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Abstract: Eleven chemical constituents, including one new limonoid trichilinin G (1), were identified from the
fruit extracts of M. azedarach. The structure of 1 was established by various spectroscopic and mass spectrometric
analyses. Among the eleven isolated compounds, trichilinin G (1) and meliatoxin B1 (2) were examined for their
antifungal activity against Fusarium oxysporum, Magnaporthe grisea, Phytophthora spp. (PS), and P. capsici
(PC). Limonoid 2 showed the best antifungal activity against PS (1Cso = 103.8 pg/mL) and PC (ICso < 62.5 pg/mL)
in a dose-dependent manner. While limonoid 1 exhibited a weak to moderate activity against these Phytophthora
species, F. oxysporum and M. grisea were less sensitive to the two compounds tested. The inhibitory effects of
trichilinin G on superoxide anion generation and elastase release by human neutrophils were also assessed in
cellular model and did not show significant activity.
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1. Introduction

Melia azedarach L. (Meliaceae) is widely distributed in Vietham and well known for its control
of nematode pests, mites, and insects. The dried leaves, fruits, barks, seeds and roots of M. azedarach
L. have shown to contain various compounds including limonoids, triterpenoids, steroids, alkaloids, and
flavonoid glycosides [1], which display broadband medicinal characteristics, among these the
insecticidal activities against several pathogenic and pest organisms were most recognized [2].
Moreover, M. azedarach was reported a broadband spectrum of bioactivities, such as antibacterial,
antifungal, antiviral, anti-fertility, anti-malarial, hepatoprotective, antioxidant and anticancer effects [3-
6]. Until now, there were many reported research results regarding M. azedarach. However, the fruits
of M. azedarach still attract the attention of scientists, which prompted us to conduct this research. In
our research about genus Melia, we reported the structure of a limonoid trichilinin G (1). Moreover, the
identification of ten known compounds (2-11) were provided in this study.

2. Materials and Methods

2.1. General Experimental Procedures

The UV spectra were recorded on Hitachi U-0080D diode array spectrophotometer. The IR spectra
were recorded on PerkinElmer FT-IR Spectrum RX1 spectrophotometer. Melting points were recorded
on Yanagimoto MP-S3. Optical rotations were recorded on a Jasco P-2000 digital polarimeter. The
NMR spectra (*H- and **C-NMR, COSY, NOESY, HMQC, and HMBC) were determined using the
Bruker AV-111 500 NMR spectrometer. The ESIMS and HRESIMS were recorded on Bruker Daltonics
APEX Il 30e spectrometer (positive-ion mode).

2.2. Plant Materials

The fruits of M. azedarach identified by Dr. Quoc Binh Nguyen, Vietnam National Museum of
Nature, Vietnam Academy of Science and Technology, Hanoi, Vietnam. In July 2018, it were collected
at the Puhuong nature reserve, Nghean province, Vietnam. A voucher specimen (No. MAF-072018) was
deposited at the School of Chemistry, Biology and Environment, Vinh University, Vietnam.

2.3. Extraction and Isolation

Air-dried fruits of M. azedarach (4.0 kg) were extracted with methanol using sonicator to afford a
crude methanol (350 g). The crude methanol was suspended in water and partitioned successively with
n-hexane, dichloromethane, and ethyl acetate to give corresponding n-hexane (MAH, 62 g),
dichloromethane (MAD, 48 g), ethyl acetate (MAE, 45 g) and water (MAW, 95 g) layers, respectively.
The MAE fraction was subsequently chromatographed on a silica gel column eluting with n-
hexane/ethyl acetate (100/1 to 0/1, v/v) to afford seven fractions (MAE 1-7). The MAE 1 fraction (2.3
g) was further separated on a silica gel column eluting with n-hexane/ethyl acetate (25/1, v/v) to yield
two subfractions (MAE 1.1 and 1.2). Compound 1 (5 mg) was yielded from MAE 1.1 subfraction (0.3
g) purified by a RP-18 column eluting with methanol/water (9/1, v:v). The MAE 1.2 subfraction (0.2 g)
was chromatographed with the assistance of a silica gel column (150 g, 80 x 3 cm) eluting with a mixture
of n-hexane/acetone (15:1) to afford compound 9 (128 mg). Moreover, the MAE 1.2 subfraction was
further separated on a Sephadex LH-20 column eluting with methanol/water (1/1, v/v) to produce
compound 6 (28 mg) and compound 8 (31 mg). The MAE 2 fraction (0.9 g) was repeatedly
chromatographed on a RP-18 column eluting with methanol/water (3/1, v/v) to result in compound 5 (7
mg). The MAE 2 (16.5 g) was further separated on a silica gel column eluting with n-hexane:ethyl
acetate (10/1 to 2/1) to yield six subfractions (MAE2.1-MAE2.6). The MAE 2.2 subfraction was
chromatographed with the assistance of a silica gel column (150 g, 80 x 3 cm) eluting with a mixture of
n — hexane/acetone (6/1) to yield compound 3 (18 mg). The MDE2.4 purified by HPLC eluting with
CH3CN/H,0 (40:60 to 85:15) to afford compound 2 (6 mg) and compound 4 (7,4 mg). The MAE 5 (1.3
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g) was purified by silica gel column chromatography (200 g, 80 x 3 cm) eluting with a mixture of
chloroform and methanol (10:1) to yield compound 7 (51 mg).

The dichloromethane layer (MAD, 48 g) was subsequently chromatographed on a silica gel column
eluting with n-hexane/ethyl acetate (step gradient 30/1, 20/1, 10/1, 4/1, 2/1, 1/1, successively; v/v) to
afford five fractions (MAD 1-5). The MAD 2 fraction (1.7 g) was isolated by silica gel column
chromatography eluting with chloroform/methanol (10/1) to yield compound 11 (25 mg). The MAD 5
fraction (1.5 g) was chromatographed with the assistance of a silica gel column (200 g, 80 x 3 cm)
eluting with a mixture of chloroform and methanol (10:1) to produce compound 10 (41 mg).

2.3.1. Trichilinin G (1)

White powder, mp 115-117 °C; [a]p?® +31.5 (¢ 0.07, CHCI3); UV (MeOH) Amax (log €) 273 (3.23),
244 (3.53), 218 (3.13), 205 (3.17) nm; IR vmax: 3590, 1731, and 1600-1500 cm; *H- and *C-NMR, see
Table 1; ESI-MS (rel. int) m/z 655 ([M+Na]*, 100), 633 (35); HR-ESI-MS m/z: 655.2879 [M+Na]*
(calcd. for C37H1409Na, 655.2878).

Table 1. *H-NMR (500 MHz, CDCls) and **C-NMR (125 MHz, CDCls) of 1

Position  &x (ppm, multi,, J in Hz) dc (ppm)
1 3.56 (brs) 71.8
2 1.53 (m), 2.27 (m) 24.3
3 3.56 (brs) 72.8
4 - 42.3
5 2.55(d, 12.5) 40.3
6 4.27 (dd, 12.5, 3.0) 73.6
7 5.85(d, 3.0) 74.2
8 - 51.7
9 3.15(dd, 13.0, 7.5) 36.2
10 - 44.1
11 2.04 (m), 2.36 (m) 30.0
12 5.08 (m) 77.8
13 - 40.2
14 - 155.7
15 5.70 (brs) 122.7
16 2.32 (m) 36.6
17 2.97 (dd, 10.8, 7.5) 50.4
18 1.18 (s) 18.8
19 3.13 (m), 3.45(d, 7.5) 77.9
20 1.00 (s) 15.8
21 1.25 (s) 271
22 1.00 (s) 15.4
23 - 124.6
24 7.13 (brs) 140.2
25 7.28 (brs) 141.9
26 6.16 (brs) 111.8
27 - 169.0
28 1.91 (s) 20.8
29 - 171.0
30 1.90 (s) 21.3
1 - 165.0
2 - 130.6
3 8.08 (d, 7.5) 129.5
4 7.43 (t,7.5) 128.3
5 7.56 (t, 7.5) 132.9
6 7.43 (t,7.5) 128.3
7 8.08 (d, 7.5) 129.5
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2.4. Anti-inflammatory Bioactivity Examination

The assays of the generation of superoxide anion and elastase release inhibition examinations were
determined as described previously [7,8].

2.5. In vitro Antifungal Activity Bioassays

The isolated compounds 1 and 2 were tested for their in vitro antifungal activity against four
phytopathogenic fungi Fusarium oxysporum, Magnaporthe grisea, Phytophthora spp., and P. capsici
by poisoned-food technique. In brief, the tested compounds were dissolved with 2% DMSO and then
added to melted PDA medium at 50 °C in Petri dishes, let the dishes cooling at room temperature. The
isolated compounds 1 and 2 were treated in a range concentration of (62.5-500 pg/mL). The treated Petri
dishes were inoculated with a mycelial plug in the center and allowed to grow at 25-28 °C for 2—7 days.
The Petri dishes treated with 2% DMSO were used as negative controls. Antifungal assays were
performed at least twice. The percentage of mycelial inhibition (%) was calculated based on the Abbott's
formula: % control = 100 x [(A — B)/(A —4)]

where A: diameter of the mycelial growth of negative control (mm); B: diameter of mycelial growth
of treatment (mm); 4: diameter of PDA plug of fungal inoculum (mm).

The data were evaluated by one-way ANOVA and the significance of the treatments was
determined by Tukey’s HSD for multiple comparisons (P < 0.05). The half-maximal inhibitory
concentration (ICso, ug/mL) of the tested compounds against the mycelial growth was calculated by
Probit analysis of WINPEPI software version 11.63.

3. Results and Discussion

Compounds 1-11 were purified with the combination of conventional chromatographic techniques
and the structure of new compound 1 was elucidated as below. Compound 1 was isolated as optically
active colorless syrup and the HRESIMS analytical data of 1 revealed the molecular formula as Cs7H40g
(m/z 655.2879 for [M+Na]"). The UV absorption maxima at 205, 218, 244, and 273 nm indicated the
presence of a conjugated benzene chromophore [9]. The IR absorptions at 3590, 1731, and 1600-1500
cm™ were indicative of the presences of hydroxyl, ester, and olefinic double bond functionalities. The
'H-NMR spectrum of 1 (Table 1) displayed the characteristic resonances for four methyl singlets [
1.00 (6H, CHs-20, -22), 1.18 (3H, CH3-18), and 1.25 (3H, CHs-21)], one oxymethylene group [o+ 3.13
(m) and 3.45 (d, J = 7.5 Hz)], and one set of signals for furan moiety [6n 6.16 (br s), 7.13 (br s), and
7.28 (br s)], respectively, which indicated the basic skeleton of 1 was similar to that of trichilinins [10].
In addition, there were also proton signals representative for two acetyl singlets [64 1.90 (3H) and 1.91
(3H)] and one benzoyl fragment [on 7.43 (2H, t, 7.5), 7.56 (1H, t, 7.5), and 8.08 (2H, d, 7.5)].
Comparison of the above spectral data with those of trichilinin E [11], the observed difference in 1 was
the presence of one more acetyl group. The substitution position of acetyl and benzoyl groups were
determined by the assistance of comprehensive 2D NMR spectroscopic examinations of 1. In the HMBC
spectrum, 2J, 3J-HMBC correlations from H-3 to C-1, C-27; from H-6 to C-7; from H-7 to C-1'"; from
H-12 to C-29; from H-15 to C-8, C-17; from H-17 to C-23, C-24, C-26; from CHs-18 to C-3, C-4, C-
19; from CHs-20 to C-1, C-5, C-9; from CHs-21 to C-14; from CHs-22 to C-12, C-14, C-17; from H-7'
to C-1', respectively, were observed and established its 2D planar structure as shown (Figure 1). The
NOESY analysis (Figure 1) constructed the stereochemical configurations of 1 as the same as those of
trichilinin E, and full assignments of all the proton and carbon signals were completed with the
assistance of all 2D experiments. Conclusively, the chemical structure of 1 was established and named
trivially as trichilinin G (Figure 1) followed the previous convention [11].

In addition, seven known compounds were identified as meliatoxin B1 (2) [12], meliasenin S (3)
[13], eichlerianic acid (4) [14], apigenin (5) [15], quercetin 3-O-[a-L-rhamnopyranosyl-(1—6)]-5-D-
glucopyranoside (rutin) (6) [16], scopoletin (7) [17,18], vanillic acid (8) [19], taraxerol (9) [20], -
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sitosterol (10) [21], and pg-sitosterol-3-O-p-D-glucopyranoside (11) [22,23], respectively, based on the
comparison of their spectroscopic and spectrometric profiles. Moreover, a cellular model in isolated
human neutrophils was used to evaluate the anti-inflammatory potential of the new compound 1 from
M. azedarach for its inhibitory effects on superoxide anion generation and elastase release by human
neutrophils in response to formyl-L-methionyl-L-leucyl-L-phenylalanine/cytochalasin B (fMLP/CB)

[7,8]. However, trichilinin G (1) did not display any significant inhibitions of fMLP/CB induced
superoxide anion generation at 10 uM.

Figure 1. Structure and significant HMBC (—) and NOESY («) correlations of compound 1
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m Compound 2: 500 pg/mL = Compound 2: 250 pg/mL

Compound 1: 500 pg/mL = Compound 1: 250 pg/mL
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Figure 2. The inhibitory effects of compounds 1 and 2 on the mycelial growth of four phytopathogenic
fungi* Fusarium oxysporum (FO), Magnaporthe grisea (MG), Phytophthora spp. (PS), and
P. capsici (PC)
*The fungi were incubated at 25-28 °C and the mycelial growth of each fungus was measured 2—7 days
after incubation..

A most interesting group of bioactive and structurally unique triterpenoids are the limonoids, which
are commonly found to occur in Melia and Citrus plant species. The well-known bioactivities of the
Meliaceous limonoids are insecticidal and antifeeding activities against pest insects. The insecticidal
limonoids such as azadirachtin, nimbin, salannin and the extracts of those limonoids have been used as
active ingredients in many commercial pesticides in controlling agriculture [1-3]. However, there are a
few reports of antifungal activity of the Meliaceous limonoids against phytopathogenic fungi. In a



312
Tuan et.al., Rec. Nat. Prod. (2022) 16:4 307-315

previous study by Carpinella et al. (2003), the organic solvent extracts derived from the fruits and leaves
of M. azedarach were found to have the antifungal effects on phytopathogenic fungi Aspergillus flavus,
Diaporthe phaseolorum var. meridionales, F. oxysporum, F. solani, F. verticillioides, and Sclerotinia
sclerotiorum. The active principles in the extracts of M. azedarach were determined to be non-limonoids
vanillin, 4-hydroxy-3-methoxycinnamaldehyde, and (x)-pinoresinol with MIC values ranging from 600
to 1000 pg/mL [24]. In our study, among the test phytopathogenic fungi, oomycete Phytophthora spp.
and P. capsici were the most sensitive to compounds 1 and 2 (Fig. 2). While the mycelial growths of
Fusarium oxysporum and Magnaporthe grisea were moderately affected in the treatment with 1 and 2.
Compound 1 exerted weak to moderate antifungal activity against the four test fungi; at 500 pg/mL, it
inhibited 52.8, 27.2, 31.9 and 34.5% of the mycelial growth of F. oxysporum, M. grisea, Phytophthora
spp., and P. capsici, respectively. The calculated ICsy values of compound 2 were determined to be
103.8 (CI: 82.6-130.5) pug/mL for PS and below 62.5 pg/mL for PC, respectively. Compound 2 showed
the best antifungal activity against both PS and PC in a dose-dependent manner (Fig. 3).

100
90 -
Pk
B
A é 70 A
e}
£ 604
= ——PS
50 - —o— PC
40
30 . ; . ‘ .
0 100 200 300 400 500 600
Concentration (ug/mL)
PC |
PS

500 250 125 62.5 Control

Figure 3. The antifungal activity of compound 2 against Phytophthora spp. (PS) and P. capsici (PC) in
a dose-dependent manner (A). The petri dishes were treated with 2 at concentrations ranging
from 62.5 to 500 pg/mL (B)

Meliatoxin B1, a trichilin-class limonoid possessing C-15 keto structure, was previously isolated
from the fruits of M. azedarach and M. toosendan and showed considerable cytotoxicity against tumor
cell lines P388 (ICso 5.4 pg/mL) and KB (ICso >10 pg/mL) [25, 26]. However, the antimicrobial activity
of compound 2 has not been reported up to date. Concerning the antimicrobial activity of tirucallane-
type triterpenoids such as meliasenin S, human pathogenic bacteria Pseudomonas aeruginosa and
Escherichia coli were inhibited at MIC values of 64 and 128 pg/mL, respectively, when treated with
meliasenin G isolated from Walsura trichostemon roots [27].

With a structural characterization similar to trichilinin G (1), trichilinin B and 1-
cinnamoyltrichilinin isolated from the fruits of M. azedarach were observed to suppress the viability of
HL-60 human leukemia cells by activating the p38 pathway and inducing apoptosis [28]. In a previous
investigation of the cytotoxic constituents of M. azedarach, trichilinin M and ohchinin benzoate were
alsofound as active against PANC1 cells with ICs values of 27.06 uM and 21.17 pM, respectively [29].
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To the best of our knowledge, many studies demonstrated the insecticidal and antifeedant activity, and
cytotoxicity of limonoids from M. azedarach; however, this is the first report of the antifungal activity
of compounds 1 and 2 against phytopathogenic fungi. Our antifungal bioassay results indicated that the
limonoids from M. azedarach could be a promising resource to search active ingredients for fungicides
in further researches.

4. Conclusion

In this work, eleven chemical constituents, including one new triterpenoid trichilinin G (1), were
identified from the fruit extract of M. azedarach. The structure of 1 was established by various
spectroscopic and mass spectrometric analyses. Compounds 1 and 2 exhibited the in vitro antifungal
activity against various fungi F. oxysporum, M. grisea, Phytophthora spp., and P. capsici. Notably,
meliatoxin B1 (2) was the best inhibitor against oomycete species Phytophthora spp., and P. capsici. In
addition, the inhibitory effects of 1 on superoxide anion generation and elastase release by human
neutrophils were assessed in a cellular model, but no significant effects were observed.

Acknowledgments

This research is funded by Vietnam National Foundation for Science and Technology Development
(NAFOSTED) under grant number 104.01-2018.315.

Supporting Information

Supporting information accompanies this paper on http://www.acgpubs.org/journal/records-
of- natural-products

ORCID

Nguyen Ngoc Tuan: 0000-0002-9815-5769
Ping-Chung Kuo: 0000-0003-3019-1138
Vu Dinh Hoang: 0000-0002-2112-6732
Vu Thi Hien: 0000-0001-6697-5829

Le Dang Quang: 0000-0001-7203-8081
Tran Trung Hieu: 0000-0002-0639-4261
Yue-Chiun Li: 0000-0002-1706-1139
Nguyen Tan Thanh: 0000-0002-8308-0434
Tian-Shung Wu: 0000-0002-2117-0266
Tran Dinh Thang: 0000-0003-1129-8941

References

[1] L. Zhao, C. H. Huo, L. R. Shen, Y. Yang, Q. Zhang and Q. W. Shi (2010). Chemical constituents of plants
from the genus Melia, Chem. Biodivers. 7, 839-859.

[2] G. Mishra, S. Jawla and V. Srivastava (2013). Melia azedarach: a review, Int. J. Med. Chem. Anal. 3, 53—
56.

[3] M. Ervina and Sukardiman (2018). A review: Melia azedarach L. as a potent anticancer drug, Phcog. Rev.
12, 94-102.


https://orcid.org/0000-0002-9815-5769
https://orcid.org/0000-0003-3019-1138
https://orcid.org/0000-0002-2112-6732
https://orcid.org/0000-0001-6697-5829
https://orcid.org/0000-0001-7203-8081
https://orcid.org/0000-0002-0639-4261
https://orcid.org/0000-0002-1706-1139
https://orcid.org/0000-0002-8308-0434
https://orcid.org/0000-0002-2117-0266
https://orcid.org/0000-0003-1129-8941

[4]
(5]

(6]
(7]

(8]

(9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]
[26]

[27]

314
Tuan et.al., Rec. Nat. Prod. (2022) 16:4 307-315

S. Park, N. X. Nhiem, L. Subedi, I. Oh, J. Y. Kim, S. Y. Kim and S. H. Kim (2020). Isolation of bioactive
limonoids from the fruits of Melia azedarach, J. Asian Nat. Prod. Res. 22(9), 830-838.

N. Wang, Y. Fan, C. M. Yuan, J. Song, Y. Yao, W. Liu, B. Gajendran, E. Zacksenhaus, Y. Li, J. Liu, X. J.
Hao and Y. Ben-David (2019). Selective ERK1/2 agonists isolated from Melia azedarach with potent anti-
leukemic activity, BMC Cancer 19, 764-772.

M. H. Rezadoost, H. H. Kumleh and A. Ghasempour. Cytotoxicity and apoptosis induction in breast cancer,
skin cancer and glioblastoma cells by plant extracts, Mol. Biol. Rep. 46, 5131-5142.

S. C. Yang, P. J. Chung, C. M. Ho, C. Y. Kuo, M. F. Hung, Y. T. Huang, W. Y. Chang, Y. W. Chang, K. H.
Chan and T. L. Hwang (2013). Propofol inhibits superoxide production, elastase release, and chemotaxis in
formyl peptide-activated human neutrophils by blocking formyl peptide receptor 1, J. Immunol. 190, 6511—
65109.

H. P. Yu, P. W. Hsieh, Y. J. Chang, P. J. Chung, L. M. Kuo and T. L. Hwang (2011). 2-(2-
Fluorobenzamido)benzoate ethyl ester (EFB-1) inhibits superoxide production by human neutrophils and
attenuates hemorrhagic shock-induced organ dysfunction in rats, Free Radic. Biol. Med. 50, 1737-1748.
A. I. Scott (1964). Interpretation Ultraviolet Spectra of Natural Products, 2nd ed., Pergamon Press, New
York.

M. Nakatani, T. Iwashita, K. Mizukawa and T. Hase (1987). Trichilinin, a new hexacyclic limonoid from
Trichilia roka, Heterocycles 26, 43-46.

M. Nakatani, M. Shimokoro, J. B. Zhou, H. Okamura, T. Iwagawa, K. Tadera, N. Nakayama and H. Naoki
(1999). Limonoids from Melia toosendan, Phytochemistry 52, 709-714.

K. Takeya, Z. S. Qiao, C. Hirobe, H. Itokawa (1996). Cytotoxic trichilin-type limonoids from Melia
azedarach, Bioorg. Med. Chem. 4(8), 1355-1359.

J. F. Hu, H. Fan, L. J. Wang, S. B. Wu, Y. Zhao (2011). Limonoids from the fruits of Melia toosendan,
Phytochem. Lett. 4, 292-297.

W. Aalbersberg, Y. Singh (1991). Dammarane triterpenoids from Dysoxylum richii, Phytochemistry 30(3),
921-926.

I. 1. Chemesova, M. linuma and A. L. Budantsev (1993). Investigation of the flavonoid composition of
Scutellaria adenostegia, Chem. Nat. Compd. 29, 133-134.

J. Y. Lallemand and M. Duteil (1977). 3C NMR spectra of quercetin and rutin, Magn. Resonan. Chem. 9,
179-180.

D. Akhmad, K. Soleh, B. S. K. Leonardus and M. S. Yana (2012). Scopoletin, a coumarin derivative
compound isolated from Macaranga gigantifolia Merr., J. Appl. Pharm. Sci. 2, 175-177.

W. K. Rahab, F. J. Benard and D. B. Lilechi (2016). Antimicrobial compounds from root, stem bark and
seeds of Melia volkensii, Nat. Prod. Res. 30, 1984-1987.

W. C. Sang, H. K. Ki, K. L. I, U. C. Sang, Y. R. Shi and R. L. Kang (2009). Phytochemical constituents of
Bistorta manshuriensis, Nat. Prod. Sci. 15, 234-240.

C. K. Yen, C. W. Keng, O. Hasnah, E. Ibrahim and Z. A. Mohammad (2013). Chemical constituents and
biological activities of Strobilanthes crispus L., Rec. Nat. Prod. 7, 59-64.

V. Sai, P. Chaturvedula and I. Prakash (2012). Isolation of stigmasterol and B-sitosterol from the
dichloromethane extract of Rubus suavissimus, Int. Cur. Pharm. J. 1, 239-242.

D. L. Cheng and X. P. Cao (1992). Pomolic acid derivatives from the root of Sanguisorba officinalis,
Phytochemistry 31, 1317-1320.

P. Tania and H. K. Kar (2017). Isolation and characterization of B-sitosterol-3-O-B-D-glucoside from the
extract of the flowers of Viola odorata, Br. J. Pharm. Res. 16, 1-8.

M. C. Carpinella, L. M. Giorda, C. G. Ferrayoli, and S. M. Palacios (2003). Antifungal effects of different
organic extracts from Melia azedarach L. on phytopathogenic fungi and their isolated active components. J.
Agric. Food Chem. 51, 2506-2511.

Q. G. Tanand X. D. Luo (2011). Meliaceous limonoids: chemistry and biological activities. Chem. Rev. 111,
7437-7522.

L. Zhao, C. H. Huo, L. R. Shen, Y. Yang, Q. Zhang and Q. W. Shi (2010). Chemical constituents of plants
from the genus Melia. Chem. Biodivers. 7, 839-859.

N. Suchaichit, K. Kanokmedhakul, T. Promgool, P. Moosophon, A. Chompoosor, N. P. Suchaichit and S.
Kanokmedhakul (2019). A new antibacterial tirucallane from Walsura trichostemon roots. Nat. Prod. Res.
DOI: 10.1080/14786419.2019.1669025.



315

Constituents from the fruits of Melia azedarach

[28] H.Jeong, S. Park, S. Y. Kim, S. H. Cho, M. S. Jeong, S. R. Kim, J. B. Seo, S. H. Kim and K. N. Kim (2020).
1-Cinnamoyltrichilinin from Melia azedarach causes apoptosis through the p38 MAPK Pathway in HL-60

human leukemia cells. Int. J. Mol. Sci. 21, 7506.
[29] W.Q.Wang, Z.Z. Xia, S. H. Yu, Z. H. Tian, B. Yan, H. Q. Jiang and H. L. Zhou (2021). Two new limonoids
from the fruits of Melia azedarach (Meliaceae). Chem. Biodivers. 18, €2000822. DOI:

10.1002/cbdv.202000822.

publications
© 2021 ACG Publications



Supporting Information

Rec. Nat. Prod. 16:4 (2022) 307-315

The Limonoid and Other Constituents from The Fruits of Melia

azedarach and Their Biological Activity

Nguyen Ngoc Tuan®" Ping-Chung Kuo**, Vu Dinh Hoang?,
Vu Thi Hien 43, Le Dang Quang®, Tran Trung Hieu?, Yue-Chiun Li?,
Nguyen Tan Thanh’, Tian-Shung Wu?®" and Tran Dinh Thang*~

! Institute of Biotechnology and Food Technology, Industrial University of Ho Chi Minh City, Ho Chi Minh
City, Vietnam
2 School of Pharmacy, College of Medicine, National Cheng Kung University, Tainan, Taiwan
*The School of Chemical Engineering, Hanoi University of Science and Technology, Hanoi, Vietnam
“School of Natural Sciences Education, Vinh University, Vinh City, Vietnam
*Faculty of Hydrometerology, Ho Chi Minh City University of Natural Resources and Environment, Ho Chi
Minh City, Vietnam
®R&D Center of Bioactive Compounds, Vietnam Institute of Industrial Chemistry, Hanoi, Vietnam
" School of Chemistry, Biology and Environment, Vinh University, Vinh City, Vietnam
8 Department of Pharmacy, College of Pharmacy and Health Care, Tajen University, Pingtung, Taiwan

Table of Contents Page

Table S1: Comparison table of the NMR data of Trichllins G and E 4
Figure S1: *H NMR spectrum of compound 1.
Figure S2: *H NMR spectrum of compound 1.
Figure S3: *H NMR spectrum of compound 1.

5
6
6
Figure S4: *C NMR spectrum of compound 1. 7
Figure S5: *C NMR spectrum of compound 1. 7

8

Figure S6: *C NMR spectrum of compound 1.

*Corresponding author: E-Mail: tswu@mail.ncku.edu.tw; Phone/Fax: 886-6-2747538
*Corresponding author: E-Mail: thangtd@iuh.edu.vn; Phone:084-0913049689 Fax:084-0913049689

© 2021 ACG Publications. All rights reserved.



Figure S7: *C NMR spectrum of compound 1.

Figure S8: DEPT spectrum of compound 1.

Figure S9: DEPT spectrum of compound 1.

Figure S10:
Figure S11:
Figure S12:
Figure S13:
Figure S14:
Figure S15:
Figure S16:
Figure S17:
Figure S18:
Figure S19:
Figure S20:
Figure S21:
Figure S22:
Figure S23:
Figure S24:
Figure S25:
Figure S26:
Figure S27:
Figure S28:
Figure S29:
Figure S30:
Figure S31:
Figure S32:
Figure S33:
Figure S34:
Figure S35:
Figure S36:
Figure S37:
Figure S38:
Figure S39:
Figure S40:
Figure S41:

COSY spectrum of compound 1.
COSY spectrum of compound 1.
COSY spectrum of compound 1.
NOESY spectrum of compound 1.
NOESY spectrum of compound 1.
NOESY spectrum of compound 1.
NOESY spectrum of compound 1.
HSQC spectrum of compound 1.
HSQC spectrum of compound 1.
HSQC spectrum of compound 1.
HSQC spectrum of compound 1.
HSQC spectrum of compound 1.
HMBC spectrum of compound 1.
HMBC spectrum of compound 1.
HMBC spectrum of compound 1.
HMBC spectrum of compound 1.
MS spectrum of compound 1.
HRMS spectrum of compound 1.
UV spectrum of compound 1.

IR spectrum of compound 1.

'H NMR spectrum of compound 2.

13C NMR spectrum of compound 2.

DEPT spectrum of compound 2.
HMBC spectrum of compound 2.
NOESY spectrum of compound 2.
COSY spectrum of compound 2.
'H NMR spectrum of compound 3.

13C NMR spectrum of compound 3.

DEPT spectrum of compound 3.
HMBC spectrum of compound 3.
COSY spectrum of compound 3.
'H NMR spectrum of compound 4.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
28
29
30
31
32
33
34
35
36
37
38
39
40

© 2021 ACG Publications. All rights reserved.



Figure S42:
Figure S43:
Figure S44:
Figure S45:
Figure S46:
Figure S47:
Figure S48:
Figure S49:
Figure S50:
Figure S51:
Figure S52:
Figure S53:
Figure S54:
Figure S55:
Figure S56:
Figure S57:
Figure S58:
Figure S59:
Figure S60:
Figure S61:

13C NMR spectrum of compound 4.

DEPT spectrum of compound 4.
HMBC spectrum of compound 4.
NOESY spectrum of compound 4.
COSY spectrum of compound 4.
H-NMR spectrum of compound 5.

13C-NMR spectrum of compound 5.

DEPT spectrum of compound 5.
HMBC spectrum of compound 5.
H-NMR spectrum of compound 6.

3C-NMR spectrum of compound 6.

DEPT spectrum of compound 6.
HMBC spectrum of compound 6.
!H-NMR spectrum of compound 7.

3C-NMR spectrum of compound 7.

H-NMR spectrum of compound 8.

13C-NMR spectrum of compound 8.

H-NMR spectrum of compound 9.

13C-NMR spectrum of compound 9.

The structure of compounds 2-11

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

© 2021 ACG Publications. All rights reserved.



Table S1: Comparison table of the NMR data of trichilinin G and E

Position trichilinin G trichilinin E
on (ppm, multi., J in Hz) oc (ppm) on (ppm, multi., J in Hz) oc (ppm)
1 3.56 (br s) 71.8 5.06 (brt, 2.9) 71.1
2 1.53 (m), 2.27 (m) 24.3 2.22 (dt,16.3, 2.6), 2.34 30.5
(dt, 6.3, 3.1)
3 3.56 (br s) 72.8 3.88 (M) 74.0
4 - 42.3 - 43.8
5 2.55(d, 12.5) 40.3 2.85(d, 12.3) 38.6
6 4.27 (dd, 12.5, 3.0) 73.6 4.23 (dd, 12.3, 3.1) 73.9
7 5.85(d, 3.0) 74.2 4.26 (d, 3.1) 72.7
8 - 51.7 - 45.3
9 3.15(dd, 13.0, 7.5) 36.2 2.87 (dd, 12.7, 7.5) 34.6
10 - 44.1 - 39.9
11 2.04 (m), 2.36 (M) 30.0 1.12 (brdt, 14.5,7.2), 2.19 24.6
(m)
12 5.08 (m) 77.8 5.03 (dd, 9.1, 6.7) 77.1
13 - 40.2 - 51.3
14 - 155.7 - 157.2
15 5.70 (br s) 122.7 5.70 (brdd, 3.1, 1.6) 122.7
16 2.32 (m) 36.6 2.51 (ddd, 16.4, 10.9, 1.6), 36.6
2.42 (ddd, 16.4, 7.7, 3.4)
17 2.97 (dd, 10.8, 7.5) 50.4 2.96 (dd, 10.9, 7.8) 50.5
18 1.18 (s) 18.8 1.20 (s) 20.2
19 3.13(m), 3.45(d, 7.5) 77.9 4.18 (d br, 7.4), 3.67 (d, 78.2
7.4)
20 1.00 (s) 15.8 1.08 (s) 15.3
21 1.25(s) 27.1 0.70 (s) 26.9
22 1.00 (s) 15.4 1.15 (s) 15.4
23 - 124.6 - 1245
24 7.13 (brs) 140.2 7.12 (brs) 140.2
25 7.28 (br s) 141.9 7.25 (brt, 1.8) 142.0
26 6.16 (br s) 111.8 6.14 (m) 111.7
27 - 169.0 - -
28 1.91(s) 20.8 - -
29 - 171.0 - 170.3
30 1.90 (s) 21.3 21.3
1 - 165.0 - 165.3
2' - 130.6 - 130.5
3 8.08 (d, 7.5) 129.5 8.03 (dd, 8.4, 1.1) 129.6
4 7.43(t, 7.5) 128.3 7.43 (dd, 8.4, 7.4) 128.8
5' 7.56 (t, 7.5) 132.9 7.57 (dt, 7.4, 1.1) 133.7
6' 7.43(t, 7.5) 128.3 7.43 (dd, 8.4, 7.4) 128.8
7 8.08 (d, 7.5) 129.5 8.03 (dd, 8.4, 1.1) 129.6
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Figure S22: HMBC spectrum of compound 1.
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Figure S26: MS spectrum of compound 1.
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Mass Spectrum SmartFormula Report
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Figure S27: HRMS spectrum of compound 1.
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Figure S29: IR spectrum of compoundLl.
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Figure S30: *H-NMR spectrum of compound 2.
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Figure S31: 13C-NMR spectrum of compound 2.
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Figure S32: DEPT spectrum of compound 2.
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Figure S33: HMBC spectrum of compound 2.
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Figure S34: NOESY spectrum of compound 2.
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Figure S36: *H-NMR spectrum of compound 3.
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Figure S37: 13C-NMR spectrum of compound 3.
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Figure S38: DEPT spectrum of compound 3.
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Figure S39: HMBC spectrum of compound 3.
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Figure S40: COSY spectrum of compound 3.
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Figure S41: *H-NMR spectrum of compound 4.
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Figure S42: 13C-NMR spectrum of compound 4.
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Figure S43: DEPT spectrum of compound 4.
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Figure S45: NOESY spectrum of compound 4.
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Figure S46: COSY spectrum of compound 4.
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Figure S47: *H-NMR spectrum of compound 5.
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Figure S48: 13C-NMR spectrum of compound 5.
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Figure S49: DEPT spectrum of compound 5.
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Figure S51: *H-NMR spectrum of compound 6.
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Figure S52: 13C-NMR spectrum of compound 6.
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Figure S53: DEPT spectrum of compound 6.
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Figure S54: HMBC spectrum of compound 6.
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Figure S55: *H-NMR spectrum of compound 7.
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Figure S56: 3C-NMR spectrum of compound 7.
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Figure S57: *H-NMR spectrum of compound 8.
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Figure S58: 13C-NMR spectrum of compound 8.
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Figure S59: *H-NMR spectrum of compound 9.
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Figure S60: *C-NMR spectrum of compound 9.
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Figure S61: The structure of compounds 2-11
meliatoxin B1 (2), meliasenin S (3), eichlerianic acid (4), apigenin (5), quercetin 3-O-[a-L-
rhamnopyranosyl-(1—6)]-4-D- glucopyranoside (rutin) (6), scopoletin (7), vanillic acid (8),
taraxerol (9), p-sitosterol (10), and g-sitosterol-3-O-4-D-glucopyranoside (11)
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