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Abstract

Endemic Gypsophila eriocalyx species have been traditionally used for several purposes. The aim of this study was to isolate
anti-cancer compounds from G. eriocalyx. The aerial parts of G. eriocalyx were dried in the laboratory, and hexane, ethyl
acetate, methanol, and methanol:water (70:30) extracts were obtained by maceration. The ethyl acetate extract exhibited the
highest antiproliferative activity and was separated into subfractions by chromatographic methods. The chemical structure of
the bioactive compound was elucidated by nuclear magnetic resonance (NMR) and Gas Chromatography-Mass Spectroscopy
(GC/MS). Monolayer colony assay and 3D spheroid formation were applied to test the anti-cancer effect of subfraction 3.2 in
prostate cancer cell PC3. As subfractionation of the ethyl acetate extract progressed to 3 and 3.2, the ICso values decreased.
Subfraction 3.2 showed a significant anti-proliferative effect in both 2D cells and spheroid cultures of PC3 cells. Spectral
analyses revealed that the active compound isolated through step-wise fractionation of G. eriocalyx was 2,4-di-tert-butylphenol.
2,4-di-tert-butylphenol compound was obtained from the 3.2.2.2.2 coded fraction of the G. eriocalyx plant.

Rezumat

Scopul acestui studiu a fost izolarea unor compusi cu actiune anticanceroasa din G. eriocalyx. Partile aeriene ale plantei au fost
uscate Tn laborator, iar prin macerare s-au obtinut extracte in hexan, acetat de etil, metanol si metanol:apa (70:30). Extractul in
acetat de etil a prezentat cea mai intensa activitate antiproliferativa si a fost separat in subfractiuni prin metode cromatografice.
Structura chimica a compusului bioactiv a fost identificatd prin rezonantd magnetica nucleara (RMN) si cromatografie de gaze
cuplata cu spectrometrie de masa (GC/MS). Pentru testarea efectului anticanceros al subfractiunii 3.2 asupra celulelor de cancer
de prostata PC3 s-au utilizat testul de formare a coloniilor in monostrat si testul de formare a sferoizilor 3D. Pe masura ce
subfractionarea extractului in acetat de etil a avansat cétre fractiunile 3 si 3.2, valorile ICsp au scézut. Subfractiunea 3.2 a
demonstrat un efect antiproliferativ semnificativ atét in culturile celulare 2D, cét si in cele sferoidale ale celulelor PC3. Anali-
zele spectrale au evidentiat ca respectivul compus activ, izolat prin fractionarea etapizata a plantei G. eriocalyx, a fost 2,4-di-
tert-butilfenolul. Compusul 2,4-di-tert-butilfenol a fost obtinut din fractiunea codificatd 3.2.2.2.2 a plantei G. eriocalyx.
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Introduction conducting phytochemical analyses of plants to identify
similar compounds with therapeutic potential persists
as an active area of research.

The genus Gypsophila L. belongs to the Caryophyl-
laceae family. This genus is represented by 65 spe-
cies, 39 of which are endemic to Turkiye. Gypsophila
species are economically valuable because of their
high saponin glycoside content in their underground
organs. Gypsophila species have been used for many
years in Anatolia to prepare herbal cheeses, halva,
ice cream, soap and liqueur (4). The underground parts
of plants are also used as fire extinguishers, soap and

Plants are a rich source of secondary metabolites,
making them an important resource for discovering
therapeutic compounds in medicinal chemistry (1). A
well-known example is paclitaxel, a plant-derived taxoid
from the European yew tree Taxus baccata, which has
been used clinically for many years to treat various
cancers. Several widely used chemotherapeutic agents,
such as vinblastine, etoposide and irinotecan, also
have plant origins (2). Additionally, various phyto-
chemicals, including resveratrol and quercetin, have
been suggested for cancer prevention (3). Therefore,
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detergents, cleaning silk and delicate fabrics, phar-
maceuticals, and gold bleaching. Additionally, Gyp-
sophila species have medicinal value and are used as
expectorants, diuretics, and acne relievers. Gypsoph-
ila eriocalyx is mainly distributed in Central Anatolia
at an altitude of 600 - 1600 meters (5, 6).

The therapeutic landscape for prostate cancer has
widened substantially in recent years. Management
strategies for localized disease include active sur-
veillance and radical prostatectomy, in addition to
hormonal therapy. However, prostate cancer that no
longer responds to hormonal treatment is called cas-
trate-resistant prostate cancer (CRPC). In recent clinical
practice, several new therapies have emerged, in-
cluding the next-generation androgen receptor (AR)
inhibitors such as Enzalutamide, Apalutamide, and
Darolutamide. Additional treatment options for met-
astatic prostate cancer include a next-generation tax-
ane, Cabazitaxel, as well as PARP inhibitors (7).
Despite this expansion of therapeutic options, con-
cerns remain regarding treatment-related side effects,
including quality of life and overall survival. As a
result, prostate cancer is still considered a significant
global health burden. Recent data indicate that its in-
cidence continues to rise (8). Consequently, there is
an ongoing need for new and safer therapeutic ap-
proaches.

In this study, the bioactive compounds were isolated
from G. eriocalyx with multiple fractionations. In each
fractionation step, antiproliferative activity measure-
ments guided the selection of fractions for further
isolation to obtain a pure, biologically active com-
pound with antiproliferative activity.

Materials and Methods

Plant materials

The aerial parts of Gypsophila eriocalyx were col-
lected from the natural habitat on 28.06.2017. The
location is in Tuzluca, Igdir (Tiirkiye), which is be-
tween 40°02'58” N and 43°39'39” E and 1000 m
above sea level. The voucher specimen was depos-
ited at the Herbarium of the Biology Department of
Erzincan Binali Yildirim University (Voucher No.
Korkmaz 4353), Turkiye. The plant material was
identified by Assoc. Prof. Dr. Mustafa Korkmaz. The
plant is a perennial with a woody caudex, numerous
sterile shoots, and several erect branches. Stems reach
15-40 cm in height. The leaves are linear and fleshy,
measuring 10 - 30 x 0.5 - 2.5 mm. Pedicels are up to
5 mm long. The petals are white, 3 - 4 mm in length,
and the calyx is campanulate, 2 - 2.5 mm in diameter.
The seeds bear flat tubercles.

Extraction of plant materials

The aerial parts of the G. eriocalyx plant (309 g), col-
lected from nature, were dried in the laboratory at
room temperature in the shade using a pressing method.
The dried plant sample was powdered in a grinding
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mill. The powdered plant sample was transferred to
a brown bottle and initially covered with hexane sol-
vent (600 mL). With intermittent shaking, the plant
sample was macerated in the hexane solvent for 24
hours, with the solvent being changed. Then, the plant
sample in hexane was filtered through a funnel lined
with filter paper. This process was repeated three
times. After filtration, the solvents from the resulting
macerates were removed on a rotary evaporator to
dryness. In the rotary evaporator operation, the heat-
ing mantle temperature was set to 45°C. The same
procedures were repeated for ethyl acetate, metha-
nol, and methanol:water (70:30) solvents. The ex-
traction processes were carried out sequentially. As a
result, hexane (3.5 g), ethyl acetate (5.5 g), methanol
(11.0 g), and methanol:water (70:30) (10.5 g) crude
extracts were obtained, respectively. The yields of
hexane, ethyl acetate, methanol, and methanol:water
(70:30) extracts were 1.1%, 1.8%, 3.6%, and 3.4%,
respectively.

Isolation of active compound

The crude extracts obtained were evaluated for anti-
proliferative activity against the PC3 cell line. As a
result of the activity test, it was determined that the
ethyl acetate extract had the highest activity. Ethyl
acetate extract (5.5 g) was separated into fractions by
column chromatography. 200 g of silica gel 60 (70 -
230 mesh) was packed into a 600 mm x 30 mm col-
umn. Dichloromethane, ethyl acetate, and methanol
were used as eluents of increasing polarity for the
mobile phase in column chromatography. The mo-
bile phase system is given in Table I. Fractions were
compared by TLC using CH.Cl:ethyl acetate (5:1)
as the mobile phase, and CeSO4 was sprayed to vis-
ualize spots on TLC plates. Fractions containing similar
bands on the chromatograms were combined to ob-
tain the final seven fractions. The antiproliferative
activity of the seven fractions was investigated, and
fraction three was determined to have the highest ac-
tivity. Fraction 3 (1.8 g) was separated into two sub-
fractions with the help of molecular sieve chroma-
tography (Sephadex LH-20). 80 g of Sephadex LH-
20 was applied to a 300 mm x 10 mm column. The
mobile phase was petroleum ether:CHCls:methanol
(7:4:1). It was determined that of the two sub-frac-
tions, fraction coded 3.2 (1.2 g) had the highest ac-
tivity against the PC3 cell line. The compounds in
subfraction number 3.2 were attempted to be sepa-
rated by preparative thin-layer chromatography. In
preparative thin-layer chromatography, silica gel 60
F254 type plates with a layer thickness of 210 - 270
pum were used. The mobile phase was CHCI3:Ethyl
acetate (8:1). Bands were cut separately into small
pieces from the aluminium plate and transferred to
Erlenmeyer flasks. Enough mobile phase was added to
cover the subfractions transferred to the Erlenmeyer
flasks, and the flasks were placed in an ultrasonic bath
for 1 hour. Then, they were left in the solvent overnight,
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and vacuum filtration was performed the next day in
10 replicates. After vacuum filtration, the solvents
from the subfractions were removed on a rotary
evaporator at 45°C, and TLC was performed using
different mobile-phase systems to assess purity. After
preparative thin-layer chromatography, three sub-
fractions were obtained. Fraction coded 3.2.2 (0.8 g)
had the highest activity against the PC3 cell line. The
subfraction coded 3.2.2 was attempted to be separated

by preparative thin-layer chromatography again. The
mobile phase was CHCIs:Ethyl acetate (3:1). Three
subfractions were obtained. Fraction coded 3.2.2.2
(0.12 g) had the highest activity against the PC3 cell
line. The subfraction coded 3.2.2.2 was attempted to
be separated by thin-layer chromatography again. The
mobile phase was CHCls. The pure compound was
isolated from fraction coded 3.2.2.2.2 (0.03 g).

Table |
Mobile phase systems used in column chromatography
Mobile phase system | Volume % Elution time (minute)
CH2Cl2 300 mL 100 0-30
CH2Cl,:Ethyl acetate 300mL | 80+20 30 - 60
CH:Clz:Ethyl acetate 300mL | 60+40 60 - 90
CH2Cl.:Ethyl acetate 300mL | 40+60 90 - 120
CH2Cl,:Ethyl acetate 300mL | 20+ 80 120 - 150
Ethyl acetate 300 mL 100 150 - 180
Ethyl acetate:MeOH 300mL | 90+10 180 - 210
Ethyl acetate:MeOH 300mL | 50 +50 210 - 240
Ethyl acetate:MeOH 300mL | 10+90 240 - 270
MeOH 300 mL 100 270 - 300

Identification of active compound

The chemical structure of the bioactive compound was
elucidated by spectral methods such as nuclear mag-
netic resonance (NMR) (*H-NMR and APT) and Gas
Chromatography-Mass Spectroscopy (GC/MS). NMR
experiments were performed in CDCI3 using TMS as
the internal standard on a Bruker Avance NEO 500
MHz spectrometer. The GC-MS analysis was em-
ployed with an Agilent 5975C Inert XL EI/Cl MSD
system in El mode. The bioactive compound was an-
alysed by GC-MS using a non-polar column, HP-5MS
(5% phenyl, 95% methyl polysiloxane; 30 m x 0.25
mm, 0.25 m film thickness). The oven temperature
was programmed as follows: isothermal at 60°C for
1 min, then increased to 246°C at 3°C/min, and sub-
sequently kept isothermal for 30 min. The carrier gas
was helium, with a flow rate of 0.9 mL/min. The bi-
oactive compound was injected (1 pL) in split mode.
The ion source temperature was set to 230°C, and the
mass range was set to 35 - 420 m/z. The inlet tem-
perature of the transfer line and injection block of the
mass spectrometer was set to 250°C, and sample in-
jection was performed at a 1/50 split ratio. The iden-
tification of the compounds was performed by com-
paring the relative retention indices of the n-alkane
series with the literature and by comparing mass spectra
(NIST17 Mass Spectra Library). The relative per-
centages of the separated compounds were calculated
from peak integrations in MS chromatograms. The
retention index formula is below.

IX = lOOﬂ + 100(tx - tn)/(tn+1 - tn),
where, t, and tn+1 are retention times of the reference
n-alkane hydrocarbons eluting immediately before

and after chemical compound “X”; ty is the retention
time of compound “X”. A portion of the analyses was
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conducted after the GC system was upgraded with a
splitter, enabling simultaneous GC-MS and GC-FID
detection. Due to the altered flow path, absolute re-
tention times showed slight variations between in-
strument configurations. Consequently, compound
identification relied primarily on relative retention
indices-calculated separately for each configuration
using a C8-C40 n-alkane series-together with EI mass
spectral matching.

Cell lines and culture conditions

The human prostate cancer cell lines PC3, LNCaP
(DSMZ (German Collection of Microorganisms and
Cell Cultures GmbH), Germany), and the human pros-
tate epithelial cell line RWPE-1 (ATCC, USA) were
cultured in an RPMI-1640 medium supplemented
with 10% FBS and 1% penicillin—streptomycin (P/S);
human fibroblast cell line CCD1072Sk (ATCC, USA)
was cultured in DMEM medium supplemented with
10% FBS, 1% P/S at 37°C incubator with 5% CO..
Anti-proliferative effect test

The cells were seeded into 96-well plates at the re-
spective cell numbers: 6 x 10%well for PC3; 12 x
10%/well for LNCaP, RWPE-1 and CCD1072Sk. Af-
ter 24 hours of incubation, the cells were treated with
different concentrations of plant extracts (25 - 500
pg/mL for EA extract, 25 - 250 pg/mL for SF3, 25 -
100 pg/mL for SF3.2). DMSO was used as a vehicle
control. The relative amount of DMSO was always
kept below 1%. After 48 hours of treatment, cell vi-
ability was determined using two different methods:
crystal violet (CV) staining and CVDKS8 (Ecotech,
Turkiye). For CV staining, the cells were briefly
washed with PBS, fixed, and stained with 0.5% crys-
tal violet in ethanol for 30 minutes. Methanol was
added to release the crystal violet by incubating for
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20 minutes at RT while shaking, and the absorbance
was measured at 590 nm. For CVDK8, 10% CVDKS8
reagent (10 uL) was added to each well, and the wells
were incubated at 37°C for 1 - 4 hours. The absorb-
ance of the plates was measured at 450 nm using a
microplate reader.

Clonogenic assay

PC3 cells were seeded into 6-well plates at 2 x 10°
cells/well in 2 mL of RPMI. The plates were incu-
bated at 37°C, 5% CO, for 24 hours, and the cells
were treated with respective ICsp values: 29.5 pg/mL
for SF3.2, then incubated at 37°C, 5% CO; for an-
other 24 hours. The cells were trypsinized and seeded
into new 6-well plates at a density of 3 x 102 cells
per well in 2 mL of medium. On the 7" day, the cells
were treated again. On the 14™ day, the colonies
were washed with PBS, fixed, stained with 0.5%
crystal violet in ethanol, and counted using ImageJ.

3D spheroid formation and viability assay

PC3 cells were seeded into 96-well U-bottom non-
adherent plate with 2x102 cells/well in 200 pL. The
plates were incubated at 37°C, 5% CO; for 48 hours.
Half of the media was removed from each well with-
out touching the spheroids. Then, spheroids were
treated with the respective ICso value: 29.5 pg/mL
for SF3.2, with 100 pL fresh medium. The treatment
was repeated two more times at 48-hour intervals. At
the end of the incubation, 10% CVDKS (10 pL) rea-
gent was added to each well. The plates were incu-
bated for 1 - 5 hours and measured by a microplate
reader at 450 nm. The percent viability was calculated

a PC3
150
<
; 1004
E
I
5
— 504
8 L ]
o-m

0 200 400

Concentration (pg/mil)

considering control groups as 100%. The images were
taken by an inverted microscope.

Statistical analysis

All viability analyses were performed with three
technical replicates per experiment and three biolog-
ical replicates. The colony formation assay was per-
formed with two technical replicates per experiment
and three biological replicates. The 1Cso values for
each extract were calculated using GraphPad Prism
8.0.2. Non-linear regression with [Inhibitor] vs. nor-
malized response-Variable slope Least squares fit
method was applied. Statistical significance was de-
termined using ANOVA followed by Tukey's multi-
ple-comparison test when there were more than two
groups and Student’s t-test when two groups were
used, using GraphPad Prism 8.0.2. p < 0.05 was ac-
cepted as significant.

Results and Discussion

Anti-proliferative effect of Gypsophila eriocalyx sub-
fractions

The extracts obtained from the maceration of Gyp-
sophila eriocalyx with hexane, ethyl acetate, metha-
nol, and methanol:water (7:3 v/v) solvents were ap-
plied to PC3 cells at respective concentrations of 100,
250, and 500 pg/mL. The anti-proliferative activity
results showed that among these four extracts, ethyl
acetate (EA) was the most effective, with dose-de-
pendent inhibition of PC3 cell viability (Figure 1).
The ICs value for the EA extract in PC3 cells was
106.7 pg/mL.

PC3

o

e e e

Cell Viability (%)

50 100 250 500

600 25

Concentration (pg/ml)

Figure 1.
EA extracts exert dose-dependent tumour-suppressive activity in cultured PC3 cells
a. ICsp graph of EA extract b. Dose-dependent cell viability of EA extract
%Viability was calculated using GraphPad comparing treatment groups to control. All experiments were conducted in tripli-
cate (technical replicates) and independently repeated at least 3 times. *p < 0.05, **p < 0.01, ***p < 0.001 by ANOVA

The EA extract was fractionated using column chro-
matography, yielding seven subfractions labelled SF1
through SF7. These subfractions were initially tested
in PC3 cells. SF5 and SF7, which precipitated, and
the inactive SF1 were excluded from further evalua-
tion. The antiproliferative activities of SF3, SF4, and
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SF6 were then assessed in both cancerous PC3 and
normal RWPE-1 cells. Among these, SF6 demon-
strated the highest 1Cso value in PC3 cells (391.3
pg/mL), whereas SF3 and SF4 exhibited much lower
ICso values (51.73 and 49.63 pg/mL, respectively)
(Table I1).
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Table 11 RWPE-1 normal prostate epithelial cells demonstrated
ICsp values of different subfractions in PC3 and reduced sensitivity to SF3 compared with PC3 cells
RWPEL1 cells (Figure 2). Although SF3 and SF4 had comparable
Extract | PC31Cso | RWPE-1 ICso ICso values, SF3 was chosen for further studies due to
code (ng/mL) (pg/mL) its more consistent and pronounced dose-dependent
SF3 51.73 4812 anti-proliferative effects.
SF4 49.63 290.9
SF6 391.3 ~258
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Figure 2.
SF3 extracts exert dose-dependent antiproliferative activity in cultured PC3 and RWPE-1 cells
a. ICso graph of SF3 extract on PC3 cells. b. Dose-dependent cell viability of SF3 extract on PC3 cells.
c. ICsp graph of SF3 extract on RWPE-1 cells. d. Dose-dependent cell viability of SF3 extract on RWPE-1 cells
%Viability was calculated using GraphPad comparing treatment groups to control. All experiments were conducted in
triplicate (technical replicates) and repeated at least three times

Molecular sieve chromatography of the SF3 extract
produced two subfractions, separating larger mole-
cules labelled as “1” and smaller molecules labelled
as “2” based on their elution order from the column.
The SF3.2 fraction was tested in the prostate carci-
noma cell lines PC3 and LNCaP, and its effects on
cell viability were also assessed in CCD1072Sk, a
normal human skin fibroblast cell line. The SF3.2 extract
exhibited ICsp values of 29.5 pg/mL in PC3 cells

(Figure 3a and Figure 3b), 27.95 pg/mL in LNCaP
cells (Figure 3c and Figure 3d), and 98.61 ug/mL in
CCD1072Sk cells (Figure 3e and Figure 3f). SF4.2
was additionally tested in PC3, LNCaP and CCD1072Sk
cells for comparison to SF3.2 (Table I1l). Fraction
3.2 was selected for further experiments because it
showed greater differential cytotoxicity between prostate
cancer cells and normal fibroblasts, suggesting a more
favourable selectivity profile.

Table 111
Comparison of 1Csp values of 3.2 and 4.2 in different cell lines
Cell Line PC3 LNCaP CCD1072Sk
Extract code 1Cs0 (ug/mL) | 1Cso (ug/mL) | 1Cso (ug/mL)
SF3.2 29.5 27.95 98.61
SF4.2 8.451 26.68 39.26
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Figure 3.

SF3.2 extracts exert dose-dependent anti-proliferative
activity in cultured PC3, LNCaP, and CCD1072Sk
cells. a. 1Cso graph of SF3.2 extract on PC3 cells b.

Dose-dependent cell viability of SF3.2 extract on
PC3 cells. c. 1Cso graph of SF3.2 extract on LNCaP
cells. d. Dose-dependent cell viability of SF3.2 ex-
tract on LNCaP cells. e. ICsq graph of SF3.2 extract
on CCD1072Sk cells. f. Dose-dependent cell viabil-

ity of SF3.2 extract on CCD1072Sk cells

Viability was calculated using GraphPad by comparing

treatment groups to the control. All experiments were
conducted in triplicate (technical replicates) and repeated
at least three times. *p < 0.05, **p < 0.01, ***p < 0.001,

*x#%n < 0.0001 by ANOVA

Clonogenic assay

A 2D clonogenic assay was performed to evaluate
the autonomous growth ability of cancer cells. To as-
sess the impact of SF3.2 on this property, PC3 cells
were treated with SF3.2 at its ICso concentration, and
colony numbers were assessed. The results showed
that SF3.2 significantly reduced colony formation,
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with the treated group exhibiting only 53% of the
colonies compared to the control group (Figure 4).
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Figure 4.

SF3.2 extracts exert suppression on colony formation of
PC3 cells: a. SF3.2-treated PC3 cells; b. DMSO control
group; ¢. %Colony number of SF3.2 extract on PC3 cells
All experiments were conducted in duplicate (technical
replicates) and repeated independently at least three times

3D spheroid formation and viability assay
3D spheroid culture is used to better mimic cancer
cells in vivo. To evaluate the effect of SF3.2, a 3D
spheroid formation assay was conducted in PC3 cells
using the 1Cso concentration. Images were captured
with an inverted microscope, showing smaller, less
compact spheroids. Treatment with SF3.2 markedly
reduced spheroid formation, with cell viability in the
3D spheroids decreasing to 54.33% compared to the
control group, consistent with the 2D culture (Figure 5).
Determination of the chemical structure of the active
compound by spectroscopic methods
After several fractionations of SF3.2, an active com-
pound was obtained from the 3.2.2.2.2 coded frac-
tion. The 1Csp values of subfractions 3.2.2 and 3.2.2.2
in PC3 cells guiding this selection were given in Ta-
ble IV.
Table IV
ICsp values in PC3 for fractions 3.2.2 and 3.2.2.2

Extract code | PC3 ICs (png/mL) | Yield (g)
3.2.2 40.13 0.8
3.2.2.2 31.82 0.12
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SF3.2 extracts exert suppression on 3D spheroid formation of PC3 cells. a. SF3.2-treated PC3 cells for 48 hours.
b. DMSO control group. c. SF3.2-treated PC3 cells for 96 hours. d. DMSO control group. e. SF3.2-treated PC3
cells for 144 hours. f. DMSO control group. g. %Spheroid viability of SF3.2 extract on PC3 cells
All experiments were conducted in triplicate (technical replicates) and repeated independently at least three times

As aresult of the GC-MS analysis, the retention time
of the 2,4-di-tert-butylphenol (2,4-DTBP) com-
pound was determined to be 29.432 min, and the rel-
ative retention index was 1517. The chemical struc-
ture was identified by comparing the mass spectra of
the original and known compounds in the NIST17
commercial library using the GC-MS device. Addi-
tionally, 2,4-DTBP was purchased commercially and
subjected to GC-MS analysis. The analysis results
were compared to confirm the accuracy of the isolated
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compound. The retention time of commercial 2,4-
DTBP was 29.592 min, and the relative retention in-
dex was 1518. Chemical composition of fraction 3.2.2
was determined by GC-MS. Compounds were iden-
tified by comparison of relative retention indices
with literature values and by mass spectral matching
against the NIST17 library. Relative percentages
were calculated by peak area normalization without
response factor correction. The chemical composi-
tion of 3.2.2 is given in Table V.
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Table V
Chemical composition of 3.2.2 fraction
RT |RRI| RRI Lit. Compound % | Reference
17.649 1389 1391 1-Tetradecene 3.2 9
20.994 | 1524 1521 2,4-Di-tert-butylphenol 43.3 10
22.560| 1591 1590 1-Hexadecene 5.7 11
22.727 1598 1591 Diethyl Phthalate 2.1 12
24.814|1689 1675 Dodecyl acrylate 2.1 13
26.952 (1788 1790 1-Octadecene 5.2 14
29.676 (1922 1929 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione 2.3 15
30.050|1941 1943 Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester | 1.0 16
30.771|1978 1970 n-Hexadecanoic acid 8.9 17
30.954 1988 1994 1-eicosene 3.1 18
31.284 | 2005 Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, ethyl ester | 2.2
34.596 | 2186 2190 1-Docosene 1.7 14
34.922 2204 2211 1-Octadecanol acetate 5.6 19
37.580 | 2362 2,2'-Biphenol, 3,3'5,5'-tetrakis(1,1-dimethylethyl)- 3.1
40.883 2542 | 2550 Bis(2-ethylhexyl) phthalate 10.5 20

RT: Retention time (minute); RRI: Relative retention index; RRI Lit.: Relative retention index in the literature

The subfraction coded 3.2.2 was attempted to be sep-
arated by preparative thin-layer chromatography again.
Three subfractions were obtained. Fraction coded
3.2.2.2 (0.12 g) had the highest activity against the
PC3 cell line. Subfraction 3.2.2.2 was determined to
be impure by GC-MS analysis. Therefore, the sub-
fraction coded 3.2.2.2 was attempted to be separated
by thin-layer chromatography again. The mobile
phase was CHClIs. The pure compound was isolated
from fraction coded 3.2.2.2.2 (0.03 g).

The chemical structure of 2,4-DTBP was confirmed
by NMR spectroscopy (*H-NMR and APT). In the
!H-NMR spectrum, the peak observed at § 7.30 (1H,
d, J = 2.4 Hz) belongs to the H-3 proton, and this
proton interacts with the H-5 (1H, dd, J = 8.2; 24
Hz) proton at & 7.07. In addition, the H-5 proton in-
teracts with the H-6 (1H, d, J = 8.2 Hz) proton lo-
cated at & 6.60. Six methyl group peaks were ob-
served at § 1.29 (9H, s, 3CHs) and 1.41 (9H, s, 3CHs),
respectively. Two singlets are observed, each inte-
grating for nine protons and representing three equiva-
lent methyl groups. The APT (Attached Proton Test)
experiment was used to distinguish quaternary carbon,
methine (CH), and methyl (CHs) signals by their

characteristic phase behaviour. In the APT spectrum,
six peaks were observed between 151.7 and 115.9 ppm
in the aromatic region. Among these carbons, three
resonances (135.1, 142.9, and 151.7 ppm) were iden-
tified as quaternary carbons, consistent with the presence
of aromatic substitution. The quaternary carbon peak
to which the hydroxyl (-OH) group is attached was
seen at 151.7 ppm; the quaternary carbons to which
the tert-butyl groups are attached were seen at 142.9
and 135.1 ppm. The peaks at 32.0 and 37.0 ppm in
the APT spectrum correspond to quaternary carbons.
As a result of the NMR spectrum, the presence of
twenty-one protons was detected, and it was deter-
mined that eighteen of these protons belonged to the
six methyl groups in the tert-butyl structure, and the
remaining three protons belonged to the peaks in the
aromatic region (Table VI). The chemical structure of
the compound was supported by a literature review
(21, 22).
Besides 2,4-DTBP, the most abundantly found com-
pounds in SF 3.2.2 were Bis(2-ethylhexyl) phthalate
(DEHP) (10.5%), n-Hexadecanoic acid (Palmitic acid)
(8.9%), 1-Hexadecene (5.7%) and 1-Octadecanol
acetate (5.6%).

Table VI

'H NMR (500 MHz, CDCls, 8) and APT (125 MHz, CDCls, 8) of 2,4-di-tert-butylphenol

C | Carbontype | APT (ppm) H-NMR (ppm)

1 C 151.7 -

2 C 142.9 -

3 CH 124.2 7.30d (1H, J = 2.4 Hz)
4 C 135.1 -

5 CH 1235 7.07 dd (1H, J = 8.2; 2.4 Hz)
6 CH 115.9 6.60d (1H, J= 8.2 Hz)
7 C (C2) 37.0 -

8 C (C4) 32.0 -

9 | 3CHz(C7) 29.7 1.29 s (9H)

10 | 3CHs(C8) 31.6 1.41 s (9H)
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This study explored the endemic species G. eriocalyx
as a potential source of novel anticancer compounds.
Although several species in the genus Gypsophila,
including G. eriocalyx, have been extensively inves-
tigated for their bioactive properties due to their abun-
dance of secondary metabolites such as saponins and
triterpenoids, studies specifically examining G. eri-
ocalyx extracts remain limited (23-25). Previous re-
search has demonstrated that water and methanol ex-
tracts of G. eriocalyx inhibited the proliferation of liver
(HepG2), colon (HT-29), and breast (MCF7) cancer
cell lines, with 1Cs values of 0.269, 0.170, and 0.381
mg/mL for water extracts, and 0.856, 0.644 and 0.814
mg/mL for methanol extracts, respectively (26). An-
other study reported that water, methanol, and etha-
nol extracts of G. eriocalyx exerted dose- and time-
dependent anticancer effects in the MDA-MB-231
breast cancer cell line, with ethanol extracts showing
the strongest antiproliferative activity (ICso values of
0.249 mg/mL at 24 h and 0.217 mg/mL at 48 h) (27).
The anticancer potential of G. eriocalyx has also been
investigated in other cancer models. In neuroblastoma,
the methanolic extract of G. eriocalyx exhibited cy-
totoxic activity against SH-SY'5 cells, with an ICso of
0.1 mg/mL. In addition to reducing cell viability, the
extract induced apoptosis through mitochondrial dys-
function, suggesting activation of the intrinsic apop-
totic pathway (28). Similarly, Azbazdar et al. (29)
demonstrated that the methanolic root extract of G.
eriocalyx exerted potent anticancer effects against
melanoma cells. The extract significantly decreased
cell viability, with ICso values of 21.62 pg/mL and
4.6 pug/mL in Malme-3M and SK-MEL-28 cells, re-
spectively. Beyond its cytotoxic effects, the extract
promoted apoptosis and suppressed both migratory
capacity and clonogenic potential, indicating its abil-
ity to interfere with multiple hallmarks of cancer (29).
In comparison, the ICsp value of the EA extract in
PC3 cells, observed in our study at 106.7 pg/mL, was
consistent with previously reported values. Since cy-
totoxic potency is influenced by multiple factors, in-
cluding cell type, exposure duration, extraction pro-
cedures, and assay methodology, no direct compari-
son between these studies and ours is possible. Our
results suggested that the EA extract contains potent
anticancer constituents.

Chemical analysis revealed that the SF3.2.2 subfrac-
tion of the EA extract contained DEHP, Palmitic
acid and 2,4-DTBP as major constituents.

DEHP is well identified as an endocrine disruptor, yet
its potential anticancer effects remain controversial.
While some studies report cytotoxic effects of DEHP,
others have noted that it can promote proliferation in
cancer cells. In prostate cancer cell lines PC3 and
DU-145, DEHP was found to induce cytotoxicity at
lower doses compared to other phthalates (30).
Palmitic acid (n-hexadecanoic acid), a common fatty
acid present in various Gypsophila species, has well-
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established anticancer properties (31, 32). It has
demonstrated inhibitory effects on prostate cancer in
both in vitro and in vivo settings, and its mechanism
of action is primarily through modulation of the
PI3K/Akt signalling pathway (33).

The most abundant bioactive compound in the ex-
tract, 2,4-DTBP, is both an antioxidant and a marine-
derived metabolite. To date, in the literature, Inanir
etal. (27) are the only study to examine the chemical
composition of various G. eriocalyx extracts; how-
ever, they did not report the presence of 2,4-DTBP
(15). This discrepancy may be attributed to differ-
ences in plant collection sites or harvesting seasons.
Additionally, Inanir et al. (27) highlighted that dif-
ferent extraction methods rarely yield the same com-
pounds. Accordingly, the EA extraction performed
in our study produced a distinct set of chemical com-
ponents.

2,4-DTBP is a lipophilic phenol known for its toxic
effects across a wide range of species. It is produced
by at least 169 species, including dicots, bacteria, an-
imals, and fungi. This phenolic compound has been
reported to retain antioxidant, anti-inflammatory, an-
tibacterial, antiviral, and antifungal properties (34).
A previous study on G. turcica reported 2,4-DTBP
as a component of its essential oil (32), implying that
Gypsophila species are a source of this compound.
Several studies have investigated the production of
2,4-DTBP from various plant sources and examined
its cytotoxic activity against different cancer types,
with a range of 1Csp values (35, 36). However, to our
knowledge, no studies have yet investigated the role
of 2,4-DTBP in prostate cancer. In a cytotoxicity
study on the human colorectal cancer cell line
HCT116, increasing concentrations of 2,4-DTBP re-
sulted in an ICsp value of 57.044 + 0.32 uM (37).
Another study evaluated 2,4-DTBP isolated from
Plumbago zeylanica against the epithelial monkey
kidney cell line Vero and the human breast cancer
cell line MCF-7. While its effect on Vero cells was
minimal, it exhibited significant cytotoxicity against
MCF-7 cells, with an ICsp of 5 pg/mL and a clear
concentration-dependent effect (22).

A limitation of the present study is that, although bi-
oassay-guided fractionation resulted in a progressive
increase in cytotoxic potency from the crude ethyl
acetate (EA) extract to the SF3 and SF3.2 fractions
(ICs0: 106.7, 51.73, and 29.5 pg/mL, respectively),
the complete chemical compositions of these frac-
tions have not yet been fully elucidated. Subsequent
purification and compound identification analyses
suggested 2,4-di-tert-butylphenol (2,4-DTBP) as a
potential bioactive constituent. However, SF3 and
SF3.2 remain partially purified fractions and likely
contain additional bioactive compounds that contrib-
ute to the observed anticancer activity, either individu-
ally or through synergistic interactions. Therefore,
comprehensive phytochemical characterization of these
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fractions is warranted to identify the compounds re-
sponsible for their biological effects. Furthermore,
given the identification of 2,4-DTBP as a candidate
bioactive molecule, its anticancer activity and under-
lying molecular mechanisms should be investigated
independently in prostate cancer models to clarify its
specific contribution to the overall activity of the
fractions.

Conclusions

To the best of our knowledge, this is the first study
to report the effects of G. eriocalyx ethyl acetate
(EA) extracts on prostate cancer. This study high-
lights G. eriocalyx as a promising source of anti-
cancer bioactive compounds. It is the first report to
examine both the anticancer activity and the chemi-
cal composition of the EA extract of G. eriocalyx.
The G. eriocalyx-derived 2,4-DTBP warrants further
investigation as a potential active compound and
drug candidate for prostate cancer.
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