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ABSTRACT: Phytochemical study of the ethyl acetate root
extract of Zygophyllum album has resulted in the isolation of a
new saponin, Zygo-albuside D (1), along with two known
compounds; (3-O-[β-D-quinovopyranosyl]-quinovic acid) (2),
which is first reported in the root, and catechin (3), first reported
in the genus. Their chemical structures were established by NMR
and high-resolution mass spectrometry (HRMS). The new saponin
(1) exhibited promising cytotoxicity with IC50 values of 3.5 and
5.52 μM on A549 and PC-3 cancer cell lines, respectively,
compared to doxorubicin with IC50 values of 9.44 and 11.39 μM on
A549 and PC-3 cancer cell lines, respectively. While it had an IC50
value of 46.8 μM against WISH cells. Investigating apoptosis-
induction, compound 1 induced total apoptotic cell death in A549
lung cancer cells by 32-fold; 21.53% compared to 0.67% in the untreated control cells. Finally, it upregulated the pro-apoptotic genes
and downregulated the antiapoptotic gene using gene expression levels. Compound 1 exhibited remarkable CDK-2 target inhibition
by 96.2% with an IC50 value of 117.6 nM compared to Roscovitine. The molecular docking study further confirmed the binding
affinity of compound 1 as CDK2 and Bcl2 inhibitors that led to apoptosis induction in A549 cancer cells. Hence, this study
highlights the importance of compound 1 in the design of a new anticancer agent with specific mechanisms.

1. INTRODUCTION
Malignant neoplasms are among the major death causes
worldwide which develop due to genome instability and
mutations. Among the population, the most common types of
malignancies are lung, colorectal, breast, and prostate cancer.1

Lung malignancies are the most prevalent cancer in men, as
well as the fourth commonly diagnosed cancer among
women.1,2 A variety of synthetic and semisynthetic anticancer
medicines are accessible, but their therapeutic efficacy is
limited by side effects and medication interactions. The
majority of cancer chemotherapy medications are known to
develop resistance and are limited by dose-limiting side effects.
As a result, cancer treatment and drug discovery remain
significant clinical problems.3,4

For thousands of years, many natural products, principally
plants, have been used for the treatment of miscellaneous
diseases.3 Natural compounds and their derivate analogues
such as vinca alkaloids, paclitaxel, curcumin, and resveratrol
have been recognized as successful alternatives for chemo-
therapeutic agents.5,6 In general, these phytochemicals act on
multiple targets and can control various oncogenic tran-

scription factors affecting tumor microenvironments that are
commonly involved in cancer progression.4 The noticeable
success achieved so far in utilizing natural compounds as
anticancer agents has encouraged researchers to explore other
secondary metabolites, such as saponins, for their antitumor
activities.
Saponins have demonstrated outstanding anticancer poten-

tial both in vitro and in vivo.6−9 They exert their anticancer
activities by different molecular mechanisms. Several saponins
have been reported to induce cell cycle arrest in different
cancer cells via modulation of cyclins and cyclin-dependent
kinases (CDK) and check point proteins crucial for cell
progression.6,8−11 Moreover, saponins can activate extrinsic
and intrinsic pathways.6,8,9 The extrinsic pathway of apoptosis
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induced by saponins is mediated by the activation of Fas
receptor which triggers the recruitment of pro-caspase 8
transformed into the active caspase 8. Consequently, activation
of executioner caspase-3 occurred. Thus, poly-ADP-ribose
polymerase was cleaved resulting in cellular components
proteolysis.6 Meanwhile, saponins mediate the intrinsic route
of apoptosis through the downregulation of Bcl-2 (an
antiapoptotic protein) and upregulation of caspase-9 and
caspase-3 (as pro-apoptotic proteins).6

Plants of genus Zygophyllum, among them Z. album L. which
is an edible halophyte,12 have been praised by Egyptian
traditional healers for their effectiveness for alleviating
hypertension, diabetes, and rheumatism. Furthermore, evi-
dence supporting the diverse pharmacological effects of
Zygophyllum plants was acquired.13 For example, the
antioxidant,14−17 anti-inflammatory,18 ganado-protective,19

and anticancer activities13,17,21 of Z. album aerial parts were
proved. These reported medicinal properties of Z. album are
attributed to its chemical constituents among which
flavonoids,12,13,16,21−23 triterpenes,13 and saponins12,13,22,24−26

predominate.
This study investigates for the first time the root part of Z.

album L. chemically and biologically, aiming to isolate natural
chemical compounds with anticancer activity. The ethyl
acetate fraction of the methanolic extract of Z. album roots
was fractionated and chromatographed to yield three
compounds. Two of them were saponins; a new one and a
previously isolated one. While the third compound was
catechin, which was reported for the first time in the genus
Zygophyllum. The root extract of Z. album and the isolated
compounds were tested for their anticancer activity.

2. RESULTS AND DISCUSSION
2.1. Structure Elucidation of the Isolated Com-

pounds. Structure elucidation of the isolated compounds 1,
2, and 3 was accomplished based on 1H NMR, 13C NMR, and
HRMS spectral data besides their comparison with the
literature. Figure 1 displays the chemical structures of isolated
compounds 1−3.
Compound 1 was elucidated as a new compound, while

compounds 2 and 3 were found to be known compounds; 3-O-
[β -D-quinovopyranosyl]-quinovic acid26 and Catechin.27,28

Compound 1 (Figure 1) was isolated as a white powder.
Deduced from its 1H and 13C NMR spectral data (Table 1),
the molecular formula of compound 1 was C35H56O10S, which
was further confirmed by 2D NMR spectroscopical analyses
(Figure 2) and the HRMS which demonstrated a quasi-
molecular ion [M-H]− at m/z 667.3473. The rhodizonate test
gave yellow color as a positive result indicating the existence of
sulfate group,20,29−32 which was further confirmed by The
FTIR absorption bands in the ranges of 1330−1449 cm−1 and
1044−1086 cm−1 for S�O and C−O−S�O vibrations
together with C−O−S stretch at 879 cm−1.31,33−36

Based on extensive inspection of 1D and 2D-NMR spectra,
six tertiary methyl signals besides a secondary methyl one were
observed at δH/C 0.76/15.7, 0.89/15.1, 0.89/14.1, 0.98/29.3,
0.98/14.8, 1.62/20.8 and 1.08 (d), J = 5.0/21.5 ascribed to H3-
23/C-23, H3-25/C-25, H3-27/C-27, H3-24/C-24, H3-26/C-26,
H3-30/C-30 and H3-29/C-29 respectively. Also, an oxygenated
methine proton together with its corresponding carbon was
observed at δH 3.15 (dd, J = 5.0, 10.0 Hz) and δC 78.4,
respectively, which were attributed to H-3/C-3. An olefinic
proton and its corresponding carbon were detected at δH =
5.26 (dd) and δC 117.1, respectively, which were attributed to
H-21/C-21. Besides, the 13C NMR spectrum exhibited a
quaternary sp2 carbon at δC 142.6 (C-20) and a carbonyl
functionality at δC 174.5 (C-28). These resonances indicated
an ursane aglycone with a double bond and an ester group at
C-20 and C-28 respectively.37 The existence of one arabinose
moiety was deduced from the 13C NMR spectral data which
revealed the presence of the characteristic signal of an
anomeric carbon at δC 91.6 along with four signals at δC
76.7, 75.8, 69.6 and 60.7.38 The anomeric carbon at δC 91.6
appeared shielded compared to that of L-arabinose (δC
100.7)37 due to the attachment of -SO3H functionality at C-
2′. which shifts it upfield to 91.6.37,38 To ensure the identity of
the sugar moiety, compound 1 was acid hydrolyzed.19,39 Then,
the resulting sugar part of compound 1 was cochromato-
graphed by PC with standard sugars. The glycone was assured
to be arabinose (Rf = 0.18, 0.22, 0.29, and 0.52; eluent: BAW
(n-butanol/AcOH/H2O; 4/1/5), BEW (n-butanol/EtOH/
H2O; 4/1/2.2), BBPW (n-butanol/benzene/pyridine/H2O
5/1/3/3) and phenol satd. with H2O respectively).

40 The α-
configuration of L-arabinose was deduced from the 3J H‑1′‑H‑2′
coupling constant (5.0 Hz) due to the diaxial interaction
between the two protons in L-arabinose.41−45 Also, the FTIR
spectrum further confirmed the α configuration of the
arabinopyranose moiety. Since the characteristic absorption
band of β-arabinopyranose in the region of 855−830 cm−1 was
not observed.38

The 1H- and 13C NMR data of compound 1 were correlated
with those for saponins previously reported in Zygophyl-
lum22,24,37,45 and confirmed by HMBC and COSY correlations
(Figure 2). Accordingly, Zygo-albuside D (compound 1) was a
new saponin that has not been previously isolated nor
synthesized.
2.2. Biological Investigation. 2.2.1. Cytotoxicity of Z.

album Crude Extract and the Isolated Compounds. Samples
of the crude extract of Z. album roots and pure compounds 1,
2, and 3 were tested by the MTT assay for their cytotoxicity on
lung (A549) and prostate (PC-3) cancerous cells. Cytotoxicity
results, as depicted in Table 2, for Z. album root extract
exhibited moderate cytotoxicity on PC-3 (IC50 = 42.1 μg/mL)
and A549 (IC50 = 36.4 μg/mL) cancer cells. Interestingly, the
new compound (1) exhibited potent cytotoxicity with IC50Figure 1. Chemical structures of isolated compounds.
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values of 3.5 and 5.52 μM, respectively, in comparison to
doxorubicin as a standard (IC50 values of 9.44 and 6.19 μM,
respectively). Additionally, compound (2) showed promising
cytotoxicity, with IC50 values of 6.73 and 7.41 μM. On the
other hand, compound (3) showed moderate cytotoxicity.
Furthermore, Z. album crude extract and the isolated
compounds 1−3 were not cytotoxic against normal (WISH)
cells, with higher IC50 values than they were against cancer
cells. Compound 1 had an IC50 value of 46.8 μM. These data
demonstrated that the novel saponin, compound (1), was
highly cytotoxic against A549 cells, justifying further
investigation into its mechanism of action.
2.2.2. Investigation of the Compound 1 Apoptotic Effect

on A549 Lung Cancer Cells. 2.2.2.1. Annexin V/PI Staining
Flow Cytometry. The mechanism of cytotoxicity of compound
(1) against A549 cells was scrutinized by utilizing Annexin V/
PI staining flowcytometry. As represented in Figure 3,
compound (1) caused total apoptosis in A549 cancer cells
by 21.53% compared to the untreated control cells (0.67%).
These results demonstrated that treatment of A549 cells with
compound (1) induced apoptotic cell death by a 32-fold
change. Nonetheless, a 4.6-fold increase in necrotic cell death
was observed. Our findings match earlier studies reporting the
apoptotic activity of numerous naturally occurring triterpene
saponins against cancer cells46−49

2.2.2.2. RT-PCR. To analyze the expression levels of
apoptosis responsible genes (pro apoptotic and antiapoptotic)
in the untreated and treated A549 cells, RT-PCR was
employed to investigate the apoptotic effects of compound
(1). As seen in Figure 4, compound 3-treatment upregulated
the P53 gene by 9.28-fold; the Bax gene by 5.78-fold; and
caspases 3, 8, and 9, by 6.42, 3.5, and 9.4-fold, respectively.
Apoptosis-inducing activity in A549 cells after treatment was
consistent with expected previous results, including a decrease
in Bcl-2 gene expression by 0.42-fold.34,50,51

2.2.3. Investigation of Cyclin-Dependent Kinase-2 (CDK-2)
Inhibition Activity of Compound 1. CDK-2 is another target
for the induction of apoptosis in cancer cells by triterpene
saponin. Numerous triterpene saponins inhibited and down-

Table 1. 13C NMR (125 MHz) and 1H (500 MHz) Measurements of New Compound 1 in MeOHa

No. δC δH (int., mult., JHz) No. δC δH (int., mult., JHz)
1 40.8 1.19 (1H, m) 1.76 (1H, m) 19 38.5 2.11 (1H, dd, 15.0, 5.0)
2 27.4 1.73 (1H, m) 1.08 (1H, m) 20 142.6 −

3 78.4 3.15 (1H, dd, 15.0, 5.0) 21 117.1 5.26 (1H, dd, 5.0, 10.0)
4 41.5 − 22 37.0 1.82 (1H, m) 2.36 (1H, m)
5 55.6 0.72 (1H, m) 23 15.7 0.76 (3H, s)
6 18.1 1.54 (1H, m) 1.36 (1H, m) 24 29.3 0.98 (3H, s)
7 33.8 1.36 (1H, m) 1.51 (1H, m) 25 15.1 0.89 (3H, s)
8 41.5 − 26 14.8 0.98 (3H, s)
9 50.9 1.36 (1H, m) 27 14.1 0.89 (3H, s)
10 38.1 − 28 174.5 −
11 22.7 1.74 (1H, m) 1.82 (1H, m) 29 21.5 1.08 (1H, d, 5.0)
12 31.8 1.31 (1H, m) 1.22 (1H, m) 30 20.8 1.62 (3H, s)
13 40.8 2.36 (1H, m) 1′ 91.6 5.48 (1H, d, 5.2)
14 41.5 − 2′ 76.7 4.20 (1H, t, 5.2)
15 27.3 1.22 (1H, m) 1.08 (1H, m) 3′ 75.8 3.75 (1H, dd, 8.5, 5.2)
16 33.8 1.36 (1H, m) 2.32 (1H, m) 4′ 69.6 3.53 (1H, m)
17 50.7 − 5′ 60.7 3.72 (1H, m) 3.85 (1H, dd, 5, 10)
18 49.2 1.22 (1H, m)

aMultiplicities were deduced from multiplicity-edited HSQC.

Figure 2. Key COSY and HMBC correlations of compound 1.

Table 2. Cytotoxic Activity of Crude Extract of Z. album and
the Isolated Compounds against Lung, Prostate, and WISH
Cell Lines Using MTT Assay

IC50 ± SDa

Sample
Lung cancer
(A549)

Prostate cancer
(PC-3)

WISH (Normal
cells)

Z. album crude
extract

36.4 ± 1.49b 42.1 ± 2.14b 86.9 ± 2.8a

Compound 1 3.5 ± 0.67e 5.52 ± 1.04d 46.8 ± 3.1b

Compound 2 6.73 ± 0.43d 7.41 ± 0.64d 42.6 ± 2.8c

Compound 3 66.22 ± 1.07a 90.97 ± 1.47a 37.8 ± 2.9d

Doxorubicin 9.44 ± 0.64c 11.39 ± 0.58c 56.5 ± 2.7a
aUsing GraphPad prism IC50 for the crude extract of Z. album are
expressed as mean ± SD in terms of μg/mL. While IC50 for the
isolated compounds was expressed as mean ± SD in terms of μM.
The IC50 was recorded in triplicate for each sample. Means followed
by different letters in the same column (vertically) are significantly
different according to DMRTs at 0.05 level.
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regulated CDK-2 in various cancer cells including lung cancer
cell lines.52,53 Consequently, compound 1 was evaluated for its
CDK-2 inhibition activity.
As seen in Table 3, compound 1 exhibited remarkable CDK-

2 target inhibition by 96.2% with an IC50 value of 117.6 nM
compared to Roscovitine that caused 92.7% inhibition with an
IC50 value of 140 nM. These results highlighted the CDK-2
inhibition of compound 1.
2.3. Molecular Docking. The Bcl-2 family proteins, which

include both anti- and pro-apoptotic proteins, are critical
regulators of apoptosis, and a shift in the dynamic balance
between these proteins can either block or promote cell
death.54 B cell lymphoma 2 (Bcl-2) is a prominent apoptosis
regulating protein from the Bcl-2 family. Acting as a negative
regulator of apoptosis, Bcl-2 protein overexpression has been
involved in tumor initiation and progression.54−56 Since it
inhibits the hall marks of apoptosis including: blebbing of the
plasma membrane, DNA cleavage, and nuclear condensation.54

On the other hand, CDK-2 (cyclin-dependent kinase-2) is a
key protein in signaling pathways within the cell that regulate
its proliferation and death. The phosphorylation of the
FOXO1 protein is a key regulator of the cell cycle because it
regulates the apoptotic response to DNA damage and is

engaged in the transition between the G1 and G1-S phases.57

Apoptosis in cancer cells is induced by several chemo-
therapeutic agents through cell cycle arrest in G1 phase via
CDK-2 downregulation.57,58

To put more emphasis on the apoptotic mechanism of
compound (1) isolated from the Z. album root on A549 lung
cancer cells, a computational molecular docking simulation was
conducted to investigate the binding modes of the tested
compound inside the Cyclin-dependent kinase (CDK2) and B-
cell Lymphoma 2 (Bcl2). Docking results exhibited good
binding affinities forming good interactive binding modes
inside the protein active sites like their cocrystallized ligands.
Roscovitine made arene-cation interaction with Lys 89 as the
key amnio acid, while the cocrystallized ligand of Bcl-2 protein
made H-bond with Arg 66 as the key amnio acid.
Interestingly, as displayed in Figure 5, compound (1)

interacted with the CDK-2 protein (Binding energy = −16.48
kcal/mol), and it combined with Lys 89 via the formation of
two H-bonds through the sulfate group as H-bond acceptors
with distances of 2.8 and 1.3 Å, as well as it had one H-bond
with Glu 8 through the hydroxyl group with distance of 1.29 Å
as a H-bond donor. Moreover, it interacted with the Bcl-2
protein with two H-bonds with Arg 66 through the sulfate

Figure 3. Annexin V/PI labeling of untreated (control) and compound 1-treated A549 cells (IC50 = 2.34 μM, 48h) (A): Cytograms forapoptosis-
necrosis assessment, “Q1: Necrosis, Q2: Late apoptosis, Q4: Early apoptosis’’. (B): Bar representation of apoptosis-necrosis assessment. Values are
expressed as Mean ± SD of three independent trials, *(p ≤ 0.05) significant differences between treated and untreated cells employing unpaired t-
test by GraphPad prism.
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group as H-bond acceptors with distances of 2.48 and 2.1 Å,
and the binding energy was −19.36 kcal/mol. So, molecular
docking study explained the activity of compound (1) as dual
inhibitors for CDK-2 and Bcl-2 proteins, and this led to
apoptosis-induction in cancer cells as illustrated in anticancer
activity.

3. MATERIALS AND METHODS
3.1. General Experimental Procedures. Using Bruker

Avance DRX 500 MHz spectrometers (MA, USA), the 1D and
2D NMR spectral data were recorded. HRMS data were
obtained utilizing a Thermo Scientific UPLC RS Ultimate
3000-Q Exactive (Thermo Fisher Scientific, Waltham, MA,
USA) coupled with a Thermo Scientific Q Exactive Hybrid
Quadrupole-Orbitrap Mass Spectrometer. Positive and neg-
ative detection was carried out independently. Solvents
(analytical grade) were purchased from Fisher Scientific
(Loughborough, UK). Normal phase silica gel (Fluka, St.
Louis, Mo, USA, 230−400 mesh), Sephadex LH 20 (Sigma-
Aldrich, St. Louis, Missouri, USA), Whatman cellulose
chromatography papers, (Sigma-Aldrich, St. Louis, Missouri,
USA) and TLC silica gel 60 F254 (0.2 mm, Merck, NY, USA)
were employed for chromatographic investigations. The spots
on the TLC were visualized first by a UV lamp at 255 and λ366
nm, and then sprayed with p-anisaldehyde/H2SO4. The paper
chromatogram was sprayed with aniline phthalate reagent to

visualize the sugar spots. Reference sugar standards (D, xylose
(≥99%), D, ribose (≥98%), and L, arabinose (≥98%)) were
obtained from Sigma-Aldrich (St. Louis, Missouri, USA).
3.2. Plant Material. During May 2019, Zygophyllum album

roots were collected from Marsa Matrouh, located in the
western Mediterranean coastal region of Egypt. Plant
authentication was performed at Faculty of Science, Alexandria
University. Under registration number of ZA-2019, a voucher
specimen was placed in Pharmacognosy Department herba-
rium, Faculty of Pharmacy, Suez Canal University, Ismailia,
Egypt.
3.3. Extraction and Isolation. About 900 g of the ground

Z. album roots was extracted with methanol (3 × 2L) at 25 °C.
The combined extracts were concentrated under reduced
pressure to afford 30 g of brownish green crude extract.
For fractionation, about 25 g of the crude extract was

dispersed in 1 L of distilled water (1L) and then extracted
successively with n-hexane, CHCl3, EtOAc, and finally, n-
BuOH (2L of each, three times). The fractions were
concentrated under reduced pressure to obtain five fractions
(ZAR-1 - ZAR-5) (5, 6, 10, and 15g respectively).
The ZAR-3 (100% EtOAc fraction, 5 g) was subjected to

silica gel column chromatography initially eluted with 100%
CHCl3 then gradients of CHCl3/MeOH were used until 50%
MeOH in CHCl3, which yielded four subfractions (ZAR-3-a to
ZAR-3-d). ZAR-3-a subfraction (1.5 g) was chromatographed
on silica gel column applying gradient systems of 100% CHCl3
and MeOH until 50% MeOH in CHCl3, which yielded ZA-3-a-
1 and ZA-3-a-2 subfractions. ZA-3-a-2 subfraction (260 mg)
was subjected to column chromatography using silica gel as a
stationary phase and gradients of CHCl3/MeOH as eluents
until 100% MeOH. Then, final purification was achieved using
a Sephadex LH-20 column and 50% MeOH in CHCl3 as an
eluent to afford compound 1 as a colorless gum substance (60
mg) (Rf= 0.39; TLC eluent is 10% MeOH in CHCl3).
ZAR-3-b subtraction (1 g) was further fractionated applying

silica gel column chromatography and CHCl3/MeOH
gradients until CHCl3/ MeOH (1:1) to obtain three
subfractions (ZAR-3-b-1 to ZAR-3-b-3). ZA-3-b-1 subfraction
(240 mg) was rechromatographed on silica gel column and
gradients of CHCl3/ MeOH initially with CHCl3/ MeOH
(9:1) until 100% MeOH. For final purification, a Sephadex
LH-20 column was used which was eluted by 50% MeOH in
CHCl3 to give compound 2 as a colorless gum substance (25
mg) (Rf= 0.35; TLC eluent is 10% MeOH in CHCl3).
ZAR-3-c subfraction (1 g) was further fractionated by

applying silica gel column chromatography and CHCl3/MeOH
gradients, starting with 100% CHCl3 and ending with CHCl3/
MeOH (1:1) to yield two subfractions (ZAR-3-c-1 and ZAR-3-
c-2. The subfraction ZA-3-c-2 (280 mg) was further chromato-
graphed using silica gel as a stationary phase and gradients of
CHCl3/ MeOH as eluents using MeOH/CHCl3 (1:9) and
culminating with 100% MeOH. A Sephadex LH-20 column
eluted 50%MeOH in CHCl3 was used to achieve the final
purification step, affording compound 3 as a white powder (11
m) (Rf= 0.30; TLC eluent is 10% MeOH in CHCl3).
3.4. Acid Hydrolysis of Compound 1. Compound 1 was

acid hydrolyzed according to the procedure outlined in refs 19
and 39, and compound 1 (5 mg) was hydrolyzed at 95 °C
using 2 N HCl (1 mL). After that, the reaction mixture was
extracted with CHCl3 after dilution with H2O. Then, the
aqueous phase left yielded L- arabinose, identified by
comparison with authentic sugars using PC applying BAW

Figure 4. Gene expression analysis of A549 cells treated with
compound 1 (IC50 = 2.34 μM, 48h) and untreated cells. The house-
keeping gene was β-actin. 2−ΔΔCT was employed to calculate the fold
of change, where ΔΔCT is the difference between mean values of
genes CT values in the treated and control groups. Values are
expressed as the mean ± SD of three independent trials. Bars followed
by different letters are significantly different according to DMRTs at
the 0.05 level.

Table 3. IC50 of Compound 1 against CDK-2 Target
Inhibition

Sample
Highest percentage of inhibition at

[10 μM] IC50 [nM]

Compound 1 96.2 ± 1.76 117.6a ± 1.97
Roscovitine 92.7 ± 1.45 140 ± 2.1
a(p ≤ 0.05) statistically different using unpaired t test between two
treated groups in GraphPad prism software. Values are expressed as
mean ± SD of three independent trials.
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(n-butanol/AcOH/H2O; 4/1/5), BEW (n-butanol/EtOH/
H2O; 4/1/2.2), BBPW (n-butanol/benzene/pyridine/H2O
5/1/3/3) and phenol satd. with H2O respectively.40 Aniline
phthalate reagent was employed for revealing the sugar spots.
3.5. Detection of the Sulfate Group. According to the

method reported in refs 19 and 29, compound 1 (5 mg) was
mixed with 2 N HCl (5 mL) then refluxed for 2 h followed by
neutralization with dil. NaOH. After that, the reaction mixture
was concentrated under reduced pressure. Then, the residue
was analyzed by paper chromatography employing 90%
MeOH as a developer. The chromatogram was then air-dried
and treated with BaCl2 solution (100 mg dissolved in 50 mL of
methanol (70%)). After drying, the chromatogram was finally
sprayed with a methanolic solution of potassium rhodizoate
(10 mg dissolved in 50 mL of methanol (50%)). The existence
of a sulfate group was assured by the obtained yellow color.
3.6. Spectroscopic Data of the Isolated Compounds.

3.6.1. Compound (1). White powder; HRMS: m/z 667.3473
[M-H]−1H NMR (MeOH, 500 MHz) and 13C NMR (MeOH,
125 MHz) spectral data are presented in Table 1.
3.6.2. Compound (2) (3-O-[β-D-Quinovopyranosyl]-qui-

novic acid) [26]. White amorphous powder; 1H NMR (500
MHz, MeOD) δ 5.66 (m, 1H, H-12), 4.30 (d, J = 5.0 Hz, 1H,
H-1′), 3.84 (m, 1H, 3′), 3.63 (m, 2H, 4′, 5′), 3.20 (m, 1H, 2′),
3.13 (dd, J = 5.0, 15.0 Hz, 1H), 2.98 (1H, m, H-16), 2.26 (1H,
s, H-18), 2.25 (3H, m, H-9, H-15, H-16), 2.14 (1H, m, H-11),
2.08 (2H, m, H-2, H-15), 1.99 (1H, m, H-11), 1.88 (1H, m, H-
2), 1.74 (1H, m, H-22), 1.71 (1H, m, H-7), 1.66 (2H, m, H-19,
H-22), 1.68 (1H, m, H-7), 1.62 (1H, m, H-1), 1.48 (1H, m, H-
6), 1.31 (1H, m, H-21), 1.28 (3H, s, H-23), 1.22 (1H, m, H-6),
1.19 (3H, s, H-25), 1.18 (3H, d, 5.0, H-29), 1.08 (1H, m, H-1),
0.94 (3H, s, H-24), 0.90 (1H, m, H-20), 0.85 (2H, s, H-5, H-
26) and 0.77 (3H, d, 10.0, H-30).

13C NMR (125 MHz, MeOD): δC = 38.7 (C-1), 25.7 (C-2),
89.3 (C-3), 39.2 (C-4), 55.6 (C-5), 17.9 (C-6), 36.5 (C-7),
39.2 (C-8), 46.6 (C-9), 38.7 (C-10), 22.7 (C-11), 129.0 (C-
12), 132.5 (C-13), 55.9 (C-14), 25.7 (C-15), 25.1 (C-16), 48.1
(C-17), 55.5 (C-18), 36.9 (C-19), 39.0 (C-20), 29.9 (C-21),
36.7 (C-22), 27.2 (C-23), 16.9 (C-24), 16.9 (C-25), 17.9 (C-
26), 180.3 (C-27), 177.7 (C-28), 17.7 (C-29), 22.6 (C-30),
105.1 (C-1′), 74.5 (C-2′), 76.5 (C-3′), 75.6 (C-4′), 71.6 (C-
5′), 17.8 (C-6′).
3.6.3. Compound (3) Catechin [27]. 1H NMR (500 MHz,

MeOD) δ 4.55 (1H, d, 6.5, H-2), 3.97 (1H, dd, 10.0, 4.5, H-3),
2.47 (1H, m, H-4a), 2.83 (1H, m, H-4b), 5.84 (1H, d, 1.5, H-
6), 5.91 (1H, d, 2.0, H-8), 6.82 (1H, d, 1.5, H-2′), 6.69−6.76
(2H, m, H-5′, H-6′).
13C NMR (125 MHz, MeOD): δC = 82.9 (C-2), 68.8 (C-3),

28.6 (C-4), 157.3 (C-5), 96.2 (C-6), 157.8 (C-7), 95.5 (C-8),
156.9 (C-9), 100.8 (C-10), 132.2 (C-1′), 115.2 (C-2′), 146.3
(C-3′), 146.3 (C-4′), 116.1 (C-5′), 120.1 (C-6′).
3.7. Biological Investigation. 3.7.1. MTT Assay for

Evaluation of Cytotoxicity. Cell lines: A549, PC-3, and
WISH were purchased from the Egyptian National Cancer
Institute and grown on RPMI-1640/DMEM medium L-
Glutamine (Lonza Verviers SPRL, Belgium, cat # 12-604F.
Following standard tissue culture work, the cancer cells were
cultured in a complete medium. Then, cells (5 × 104 per well)
were seeded in triplicate in a 96-wel microplate followed by
treatment with the test samples at concentrations of (0.1, 1, 10,
and 100 μg/mL). The viability of the cells was determined on
the second day using MTT solution (Promega, USA).59 For
recording the absorbance, an ELISA microplate reader (BIO-
RAD, model iMark, Japan) was utilized. GraphPad Prism 7
software was used to determine IC50 values in comparison to
the control group viability, as was previously published in ref
60.

Figure 5. Ligand−receptor binding dispositions of docked compound 1 inside the CDK-2 and Bcl-2 proteins. A: Surface-view and B: Interactive
view with the key amino acids Lys 89 (CDK-2) and Arg 66 (Bcl-2).
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3.7.2. Investigation of Apoptosis. 2.7.2.1. Annexin V/PI
Staining and Cell Cycle Analysis. Treatment with compound
1 was continued for 48 h after A549 cells were incubated in 6-
well culture plates (3−5 × 105 cells/well) in a humidified
incubator the previous night. A suspension of the cells was
prepared in 100 L of Annexin binding buffer solution 25 mM
CaCl2, 1.4 M NaCl, and 0.1 M Hepes/NaOH, pH 7.4 after
medium supernatants and cells were collected. Then the cell
suspension was incubated with Annexin V-FITC solution
(1:100) and propidium iodide (PI) at a concentration equals
10 μg/mL in the dark for 30 min. The Cytoflex FACS
equipment was utilized to collect the labeled cells, and the
cytExpert software was used to evaluate the results.60

3.7.2.2. Gene Expression Analysis (RT-PCR) for the
Selected Genes. The expression levels of the proapoptotic
genes: Caspases-3,8,9, P53 and Bax and the antiapoptotic gene:
Bcl-2 was evaluated to scrutinize the apoptotic pathway in
A549 cells induced by compound1; both forward and
backward iterations of their sequences were depicted in
Table 4. A549 cells were treated with compound 1 at its
IC50 value and incubated for 48 h. A549 cells were then
collected, total RNA was extracted using RNeasy Mini Kit
(Qiagen, Hilden, Germany), and cDNA synthesis was
performed with 500 ng of RNA using i-Script cDNA synthesis
kit (BioRad, Hercules, USA) following manufacturer’s
instructions. All reactions were performed for 35 cycles using
the following temperature profiles 95 °C for 5 min (initial
denaturation); 95 °C for 15 min (Denaturation), 55 °C for 30
min (Annealing), and 72 °C for 30 min (Extension). Findings
were expressed as cycle thresholds (Ct) and Ct for estimating
the gene abundance relative to β -actin (the housekeeping
gene).61

3.7.3. CDK-2 Inhibition Assay. Using a CDK2 Assay Kit
(catalog no. 79599), the enzyme inhibition effect of compound
1 on CDK2 was estimated. The autophosphorylation
inhibition percentage of the tested compound was measured
for eight concentrations of compound 1, then the IC50 was
calculated using the GraphPad prism7 software.62

3.8. Molecular Docking Study. AutoDock was used to
dock the examined compounds (1−3) against the CDK-2
(PDB = 2a4l) and Bcl-2 (PDB = 4IEH) protein structures after
standard procedures were followed.63 AutoDock Vina64 was
employed to optimize protein and ligand structures and to
favor them energetically. The binding activities were
interpreted in terms of the binding energy together with
ligand−receptor interactions. Then, Chimera software was
utilized to visualize the binding modes.
3.9. Data Handling and Statistical Analyses. Data were

handled and checked for normality using Shapiro-Wilk
normality testing to check whether data were parametric or
nonparametric. Data was presented as mean ± SD. Difference
between untreated control and treated group was checked

using an independent t test. Difference between treatments was
performed using one- and two-way analysis of variance.
Duncan’s Multiple Range test (DMRTs) were applied to
further compare between groups at the 0.05 significance level.
Data analysis was performed using IBM-SPSS version 29.0 for
Mac OS.

4. CONCLUSION
In a pursuit of the isolation and identification of bioactive
phytoconstituents, we report that the chemical investigation of
Zygophyllum album roots resulted in the isolation of Zygo-
albuside D (1); a new saponin together with compounds 2 and
3: 3-O-[β -D-quinovopyranosyl]-quinovic acid and catechin,
which are known compounds, first reported in Z. album. The
isolated compounds were screened for their cytotoxicity on
PC-3 and A549 cancer cells. Among the tested compounds,
compound (1) exhibited potent selective cytotoxicity with IC50
values of 3.5 and 5.52 μM on A549 and PC-3 cancer cell lines,
while it had an IC50 value of 46.8 μM against WISH cells.
Compound (1) exerted its cytotoxicity by triggering apoptosis.
It increased the expression pro-apoptotic genes while
decreasing the expression of the antiapoptotic ones.
Furthermore, molecular docking study highlighted that
compound (1) is an inhibitor of CDK2 and Bcl2. In brief,
saponins could be regarded as gold mines of promising
antineoplastic drugs; hence, compound 1 will be recom-
mended to be further optimized and developed as target-
oriented chemotherapeutic antilung cancer in future prospec-
tive.
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