.6. lsolation of constituents of Archontophoenix
alexandrae leaves

The n-hexane fraction (16 g) was saponified
by heating under reflux with 50 ml 10% alcoholic KOH
and 20 ml benzene for 24 h to ensure complete saponi-
fication. Benzene was evaporated, and the solution was
suspended in 80 ml distilled H.O followed by extraction
with diethyl ether (10x100 ml) till exhaustion. The
combined ethereal extracts were washed several times
with distilled H2O till free from alkalinity then dried
over anhydrous sodium sulphate, followed by evaporation
to dryness. The solvent-free residue obtained represent
the unsaponifiable matters (USM)¢. USM of the leaves
(2.6 g) was chromatographed over silica gel column (75
0, 29x2.5 cm); gradient elution was carried out using n-
hexane-ethyl acetate mixture in 5% increments. Frac-
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tions (25 ml, each) were collected and monitored by TLC
using solvent system n-hexane/ethyl acetate (9:1 v/v).
Chromatograms were examined after spraying with p-
anisaldehyde/sulfuric acid and heating at 110°C. Frac-
tions eluted with hexane/ethyl acetate (9:1) showed one
spot which gave violet colour with p-anisaldehyde/
sulfuric acid spray reagent. The fractions were collected
and evaporated under reduced pressure to yield white
ppt (mixture of compounds 1 & 2; 20 mg).

Two grams of the dichloromethane extract
(ALD) was chromatographed on silica column (60 g,
1.8x38 cm) using mixtures of dichloromethane-methanol
in 5% increments to obtain three sub-fractions (ALD-I
& ALD-II & ALD-III). ALD-I (500 mg, eluted with 10%
methanol in dichloromethane) was rechromatographed
on silica column (50 g, 1.8 x 45cm) in the same way
followed by filtration through Sephadex LH-20 column
using methanol as eluent to obtain compound 3 (10 mg).
ALD-II (700 mg, eluted with 10-15% methanol in
dichloromethane) was chromatographed several times
on Sephadex LH-20 column using methanol as eluent to
obtain compound 4 (30 mg) & 5 (20 mg). ALD-I1I (50
mg, eluted with 15-20% methanol in dichloromethane)
was washed several times using a mixture of methanol
and dichloromethane (1:1) to obtain compound 6 (15 mg).

TLC investigation of the ethyl acetate and n-
butanol fractions with different solvent systems showed
similar spots so that both fractions were combined (ALP)
and a part of the extract (17 g) was chromate-graphed
on silica column (170 g, 2.7x59.5 cm) using mixtures of
dichloromethane-methanol in 10% increments to obtain
two sub-fractions. Similar fractions were collected to
afford two major fractions (ALP-1 & ALP-II). Fraction
ALP-I (200 mg, eluted with 40% methanol in dichloro-
methane) was purified on Sephadex LH-20 column
using methanol as eluent to obtain compound 7 (10
mg). Fraction ALP-II (2.5 g, eluted with 50% methanol
in dichloromethane) was rechromatographed on Sepha-
dex LH-20 column using methanol as eluent to obtain
compound 8 (10 mg).

2.7. lIsolation of the constituents of Dictyosperma
album leaves

The n-hexane fractions (16 g) was saponified
by the same method as in Archontophoenix alexandrae
leaves. The USM was subjected to TLC against that of
Archontophoenix alexandrae. The chromatograms were
developed using different solvent systems and spots
were located by spraying with p-anisaldehyde/H;SO..
The chromatograms revealed the presence of the same
spots (compound 1 & 2).

The dichloromethane extract (DLD; 20 g), was
sub fractionated using vacuum liquid chromatographic
column (200 g, 30x5 c¢m). Elution was started with
dichloromethane in 10% increments of methanol. Frac-
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tions (200 ml, each) were collected and monitored by
TLC. Similar fractions were pooled together to yield
main two subfractions (DLD-I and DLD-II). DLD-I (750
mg, eluted with 10% methanol in dichloromethane) was
rechromatographed on silica column (1.8x45cm) using
mixtures of dichloromethane/methanol as eluent in 5%
increments. The fraction eluted with 10-15% methanol
in dichloromethane was purified several times on
Sephadex LH-20 column using methanol as eluent to
obtain compound 3 (12 mg). DLD-II (300 mg, eluted with
15-20% methanol in dichloromethane) was recrystalized
using methanol and dichloromethane to obtain com-
pound 6 (15 mg).

TLC investigation of the ethyl acetate and n-
butanol fractions with different solvent systems showed
similar spots so that both fractions were combined
(DLP) and fractionated on polyamide using water/
methanol gradient to obtain two main sub-fractions;
DLP-I and DLP-II. DLP-I (1 g, eluted with 20-30%
methanol in water) was chromatographed on silica gel
column (40x1.8 cm) using mixtures of dichlorome-
thane/methanol in 10% increments to obtain main
subfractions which was purified on Sephadex LH-20
column using methanol as eluent to obtain compound 8
(10 mg). DLP-II (1.5 g, eluted with 60% methanol in
water) was chromatographed on Puriflash® column
using water (A)-methanol (B) each containing 0.03%
formic acid in a gradient mode: A/B 65/35; 1 CV-65/35-
50/50; 3 CV, 50/50-35/65; 5 CV, 35/65-20/80; 7 CV,
20/80-0/100; 8 CV. The fraction eluted with 1.99 CV
was purified on Sephadex LH-20 column using methanol
as eluent to obtain compound 9 (30 mg).

2.8. In-vitro antioxidant activity.

The antioxidant properties were evaluated by
free radical scavenging assay (DPPH assay) and iron
reducing power (RP).

2.8.1. DPPH scavenging assay™

In-vitro antioxidant activity was evaluated
spectrophotometrically for leaves of Archontophoenix
alexandrae and Dictyosperma album using DPPH
assay. Three hundred pl of 80% methanol extracts were
added to 3.0 ml of 500 uM DPPH in absolute ethanol.
Shake the mixture vigorously and wait for 30 min in the
dark at room temperature. The absorbance was measured
spectrophotometrically at 517 nm. Ascorbic acid was
used as a positive control. The following equation was
used to calculate the free radical scavenging activity.

Scavenging effect (%) = [1-(absorbance of
sample/absorbance of control)] x 100

The results were expressed as pg ascorbic acid
equivalent antioxidant capacity in 1 g of sample (ug
AEACI/Qg).
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2.8.2. Iron reducing power

The reducing power was evaluated according
to Cobaleda-Velasco et al. 2017Y". One hundred pL of
each extract were mixed with 250 pL of 0.2 M phos-
phate buffer (pH 6.6) and 250 pL of 30 mM KsFe(CN)s
and incubated in dark for 20 min at 50°C. Then 250 uL
of 0.6 M trichloroacetic acid were added. Samples were
centrifuged (10 min, 2000 rpm) and 200 pL of super-
natant were removed, which were then mixed with 200
pL of double-distilled water and 40 pL of 0.1% FeCls
(w/v). Samples were incubated for 10 min. The formation
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of ferrous ions (Fe?*) was registered by the absorbance
at 700 nm. The highest absorbance values, the greatest
capacity of reducing ferric (Fe®") to ferrous (Fe?*) ions.
Ascorbic acid (0.1 mg/ml) was analysed as reference.

Statistical analysis

All experiments were carried out three times
and the results were represented as meanzstandard
errors. Microsoft Excel Windows 2010 was used to
calculate the linear regression analysis.

Figure 1. Chemical structures of isolated compounds (1-9) from Archintophoenix alexandae and Dictyosperma album leaves.

3. RESULTS AND DISCUSSION

Plant and plant products are source of medi-
cine since long. Natural antioxidants are responsible for
inhibiting the consequences of oxidative stress. Many
medicinal plants are potential sources of antioxidant
compounds. Recent studies have shown that many
phenolic constituents derived from different species of
family Arecaceae are more effective as antioxidant

drugs. Phytochemical investigation of Archontophoenix
alexandrae and Dictyosperma album leaves resulted in
flavonoids are the major polyphenol class present in
the tested extracts. As phytochemical investigation of
Archontophoenix alexandrae led to the isolation and
characterization of eight compounds (Figure 1); stigma-
sterol and S-sitosterol mixture (1 & 2), tricin (3), luteolin
(4), quercetin (5), p-sitosterol-5-D-glucoside (6), entepi-
catechin-(2a—7, 4a—8)-ent-catechin (7) and rutin (8).
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While phytochemical investigation of Dictyosperma
album led to the isolation and characterization of six
compounds (Figure 1); stigmasterol and p-sitosterol
mixture (1 & 2), tricin (3), p-sitosterol-4-D-glucoside
(6), rutin (8) and orientin (9). The NMR data of the
isolated compounds were compared with published one.
This is the first report for the isolation of these com-
pounds from these species.

Spectral data of the isolated compounds

f-sitosterol (1)

BC NMR (100 MHz, CDCls): 37.2 (C-1), 31.6
(C-2), 71.8 (C-3), 42.2 (C-4), 140.7 (C-5), 121.7 (C-6),
31.9 (C-7), 31.9 (C-8), 50.1 (C-9), 36.5 (C-10), 21.06 (C-
11), 39.7 (C-12), 42.19 (C-13), 56.8 (C-14), 24.4 (C-15),
28.9 (C-16), 55.9 (C-17), 12.04 (C-18), 19.4 (C-19), 36.1
(C-20), 21.09 (C-21), 33.9 (C-22), 26 (C-23), 45.8 (C-24),
31.9 (C-25), 21.2 (C-26), 18.9 (C-27), 25.4 (C-28) and
12.3 (C-29).

Stigmasterol (2)

BC NMR (100 MHz, CDCls): 37.2 (C-1), 31.6
(C-2), 71.8 (C-3), 42.2 (C-4), 140.7 (C-5), 121.7 (C-6),
31.9 (C-7), 31.9 (C-8), 50.1 (C-9), 36.5 (C-10), 21.06 (C-
11), 39.7 (C-12), 42.19 (C-13), 56.8 (C-14), 24.4 (C-15),
28.9 (C-16), 55.9 (C-17), 12.04 (C-18), 19.4 (C-19), 40.5
(C-20), 18.8 (C-21), 138.3 (C-22), 129.2 (C-23), 51.2 (C-
24),29.1 (C-25), 19.02 (C-26), 19.8 (C-27), 23 (C-28) and
11.8 (C-29).

Tricin (3)

'H NMR (400 MHz, CDCls): 6.63 (1H, s, H-3),
6.17 (1H, s, H-6) 6.44 (1H, s, H-8), 7.21 (2H, s, H-2'&6")
and 3.92 (6H, s, OCHj).

Luteolin (4)

IH NMR (400 MHz, CDCls): 6.53 (1H, s, H-3),
6.20 (1H, d, J=2.4 Hz, H-6), 6.43 (1H, d, J=2.4 Hz, H-8),
7.36 (1H, overlapped, H-2"), 6.89 (1H, d, J=9.2 Hz, H-5"),
7.38 (1H, overlapped, H-6").

Quercetin (5)

'H NMR (400 MHz, CDCls): 6.19 (1H, d, J=2
Hz, H-6), 6.41 (1H, d, J=2 Hz, H-8), 7.74 (1H, d, J=2.4
Hz, H-2'),6.90 (1H, d, J= 8.4, H-5"), 7.64 (1H, dd, J=2, 8.4
Hz, H-6").

[-sitosterol-3-O-$-D-glucopyranoside (6)

3C NMR (100 MHz, Pyridine-ds): 37.8 (C-1),
30.6 (C-2), 78.4 (C-3), 39.7 (C-4), 141.2 (C-5), 122.2 (C-
6), 32.5 (C-7), 32.4 (C-8), 50.01 (C-9), 37.2 (C-10), 21.6
(C-11),40.3(C-12),42.8 (C-13),57.1 (C-14), 24.8 (C-15),
28.9(C-16),56.6 (C-17),12.3(C-18), 19.5(C-19), 36.7 (C-
20), 19.3 (C-21), 345 (C-22), 26.7 (C-23), 46.4 (C-24),
29.8 (C-25), 20.3 (C-26), 19.7 (C-27), 23.7 (C-28), 12.5(C-
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29),102.9 (C-1'), 75.7 (C-2'), 78.9 (C-3)), 72.0 (C-4), 78.8
(C5"), 63.2 (C-6).

Entepicatechin-(2a—7, 40—8)-ent-catechin (7)

'H NMR (400 MHz, CDs;0OD): 4.13 (1H, d,
J=3.2 Hz, H-3), 4.24 (1H, d, J=2.8 Hz, H-4), 5.92 (1H, d,
J=1.6 Hz, H-6), 6.06 (1H, d, J=1.6 Hz, H-8), 7.14 (1H, br
s, H-10), 6.83 (1H, overlapped, H-13), 7.02 (1H, br d, H-
14), 4.73 (d, J=8 Hz, H-2"), 4.06 (1H, m, H-3"), 2.55 (1H,
dd, J=8.4, 16.4 Hz, H-4"),2.95 (1H, dd, J=5.6, 16.8 Hz, H-
4), 6.08 (1H, s, H-6"), 6.96 (1H, br s, H-10"), 6.81 (1H, d,
J=8 Hz, H-13") and 6.84 (1H, overlapped, H-14"). **C
NMR (100 MHz, CDs0D): é¢c 100.4 (C-2), 67.6 (C-3),
29.2 (C-4), 104.5 (C-4a), 156.6 (C-5), 98.1 (C-6), 158.1
(C-7),96.5(C-8),154.1 (C-8a), 132.2 (C-9), 115.6 (C-10),
146.8 (C-11), 145.6 (C-12), 116.3 (C-13), 119.8 (C-14),
83.8 (C-2'), 68.3 (C-3"), 28.8 (C-4"), 102.8 (C-4a"), 156.1
(C-5"), 96.6 (C-6"), 152.2 (C-7"), 106.5 (C-8'), 150.8 (C-
8a’), 130.9 (C-9"), 115.4 (C-10"), 146.7 (C-11"), 146.4 (C-
12"), 115.7 (C-13"), and 120.3 (C-14").

Rutin (8)

'H NMR (400 MHz, CDs0D): 6.20 (1H, d, J=2
Hz, H-6), 6.39 (1H, d, J=2.1 Hz, H-8), 7.66 (1H, d, J=2.2
Hz, H-2"), 6.87 (1H, d, J=8.4 Hz, H-5"), 7.62 (1H, dd, J=2,
8.4 Hz, H-6"), 5.1 (1H, d, J=7.7 Hz, H-1""), 3.3-3.8 (sugar
protons), 4.51(1H, br s, H-1"")and 1.13 (1H, d, J=5.6 Hz,
H-6""). *C NMR (100 MHz, CDs0D): 159.3 (C-2), 135.6
(C-3), 179.4 (C-4), 163 (C-5), 100 (C-6), 166 (C-7), 94.9
(C-8), 158.6 (C-9), 105.6 (C-10), 123.1 (C-1", 117.7 (C-
2"), 145.9 (C-3"), 149.8 (C-4"), 116.1 (C-5"), 123.5 (C-6"),
104.7 (C-1"), 75.7 (C-2"), 78.2 (C-3"), 77.2 (C-4"), 71.4
(C-5™M), 68.6 (C-6"), 102.4 (C-1"), 72.1 (C-2"), 72.2 (C-
3", 73.9(C-4",69.6 (C-5") and 17.8 (C-6").

Orientin (9)

'H NMR (400 MHz, CDs0OD): 6.27 (1H, s, H-
3), 6.64 (1H, s, H-8), 7.48 (1H, overlapped, H-2"), 6.86
(1H, d, J=8.4 Hz, H-5"), 7.52 (1H, overlapped, H-6"), 4.69
(1H, d, J=5.6 Hz, H-1"), 3.3-3.8 (sugar protons),’*C NMR
(100 MHz, CD30D): 159.3 (C-2), 102.3 (C-3), 182 (C-4),
160.3 (C-5), 98.1 (C-6), 162.6 (C-7), 104.5 (C-8), 156 (C-
9), 104 (C-10), 121.9 (C-1", 114 (C-2'), 145.8 (C-3),
149.6 (C-4"), 115.6 (C-5), 119.3 (C-6"), 73.3 (C-1"), 70.9
(C-27), 78.7 (C-3"), 70.6 (C-4"), 82 (C-5") and 61.6 (C-
6").

Compound 1 & 2: Stigmasterol and pg-
sitosterol mixture: white powder, soluble in dichlorome-
thane, attained violet color after spraying with p-
anisaldehyde followed by heating at 110°C using
precoated silica gel TLC plates. It gives Rrvalue of 0.53
with n-hexane/ethyl acetate (8:2 v/v). The DEPT-Q
spectrum shows four olefinic carbons (6¢121.7, 129.2,
138.3, 140.7); An oxymethine carbon (d¢c 71.8); seven
methine carbons (d¢ 31.9 (2 x), 40.4, 50.1, 51.2, 56.07,
56.7); two quaternary carbons (dc 36.5, 42.3); nine
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methylene carbons (8¢ 21.09, 24.3, 25.4, 28.9, 31.6, 31.9,
37.2, 39.7, 42.3); and six methyl carbons (6¢c 12.05,
12.24,18.78, 19.4, 19.81, 21.2). These are characteristic
resonances of a sterol with two olefinic bonds and an
alcohol group. The *H-NMR spectrum indicated that the
three olefinic methine signals at 64 5.03 (dd, J=8, 14.8
Hz),5.17 (dd, J=8, 14.8 Hz), and 5.37 (d, J=4.4 Hz are not
equally integrated as three protons which was inconsis-
tent with a single compound, a mixture of stigmasterol
and p-sitosterol was suggested. The signal at 5.37 (d,
J=4.4 Hz ) is a common signal in both compounds (H6)
integrated as one proton while the signal at 645.03 (dd,
J=8, 14.8 Hz) which corresponds to one proton of
stigmasterol only was integrated as 0.35. So, the share
of stigmasterol in signal at 5.37 is also 0.35 and the
share of S-sitosterol is 0.65. So, the ratio of stigmasterol
to S-sitosterol was about 1:2. S-sitosterol and stigmasterol
are always in a mixture form if present in the same plant.

Compound 3: Tricin: yellow powder, soluble in
methanol, attained a purple color under long-wave UV
light which turned yellow after spraying with AICl;and
after spraying with p-anisaldehyde followed by heating
at 110°C using precoated silica gel TLC plates indicating
its flavone nature. It gives Rsvalue of 0.58 with dichlo-
romethane/methanol (9.5:0.5 v/v). *H-NMR spectrum
showed three signals appeared at oy 6.63 (S), 6.17 ()
and 6.44 (s) which were assignable to H-3, H-6 and H-
8, respectively. one signal appeared at on 7.21 assign-
able to H-2', H-6’ which representing 1',3’, 4', 5’ tetrasub-
stituted benzene ring. The presence of two symmetrical
methoxy group was confirmed from the singlet signal at
on 3.92 ppm integrated for six protons. NMR data were
in agreement with those reported about tricin?®.

Compound 4: Luteolin: yellow powder, soluble
in methanol, showed the same TLC pattern of a flavone.
It gives Rrvalue of 0.53 with dichloromethane/methanol
(9.5:0.5 v/v). While *H-NMR spectrum showed meta-
coupled doublets (J=2.4 Hz) at &4 6.43 and 6.20 ppm (H-
8 & H-6; respectively) each of one proton, one singlet at
on 6.53 ppm (H-3), one doublet at 6w 6.89 ppm (J=9.2,
H-5"), doublet of doublet at 64 7.38 ppm (H-6') over-
lapped with broad singlet at 64 7.36 ppm (H-2"). This
data were in agreement with those reported about
luteolin?.

Compound 5: Quercetin: yellow powder, soluble
in methanol, attained a yellow color under long-wave
UV light that intensifies after spray with AICls using
precoated silica gel TLC plates indicating their flavonol
nature. It gives Rsvalue of 0.51 with dichloromethane/
methanol (9.5:0.5 v/v). 'H NMR spectrum showed meta-
coupled doublets (J=2 Hz) at 61 6.41 and 6.19 ppm,; (H-
8 & H-6; respectively) each of one proton, two doublets
at oy 6.90 ppm (J=8.4 Hz, H-5") and 7.74 ppm (J=2.4
Hz, H-2") and doublet of doublet at 7.64 ppm (J=2, 8.4
Hz, H-6"). This data were in agreement with those cited
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in the literature for quercetin (Figure 1)%.

Compound 6: S-sitosterol-$-D-glucoside: white
powder, soluble in dichloromethane and methanol
mixture (1:1), attained violet color after spraying with
p-anisaldehyde followed by heating at 110°C using
precoated silica gel TLC plates. It gives Rrvalue of 0.8
with dichloromethane/methanol (8.5:1.5 v/v). DEPT-Q
NMR displayed 29 carbons of f-sitosterol in addition to
six signals were seen at 6¢ 102.9, 72, 75.7, 78.8, 78.4
and 63.2 ppm typical for glucose moiety. The *H NMR
spectrum showed the anomeric proton of the glucose
moiety at o+ 5.07 (d, J=7.2 Hz) indicating p-orientation.
13C NMR (Pyridine-ds, 100 MHz): &¢ 37.8, 30.6, 78.4,
39.7,141.2,122.2,32.5,32.4,50.01, 37.2, 21.6, 40.3, 42.8,
57.1, 24.8, 28.9, 56.6, 12.3, 19.5, 36.7, 19.3, 34.5, 26.7,
46.4, 29.8, 20.3, 19.7, 23.7, 12.5, 102.9, 75.7, 78.9, 72.0,
78.8 and 63.2. NMR data were consistent with the
literature?.

Compound 7: Entepicatechin-(2a—7, 4a—8)-
ent-catechin: brown amorphous powder, soluble in
methanol, no fluorescence under UV(A 365), attained
orange coloration after spraying with p-anisaldehyde
followed by heating at 110°C using precoated silica gel
TLC plates. It gives Rrvalue of 0.52 with dichlorome-
thane-methanol (8:2 v/v). *H NMR showed AB coupling
system at oy 4.12 (d, J=5.2 Hz;H-3), 4.23 (d, J=3.2 Hz;
H-4), the meta-coupled doublets at 5.92, 6.05 (each d,
J=1.6 Hz; H-6, H-8), a residual one aromatic proton
singlet at 6n46.08 (S, H-6"), and two AMX systems in the
aromatic region (6 6.8-7.1) due to rings B and E con-
firmed the A-type procyanidin?. This class of compounds
was also confirmed by the presence of 1 methylene, 13
methines and 16 quaternary carbons in the *C NMR
spectrum, this doubly linked dimeric structure was also
supported by the one acetal carbon at d¢c 100.4 in its
DEPT-Q NMR spectrum. Also, the presence of signals
at oc 83.8 and 68.3 attributable to C-2" and C-3' of ring
F, respectively, corresponded to a catechin terminal
unit. Independent support for the presence of a 2,3-trans
configurated 'lower’ unit was available from the large
coupling constant (J=8 Hz) of H-2" and H-3' (ring F).
NMR data were consistent with the literature?*4, com-
pound 7 was identified as entepicatechin-(2o0—7, 4a—8)-
ent-catechin (Figure 1).

Compound 8: Rutin: yellow powder, soluble
in methanol, attained a purple color which turned yellow
after spraying with p-anisaldehyde followed by heating
at 110°C using precoated silica gel TLC plates. It gives
Rt value of 0.43 with ethyl acetate/formic acid/acetic
acid/water (100:11:11:27 v/v). *H NMR spectrum showed
the signals characteristic for compound 5 (quercetin);
ring B is substituted in 3’ and 4’ positions and this was
confirmed by the presence of ABX spin system; H-
5'(6.89, d, J=8 Hz), H-6'(7.66, dd, J=2, 8 Hz), H-2’' (7.68,
overlapped). Ring A is substituted only in 5 and 7
positions which was verified by the presence of two

48



broad singlets of H-6 at 64 6.22 ppm and H-8 at oy 6.4
ppm; in additional to the signals of the sugar moieties
including a doublet appeared at 64 5.12 ppm (d, J=6.8
Hz) indicated an anomeric proton of a f-D-glucose
moiety, while those at 614.54 (broad singlet) with that
at oy 1.13 (3H, d, J=5.6 Hz) revealed the presence of an
a-rhamnose. *C NMR (CDsOD, 100 MHz): éc 159.3,
135.6, 179.4, 163, 100, 166, 94.9, 158.6, 105.6, 123.1,
117.7, 145.9, 149.8, 116.1, 123.5, 104.7, 75.7, 78.2, 77.2,
71.4, 68.6, 102.4, 72.1, 72.2, 73.9, 69.6, 17.8. Data were
consistent with previously published data®.

Compound 9: Orientin: yellow powder, soluble
in methanol, attained a purple color under long-wave
UV light; turned yellow after spray with AICl; and turned
yellow after spraying with p-anisaldehyde followed by
heating at 110°C using precoated silica gel TLC plates.
It gives Rrvalue of 0.35 with dichloromethane-methanol
(8:2 viv). BBC-NMR spectrum revealed the signals of
flavone glycosides; 21 carbons, including one carbonyl
at 6c 182.02. 'H-NMR revealed the signals of three
aromatic protons of ABX aromatic system in ring B at
on 6.86 (1H, d, J=8.4 Hz, H-5"), 7.47 (1H, br s, H-2"), and
7.53 (overlapped dd, J=8.4 Hz, H-6') indicating that the
aglycone is luteolin.**C-NMR chemical shifts of sugar
moiety (Jc 73.3, 70.9, 78.7, 70.6, 82 and 61.6) were
typical of C-glucopyranosyl moiety. Presence of only
one protonated carbon signal at dc 98.1 confirmed that
sugar moiety was attached to C-8. *C NMR (DMSO0, 100
MHz): Jc 164, 102.3, 182, 160.3, 98.1, 162.6, 104.5, 156,
104,121.9, 114, 145.8, 149.6, 115.6 and 119.3, 73.3, 70.9,
78.7,70.6, 82 and 61.6. NMR data were consistent with
that reported for orientin?®.

The results (Figure 2) revealed that Dictyo-
sperma album (56.63 and 8.60 mg GAE/qg, respectively)
gives significantly higher phenolics and flavonoids
content than Archintophoenix alexandrae leaves (13.72
and 3.97 mg RE/qg, respectively). From Figure 3; it could
be concluded that Dictyosperma album leaves shows
significantly higher antioxidant activity than Archinto-
phoenix alexandrae leaves with the values of 243.51 and
129.40 pg AECE/g (ICs0=60 and 108.5 pg/ml, respec-
tively). Reducing power was highlighting in Dictyo-
sperma album (Azonm=1.217+ 0.082) than that found
for Archintophoenix alexandrae (Asnm=0.219+
0.008). Ascorbic acid (A70nm=0.803x 0.0907) was
used as reference as it is reported as a good antioxidant
drug.

This study validated the direct correlations
between total phenolic concentrations and antioxidant
activities (anti-radical capacity and reducing power).
Hence, we could conclude that these phenolics and
flavonoids are responsible for the observed antioxidant
activity in this study. So, it was important to isolate the
individual phytochemical constituents. The number of
phenolic compounds isolated from Dictyosperma album
(tricin, rutin and orientin) is less than that isolated from
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Archintophoenix alexandrae (tricin, luteolin, quercetin,
entepicatechin-(2a—7, 4a—8)-ent-catechin and rutin).
But the antioxidant activity of Dictyosperma album
leaves is higher than that of Archontophoenix alexandrae
leaves. This may be due to the higher antioxidant
activity of orientin when compared with luteolin as
reported in?" or presence of higher content of tricin or
presence of other highly antioxidative secondary meta-
bolites which could not be isolated due to its small amount.

B Total flavonoids M Total phenolics
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U 0 il . 1 .
Dictyosperma album Archintophoenix

leaves alexandae leaves

Plant organ

Figure 2. Total phenolics, total flavonoids content of Archonto-
phoenix alexandrae and Dictyosperma album leaves.
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Figure 3. DPPH free radical scavenging activity of the 80% metha-
nolic extracts of Archontophoenix alexandrae and Dictyosperma
album.

4. CONCLUSION

The result of this study revealed that Dictyo-
sperma album contains higher amount of phenolic
compounds mainly flavonoids than Archontophoenix
alexandrae. Nine compounds were isolated and identi-
fied for the first time from Archontophoenix alexandrae
and Dictyosperma album leaves. The antioxidant activity
of Dictyosperma album leaves is higher than that of
Archontophoenix alexandrae leaves. Hence, further
biological investigation is needed for both tested
extracts and may be useful for their nutritional and
medicinal functions.
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