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ABSTRACT

Combined, plant sterols and stanols, substances structurally similar to cholesterol, are referred to as phytosterols.
In plants, phytosterols serve the same purposes as cholesterol does in animals and people. This study’s primary goal
was to compare two different cell line types to the extracted steroid and nano-steroid. PHPLC was used to isolate the
novel steroid molecule from the Euphorbia milii plant in its pure form, and FT.IR was used to confirm its identity. The
chemical had a retention time of 13.87. By using the chitosan-maleic complex process, nano-steroids were created. To
evaluate produced nanoparticles, the Philips PW1730 XRD instrument was utilized. The morphological characteristics
are ascertained using scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Using the MTT
assay, the anti-cancer activity of steroids and nano-steroids against prostate cancer cells (PC3), breast cancer cells (MCEF-
7), and healthy cell lines was investigated. Apoptotic indicators were examined using AO/EtBr double labeling and DNA
fragmentation. Using flow cytometry, the dispersion of the cell cycle was ascertained. Recent research has confirmed
that the cytotoxic effect on cell lines of prostate and breast cancer was significantly improved by the amounts of steroids
and nano-steroids. These results suggest that steroids and nano-steroids may have a dose-dependent effect in stopping
the proliferation of breast and prostate cancer cells where it induces apoptosis and halts development in the GO/G1
phase of the cell cycle. Based on the current data, treating cancer cells of different types could potentially benefit from

the use of the steroid and nano-steroid combination as a therapeutic method.

Keywords: Apoptosis, MTT assay, Nano-steroid and the steroid, Phytosteols, PHPLC

Introduction

The world is constantly looking for new pharma-
ceuticals and medications. Worldwide, efforts are
always on to find new drugs, adjustments, and im-
provements with the goal of curing various diseases,
particularly cancer. Both traditional medicine and
new medication research in the modern era have his-
torically benefited greatly from medicinal plants. !>

Euphorbia milii is one of several common plants that
have been demonstrated to have medicinal proper-
ties a frilly and medical herbal species universally
recognized as the “crown of thorns” in the medicinal

genus Euphorbia.® In popular medicine, it is broadly
used in countries like: China, Nepal, Brazil, and other
equatorial districts as a treatment for cancer, warts,
hepatitis, and eyesores.* Modern research states nu-
merous pharmacological properties of E. milii such
as analgesic, anti-inflammatory, antimicrobial, anti-
tumor as well as many others.”

Given their well-known health benefits, a wide
range of bioactive compounds originating from plants
have been taken by people more and more. These
substances, which are often referred to as phytochem-
icals, consist of sterols, organic acids, carotenoids,
phenolic compounds, and alkaloids. In general, plant
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sterols are useful substances that can only be found
in plants.® Plant sterols, or phytosterols, are struc-
tural elements of the cell membrane that help control
the membrane’s permeability and fluidity. They are
byproducts of the intricate mechanism via which
squalene is used in isoprenoid production. Phytos-
terols are a group of around 200 distinct chemicals.
The three most prevalent are stigmasterol, campes-
terol, and b-sitosterol. They have proven to offer
protection against a range of chronic illnesses, includ-
ing diabetes, liver, heart disease, and certain cancers.
Studies on the prevention of cancer indicate that a
diet high in phytosterols can lower the chance of
developing certain cancers.”

As a disease, cancer is described as a condition
where some bodily cells grow uncontrollably and
spread to the body’s other organs. The trillions of cells
that make up the human body are home to cancer,
which can spread to any location.® Without the per-
son’s knowledge, many malignancies such as breast,
lung, stomach, and esophagus exist in all sections of
the body. These types of cancer may mainly disappear
owing to the immune response of the body.° If the
body doesn’t resist cancer cells, the tumor progresses
and leads to harm the body, which in turn, causes can-
cer. Several symptoms can be noticed during cancer
infection, like weight inconsistency like unexpected
weight loss or weight increase; different colors of
the skin (yellowing, darkening, or redness), uncured
wounds, changes to present moles represent marks
of skin variations. A persistent cough and respiratory
issues are some potential symptoms. '°

The aim of this study was to isolate phy-
tosterols from E. miliiby Preparative High Pres-
sure Liquid Chromatography(PHPLC) and Identifica-
tion,characterization of the isolated phytosterols by
FT-IR then loaded them on chitosan nanoparticles to
develop their anticancer activity against breast and
prostate cancer cell lines. The results proved that
the loaded nanoparticles have cytotoxicity influence
against cancer cell line higher than the phytosterols
alone.

Materials and methods
Extraction of Phytosterols

The Extraction of Phytosterols was conducted using
established procedures. !

Isolation & purification of phytosterols by preparative
HPLC

A 0.5 gram sample of phytosterol was intro-
duced into the Preparative High-Performance Liquid
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Chromatography (PHPLC) after being melted in a
minimum amount of chloroform using: Acetonitrile:
absolute methanol (70:30) in an experimental mobile
phase

* Column: mediterranea C18, 5 um 15x2.12 cm.
* Flow rate: 5 ml / min.

+ Injection volume: 1 ml.

* Detection: UV. Detector at A 280 nm.

Identification of Phytosterols by Fourier transform
infrared spectroscopy (FTIR)

By matching the chemical vibrations and bands in
the spectrum to the distinctive functional group of the
chemical class and structure, the functional groups of
the isolated substance were recognized using FTIR.
The removed chemicals were inspected at the BPC
analytical laboratory in Iraq using a Shimadzu 1800.
Every measurement was done at 27 °C.

Chitosan-Maleic-steroid Synthesis

Step 1: 400 mg/ml of maleic anhydride in THF
was added after 600 mg/ml of nano-chitosan in THF
was agitated at room temperature. The combination
Chitosan-Maleic was produced by refluxing this mix-
ture for two hours at 70 °C.

Step 2: Using an ultrasonic probe (150 W) for 5 min-
utes, 600 mg/ml of steroid or maleic was distributed
in THF. This mixture was added to the chitosan-
maleic complex made in step 1 and refluxed for three
hours at 50 °C. To remove THF, the resulting product
was centrifuged for 10 minutes at 10,000 rpm. The
same process was used to separate the nanocomposite
chitosan-Maleic-steroid after it had been dissolved
in 300 ml of deionized water. This substance was
dissolved in water for five minutes with an ultrasonic
probe before being filtered through a um filter. '

Characterization of chitosan- steroid nanocompound

The X-ray diffraction technique was used to analyze
the crystalline structure of materials At the Univer-
sity of Tehran, Iran. An XRD instrument type Philips
PW1730 was used to examine formed nanoparticle
X-ray diffraction. Transmission electron microscopy
(TEM) and scanning electron microscopy (SEM) were
used to determine the morphological properties.

Maintenance of cell line cultures
The effects of steroids and nano-steroids were ex-

amined on MCF-7 and PC3 cancer cell lines as well as
MCF-10 normal cells used. !®
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Anticancer activity of compounds

The cytotoxic activity was conducted using estab-
lished procedures, '* for steroids and nano-steroids on
MCF-7, PC3 and MCF-10.

Acridine Orange-Ethidium Bromide staining

AO/PI was used to test the steroids and nano-
steroids capacity to cause apoptosis. Briefly stated,
cells were exposed to the IC50 preparations of the
steroids, Nano steroids, for 24 hours after being
seeded on 12-well plates for 24 hours. After two PBS
washes, two fluorescent dyes were put into each well.
A fluorescent microscope was utilized to view the
cells. '®

Steroids, Nano steroids and their impact on DNA of
cell lines

In order to study the cell cycle in cancer cell lines
that had been exposed to steroids and nano-steroids,
flow cytometry was used. Briefly stated, cells (5104
cells mL™!) were displayed for 24 hours to the steroids
and nano-steroids’ IC50 concentration. Following cell
fixation, extra ethanol was flushed away with PBS
washing. The exposed cells were stained with propid-
ium iodide (PI; 10 mg mL™) for 1 hour at 37 °C. To
prevent DNA molecules from interacting with the PI
stain, RNase A (10 mg mL™') was used. Using flow
cytometry, the DNA content of the treated cells was
examined. °

Analytical statistics

The resulting data were statistically processed using
an unpaired t-test (GraphPad Prism 6), and they were
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presented as the mean and standard error of the three
replicates per experiment. !’

Results and discussion

Isolation & purification of Phytosterol from fraction C
by Preparative High Pressure Liquid
Chromatography

Preparative HPLC is typically related to high flow
rates and big columns. Whereas the goal of a prepar-
ative HPLC run is to isolate and purify a useful
product, the goal of an analytical HPLC run is to
determine a component both quantitatively and qual-
itatively. The field of application for preparative
HPLC has expanded due to the growing need in the
chemical and pharmaceutical industries for the pro-
duction of highly pure valuable compounds in varied
amounts. '® For this reason, preparative HPLC was
utilized in this study to isolate a single, extremely
pure sterol compound from a plant.

Since the crude extract is a very complex mixture,
the old task of natural product chemistry is to isolate
the energetic compounds from active crude natural
product extracts. This is typically done through a
series of successive purification steps until the active
compound is obtainable in pure form for structure
illumination. Preparative HPLC'® was primarily used
to meet the requirements for the isolation and purifi-
cation system of a large number and good quantity of
natural chemicals as shown in Figs. 1 to 3.

Retention time 13.43 matches with a Retention
time of beta-sitosterol standard as shown below:

Retention time 13.18 matches with a Retention
time of the stigmasterol standard as shown below:

So the novel compound with a Retention time of
13.87 was isolated in pure form by PHPLC & identi-
fied by FTIR.
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Fig. 1. HPLC of fraction C.
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Fig. 3. HPLC for stigmasterol standard.

Identification of isolated Phytosterol compounds by
Fourier transforms infrared spectra (FTIR)

A band at 3425 cm™ in the FTIR spectrum dis-
played in Fig. 4 and Table 1 is attributable to
the characteristic of the hydroxyl groups OH band
stretch, whereas the bands at 2935 cm™! relate to
the aliphatic C-H groups of CH; stretching vibration.
The existence of the aromatic ring is responsible for
the band at 1639 cm™!, which is linked to the C=C
groups stretching vibration. Furthermore, bands at
1462 cm™ show that the C-H vibration is present. The
band is vibrating at 1377 cm™. O-C. In addition, the

O-H in-plane bending vibration of the OH group is

responsible for the band at 1168 cm™.2°

Characterization of Chitosan-Flavonoid
nano-compound

X-ray diffraction analysis (XRD)

The XRD measurement shows six main peaks at:
27.5109, 31.9159, 45.5955, 56.5884, 66.3349 and
75.3053°. However, the presence of peak at 27.3108°
can be considered a solid evidence of the success of
the reaction as it coincides with the peaks of the
nano-chitosan?! and the shifting of this peak from

Table 1. FTIR vibrations of isolated steroids with the assignment to their related functional group.

Functional group

Frequency wave NO. for isolated compound

Assignment

O-H 3425 Typical of the OH band stretch of hydroxyl group
C-H 2935 Aliphatic C-H stretch

C=C 1639 Aromatic stretch

C-H 1462 C-H vibration

C-0 1377 C-O vibration

O-H 1168 O-H in plane bending vibration of OH group

C-H 1060

C-H vibration
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Fig. 4. FTIR spectrum and structure of isolated phytosterol.

their respective positions in the nano-chitosan is ev-
idence of the formation of the natural organic nano
compound. Moreover, the presence of the other afore-
mentioned peaks is evidence of the presence of steroid
within the material as shown in Fig. 5.

Counts T

The average particle size of this material was cal-
culated using the Scherrer equation for each peak,
where it was found that its value is 37.5 nm, indi-
cating the formation of the required natural organic
compound with nano-sized sizes as shown in Table 2.
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Fig. 5. XRD of Chitosan-steroid nano-compound.

Table 2. XRD data and particle size of Chitosan-steroid nano-compound.

Pos. [°2Th.]  Height [cts] FWHM [*2Th.]  d-spacing [[D\] Particle size (nm)  Average particle size (nm)
27.5109 421.25 0.1968 3.24225 43.44

31.9159 3749.89 0.2952 2.80410 29.26

45.5955 2387.73 0.2952 1.98962 30.51 37.50

56.5884 728.52 0.2460 1.62645 38.34

66.3349 262.26 0.3936 1.40916 25.20

75.3053 558.78 0.1800 1.26098 58.27
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Fig. 6. SEM of chitosan-steroid nano-compound.

Scanning electron microscope analysis (SEM)
Agglomerated irregular sphere-like particles were
detected by the SEM measurement. Furthermore, as
can be shown in Fig. 6, the measurement confirmed
that the generated chitosan-steroid nanoparticle’s size
was within the nanoscale range, with the as-prepared
particles measuring between 25 and 47 nm. It was de-
tected that the particle size estimated using Scherer’s
equation (37.50 nm) and the average particle size
ascertained by SEM are extremely similar.

Transmission electron microscope analysis (TEM)

The characteristics of the steroids-coated chitosan
nanoparticles (NPs) were examined using TEM. Ac-
cording to the results displayed in Fig. 7-A,B, chitosan
nanoparticles (NPs) have an average size of roughly
25-65 nm and are spherical or semispherical in shape.
Contrarily, steroids have a different appearance. As a
result, the combination of Chitosan NPs and steroids

results in coated, spherical nanoclusters. These find-
ings validate findings from,?? as seen in Fig. 7-C.

Anticancer activity of compounds

This test determined the examined cell lines’ viabil-
ity in response to steroid and nanosteroid treatment.
When MTT enters metabolically active cells, it con-
verts into insoluble purple MTT-formazan crystals,
which are then dissolved in a solvent and assessed
spectrophotometrically.?® In contrast to MCF10, the
steroids and nano steroids in this study showed more
action against MCF-7 and PC3. When cells were
treated with steroids and nano steroids, as shown
in Figs. 8 to 10 and Tables 3 to 5, there was dose-
dependent cellular toxicity. However, at 3.1 ug/mL
concentrations, our results showed that the cytotoxic
(Viability %) of the generated steroids and nano
steroids was unaffected. The amounts of synthetic
and nano steroids caused a considerable increase in
cytotoxicity. Additionally, this experiment confirmed

Fig. 7. TEM images of A, Chitosan nanoparticles. B, Steroid., C, steroid coated Chitosan NPs.
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100+ 1C50=29 42pg/ml 1IC50=22.16pg/ml  wuw
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Fig. 8. Anticancer activity of Steroids and nanoSteroids against MCF-7 cells.

Table 3. Anticancer activity of steroids. and nanosteroids. against MCF-7 cells.

Cell line

Concentration ug/ml  MCF7/steroid MCF7/nanosteroid LSD value

3.1 7.66 + 0.88 15.33 £ 1.76 5.47 **
F b F a

6.25 18.33 £1.45 26.00 £ 2.64 4.66 **
E b E a

12.5 28.00 £+ 0.57 41.33 &+ 2.02 5.93 **
D b D a

25 46.66 + 1.85 62.00 £1.73 6.11 **
C b C a

50 62.66 + 1.76 78.67 + 0.88 5.04 **
B b B a

100 68.00 £+ 1.52 86.67 + 0.88 5.38 **
A b A a

LSD value 4,277 ** 5.451 ** —

Means with different big letters in the same column and small letters in the same row
are significantly different. ** (P < 0.01).

1004 IC50=32 08ug/ml IC50=25 44ug/ml

Cytotoxicity %

Steroids Nano

Fig. 9. Anticancer activity of Steroids and nanosteroids against PC3 cells.
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Table 4. Anticancer activity of steroids. and nanosteroids. against PC3 cells.

Cell line

Concentration ug/ml  PC3 /steroid PC3 /nanosteroid LSD value

3.1 5.33 £0.67 11.67 +1.20 3.82 **
F b F a

6.25 14.00 +1.00 20.33 £0.88 4.02 **
E b E a

12.5 22.33 £1.76 39.00 £0.57 4,94 **
D b D a

25 42.33 £0.88 58.00 £1.52 4.61 *8
C b C a

50 56.00 +£2.08 74.67 £1.45 4,39 **
B b B a

100 68.00 £1.15 78.66 £1.20 4,52 **
A b A a

LSD value 4,172 ** 3.655 ** —

Means with different big letters in the same column and small letters in the same row
are significantly different. ** (P < 0.01).
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Fig. 10. Anticancer activity of Steroids and nanosteroids against MCF-10 cells.

Table 5. Anticancer activity of flavo. and nanoflavo. against MCF-10 cells.

Cell line

Concentration ©g/ml  MCF10/steroid MCF10/nanosteroid LSD value

3.1 2.33 £0.67 2.33 +0.88 3.069 NS
D a D a

6.25 3.67 £0.33 4.67 +0.33 1.05 NS
CD a CD a

12.5 6.00 +£0.57 7.00 £0.57 1.16 NS
BC a C a

25 8.00 £1.00 10.67 +0.88 1.42 NS
B a B a

50 11.33 +0.88 11.00 +£1.00 1.48 NS
A a AB a

100 11.00 +£1.52 13.33 +£1.20 2.37 NS
A a A a

LSD value 2.812 ** 2.652 ** —

Means with different big letters in the same column and small letters in the same row
are significantly different. ** (P < 0.01).
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that the lowest inhibitory dose of MCF-7 cells by
steroid response was 6.25 ug/ml, 12.5 pg/ml, and
25 pg/ml (18.33%, 28.0 %, and 46.66%), respec-
tively, and nanosteroids were 26.00%, 41.33%, and
62.00%. However, the maximum concentration of
inhibitory steroids at 50,100 ug/ml (62.66% and
68.56%) and the maximum concentration of in-
hibitory nanosteroids (78.67% and 86.67%) were
found, respectively, while the cytotoxicity of steroids
against PC3 was (14.33%, 22.33%, and 42.33%),
and that of nanosteroids (20.33 %, 39.00 %, and
58.00%), respectively. The greatest cytotoxicity of
nanosteroids against PC3 was 74.67%, whereas the
highest cytotoxicity of steroids was 56.00%, and
68.00%, respectively. A low cytotoxic effect in con-
tradiction of normal cell lines (MCF-10 cells) has been
detected in the results.

The inhibition percentages of MCF-7 and PC3 cells
increased with growing concentrations of steroids
and nanosteroids, and these differences were impor-
tant in inhibition percentages as shown in Tables 3
to 5. However, there was no significant difference in
inhibition percentages when treated with a normal
cell line (MCF10 cells).

According to a previous study,** phytosteroids
may be able to stop the growth of numerous hu-
man cancer cell lines at micromolar concentrations
without impairing the growth of normal cells. Specif-
ically, phytosteroids have been shown to inhibit the
growth of prostate and breast cancer cells in a dose-
dependent manner, stopping the cells’ growth in the
G1 phase of the cell cycle and inducing apoptosis.
Strong cytotoxicity against breast and prostate can-
cer cell lines is confirmed by steroid-laden chitosan
nanoparticles, which were produced and loaded with
active anticancer steroidal chemicals. This is in line
with our findings. ?°

24

Crystal violet staining method

Morphological changes were also used to examine
the cytotoxicity effect on the tested cells, as shown
in Figs. 11 to 13. The findings showed that whereas
nano steroids exerted a greater harmful effect on
MCF-7, and PC3 cells, their cytotoxicity was depen-
dent on the quantity of exposure. However, normal
cells (MCF-10) did not display any such changes.
When comparing the growth rate of normal cells to
that of cancer cells, the former showed fewer dam-
aging effects. The affinity of the dye for the outer
surface of the DNA double helix is the basis for
the crystal violet test. One can estimate the num-
ber of live cells by measuring the amount of dye
absorbed, which is proportionate to the culture’s to-
tal DNA content.?® The results additionally showed
that nano steroids caused several additional alter-

BAGHDAD SCIENCE JOURNAL 2025;22(11):3722-3735

A

D

E

Fig. 11. MCF-7 cell morphological alterations as shown. A untreated
control cells. D, cells were treated with steroids. E, cells were treated
with nanosteroids.

Fig. 12. The suggested morphological alterations in PC3 cells. A,
untreated control cells.. D, cells were treated with steroids. E, cells
were treated with nanosteroids.

ations, such as adjustments to cell shape, treatment
cell clumping with limited cellular extensions, and
blockage of cell communication. The quantity of crys-
tal violet staining in a culture is decreased when
cells die because they lose their adherence and are
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Fig. 13. MCF-10 cell morphological changes as shown. A, untreated
control cells. D, cells were treated with steroids. E, cells were treated
with nanosteroids.

Fig. 14. Apoptosis markers in MCF-7 cells using AO/EtBr staining.
A, untreated control cells. D, cells were treated with steroids. E, cells
were treated with nanosteroids.

subsequently eliminated from the cell population
Fig. 12; E: Fig. 13; E. Conversely, less change was ob-
served in the steroid-treated cells Fig. 12; D: Fig. 13;
D, and no comparable effects were noted in the un-
treated control cells Fig. 14. Because of their small
size, nanoparticles are easier to provide larger quan-
tities of medication to get better results because they
can enter cells more proficiently than microparti-

Fig. 15. Apoptosis markers in PC3 cells using AO/EtBr staining. A,
untreated control cells.. D, cells were treated with steroids. E, cells
were treated with nanosteroids.

) _
) -
l: _

Fig. 16. AO/EtBr labeling of MCF-10 cells to identify apoptosis mark-
ers. A, untreated control cells D, cells were treated with steroids. E,
cells were treated with nanosteroids.

cles. Significantly, encasing anticancer medications
in polymeric nanoparticles may help avoid first-
pass metabolism and P-glycoprotein-mediated drug
efflux.?” Numerous studies designate that the lethal
effects of steroids and nano steroids on cancer cells
may be related to activities that disrupt membranes,
accumulate lactic acid, and reactive oxygen species
(ROS), damage DNA, and induce apoptosis. %%2°
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Fig. 17. DNA cycle in PC3 cells after treated as indicated. A, control untreated cells. B, cells were treated with steroids. C, cells were treated

with Nanosteroids.

Results of the double acridine orange-ethidium bromide
staining

The (AO/PI) dual stain is a fluorescent combination
stain that produces distinctly colored fluorescence,
making it possible to detect morphological changes
in the nucleus. The permeability of fluorescent dye to
the plasma membrane is enhanced in apoptotic cells.

Using the dual staining test with AO and EtBr dyes
in MCF-7, PC3, and mcf10 cells, the potentials of the
IC50 formulations of steroids and Nano steroids to
induce cytotoxicity were examined Figs. 14 to 16.
AO/EtBr dual staining fluorescence microscopy was
used to evaluate and approve the changes in nu-
clear morphology in MCF-7, PC3, and MCF10 cells.
Compared to control cells that were left untreated,
these cells exhibited a more radical loss of membrane
stability after being treated with steroids and nano
steroids. A useful method for effectively identifying
the strikingly induced changes, such as chromatin
condensation and the appearance of red staining
in the cytoplasm, which signify changes in RNA
and lysosomes in drug-exposed cells, was to look at
changes in fluorescence and morphology of treated
cells. Early apoptotic cells have yellow nuclei, and
their chromatin is either fragmented or condensation-
defined. However, the chromatin of late apoptotic
cells is either fragmented or condensed, and their
nuclei are orange to red in hue.

Apoptotic cell death was discovered using AO/EtBr
based analysis of the nuclear morphology of the cells
inspected in this work. It is important to recall that
AO can stain both living and dead cells. EtBr, how-
ever, will only dye cells that have had membrane
deterioration. Previous research demonstrated that
the treated cells were recorded as dead (red color),
suggesting that the treatment had a cytotoxic effect,

but the living cells (green color) had a uniform distri-
bution and large nuclei. >’

Additionally, phytosterols have confirmed charac-
teristics that directly impede the formation of tumors,
such as slowed cell cycle progression and the trig-
gering of apoptosis through a reduction in blood
cholesterol levels.®! The outcomes are in line with 32
reports that designated numerous doses of phytos-
teroids had cytotoxic effects on (MCF-7,PC3) cells
through the induction of apoptosis.

Effect of steroids and Nano steroids on DNA of cell lines
In the current work, we conducted an additional
experiment to look into the potential inductive func-
tion of steroids and nanosteroids in the process of
apoptosis. We used flow cytometry to measure the
amount of DNA at the sub-G1 phase after treating
MCEF-7 and PC3 cells and staining their cellular DNA
with propidium iodide (PI). The findings showed that,
in PC3 cells treated with steroids, the percentage of
cancer cells in the sub-G1 phase treated with steroids
and nano steroids increased from 3.73% to 36.22%
and 46.07%, respectively Fig. 17. The study’s overall
results showed that the produced steroids and nano
steroids stimulated apoptotic cell death to have an
anti-proliferative effect.® This is consistent with the
findings of,>* who discovered that steroids might
cause cell cycle arrest in the G2/M phase and trigger
dose-dependent cell death in PC-3 cells.

Conclusion
Phytosterols have been shown to inhibit the de-

velopment of various cancers by inhibiting cancer
cell growth and promoting apoptosis through the
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activation of caspase enzymes. The enhanced ac-
tivity of caspase enzymes may be explained by
the alteration in membrane structure and function
brought about by the incorporation of phytosterols
into cell membranes. These changes also enhance the
activities of proteins involved in extracellular and
intracellular signal transduction pathways, which in
turn activate caspase enzymes. Together, these data
provide compelling evidence for phytosterols’ anti-
carcinogenic properties. The outcomes demonstrated
that steroid and nano steroid are effective chemother-
apeutic agents that can be employed alone or in
combination with other agents to treat various cancer
cell types.

Author’s declaration

« Conflicts of Interest: None.

* We hereby confirm that all the Figures and Ta-
bles in the manuscript are ours. Furthermore, any
Figures and images, that are not ours, have been
included with the necessary permission for re-
publication, which is attached to the manuscript.

« Ethical Clearance: The project was approved by
the local ethical committee at University of Bagh-
dad.

+ Authors sign on ethical consideration’s approval.

» No animal studies are present in the manuscript.

Authors contribution

B.M., E.J. and Z.M. contributed to the design and
implementation of the research, to the analysis of the
results and to the writing of the manuscript.

Journal declaration

The Second author (B.M.J.Al.) serves as an editor
for Baghdad Science Journal but was not involved
in the peer review process of this manuscript beyond
their role as an author. The authors declare no other
conflict of interest.

References

1. Chudasama K, Bhatt P, Chudasama K, Thaker V. Molecular
marker study in ornamental plant Euphorbia milii. J Pharma-
cogn Phytochem. 2018;7(3):882-8.

2. Salman ZO, ALwash BMJ, Kadhim EJ. Effect of Essential oil of
Cestrum nocturnum Flowers Cultivated in Iraq as antioxidant
and elongation cold storege period of minced meat. Iraqi
J Agric Sci. 2019;50(2):601-607. https://doi.org/10.36103/
ijas.v2i50.659.

10.

11.

12.

13.

14.

15.

16.

17.

3733

. Hong L, Guo Z, Huang K, Wei S, Liu B, Meng S, et al. Ethnob-

otanical study on medicinal plants used by Maonan people in
China. J Ethnobiol Ethnomed. 2015;1;11(1):32. https://doi.
org/10.1186/s13002-015-0019-1.

Kamurthy H, Dontha S, Rajani K. Phytochemical screening on
Euphorbia milii red flowers-Isolation of terpenoids, flavone
and phenols. Am J Ethnomed. 2015;2(6):322.

. Saleem H, Zengin G, Locatelli M, Mollica A, Ahmad I, Ma-

homoodally FM, et al. In vitro biological propensities and
chemical profiling of Euphorbia milii Des Moul (Euphor-
biaceae): A novel source for bioactive agents. Ind Crops Prod.
2019;130:9-15. https://doi.org/10.1016/j.indcrop.2018.12.
062.

. Piironen V, Toivo J, Puupponen-Pimid R, Lampi A. Plant

sterols in vegetables, fruits and berries. J Sci Food Agric.
2003;83:330-337. https://doi.org/10.1002/jsfa.1316.
Ramprasath VR, Awad AB. Role of phytosterols in cancer
prevention and treatment. J AOAC Int. 2015;98:735-8. https:
//doi.org/10.5740/jaoacint. SGERamprasath

. Steck SE, Murphy EA. Dietary patterns and cancer risk.

Nat Rev Cancer. 2020;20:125-138. https://doi.org/10.1038/
s41568-019-0227-4

Lee AV, Oesterreich S, Davidson NE. MCF-7 cells — Changing
the course of breast cancer research and care for 45 years.
J Natl Cancer Inst. 2015;31:107(7). https://doi.org/10.1093/
jnci/djvo73. .

Nardin S, Mora E, Varughese F M, D’Avanzo F, Vachanaram A
R, Rossi et al. Breast Cancer Survivorship, Quality of Life, and
Late Toxicities. Front Oncol. 2020;10:864. https://doi.org/10.
3389/fonc.2020.00864.

Salman ZO, Alwash BMJ, Kadhim EJ. Isolation and Identi-
fication of Flavonoid compounds from Euphorbia milii plant
cultivated in Iraq and evaluation of its genetic effects on
two types of cancer cell line. Baghdad Sci J. 2024;10:2078.
https://doi.org/10.21123/bsj.2024.9276.

Timotius D, Kusumastuti Y, Putri NRE. Proposed reaction
mechanism of chitosan-graft-maleic from chitosan and maleic
anhydride. IOP Conf Ser Mater Sci Eng. 2020;722(1):012078.
https://dx.doi.org/10.1088/1757-899X,/722/1/012078.
Sulaiman GM, Waheeb HM, Jabir MS, Khazaal SH, Dewir YH,
Naidoo Y. Hesperidin loaded on gold nanoparticles as a drug
delivery system for a successful biocompatible, anti-cancer,
anti-inflammatory and phagocytosis inducer model. Sci
Rep. 2020;10(1):1-16. https://dx.doi.org/10.1038/s41598-
020-66419-.

Hamad SF, Salman ZO, Alwash BMJ. Assessment of an-
tioxidant and cytotoxic activity of essential oil extracted
from Lavandula angustifolia callus leaves. Iraqi J Agric
Sci. 2021;52(6):1549-1554. https://doi.org/10.36103/ijas.
v52i6.1496.

Jabir MS, Nayef UM, Abdulkadhim WK, Sulaiman GM. Su-
permagnetic Fe304-PEG nanoparticles combined with NIR
laser and alternating magnetic field as potent anti-cancer
agent against human ovarian cancer cells. Mater Res Ex-
press. 2019;6(11):115412. https://dx.doi.org/10.1088/2053-
1591/ab50a.

Sulaiman GM. In vitro study of molecular structure and cyto-
toxicity effect of luteolin in the human colon carcinoma cells.
Eur Food Res Technol. 2015;241(1):83-90. https://doi.org/
10.1007/s00217-015-2436-8.

Al-Musawi S, Albukhaty S, Al-Karagoly H, Sulaiman G M,
Jabir MS, Naderi-Manesh H. Dextran-coated superparamag-
netic nanoparticles modified with folate for targeted drug
delivery of camptothecin. Adv Nat Sci Nanosci Nanotech-
nol. 2020;11(4):045009. https://dx.doi.org/10.1088/2043-
6254/abc75b


https://doi.org/10.36103/ijas.v2i50.659
https://doi.org/10.36103/ijas.v2i50.659
https://doi.org/10.1186/s13002-015-0019-1
https://doi.org/10.1186/s13002-015-0019-1
https://doi.org/10.1016/j.indcrop.2018.12.062
https://doi.org/10.1016/j.indcrop.2018.12.062
https://doi.org/10.1002/jsfa.1316
https://doi.org/10.5740/jaoacint.SGERamprasath
https://doi.org/10.5740/jaoacint.SGERamprasath
https://doi.org/10.1038/s41568-019-0227-4
https://doi.org/10.1038/s41568-019-0227-4
https://doi.org/10.1093/jnci/djv073
https://doi.org/10.1093/jnci/djv073
https://doi.org/10.3389/fonc.2020.00864
https://doi.org/10.3389/fonc.2020.00864
https://doi.org/10.21123/bsj.2024.9276
https://dx.doi.org/10.1088/1757-899X/722/1/012078
https://dx.doi.org/10.1038/s41598-020-66419-
https://dx.doi.org/10.1038/s41598-020-66419-
https://doi.org/10.36103/ijas.v52i6.1496
https://doi.org/10.36103/ijas.v52i6.1496
https://dx.doi.org/10.1088/2053-1591/ab50a
https://dx.doi.org/10.1088/2053-1591/ab50a
https://doi.org/10.1007/s00217-015-2436-8
https://doi.org/10.1007/s00217-015-2436-8
https://dx.doi.org/10.1088/2043-6254/abc75b
https://dx.doi.org/10.1088/2043-6254/abc75b

3734

18.

19.

20.

21.

22.

23.

24.

25.

26.

Nagele E, Huber U. Isolation of formononetin and other phy-
toestrogens from red clover with the Agilent 1100 Series
purification system. Agilent Technologies Application Note.
2002;5988-5747.

Huber U, Ronald E. Majors Principles in preparative HPLC.
2007;5989-6639.

Azeez RA, Abaas IS, Kadhim EJ. Isolation and characterization
of B-sitosterol from Elaeagnus angustifolia cultivated in Iraq.
Asian J Pharm Clin Res. 2018;11(11):442-446. https://doi.
org/10.22159/ajpcr.2018.v11i11.29030.

Thamilarasan V, Sethuraman V, Gopinath K, Balalakshmi C,
Govindarajan M, Mothana, et al. Single step fabrication of
chitosan nanocrystals using Penaeus semisulcatus: potential as
new insecticides, antimicrobials and plant growth promoters.
J Clust Sci. 2018;29(2):375-384. https://doi.org/10.1007/
s10876-018-1342-1.

Khasan KS, Jabir MS, Abdulameer FA. Preparation and
characterization of copper oxide nanoparticles decorated car-
bon nanoparticles using laser ablation in liquid. J Phys
Conf Ser. 2018;1003:012100. https://doi.org/10.1088/1742-
6596,/1003/1/012100.

Jamalzadeh L, Ghafoori H, Aghamaali M, Sariri R. Induc-
tion of Apoptosis in Human Breast Cancer MCF-7 Cells by a
SemiSynthetic Derivative of Artemisinin: A Caspase-Related
Mechanism. Iranian J Biotech. 2017;15(3):1567. https://doi.
org/10.15171/ijb.1567.

Malikova J, Swaczynova J, Kola Z, Strnad M. Anticancer
and antiproliferative activity of natural brassinosteroids.
Phytochemistry. 2008;69:418-426. https://doi.org/10.1016/
j.phytochem.2007.07.028.

Kuzminac I, Gelic AS, Bekic SS, Kojic V, Savic MP, Ignjatovic
NL. Hormone receptor binding, selectivity and cytotoxicity of
steroid D-homo lactone loaded chitosan nanoparticles for the
treatment of breast and prostate cancer cells. Colloids Surf
B Biointerfaces. 2022;216:112597. https://dx.doi.doi.org/10.
1016/j.colsurfb.2022.112597.

Sliwka L, Wiktorska K, Suchocki P, Milczarek M, Mielczarek
S, Lubelska K, et al. The comparison of MTT and CVS assays for

27.

28.

20.

30.

31.

32.

33.

34.

BAGHDAD SCIENCE JOURNAL 2025;22(11):3722-3735

the assessment of anticancer agent interactions. PLoS ONE.
2016;11:0155772. https://dx.doi.org/10.1371/journal.pone.
0155772.

Berardi A, Bisharat L. Nanotechnology systems for oral
drug delivery: challenges and opportunities. Nanotechnolo-
ogy Drug Delivery. 2014;3:52-84. https://doi.org/10.2147/
IJN.S61670.

Tiwari P, Mishra KP. Role of Plant-Derived Flavonoids in
Cancer Treatment. Nutr cancer. 2023;75(2):430-449. https:
//doi.org/10.1080/01635581.2022.2135744.

Dobrzynska M, Napierala,M, Florek E. Flavonoid
Nanoparticles: A Promising Approach for Cancer
Therapy. Biomolecules. 2020;2;10(9):1268. https:

//doi.org/10.3390/biom10091268.

Natarajan T, Anandhi M, Aiswarya D, Ramkumar R, Kumar S,
Perumal P. Idaein chloride induced p53 dependent apoptosis
in cervical cancer cells through inhibition of viral onco-
proteins. Biochimie. 2016;121:13-20. https://dx.doi.org/10.
1016/j.biochi.2015.11.008.

Shahzad N, khan W, Shadab M D, Ali A, Saluja SS, Sharma S.
Phytosterols as a natural anticancer agent: Current status and
future perspective. Biomed Pharmacother. 2017;88:786-794.
https://doi.org/10.1016/j.biopha.2017.01.068.

Rudzinska A, Juchaniuk P, Oberda J, Wisniewska J, Wojdan
W, Szklener K, et al. Phytochemicals in Cancer Treatment
and Cancer Prevention—Review on Epidemiological Data and
Clinical Trials. Nutrients. 2023;15:1896. https://doi.org/10.
3390/nul5081896.

Bhattacharyya A, Chattopadhyay R, Mitra S, Crowe SE. Ox-
idative stress: An essential factor in the pathogenesis of
gastrointestinal mucosal diseases. Physiol Rev. 2014;94:329—
354. https://doi.org/10.1152/physrev.00040.2012.

Wang S, Yuan X, Qian H, Li N, Wang J. Design, Synthesis,
and Biological Evaluation of Two Series of Novel A-Ring
Fused Steroidal Pyrazines as Potential Anticancer Agents.
Int J Mol Sci. 2020;21:1665. https://doi.org/10.3390/
ijms21051665.


https://doi.org/10.22159/ajpcr.2018.v11i11.29030
https://doi.org/10.22159/ajpcr.2018.v11i11.29030
https://doi.org/10.1007/s10876-018-1342-1
https://doi.org/10.1007/s10876-018-1342-1
https://doi.org/10.1088/1742-6596/1003/1/012100
https://doi.org/10.1088/1742-6596/1003/1/012100
https://doi.org/10.15171/ijb.1567
https://doi.org/10.15171/ijb.1567
https://doi.org/10.1016/j.phytochem.2007.07.028
https://doi.org/10.1016/j.phytochem.2007.07.028
https://dx.doi.doi.org/10.1016/j.colsurfb.2022.112597
https://dx.doi.doi.org/10.1016/j.colsurfb.2022.112597
https://dx.doi.org/10.1371/journal.pone.0155772
https://dx.doi.org/10.1371/journal.pone.0155772
https://doi.org/10.2147/IJN.S61670
https://doi.org/10.2147/IJN.S61670
https://doi.org/10.1080/01635581.2022.2135744
https://doi.org/10.1080/01635581.2022.2135744
https://doi.org/10.3390/biom10091268
https://doi.org/10.3390/biom10091268
https://dx.doi.org/10.1016/j.biochi.2015.11.008
https://dx.doi.org/10.1016/j.biochi.2015.11.008
https://doi.org/10.1016/j.biopha.2017.01.068
https://doi.org/10.3390/nu15081896
https://doi.org/10.3390/nu15081896
https://doi.org/10.1152/physrev.00040.2012
https://doi.org/10.3390/ijms21051665
https://doi.org/10.3390/ijms21051665

BAGHDAD SCIENCE JOURNAL 2025;22(11):3722-3735 3735

Al (B £ g0 3al qranall 48 9 il a9 e sdl) 4855 e
axli g (PHPLC) #1399 e Jilad) &) ja gila g SN Sulasl) ddan g
Ql.h)uﬂ Alaall LQJ:\:JU

ZBIS 3 g3 ) (110 s dana s iy o Glalan ) e il

é\)ﬂ\ cAlary clar daals ol ?)M‘ :\:\SS s'é\:n.“ (a}.‘c (‘a.uls 1
LGBl calary ol daals dlapall A0S phall calilall 5 dlaal) &)52

AadAY

i sid e sl «J s il sSU A Lalil (e dgiliia 350 L) (o naina (Sl Jsilindl 5 J g i) ) Ly
03] () Caagll (IS 385yl 5 gl (B g siead o8I Lpasy A (pml 2 V) el L) B (52 5 ien sl (5
s U3 PHPLC alasind a3 (5 s3ll a5 piaall g 2 sl 2y g piaally LAY Ja slad (e Gpilitee (e 5545 B g8 Al yal)
salall LLESY) (o) OS5 Atsa aSW FTIR aladivl &5 « 3 45 & Euphorbia milii Sls e w3l 35 i)
gl LS je lla Gl aala s Gl 58l S e Je i 35k o (o5 2y g i) oLl Q55 113,87 s Adlesl
Jeaal) aladiuls a1 8 5 sall (aibadl) e SU 35 (Philips PW 1730 XRD )il 2ai¥) 2 g Slea a5 4 il
O yull Sladd)l LLaall s MTT _lid) aladiulys, (TEM) 38U s S jeadls (SEM) bl (s Sl
A Aalud) UBIAN Lo st 5 ¢(MCF-7) 3l (U s WA 5 ¢(PC3) Wi gl la s LA a5 5l 2y g piiaadl 5 3y g piiaall
i S el LAY & ge Gladle pandl AO/EBr Aa 52 jall dasally LA (o505 43855 (55 5ill (mnall 45 jad aladiul
Moy WA Lo shad e LAl alud) 30 of @aad) a1 ol 8y g slal) 380 Gl aladiinly 0800 5 ) g0 Cils apaas
O ) o) eda sy Apsll) Gy piully Glygpiall Gl N e Bagale JSE Guad 8 gailly Ll
e Cam sl 5 (ol Gl s LA IS iy 8 e jall o ading 5l Led ()5S0 98 45l iy g piaal) 5 Sl g i)
oo i o (Sa dallal) Ul e slug AN 5550 (00 GO/ G Als je (3 ghaill (a5 5 e aall LAY Ciga it

Al U sS (530 g pinll 5 g iall 1S i pladial e ddliall Lge gil i puad) L3R

8o s 5 KU Jalatll o s s sl eg sl g g il g g piaad) el pual] Sl Tl e paall LDIAD) & o sAsaliial) cilalsl)
SN e il



	Isolation and Purification of Phytosterols from Euphorbia Milii Plant Cultivated in Iraq by PHPLC and Evaluation of Anticancer Activity
	How to Cite this Article

	Isolation and Purification of Phytosterols from Euphorbia Milii Plant Cultivated in Iraq by PHPLC and Evaluation of Anticancer Activity
	Introduction
	Materials and methods
	Extraction of Phytosterols
	Isolation & purification of phytosterols by preparative HPLC
	Identification of Phytosterols by Fourier transform infrared spectroscopy (FTIR)
	Chitosan-Maleic-steroid Synthesis
	Characterization of chitosan- steroid nanocompound
	Maintenance of cell line cultures
	Anticancer activity of compounds
	Acridine Orange-Ethidium Bromide staining
	Steroids, Nano steroids and their impact on DNA of cell lines
	Analytical statistics
	Results and discussion
	Isolation & purification of Phytosterol from fraction C by Preparative High Pressure Liquid Chromatography
	Identification of isolated Phytosterol compounds by Fourier transforms infrared spectra (FTIR)
	Characterization of Chitosan-Flavonoid nano-compound
	X-ray diffraction analysis (XRD)
	Scanning electron microscope analysis (SEM)
	Transmission electron microscope analysis (TEM)
	Anticancer activity of compounds
	Crystal violet staining method
	Results of the double acridine orange-ethidium bromide staining
	Effect of steroids and Nano steroids on DNA of cell lines
	Conclusion
	Author's declaration
	Authors contribution
	Journal declaration
	References

