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Summary

Isolation, Structural Determination of Flavone Glycosides from the Leaves of Syzygium cumini
and their Cytotoxic Evaluation

Five flavone glycosides were isolated from the EtOAc and aqueous extracts of Syzygium cumini (L.) Skeels leaves. Their
chemical structures were elucidated as quercetin 3-O-neohesperidoside (1), rutin (2), quercetin 3-O-¢-L-rhamnopyranoside (3),
kaempferol 3-O-neohesperidoside (4), and afzelin (5) on the basis of detailed analyses of the 1D and 2D NMR spectroscopic
data and in comparison with the literature data. All isolated compounds (1-5) were estimated for their cytotoxicity against KB,
MCF-7, HepG2, and A549 human cancer cell lines. Unfortunately, these compounds were inactive against all four tested human
cancer cell lines at the concentration of 128 pg/mL. To the best of our knowledge, compounds 1 and 4 were first reported from

the Syzygium genus, while compounds 3 and 5 were isolated from the leaves of Syzygium cumini for the first time.
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1. Introduction

The genus Syzygium 1s one of the genera of the
family Myrtaceae comprising 1200-1800 species,
which spread out over the world [1, 2] and have
been commonly found in Southeast Asia. Many
species of the genus Syzygium are known for their
traditional use in various diseases, such as burms
and wounds (S. aromaticum), tooth infections and
toothache [3]; abdominal pain, indigestion, and
diarrhea (S. cordatum and S. guineese) [4];
dysentery, menorrhagia, asthma, and ulcers (S.
cumini) [5]; hemorrhages, syphilis, leprosy, ulcers,
and lung diseases (. jambos) [6]; mouth ulcers and
irregular menstruation (S. malaccense); coughs and
colds (S. suboriculare) [7]; diabetes mellitus (S.
caryophyllatum, S. cumini, S. malaccense, and S.
samarangens) [8]; etc. A few Syzygium species
have been extensively studied for their
phytochemical as well as their biological activities.
Of those, S. cumini, S. samarangense, and S.
Jjambos were the most investigated species with the
reported pharmacological activities, including
antioxidant, antiviral, anti-diabetic, and
hepatoprotective properties [9],[10]. Accordingly,

flavonoids, terpenoids, alkaloids, and their
glycosides were mainly found in the Syzygium
genus [11],[12]. Recently, there have been few
publications relating to the chemical constituents
and biological activities of the Syzygium genus in
Vietnam, for example: S. myrsinifolium [13], S.
attopeuense [14], S. cerasiforme [15], etc.

In the course of a screening program of the
flora in Vietnam, the ethyl acetate extract of S.
cumini leaves showed significant cytotoxicity
against the KB cell line (40.9% inhibition at the
concentration of 1 pg/mL). Thus, herein we report
the isolation and structural elucidation of five
known compounds, including quercetin 3-O-
neohesperidoside (1), rutin (2), quercetin 3-O-a-
L-rhamnopyranoside  (3), kaempferol 3-O-
neohesperidoside (4), and afzelin (5) (Fig. 1).
Also, they were evaluated for their cytotoxicity
against four human cancer cell lines (KB, HepG2,
A549, and MCF-7).

2. Materials and methods

2.1. Plant materials

The leaves of Syzygium cumini were collected
in Vinh Linh, Quang Tri, Vietnam, in April 2022
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and identified by Dr. Nguyen The Cuong of the
Institute of Ecology and Biological Resources,
Vietnam Academy of Science and Technology
(VAST). A voucher specimen (VN-1236F) was
deposited at the Institute of Marine Biochemistry,
VAST.

2.2. General experiment procedures

NMR spectra were recorded on a Bruker 600
MHz spectrometer operating at 150 MHz for *C-
NMR and at 600 MHz for 'H-NMR. The 'H
chemical shift was referenced to CD;OD at dn
3.31 ppm, respectively, while the *C chemical
shift was referenced to the solvent peak at dc 49.0
(CDsOD). TLC silica gel Merck 60 Fass was used
as thin layer chromatography. Column
chromatography (CC) was carried out using silica
gel 40 - 63 pm, YMC RP-18 (30 - 50 pm),
Sephadex LH-20, and Dianion HP-20. Medium
pressure liquid chromatography (MPLC) was
performed on a Biotage-Isolera One system
(Sweden).

2.3. Extraction and isolation

Dried and ground leaves of S. cumini (1.0 kg)
were extracted with MeOH (5 times x 4 L, 24 h)
at room temperature. The MeOH solutions were
combined and concentrated under reduced
pressure to obtain 75 g of the MeOH residue. The
MeOH residue was suspended in H,O (1 L) and
then partitioned successively with n-hexane (5
times X 1 L), CH,Cl; (5 times % 1 L), and EtOAc
(5 times % 1 L). The extracts were concentrated
under reduced pressure to give n-hexane (H, 10 g),
CH-Cl, (D, 30 g), EtOAc (E, 15 g), and aqueous
extracts (W, 15 g), respectively.

The ethyl acetate extract (E, 15 g) was
subjected to MPLC over silica gel using mixtures
of CH>Cl: and MeOH (0% to 100% MeOH in
CH>Cl,) to give 7 fractions E1-E7. Fraction E2
(2.2 g) was separated on a Sephadex LH-20
column (MeOH/CH-Cl. 8/2, vA), giving 6
subfractions E2.1-E2.6. Subfraction E2.5 (0.31 g)
was purified by Cis-reversed phase silica gel CC,
eluting with H,O/MeOH (from 0% to 100%
MeOH in H,0) and followed by CC (n-
hexane/acetone 1/1, v/v) to provide § (2.0 mg).
Fraction E4 (4.5 g) was subjected to CC on
Sephadex LH-20 (100% MeOH), giving 8
subfractions E4.1-E4.8. Subfraction E4.7 (1.72 g)
was separated by CC on silica gel using a mixture
of CH,Cl,/MeOH (0% to 100% MeOH in CH,Cl,)
and followed by CC on RP Cis eluting with

H>,O/MeOH (from 0% to 100% MeOH in H>O) to
give 3 (4.2 mg). The aqueous extract (W, 15 g)
was chromatographed on a Diaion HP-20 column,
eluting with H.O/MeOH (from 0% to 100%
MeOH in H:>O) to give 4 fractions W1-W4.
Fraction W4 (8.0 g) was separated on a Sephadex
LH-20 column (MeOH), giving 6 subfractions
W4.1-W4.6. Subfraction W4.2 (1.4 g) was subjected
to RP C,5 CC, eluting with H-O/MeOH (from 0% to
100% MeOH in H>O) to give 5 subfractions W4.2.1-
W4.2.5. Subfraction W4.2.3 (0.18 g) was purified by
CC on Sephadex LH-20 (MeOH), followed by CC
on silica gel using a muxture of
CH-ClyMeOH/HCOOH (9/1/0.1, v/v/v) to give 1
(2.0 mg). Subfraction W4.2.4 (0.19 g) was subjected
to CC on Sephadex LH-20 column (MeOH) to give
2 (2.5 mg) and 4 (2.8 mg).

Quercetin 3-O-neohesperidoside (1): Yellow
powder, a3° -213.63 (¢ 0.208, MeOH), 'H-NMR
(600 MHz, CD;0D, (see Table 2), *C-NMR (150
MHz, CD;0D) (see Table 1).

Rutin (2): Yellow powder, a3® +1.64 (¢ 0.60,
MeOH) [16], '"H-NMR (600 MHz, CD;OD) (see
Table 2), “C-NMR (150 MHz, CD;OD) (see
Table 1).

Quercetin 3-0-a-L-rhamnopyranoside (3):
Yellow powder, a3’ -145.13 (c 0.28, MeOH)
[17], 'TH-NMR (600 MHz, CD;0D) (see Table 2),
3C-NMR (150 MHz, CD;0D) (see Table 1).

Kaempferol 3-O-neohesperidoside (4):
Yellow powder, a3® -128.95 (¢ 0.208, MeOH)
[18], '"H-NMR (600 MHz, CD:0D) (see Table 2),
BC-NMR (150 MHz, CD;0D) (see Table 1).

Afzelin (5): Yellow powder, a3’ -183.10 (¢
0.168, MeOH) [19],'H-NMR (600 MHz, CD;OD)
(see Table 2), *C-NMR (150 MHz, CD;0D) (see
Table 1).

2.4. Cytotoxic assay

The cytotoxic activities of compounds 1-5
were evaluated against KB, HepG2, A549, and
MCEF-7 human cancer cell lines. The cells were
cultured at 37°C in DMEM medium supplemented
with 10% fetal bovine serum (FBS), 100 U/mL
penicillin, and 100 pg/mL streptomycin in a 5%
CO: incubator. Cells between 5 and 20 passages
were used for the assays. The cytotoxic activity
was measured by using a modified MTT assay
[20]. Viable cells were seeded in 96-well plates at
a density of 3 x 10* cells/mL. Cells were treated
with four concentrations of test compounds (2, 8§,
32, and 128 pg/mL) and then incubated at 37°C
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for 72 h m fresh DMEM medium. Cells were
subsequently incubated at 37°C with MTT (0.5
mg/mL) for 4 h. After removal of the supernatant,
formazan crystals were dissolved in DMSO, and
the optical density was measured at 540 nm.

Ellipticine was used as a positive control. All
cytotoxicity assays were performed in triplicate in
three independent experiments.

3. Results and discussion

Compound Aglycone R: R:
1 Quercetin OH Rha-(1—2)-Glc
2 Quercetin OH Rha-(1—6)-Glc
3 Quercetin OH Rha
4 Kaempferol H Rha-(1—2)-Glc
5 Kaempferol H Rha

Fig. 1. Structures of the isolated compounds 1-5

Compound 1 was isolated as a yellow solid.
The '"H NMR spectrum of 1 revealed the proton
signals of an ABX aromatic ring system at dg 7.63
(1H,dd,J=2.4,84Hz H-6"),6.89 (1H,d, /=84
Hz, H-5"), 7.64 (1H, d, /= 2.4 Hz, H-2") and two
meta-coupled aromatic protons at oy 6.19 (1H, d,
J = 2.4 Hz, H-6), 6.38 (1H, d, J = 2.4 Hz, H-8).
Additionally, the 'H-NMR spectrum of compound
1 exhibited the signals of two sugar moieties,
including two anomeric protons at dg 5.76 (1H, d,
J=17.2 Hz, H-1") and 5.25 (1H, br s, H-1'"), eight
oxymethines at du 3.25-4.07, one oxymethylene at
ou 3.75 (1H, dd, J = 2.4, 12.0 Hz, Ha-6"), 3.56
(1H, dd, J = 4.2, 12.0 Hz, Hb-6"), one doublet
methyl at ou 1.00 (3H, d, J = 6.0 Hz, CHs-6""),
which  were characteristic of a f-D-
glucopyranosyl and an a-L-rhamnopyranosyl
moiety. The *C-NMR spectrum of compound 1
showed the presence of twenty-seven carbon
signals, including twelve carbons at dc 62.3 (C-

5'"), 72.3 (C-3""), 72.4 (C-2""), 73.2 (C-4""), and
102.6 (C-1"") of the glucopyranosyl and
rhamnopyranosyl moieties, respectively; fourteen
aromatic carbons, and one ketone carbon at dc
179.3 (C-4) which were assigned for a flavonoid
aglycone. This assignment was supported by the
COSY spectrum of 1 which showed three spin-
spin interaction systems of protons: H-5'/H-6', H-
1""/H-2"/H-3"/H-4"/H-5"/H-6", and H-1""/H-
2"'/H-3""/H-4""/H-5""/H-6"". In the HMBC
spectrum of 1, the correlation of H-2" (du 3.68)
with C-1"" (dc 102.6), H-1"" (du 5.25) with C-2"
(6c 80.1) revealed that the rhamnopyranosyl
moiety was connected to the glucopyranosyl
moiety at C-2". Next, the HMBC correlation of the
proton H-1" (dg 5.76) with C-3 (dc 134.6)
determined that the glucopyranosyl moiety was
connected to the flavonoid unit at C-3. Thus, the
detailed analysis of the 1D and 2D-WNMR spectra
of 1 and comparison with the literature led to the

6"),71.7(C-4"),78.3(C-5"),78.9(C-3"),80.1 (C- assignment of 1 as quercetin 3-O-
2"), and 100.4 (C-1") and 17.6 (C-6""), 70.0 (C- neohesperidoside [21].
Table 1. *C-NMR data of compounds 1-5
dc?
Carbon i 5 3 4 5

2 158.4 159.4 158.2 161.3 158.6

3 134.6 135.6 136.2 134.4 136.2

4 179.3 79,5 179.4 179.4 179.7

5 163.2 163.5 166.0 161.3 161.6

6 99.9 100.0 99.9 100.3 99.9

T 166.0 166.1 166.1 166.0 165.9

8 94.6 95.0 94.8 94.7 94.8

9 158.4 158.6 159.3 158.5 159.3

10 105.9 105.7 106.0 105.9 106.0
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ac?

Carbon i 5 3 4 5
1’ 123.2 1239 123.0 123.1 122.7
2" 1172 FLT:T 117.0 132.1 131.9
3 146.0 145.9 146.4 116.1 116.5
4' 149.6 149.8 149.8 158.5 163.2
5 116.0 116.1 116.4 116.1 116.5
6' 123.5 123.6 122.8 132.1 131.9
g 100.4 104.7 103.6 100.3 103.5
2!t 80.1 757 72.0 80.1 72.0
3" 78.9 78.2 722 78.9 72.2
4" 7L7 71.4 73.2 71.9 73.2
5" 78.3 77.3 719 78.4 71.9
6" 62.3 68.6 17.7 62.3 17.7
e 102.6 102.4 102.6
2 72.4 72.3 72.4
Jres 72.3 72.1 72.3
4! 74.6 74.0 74.1
S 70.0 69.7 69.9
6’ 17.6 17.9 17.5

4. recorded in methanol-ds at 150 MHz.

Compound 2 was isolated as a yellow powder.
The '"H-NMR spectrum of 2 was similar to those of
1, including the characteristic signals of a quercetin
aglycone at oy 6.21 (1H, d, J = 2.4 Hz, H-6), 6.40
(1H,d,J=2.4 Hz, H-8), 7.62 (1H, dd, J=2.4, 8.4
Hz, H-6'), 6.87 (1H, d, J = 8.4 Hz, H-5"), and 7.76
(1H, d, J = 2.4 Hz, H-2"). Besides, the 'H-NMR
spectrum of 2 also showed the proton signals of a
pS-D-glucopyranosyl moiety at dy 3.47 (1H, m, H-
2'"), 3.41 (1H, m, H-3"), 3.26 (1H, m, H-4"), 3.33
(1H, m, H-5"), 3.80 (1H, dd, /= 1.8, 11.4 Hz, H-
6"a), 3.38 (1H, m, H-6" b), 5.10 (1H, d, /= 7.8 Hz,
H-1") and an a-L-rhamnopyranosyl moiety at du
3.62 (1H, dd, J=1.8, 3.6 Hz, H-2""), 3.52 (1H, dd,
J=3.6,9.6 Hz, H-3'"), 3.28 (1H, m, H-4"), 3.45
(1H, m, H-5'"), 1.11 (1H, d, J = 6.6 Hz, CH3-6""),
and 4.52 (1H, d, /= 1.8 Hz, H-1""). Analysis of the

BC-NMR spectrum with the aid of the HSQC
experiment revealed the resonances of twenty-
seven carbons, including one carbonyl carbon at dc
179.5 (C-4), fourteen aromatic carbon signals, and
twelve carbon signals of a rhamnopyranosyl and a
glucopyranosyl moieties. In the HMBC spectrum
of 2, the correlation of H-1" (dg 5.10) with C-3 (dc
135.6) determined that the glucopyranosyl moiety
was connected to the flavonoid unit at C-3. Next,
the correlation of H-1"" (du 4.52) with C-6" (dc
68.6) revealed that the rhamnopyranosyl moiety
was connected to the glucopyranosyl moiety at C-
6" instead of the C-2" position in compound 1.
Complete analysis of the 1D, 2D-NMR of 2, and
comparison with the reported values indicated that
compound 2 was quercetin-3-O-rutinoside or rutin
[12],[16],[22].

Table 2. TH-NMR data of compounds 1-5

o’ mult. (Jin Hz
Proton 1 5 ; ) 4 5

6 6.19d (2.4) 6.21d(2.4) 6.22d (1.8) 6.20 d (2.4) 6.22d(1.8)

8 6.38d(2.4) 6.40d (2.4) 6.39d (1.8) 6.40 d (2.4) 6.40d (1.8)

2¢ 7.64 d (2.4) 7.76 d (2.4) 7.36d(2.4) 8.06 d (9.0) 7.78 dd (2.4, 7.2)
3 s - - 6.91 d (9.0) 6.96 dd (2.4, 7.2)
5’ 6.89 d (8.4) 6.87 d (8.4) 6.93 d (8.4) 6.91d (9.0) 6.96 dd (2.4, 7.2)
6’ 7.63 dd (2.4, 8.4) 7.62dd (2.4,84) | 7.32dd(2.4,8.4) 8.06 d (9.0) 7.78 dd (2.4, 7.2)
1" 5.76 d (7.2) 5.10d(7.8) 537d(1.8) 574 d (7.8) 5.40d(1.8)
7 3.68 dd (7.2, 9.0) 3.47m 4.23 dd (3.0, 1.8) 3.63 t(7.8) 4.24 dd (1.8, 3.0)
3 3.58d(9.0) 34lm 3.76 dd (3.0, 9.6) 3.57t(7.8) 3.72.dd (1.8, 3.0)
4" 3.45 dd (2.4, 9.0) 3.26m 3.36m 332m 3.35m

5 3.25m 3.33m 3.44 dd (6.0, 9.6) 3.25m 3.33m
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Jon’® mult. (Jin Hz)
Proton 1 5 3 4 5
6" 3.75dd (2.4, 12.0) 3.80dd (1.8, 11.4) 0.96 d (6.0) 3.52dd (5.4, 12.0) 0.94 d (6.0)
3.56 dd (4.2, 12.0) 3.38m 3,74 dd (2.4, 12.0)
17 5.25brs 4.52d(1.8) - 5.25brs -
2 4.02 dd (1.8, 3.6) 3.62 dd (1.8, 3.6) - 4.02 dd (1.8, 3.0) -
SulE 3.80 dd (3.0, 9.6) 3.52 dd (3.6, 9.6) - 3.80dd (3.0, 9.6) -
4 338m 3.28m - 335m -
St 4.07 dd (6.0, 9.6) 345 m - 4.05 dd (6.6, 9.6) -
6’ 1.00 d (6.0) 1.11d (6.6) - 0.98 d (6.6) -

b recorded in methanol-ds at 600 MHz

COSY correlations

~—« HMBC correlations

Fig. 2. HMBC and COSY interactions of compounds 1, 2, and 4

Compound 3 was isolated as a yellow powder.
The 'H-NMR spectrum of 3 exhibited the presence
of an ABX aromatic ring system at dg 7.32 (1H,
dd, /=24, 8.4 Hz, H-6'), 6.93 (1H, d, /J=8.4 Hz,
H-5"), 7.36 (1H, d, J = 2.4 Hz, H-2'); two meta-
coupled aromatic protons at dg 6.19 (1H, d, /= 1.8
Hz, H-6), 6.39 (1H, d, J= 2.4 Hz, H-8) and one a-
L-rhamnopyranosyl moiety at dg 5.37 (1H, d, J =
1.8 Hz,H-1"),4.23 1H, dd, /= 1.8, 3.0 Hz, H-2"),
3.76 (1H, dd, /= 3.0, 9.6 Hz, H-3"), 3.36 (1H, m,
H-4"), 3.44 (1H, dd, J = 6.0, 9.6 Hz, H-5""), 0.96
(1H, d, J = 6.0 Hz, CH3-6"). Analysis of the 'H-
NMR and BC-NMR spectra of compound 3
showed similarities with those of compound 1,
except for the disappearance of one
glucopyranosyl moiety in compound 3. On the
basis of these data and in comparison with the
literature, compound 3 was determined as
quercetin-3-O-a-L-rhamnopyranoside [23].

Compound 4 was isolated as a yellow powder.
The 'H-NMR spectrum of 4 was similar to those
of 1 including two anomeric protons at du 5.74
(1H, d, J = 7.8 Hz, H-1") and 5.25 (1H, br s, H-
1), eight oxymethines at du 3.25-4.05, one
methylene at dy 3.52 (1H, dd, /= 5.4, 12.0 Hz, Ha-
6"), 3.74 (1H, dd, J = 2.4, 12.0 Hz, Hb-6"), one

doublet methyl at dy 0.98 (3H, d, /= 6.6 Hz, CH;-
6""), which were characteristic of a f-D-
glucopyranosyl and an a-L-rhamnopyranosyl
moieties, respectively. Additionally, the 'H-NMR
spectrum with the support of the HSQC spectrum
of 4 showed the signals of a kaempferol aglycone
at du 6.20 (1H, d, J= 2.4 Hz, H-6), 6.40 (1H, d, J
= 2.4 Hz, H-8), 6.91 (2H, d, /= 9.0 Hz, H-3', H-
5") and 8.10 (2H, d, J = 9.0 Hz, H-2', H-6"). The
'"H-'H COSY spectrum of 4 revealed four spin-
spin interaction systems for the following protons:
H-2'/H-3', H-5'/H-6', and H-1"/H-2"/H-3"/H-
4"/H-5"/H-6", and H-1""/H-2""/H-3""/H-4"""/H-
5"'/H-6"", as shown in Fig. 2. In the HMBC
spectrum of 4, the correlation of H-2" (du 3.63)
with C-1"" (dc 102.6), H-1"" (dg 5.25) with C-2"
(dc 80.1) revealed that the rhamnopyranosyl
moiety was connected to the glucopyranosyl
moiety at C-2". Next, the correlation of H-1" (du
5.74) with C-3 (dc 134.4) determined that the
glucopyranosyl moiety was connected to the
kaempferol unit at C-3. Complete analysis of the
1D, 2D-NMR of 4, and comparison with the
reported values indicated that compound 4 was
kaempferol 3-O-neohesperidoside [21].
Compound 5 was isolated as a yellow powder.
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The 'H-NMR and *C-NMR spectra of compound
5 showed similarities with those of compound 4,
except for the disappearance of one
glucopyranosyl moiety in compound 5. Thus, on
the basis of analysis of the NMR data of §, and
comparison with the literature, compound § was
structurally elucidated as kaempferol 3-O-a-L-
rhamnoside or afzelin [19].

The cytotoxic activities of compounds 1-5
were evaluated in vitro against KB, HepG2, A549,
and MCF-7 cell lines. Unfortunately, all the
compounds were inactive against all tested cell
lines at a 128 pg/mL concentration. These results
were consistent with those of compounds 3 and S,
which were previously reported [24],[25].

4. Conclusion

Investigation of the chemical constituents of
the EtOAc and water extracts from the leaves of
Syzygium cumini resulted in the isolation and

structural elucidation of five flavone glycosides:
quercetin 3-O-neohesperidoside (1), rutin (2),
quercetin  3-O-a-L-rhamnopyranoside  (3),
kaempferol 3-O-neohesperidoside (4), and
afzelin (5) on the basis of detailed analyses of
their 1D and 2D NMR spectroscopic data and in
comparison with the literature wvalues. All
isolated compounds (1-5) were estimated for
their cytotoxicity against KB, MCF-7, HepG2,
and A549 human cancer cell lines. However,
they were inactive against four tested human
cancer cell lines at 128 pg/mL concentration. To
the best of our knowledge, compounds 1 and 4
were first reported from the Syzygium genus,
while compounds 3 and § were isolated from the
leaves of S. cumini for the first time.
Acknowledgments: This research was financially
supported by the Vietnam Academy of Science and
Technology (VAST) (Grant No. KHCBSS.03/22-24).
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Summary
Chemical Constituents of the Dichloromethane Extract of Ganoderma cochlear
From the dichloromethane extract of Ganoderma cochlear, five compounds (1 - 5) were isolated by column
chromatography. Their chemical structures were identified as fornicatin F (1), 1-tetracosanoylglycerol (2), (22F)-ergosta-
7,9(11),22-trien-3$-o0l (3), polycarpol (4), and lucidenic acid N (5) based on spectral data and literature references. Compounds
2 - 5 were isolated from G. cochlear for the first time.
Keywords: Ganoderma cochlear, I-tetracosanoylglycerol, (22E)-ergosta-7,9(11),22-trien-3f-o0l, Lucidenic acid N.

1. Introduction

Ganoderma cochlear (Nees) Merr., belongs to
the Ganodermataceae family. The species is popular
in Tay Nguyen and is often used as a substitute for

G. lucidum to enhance immunity and
hepatoprotective  effects UAIE Up-to-date
phytochemical studies have shown over 90

compounds, including mainly triterpenoids, sterols,
phenols, and especially alkaloids
[21,[31.[41.[51.[6].[7].[8],[91.[10],[11],[12]. Scientific
studies in vifro have shown the species has valuable
effects such as  anti-inflammatory  [4],
hepatoprotective [2], renoprotective [3],[6],[8],
neuroprotective [7], anti-oxidant [11], and cytotoxic
activity [5],[13],[14]. These activities are mainly
attributed to terpenoids and phenolic compounds.
However, in Vietnam, there is only one study on the
chemical constituents of this mushroom [15]. In this
study, we isolated and identified five compounds (1
- 5) from the dichloromethane extract of Ganoderma

cochlear: fornicatin F (1), 1-tetracosanoylglycerol
(2), (22E)-ergosta-7,9(11),22-trien-35-0l  (3),
polycarpol (4), and lucidenic acid N (Fig.1). Among
them, compounds 2 - 5 are reported for the first time
from G. cochlear.

2. Materials and methods

2.1. Plant materials

The samples were collected in Kon Ka Kinh
Park, Gialai, in December 2023. The mushroom
was identified as Ganoderma cochlear (Nees)
Merr., which belongs to the Ganodermataceae
family, by Assoc. Prof. Nguyen Phuong Dai
Nguyen. A voucher specimen (GC122023) was
deposited at the National Institute of Medicinal
Materials.

2.2. General experiment procedures

The NMR measurements were conducted
using CD;OD and CDCl; as solvents on a Bruker
NMR spectrometer with a frequency of 500 or 600
MHz. Tetramethylsilane was used as an internal
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