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As part of our research group’s continuous efforts to find alternative treatments for cancer, the aqueous ethanol extract of
Sesbania sesban L. Merr. (SS, Egyptian riverhemp) demonstrated an antileukemic activity against K562 cell line. Bioguided
fractionation of SS leaves hydroethanolic extract resulted in the isolation of one new compound (33) named as hederatriol 3-O-
B-D-glucuronic acid methyl ester as well as 34 known compounds. Seven compounds ((34), (22), (20), (24), (21), (19), and (35))
showed high antiproliferative effects (ICso =22.3, 30.8, 31.3, 33.7, 36.6, 37.5, and 41.5 uM, respectively), while four compounds
((32), (5), (29), and (1)) showed milder activities (IC5o=56.4, 67.6, 83.3, and 112.3 uM, respectively). A mechanistic study was
further carried out on a molecular genetics level against several transcription factors signaling pathways that are incorporated
in the incidence of cancer. The results showed that compounds (22) and (21) demonstrated a specific inhibition of Wnt pathway
(ICs0=3.8 and 4.6 uM, respectively), while compound (22) showed a specific inhibition of Smad pathway (ICs,= 3.8 uM).
Compound (34) strongly altered the signaling of Smad and E2F pathways (ICso =5 uM). The bioactive metabolites were further
investigated in silico by docking against several targets related to K562 cell line. The results showed that compounds (22) and
(34) exhibited a strong binding affinity towards topoisomerase (docking score=-7.81 and —9.30 Kcal/Mole, respectively).
Compounds (22) and (34) demonstrated a strong binding affinity towards EGFR-tyrosine kinase (docking score=-7.12 and
—7.35Kcal/Mole, respectively). Moreover, compound (34) showed a strong binding affinity towards Abl kinase
(docking score =-7.05 Kcal/Mole).

1. Introduction antileukemic activity against the chronic myeloid leukemia cell

line (K562) [1]. Considering the limited studies on the phyto-
In our previous study, the antileukemic activities of 56 medicinal ~ constituents of SS leaves, we carried out this research with the
plants grown in Upper Egypt were checked, where Sesbania ~ aim of bioguided isolation of the antileukemic metabolites from
sesban  (SS) leaves extract demonstrated a promising SS leaves.
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Chronic myeloid leukemia (CML) is the third most
regular mortality-causing neoplasm and the fourth pre-
dominant cancer among the Egyptian population [2, 3].
CML has a trademark and explicit chromosomal irregularity
known as Philadelphia (Ph) chromosome (Bcr-Abl gene)
that is produced from a reciprocal translocation between the
Abl gene on chromosome 9 and the Bcr gene on chromo-
some 22 in the pluripotent hematopoietic stem cells [4].

The value of natural products in the arsenal of leukemia
therapies is clearly correlated with several agents such as
L-asparaginase, Daunorubicin, Anthracyclines, Vinca alka-
loids (Vincristine and Vinblastine) [5, 6], Homo-
harringtonine, Indirubin, Flavopiridol, Maytansinoids,
Meisoindigo [6], and the Podophyllotoxin derivatives (Eto-
poside and Teniposide) [7, 8].

S. sesban (Egyptian riverhemp or Sesbania aegyptiaca
Pers.) is a perennial legume tree belonging to family
Fabaceae (Figure 1). It has several names like Aeschynomene
aegyptiaca (Pers.) Steud., Aeschynomene sesban L., Sesbania
confaloniana Chiov., Sesbania pubescens sensu auct., Ses-
bania punctata DC., and Emerus sesban (L.) Kuntze [9].

Traditionally, SS leaves were used as a poultice for in-
flammatory conditions such as boils and abscesses as well as
rheumatic swellings, and the juice of the fresh leaves was
used as anthelmintic [10-12].

The methanolic extract of SS leaves exhibited several
biological activities such as anti-inflammatory [13], anti-
oxidant [14], molluscicidal [15, 16], antidiabetic [17], potent
spermicidal [18], antimicrobial [16], and anthelmintic ac-
tivities [10-12]. Phytochemical analyses of the leaves showed
the presence of steroids such as f-sitosterol and campesterol
[13], triterpenoids such as betulinic and oleanolic acids [13,
19, 20], saponins of oleanolic acid [15, 18], and flavonoids
[21].

The aim of this study is to isolate the antileukemic
metabolites of SS leaves through extensive biological and
phytochemical investigations.

2. Materials and Methods

2.1. General Experimental Procedures. High-resolution
electrospray ionization mass spectrometry (HRESIMS) data
were acquired using a Bruker BioApex-FTMS with elec-
trospray ionization (ESI). 1D (‘HNMR, DEPTQ) and 2D
(HSQC, HMBC, and TOCSY) NMR spectra were recorded
on a Bruker 400 and 500 MHz spectrometer. Optical activity
was measured using AA-65 series automatic polarimeter
(Cambridgeshire, PE26 INF, England). HPLC analysis was
conducted using an Agilent 1100 HPLC system (Supple-
mentary Materials). GC-MS analysis was performed with an
Agilent 7890B gas chromatograph (Supplementary Mate-
rials). Sephadex LH-20 (Mitsubishi Kagaku, Tokyo, Japan)
and silica gel (60-120 yuM-mesh, Merck, Darmstadt, Ger-
many), reversed phase silica (40-63 yuM, Sorbent Technol-
ogies, 5955 Peachtree Corners East, Suite A, Norcross, GA
30071 USA), and Diaion® HP-20 (250 ym, Supelco, Belle-
fonte, PA 16823-00048, USA) were used for column chro-
matography (CC). SPE cartridges silica gel and C18 (Supelco
Inc., Bellefonte, PA, USA) were used in the fractionation
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FiGURE 1: Entire Sesbania sesban branch.

work. Fractions from CC were monitored by TLC using
precoated aluminum sheets (silica 60 F254, 0.25 mm (Merck,
Darmstadt, Germany)). The fractions were dissolved in the
appropriate solvents and spots were applied manually using
the capillary micropipette, and the plates were then dried
and developed in different mobile phase systems such as n-
hexane: ethyl acetate (8:2), n-hexane: acetone (8:2), and
DCM: methanol (9:1). The spots on the developed plates
were detected using UV light (254 and 366nm) and by
spraying with 2% p-anisaldehyde-H,SO, reagent followed by
heating for 5-10 min (105°C). Number of spots, colors, and
retardation factors (Rf values) for each of the spots were
determined and recorded [22].

2.2. Plant Material. The leaves of Sesbania sesban were
purchased from the medicinal, aromatic, and poisonous
plants experimental station, Faculty of Pharmacy, Cairo
University, Egypt, in April 2018. The plant material was
authenticated by Professor Dr. Abdelhalim Mohamed, Flora
and Phytotaxonomy Research Department, Horticulture
Research Institute (HRI), Agricultural Research Center,
Giza, Egypt. A voucher specimen (FUPD-45) was kept at the
Herbarium of Pharmacognosy Department, Faculty of
Pharmacy, Fayoum University, Egypt.

2.3. Extraction and Bioguided Isolation. The shade-dried
leaves (1 kg) were grounded and extracted with 75% ethanol
at room temperature three times 24 h each. The total extract
was concentrated to afford a crude residue (177 g). 83 g of the
75% ethanolic extract was suspended in water and exposed
to successive fractionation using n-hexane and EtOAc to
afford 9g and 12g, respectively. The remaining aqueous
fraction was lyophilized to afford 61g. All fractions were
phytochemically investigated and tested against K562 cell
line. The bioactive fractions were subjected to bioguided
isolation techniques as described in the consequent text.
The n-hexane fraction (6g) of SS leaves was saponified
according to the published procedure [23] and the fatty acid



Journal of Chemistry

methyl ester (FAME) and unsaponifiable matter (USM)
were then subjected to GC/MS analysis. USM (78.8 mg) was
chromatographed on silica gel column by gradient elution
with n-hexane/EtOAc (2.5% gradient) to give 9 subfractions
(A1-A9). Fr-A-6 (eluted by 7.5% EtOAc) was one spot on
TLC and afforded compound 1 (11 mg). Fr-A-8 (eluted by
10% EtOAc) was one spot on TLC and afforded compound 2
(25 mg).

The EtOAc fraction (10g) was chromatographed on a
silica gel solid phase extraction (Si-SPE) column by gradient
elution with n-hexane/EtOAc to give fractions (B1-B5). The
subfraction Fr-B-2 (520 mg) was first subjected to silica gel
SPE column chromatography and eluted with n-hexane/
EtOAc gradient (2% gradient) to afford 5 subfractions.
Subfraction Fr-B-2-2 was further purified using silica gel
column and eluted with n-hexane/EtOAc (2.5% gradient) to
afford compound (3) (5mg) (eluted by 10% EtOAc). The
subfraction Fr-B-2-4 was further chromatographed on silica
gel column and eluted with n-hexane/acetone (2.5% gra-
dient) to afford compounds (4) (1 mg), (5) (15.6 mg), (6)
(1 mg), and (7) (2.5mg) (eluted by 7.5%, 10%, 12.5%, and
15% acetone, respectively). The subfraction Fr-B-5 (4.5g)
was chromatographed on VLC silica gel column by gradient
elution with DCM/MeOH (2.5% gradient) to afford 5
subfractions. Fr-B-5-4 (614.8 mg) (eluted by 20% MeOH)
was subjected to a column of Sephadex LH-20 and eluted
with methanol to give 8 subfractions. Fr-B-5-4-5 (164.2 mg)
was chromatographed on a silica gel column and eluted with
DCM/MeOH (2.5% gradient) to afford compound (8)
(8mg) (eluted by 25% MeOH). Fr-B-5-4-6 (46 mg) was
subjected to a column chromatography on Sephadex LH-20
and eluted with MeOH to give compound (9) (2 mg). Fr-B-
5-4-8 (34.3mg) was subjected to column chromatography
on a Sephadex LH-20 and eluted with MeOH to give
compounds (10) (14.5mg), (11) (11 mg), (12) (4mg), and
(13) (3 mg). Fr-B-5-5 (2.35 g) was subjected to a column of
Sephadex LH-20 and eluted with methanol to afford 8
subfractions. Fr-B-5-5-4 (358 mg) was subjected to a column
of Sephadex LH-20 and eluted with methanol to afford 5
subfractions. Fr-B-5-5-4-3 (27 mg) was purified by HPLC
RP column and eluted with water/methanol gradient to
afford compounds (14) (20mg) and (15) (2.36 mg) at re-
tention times (RT) =9.8 and 10.3 minutes, respectively (Fig.
S1, Supplementary Materials). Fr-B-5-5-4-5 (30 mg) was
purified by HPLC RP column and eluted with water/
methanol gradient to afford compounds (16) (15mg) and
(17) (3 mg) at RT =8.0 and 8.29 minutes, respectively (Fig.
S2, Supplementary Materials). Fr-B-5-5-6 (80mg) was
chromatographed on a silica gel column by gradient elution
with DCM/MeOH (2.5% gradient) to afford compound (18)
(6 mg) (eluted by 25% MeOH).

The aqueous fraction (60.0 g) was subjected to a column
chromatography using HP-20 ion exchange resin and eluted
with MeOH/water (25% gradient) to afford five fractions
(C1-C5). Fr-C-5 (5g) (eluted by 100% MeOH) was further
chromatographed on a silica gel column by gradient elution
with DCM/MeOH (2.5% gradient) to afford 9 subfractions.
Fr-C-5-2 (511mg) (eluted by 2.5% MeOH) was further
chromatographed on a silica gel column using gradient

elution with DCM/EtOAc (5% gradient) to afford com-
pounds (19) (17.7mg), (20) (33.3mg), (21) (5mg), (22)
(8mg), (23) (2mg), (24) (52mg), (25) (1.9mg), and (26)
(1.7 mg). Fr-C-5-4 (511 mg) was chromatographed on RP-
18-silica gel column by gradient elution with MeOH/water
(5% gradient) to give four subfractions. Fr-C-5-4-1 (7 mg)
was purified by RP-18 preparative HPLC to give compounds
(27) (20 mg) and (28) (6 mg) at retention times (RT)=17.17
and 18.14 minutes, respectively (Fig. S3, Supplementary
Materials). Fr-C-5-4-3 (198 mg) was chromatographed on a
silica gel column using DCM/MeOH (5% gradient) to afford
compounds (29) (45mg), (30) (2mg), (31) (2mg), (23)
(3mg), (33) (2mg), and (34) (22.5mg). Fr-C-5-5 (672 mg)
was chromatographed on reversed phase silica gel solid
phase extraction (RP-SPE) column by gradient elution with
MeOH/water (5% gradient) to give four subfractions. Fr-C-
5-5-2 (400 mg) was further chromatographed on a silica gel
column by gradient elution with DCM/MeOH (5% gradient)
to afford compound (35) (64.8 mg).

Compounds (1)-(35) were identified using '"HNMR,
DEPT-Q, HSQC, HMBC, and HRESIMS spectroscopic
techniques as well as comparing these data with the literature.

2.4. Hederatriol 3-O-B-D-Glucuronic Acid Methyl Ester (33).
White powder (MeOH), [a] *° p = +34.5 (c=0.15 in MeOH).
'H and DEPT-Q data (Table 1); HRESIMS m/z 649.45082
[M+H] * (caled. C37Hg,09 m/z 649.43156).

2.5. Cytotoxicity Assay. K562 cells from the American Type
Culture Collection (ATCC) were plated in clear 384-well
plates at an initial density of 2500 cells/well in 40 uL of
growth medium (DMEM with 10% FBS and 1% Pen/step).
Next day, the test agents were added in quadruplicates at the
specified concentration and the treatment continued for 48 h
and the cell viability was finally assessed using WST-8 assay
Cell Counting Kit from Bimake, according to manufac-
turer’s instructions. The results were calculated by mea-
suring the absorbance at 450 nm using SpectraMax M5 plate
reader (Molecular Devices). Cell viability was calculated in
comparison to DMSO as a negative control, as well as Taxol
and Doxorubicin as positive controls [24]. The extract and
fractions were screened primarily at concentrations of 50
and 75ug/mL and the percentage inhibitions were calcu-
lated. Compounds (1)-(35) were tested at six concentrations
(5, 10, 25, 50, 75, and 100 yg/mL), where compounds (1), (5),
(19), (20), (21), (22), (24), (29), (32), (34), and (35) were
shown to be bioactive and their IC5, values were calculated.

2.6. Transfection and Luciferase Assays. Hela cells from
ATCC were plated in white opaque 384-well plates at a
density of 4300 cells/well in 30uL of growth medium
(DMEM with 10% FBS and 1% Pen/step). Next day, the
medium was aspirated and replaced with DMEM containing
1% FBS. The cells were transfected with respective plasmids
[25] using X-tremeGENE HP transfection reagent (Roche).
After 24h of transfection, the test agents were added in
duplicates to the transfected cells, followed 30 min later by
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TaBLE 1: NMR data for compound (33) (500 MHz in DMSO-dg).

Position 0 o type iy (J in Hz) HMBC TOCSY

1 38.4, CH, 0.82 2,3

2 25.5, CH, 1.59, 1.68 3

3 80.4, CH 3.50 1 1

4 428, C

5 46.4, CH 1.17 6

6 17.6, CH, 1.39

7 32.7, CH, 1.50

8 39.2,C

9 41.3, CH 2.77

10 36.4, C

11 23.3, CH, 1.80, 1.88 12

12 121.7, CH 5.76 11, 18

13 144.6, C

14 41.8, C

15 27.7, CH, 0.97, 1.61 27

16 22.5, CH, 1.41 15

17 459, C -

18 47.5, CH 1.51

19 46.3, CH, 1.59 12, 29, 30 28

20 30.9, C -

21 33.9, CH, 1.41 28

22 32.4, CH, 1.44 28

23 13.3, CH; 0.59 3,4,5, 24

24 62.8, CH, 3.07, 3.4 (d, J=10.5Hz) 3

25 16.0, CH; 0.87 10, 11 9

26 17.4, CH; 0.71 8, 14

27 26.0, CH; 1.09 8, 13, 14, 15

28 70.2, CH, 3.51 (S) 16, 18 18

29 23.9, CH; 0.87 20, 30

30 33.3, CH; 0.86 18, 20

% 105.1, CH 433 (d, J=8 Hz) 3 2,3 45

2! 74.1, CH 2.98 (t, ]=8.5Hz) 1, 5' 1, 4/

3/ 75.9, CH 3.16 (t, J=9Hz) 4/ 1,2, 5

4 72.1, CH 328 (t, J=9.5Hz) 2! 1,2, 5

5' 76.4, CH 3.65 1 1, 2,3

6 170.1, C

7! 52.3, CH, 3.67 (s) 6’ 2,3 4

an inducing agent (IL-6 for Stat 3, TGF-$ for Smad,
m-Wnt3a for Wnt, and PMA for AP-1, NFk-B, E2F, Myc,
ETS, Notch, and Hedgehog). No inducer was added for pTK,
FOXO, miR-2, K-Ras, and AhR. After 4h or 6 h of induction,
the cells were lysed by the addition of One-Glo luciferase
assay system (Promega, Madison, WI, USA). The light
output was detected in a GloMax-Multi+ Detection System
with Instinct Software (Promega, Madison, W1, USA). This
luciferase assay determines if the test agent was able to
inhibit the activation of cancer-related signaling pathways.
In the case of FOXO and mi-R21, the enhanced luciferase
activity by the test agent was assessed [26].

2.7. Molecular Docking. All docking simulations were
conducted using MOE 2019 software (https://www.
chemcomp.com). The receptors and the ligands were pre-
pared using the standard structure optimization protocol of
the software. The receptors were obtained from the protein
data bank, PDB IDs: 3QX3, 3QR]J, 1M17, and 2SRC for
topoisomerase, Abl kinase, EGFR-tyrosine kinase, and SRC

kinase, respectively. Then they were energy-minimized
under AMBER12:EHT force field. The active sites were set as
where the cocrystalized ligand was bound. The docking was
performed using a molecular structure of compounds iso-
lated from SS leaves using the general protocol of MOE
DOCKTITE Wizard. The validation of docking experiments
was achieved through the redocking of the cocrystalized
ligands into their corresponding active sites and then the
root means square deviation (RMSD) was calculated. The
docking results were visualized and analyzed by DS Visu-
alizer available from BIOVIA Inc. and the affinity of binding
(docking scores) was calculated in Kcal/Mole for each
compound against the selected targets.

3. Results and Discussion

Through our ongoing efforts to discover antileukemic
natural compounds from Egyptian plants, SS leaves showed
a potential promising result against K562 cell line in vitro [1].
Accordingly, SS leaves were selected for further phyto-
chemical and biological investigations with the aim of
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isolating the bioactive metabolites. The total extract and the
successive fractions were screened against K562 cell line at a
concentration of 20 ug/mL and the percentage inhibitions
were calculated. The extracts of 75% ethanol, n-hexane, ethyl
acetate, and the aqueous fractions showed mild antileukemic
activities with percent inhibitions of 13%, 16%, 23%, and 9%,
respectively, at a concentration of 20 yg/mL. All the fractions
were phytochemically investigated, and their columns
subfractions were screened for their antileukemic activities
as described in the biological study results.

3.1. Phytochemical Study

3.1.1. Bioguided Phytochemical Investigation of the n-Hexane
Fraction. The study resulted in the identification of 16
compounds in the saponifiable matter (Table S1, Supple-
mentary Materials) with five majors identified as methyl
palmitate, methyl elaidate, methyl linoleate, methyl
linolenate, and ethyl linolenate at retention times=33.1,
37.5, 37.8, 38.4, and 39.6 minutes, respectively. Moreover, 12
compounds were identified in the unsaponifiable matter
(Table S2, Supplementary Materials) with five majors
identified as phytol, stigmasta-5,22-dien-3-ol acetate (3,
beta, 22 Z), stigmastan-3,5,22-trien, stigmasta-3,5-diene,
and stigmasterol at retention times=37.2, 47, 47.2, 52.6,
and 66.1 minutes, respectively. Additionally, the unsaponi-
fiable matter was purified and resulted in the isolation of
two compounds identified as phytol (1) [27] and stigmasterol
(2) [28] (Fig. S4, Supplementary Materials).

3.1.2. Bioguided Phytochemical Investigation of the EtOAc
Fraction. The result was the isolation of 16 known com-
pounds identified as liquidambaric lactone (3) [29], maslinic
lactone (4) [30], oleanolic acid (5) [31], 1la,12a-epoxy-
oleanolic lactone (6) [32], oleanderolide (7) [33], stigmas-
terol glucoside (8) [34], P-aminophenol (9) [35], quercetin-
3-O-a-L-rhamnopyranoside (10) [36], quercetin-3-O-f-D-
glucopyranoside (11) [36], quercetin-3-O-a-L-arabinoside
(12) [37], quercetin-3-O-p-D-xyloside (13) [37], mauritianin
(14) [38], isorhamnetin 3-O-(2,6-di-O-a-rhamnosyl)-f-D-
galactopyranoside (15) [39], clitorin (16) [40], 3-[(O-6-deoxy-
a-L-mannopyranosyl-(1—2)-O-[6-deoxy-a-L-mannopyr-
anosyl-(1—6)]-B-D-glucopyranosyl) oxy]-5,7-dihydroxy-2-
(3-hydroxy-4-methoxyphenyl)-4H-1-benzopyran-4-one (17)
[41], and kaempferol-3-O-a-L-rhamnopyranosyl-(1—2)
[«-L-rhamnopyranosyl-(1—6)]-(4-O-E-p-coumaroyl-f-D-
galactopyranoside) (18) [42] (Fig. S4 and Table S3, Supple-
mentary Materials).

3.1.3. Bioguided Phytochemical Investigation of the Aqueous
Fraction. The result was the isolation of one new compound
(33) (Hederatriol 3-O-f-D-glucuronic acid methyl ester), as
well as 16 known compounds identified as betulinic acid (19)
[31,43], ursolic acid (20) [44], 3f3-O-(cis-p-coumaroyl)-2a-
hydroxyurs-12-en-28-oic acid (21) [45], 3B-O-(trans-p-
coumaroyl)-2a-hydroxyurs-12-en-28-oic acid (known as
jacoumaric acid) (22) [45], obtuslin (23) [44], corosolic acid

(24) [45], B-sitosterol glucoside (25) [46], hederagenin-3-O-
B-D-glucuronopyranoside 6'-O-methyl ester (26) [47],
kaempferol-3-O-rutinoside (27) [48], isorhamentin-3-O-
rutinoside (28) [49], hederagenin-3-O-§-D-glucuronopyr-
anoside (29) [47], 11-ketocorosolic acid (30) [50], hederagenin
(31) [51], oleanolic acid 3-O-f-D-glucuronopyranoside 6’
methyl ester (32) [52], oleanolic acid 3-O-B-D-glucur-
onopyranoside (34) [18], and chikusetsusaponin II (35) [53]
Fig. S4 and Table S3, (Supplementary Materials).

Compounds (2), (5), (19), and (34) were previously
reported in SS leaves [18,19], while this is the first report of
compounds (1), (3)-(4), (6)-(18), (20)-(33), and (35) from
this species.

3.2. Structure Elucidation of Compound (33). Compound
(33) was isolated as a white powder (2mg, soluble in
MeOH), [«] 250D =+34.5 (¢=0.15 in MeOH). Its molecular
formula, C;,Hg,Os, was derived from the 'D NMR data
(Table 1) and the supportive HRESIMS ion at m/z 649.45082
[M+H] * (calcd. for C5;Hg O, 649.43156). The molecular
formula revealed the hydrogen deficiency index to be
29.6 ppm. From the "H NMR spectrum, the seven distinct
methyls [65 3.67 (3H, s), 1.09 (3H, s), 0.87 (6H, s), 0.86 (3H,
s), 0.78 (3H, S), 0.71 (3H, s), and 0.59 (3H, s)] were observed
alongside with the signal assignable to one olefinic proton
[0 5.76 (1H, t)]. Two oxygenated methylenes were detected
(6g 3.51 (2H, S), 3.07 (1H, d, J=10.5Hz), and 3.44 (1H, d,
J=11Hz)). Five oxygenated methines (8y 3.67 (1H), 3.50
(IH), 3.28 (1H, t), 3.16 (1H, t), 2.98 (1H, t)) alongside the one
anomeric proton (8yg 4.33 (d, J=8 Hz)) were detected. The
DEPTQ-135 spectra of (33) showed 37 carbon signals
(Table 1) of which 30 signals were assigned to the aglycone
moiety (hederatriol) and 7 to a glucuronic acid methyl ester
moiety. The anomeric carbon resonances (8¢/y 105.1/4.33)
as well as four oxygenated methine signals at §c/y 74.1/2.98,
75.9/3.16, 72.1/3.28, and 76.4/3.67 alongside the carbonyl
ester (8¢ 170.1) and the attached methoxy signal (6c/y 52.3/
3.67) disclosed the presence of glucuronic acid 6’ methyl
ester moiety. The anomeric configuration of the glucuronoid
unit was determined to be based on the coupling constant
(Ji1=8 Hz). There were 30 carbons left for the skeleton,
indicating a triterpenoid core of (33). The skeletal carbons,
particularly the six methyl carbons (8¢ 33.3, 26.0, 23.9, 17.4,
16.0, and 13.3), alongside the two oxygenated methylenes
[0c 62.8 (C-24) and 70.2 (C-28)] implied an olean-type
triterpenes alcohol derivative (hederatriol) scaffold for (33)
[54]. Free alcoholic methylene at position C28 was con-
firmed by 2D HMBC & TOCSY correlations between the
OH-proton at C28 (dy 3.5) and C18 in HMBC spectrum.
Moreover, protons H16, H19, and H21 showed TOCSY
correlations to H28. Free alcohol OH signal (6y 3.79)
showed TOCSY correlation with H28 methylene. All of the
previous data supported the presence of hederatriol. The
HMBC cross-peaks enabled the substituent groups to be
positioned. The glucuronoid moiety was connected to C-3 as
suggested by the HMBC correlation of H-1" with 8 80.4 (C-
3) and H-3 to the anomeric carbon at §:105.1 (C-1') of the
glucuronoid moiety (Figure 2). The structure of compound
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FIGURE 2: Structure and HMBC and TOCSY correlations of compound (33).

(33) is considered to be new due to the 3-O-glycosylation of
hederatriol with glucuronic acid methyl ester. Thus, com-
pound (33) was elucidated as hederatriol 3-O-f-D-glucur-
onic acid methyl ester (NMR data, Figures S5-S11I,
Supplementary Materials).

3.3. Biological Study

3.3.1. Cytotoxicity against Leukemia K562 Cell Line. The n-
hexane fraction was fractionated by saponification with
KOH, where the yielded saponifiable and unsaponifiable
matters were tested against K562 cells and showed inhibi-
tions of ICsq=75.7 and 73.9 yg/mL, respectively. Accord-
ingly, the phytoconstituents in both fractions were
investigated using GC-MS analysis.

The EtOAc fraction (Fr-B) was fractionated using Si-SPE
column and the five resulted subfractions were tested against
K562 cells at concentrations of 50 and 75ug/mL. The results
showed that subfractions Fr-B-2 and Fr-B-5 were the bioactive
fractions with percent inhibitions of 93.7% and 47.3%, re-
spectively, at a concentration of 75ug/mL (Figure S12, Sup-
plementary Materials). The subfraction Fr-B-2 was
chromatographed using silica gel SPE column and the resulting
subfractions were tested against K562 cells. Subfractions Fr-B-
2-2 and Fr-B-2-4 were the most cytotoxic with percent inhi-
bitions of 45% and 47%, respectively, at a concentration of
75 ug/mL (Fig. S13, Supplementary Materials). The subfraction
Fr-B-5 was chromatographed using VLC silica gel column and
the resulting subfractions were tested against K562 cells.
Subfractions Fr-B-5-4 and Fr-B-5-5 were the most cytotoxic
with percent inhibitions of 28% and 85%, respectively, at a
concentration of 75 ug/mL (Fig. S13, Supplementary Materials).

The aqueous fraction (Fr-C) was chromatographed using
HP-20 ion exchange resin and the five resulting subfractions
that were screened for their activity against K562 cells at
concentrations of 50 and 75 ug/mL. The results showed that
subfraction Fr-C-5 was the bioactive fraction with 94.4%
percent of inhibition at concentrations of 50 and 75 yg/mL

(Fig. S14, Supplementary Materials). Subfraction Fr-C-5 was
chromatographed on silica gel column and the eight pro-
duced subfractions that were screened for their activity
against K562 cells at concentrations of 50 and 75 yg/mL.
The results showed that subfractions Fr-C-5-2 and Fr-C-
5-4 were the most active ones with 65% and 63% percent
of inhibitions, respectively, at a concentration of 75 ug/
mL (Fig. S15, Supplementary Materials).

All the detected bioactive subfractions were subjected
to several chromatographic techniques as mentioned in
the Materials and Methods section with the aim of
isolating and elucidating the structures of the bioactive
constituents.

Compounds (1)-(35) were screened against K562 cell
line at concentrations of 50 and 75 ug/mL and ICs, values
were calculated. Oleanolic acid 3-O-pB-D-glucur-
onopyranoside (34) was identified as the most anti-
proliferative compound isolated from SS extract with
ICso value of 22.3 yM compared to Taxol (~2uM) and
Doxorubicin (~4 yM). Other active triterpenes were
betulinic acid (19), ursolic acid (20), 33-O-(cis-p-cou-
maroyl)-2a-hydroxyurs-12-en-28-oic acid (21), jacou-
maric acid (22), corosolic acid (24), and
chikusetsusaponin II (35) with ICs, values of 37.5, 31.3,
36.6, 30.8, 33.7, and 41.5uM, respectively. Phytol (1),
oleanolic acid (5), hederagenin 3-O-f-D-glucuronopyr-
anoside (29), and oleanolic acid 3-O-f-D-glucur-
onopyranoside methyl ester (32) showed mild activity
against K562 cell line with ICs, values 0f 112.3, 67.6, 83.3,
and 56.4 uM, respectively (Figure 3). Out of the 35 iso-
lated compounds, the triterpene glycosides were shown
to be the most active antileukemic compounds in this
plant. Antileukemic activities of betulinic acid (19) [55],
ursolic acid (20) [56], oleanolic acid (5) [57], and phytol
(1) [58] were previously reported in literature but this is
the first report of antileukemic activities of compounds
(21), (22), (24), (29), (32), (34), and (35). Moreover,
methyl linolenate, the major constituent of the saponi-
fiable matter of the n-hexane fraction of SS leaves, was
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FIGURE 3: ICsq [uM] of the active isolated compounds against leukemia K562 cell line.
TaBLE 2: IC5 [uM] of active isolated compounds against selected transcription factor signaling pathways in HeLa cells
Stat NE- Wat/
Compound 3/IL- Smad/ AP-1/ KB/ E2F/ Myc/ ETS/ Notch/ FOXo M Hedgehog TK miR- K- ARR
no. 6 TGF-f PMA PMA PMA PMA PMA PMA Wnt- /PMA p 21  Ras
3a
21 13.9 9.5 209 21.3 105 152 114 11.3 ND 4.6 14.4 ND 214 231 ND
22 17.5 3.8 222 323 ND 183 189 21.0 ND 3.8 20.1 ND 258 263 ND
24 15.9 13.9 163 188 ND 144 16.5 17.9 ND 13.5 16.9 ND 182 155 17.5
34 6.9 5.8 7.0 6.3 53 5.9 6.8 6.5 ND 6.70 7.40 7.30 8.00 NA ND
100 -
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= Wnt/m-wnt 3a

FIGURE 4: ICs [¢M] of active isolated compounds against selected transcription factor signaling pathways.

previously reported for its cytotoxicity against K562 cell
line [59]. Other isolated compounds showed no cyto-
toxicity against K562 cell line.

3.3.2. Triterpenes Selectively Target Cancer Signaling
Pathways. The most active isolated compounds (21), (22),
(24), and (34) against K562 cell line were further evaluated
for targeting the cancer signaling pathways. These com-
pounds were tested for their influence on the battery of 15-
plex transcription factor assay. The results (Table 2 and
Figure 4) showed that compounds (22) and (21) showed

specific inhibition of Wnt pathway (ICs,=3.8 and 4.6 uM,
respectively) while compound (22) showed specific inhi-
bition of Smad (IC5y=3.8uM). Compound (34) can
strongly alter the signaling pathways of Smad and E2F
(IC50=5uM). From these results, we can conclude the
correlation between the inhibition of Smad, E2F, and Wnt
signaling pathways and the leukemia K562 cell line growth
inhibition (Figure 5).

As cancer signaling plays a complex role in CML, the
observed results from this study could be helpful in finding
new therapeutic agents and molecular genetics-based treat-
ment targeting these metabolic pathways. Despite the fortune



CML Cell

HA receptor

TGE-f TGEF-p
receptor-I  receptor-II
. Smad 2
Smad 3
E2F1
Smad 3 . ‘ Smad 2
Smad 4

s.n’m

m-RNA EGR-1
Compoun
34

Translation &
. /\/\
Compounds
0 =

transcription &

PAYAN

%,

BCR-ABI gene

Journal of Chemistry

HTA Enzyme

Frizzled receptor

In active

\ f-Catenin
=

S

B-Catenin
accumulation

VAYAN

m-RNA (hsa-mir 183)

(

Slicioe U B-Catenin
Tef/Lef

Cytoplasm

Nucleus

FIGURE 5: Mode of action of active isolated compounds against Smad, Wnt, and E2F signaling pathways.

available research on the molecular details of TGF-f sig-
naling, little is known regarding how TGF-§ and Smad in-
fluence CML [60]. One of these realized relationships is that
the constitutively active tyrosine kinase produced by the
specific Ber-Abl fusion gene on the Philadelphia chromo-
some can enhance the resistance of malignant cells to
TGF-B1-induced growth inhibition and apoptosis [61].
Previous studies reported ursolic acid and oleanolic acid
as antagonists of TGF-f1 binding to its receptor in Balb/c
3T3 cells [62]. A recent study revealed that inhibition of
E2F1 reduced CML cell proliferation, leading to p53-
mediated apoptosis [63]. The BCR-ABLI1 protein kinase-
dependent pathway intervened by the upregulation of
hsa-mir183, the downregulation of its direct target early
growth response 1 (EGR1), and, as a consequence,
upregulation of E2F1 [58]. Wnt signaling assumes a
significant part in the malignancies of the hematopoietic
system [64]. Several compounds that are natural in origin
were reported in literature for targeting Wnt pathway as

a mechanism for anticancer activity such as ursolic acid
and corosolic acid that were reported as antagonists of
the Wnt/B-catenin pathway [65-67]. Correlating the
previous literature to the results, a mechanism of action
of the active compounds could be supposed. The active
compounds were mainly oleanolic acid and ursolic acid
derivatives which exhibited their antileukemic activities
by targeting Smad, E2F, and Wnt signaling pathways
(Figure 5).

3.3.3. Molecular Docking. Multitarget therapies are crucial
in the field of complex diseases such as cancers due to ac-
tivation of compensatory mechanisms and consecutive
cellular pathways [68]. The recent research showed a cor-
relation between CML cell line K562 and several proteins
which are considered as targets whose inhibition leads to
antiproliferative effect in this cell line. Four target proteins,
human topoisomerase II beta in complex with DNA and
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TasLE 3: Affinity binding docking scores (Kcal/Mole) of bioactive isolated compounds.

Compound no. Topoisomerase (3QX3)  SRC kinase (2SRC)  Abl kinase (3QR])  EGFR-tyrosine kinase (1M17)
22 —-7.81 -5.75 -5.70 -7.12

34 -9.30 -2.63 -7.05 -7.35

Etoposide -7.10

Adenylyl-imidodiphosphate -5.78

Rebastinib -7.86

Erlotinib -6.99

Etposide

(c)

FIGURE 6: Docking of compounds (22) and (34) with topoisomerase.

Lupane triterpenoid Oleane triterpenoid Ursane triterpenoid

Betulinic acid Oleanolic acid Ursolic acid

1C50=37.5um 1C5)=67.6 yum 1G5 = 31.3um

FIGURE 7: Antileukemic activities of different types of triterpenes isolated from SS leaves against K562 cell line.

etoposide (PDB ID: 3QX3), epidermal growth factor re- Based on the previous biological results, compounds (22)
ceptor complexed with erlotinib (PDB ID: 1M17), human and (34) were selected and screened against the selected targets
Abl-1 kinase (PDB ID: 3QR]J), and SRC Kinase (PDB ID: and the affinity of binding was calculated (Table 3). Com-
2SRC), were reported as docking targets in the K562 cell line ~ pounds (22) and (34) showed a strong binding affinity towards
[69, 70]. topoisomerase (docking score=-7.81 and —9.30 Kcal/Mole,
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IC;, TGF-f /PMA  wnt3a
uM
H H Ursolic acid (20) 31.3
OH H Corosolic acid (24) 33.7 13.9 NA 13.5
OH Z-p- 3p-0-(cis-p-Coumaroyl)-2a- 36.6 9.5 10.5 4.6
coumaric hydroxyurs-12-en-28-oic acid
acid (21)
OH E-p- Jacoumaric acid (22) 30.8 3.8 NA 3.8
coumaric
acid

FiGURE 8: Antileukemic activities of different types of ursane triterpenes isolated from SS leaves.

Ry

R, R, Compound name K562
IC5uM
CH, H Oleanolic acid (5) 67.6
CH, Glucuronic acid Oleanolic acid 3-O-f-D- 22.3
glucuronopyranoside (34)
CH, Glucuronic acid Oleanolic acid 3-O-f-D- 56.4
methyl ester glucuronopyranoside methyl ester (32)
CH, B-D- 415
gluclzg(;nl(;p- }/;,l:g‘_omde Chikusetsusaponin II (35)
glucopyranoside
CH,OH Glucuronic acid Hederagenin 3-O-f-D-glucuronopyranoside 83.3

(21

FIGURE 9: Antileukemic activities of different types of oleane triterpenes isolated from SS leaves.

respectively) compared to etoposide (docking score=
—7.10 Kcal/Mole). Compounds (22) and (34) demonstrated a
strong binding affinity towards EGFR-tyrosine kinase
(docking score=-7.12 and -7.35Kcal/Mole, respectively)
compared to erlotinib (docking score=-6.99 Kcal/Mole).
Moreover, compound (34) showed a strong binding affinity
towards Abl kinase (docking score=-7.05Kcal/Mole)

compared to rebastinib (docking score=-7.86 Kcal/Mole)
(Table 3 and Figure 6).

3.3.4. Structure Activity Relationship (SAR) Study. The
structures of the isolated compounds could be classified as
oleane triterpenoids, oleane lactones triterpenoids, ursane
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triterpenoids, lupane triterpenes, steroids, and flavonoid
glycosides (Fig. S3 and Table S4, Supplementary Materials).

Among the different classes of isolated compounds,
triterpenes were shown as the bioactive antileukemic mol-
ecules present in the SS leaves. The potency of the isolated
triterpenoids prompted us to investigate the structure ac-
tivity relationships underlying their antileukemic activities.

In this study, three types of triterpenoids aglycones were
isolated and identified: lupane triterpenoids represented by
betulinic acid, oleane type represented by oleanolic acid, and
ursane type represented by ursolic acid. The results showed
that the most active antileukemic triterpenoid is ursane type
followed by lupane and the least active type is oleane tri-
terpenoids (Figure 7).

From wursane type triterpenoids, six compounds
(20)-(24) and (30) were isolated. Comparing their structures
and antileukemic activities, two positions, C-2 and C-3, were
believed to affect the activity. Hydroxylation at C-2 position
slightly decreases the antileukemic activity. Also, the es-
terification at C-3 position by coumaric acid can increase or
decrease the activity depending on the configuration of
coumaric acid moiety. The trans coumaroyl derivative,
jacoumaric acid (22), showed higher antileukemic activity
than corosolic acid (24), while cis derivative, 33-O-(cis-p-
coumaroyl)-2a-hydroxyurs-12-en-28-oic acid (21), showed
lower activity and these results support the idea of the higher
activity of trans conformers than the cis one (Figure 8).

The SAR study showed that the activity of oleanolic acid
can be greatly increased when esterified at C-3 position by
glucuronic acid. Compound (34) showed strong antileuke-
mic activity compared to compound (5) due to the presence
of glucuronic acid moiety attached at C-3. In addition, the
free OH group in glucuronic acid is crucial for the activity
and, as the results show, when it is methylated as in com-
pound (32) or glycosylated as in compound (35), the activity
decreased. Meanwhile, for oleane triterpenes, the methyla-
tion at C-23 as in compounds (5), (32), and (34) increases the
activity compared to compound (29) (Figure 9).

4. Conclusion

One new compound (33) and 34 known compounds were
isolated from the leaves of Sesbania sesban encompassing 19
triterpenoids ((3)-(7), (19)-(24), (26), and (29)-(35)), three
steroids ((2), (8), and (25)), 11 flavonoid glycosides
((10)-(18) and (27)-(28)), one fatty alcohol (1), and one
phenolic compound (9). The antileukemic activity of the
isolated compounds was evaluated against leukemia
K562 cell line in vitro and 11 triterpenoids exhibited re-
markable antileukemic activities against this cell line.
Compounds (34) (oleanolic acid 3-O-f-D-glucuronopyr-
anoside) and (22) (jacoumaric acid) exhibited the strongest
activities with ICsy values of 22.3 and 30.8 uM, respectively.
The mechanism of the antileukemic activity of these com-
pounds could be attributed to the attenuation of Smad, Wnt,
and E2F signaling pathways. Compound (22) demonstrated
a specific inhibition of Wnt and Smad signaling with an ICs,
value of 3.8 yM for both pathways. Meanwhile compound
(34) showed an inhibition of E2F with an ICs, value of 5 yM.
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Moreover, the binding patterns of the bioactive molecules
against leukemia cell related targets were explored by
docking them against topoisomerase, EGFR-tyrosine kinase,
and Abl kinase. Compounds (22) and (34) exhibited a strong
binding affinity towards topoisomerase (docking score-
=-7.81 and -9.30 Kcal/Mole, respectively). Furthermore,
SAR study reveals that the presence of a carboxyl group
either in the triterpene or in the sugar moiety was identified
as contributing to the cytotoxic activity.
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