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ABSTRACT

Prostate cancer (PCa) is the most common type of cancer among men in developed countries. Despite the progress
made in treatments such as surgery, radiation, and hormonal therapies, advanced-stage PCa still lacks effective
management strategies. In response, alternative approaches, including dietary cancer-preventive agents, have
gained attention, and medicinal plants are considered potential therapeutic options. Capparis cartilaginea (C.
cartilaginea) contains various active compounds such as tannins, alkaloids, steroids, terpenoids, and flavonoids.
This study aimed to investigate the cytotoxic effects of the ethanol extract of C. cartilaginea fruit on the 22RV1
human prostate cancer cell line. Observations under an inverted light microscope showed that exposure to the
extract resulted in dose- and time-dependent changes in cell morphology and migration. The cytotoxicity was
assessed using the MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), while the effect
on cell migration was assessed through a wound-healing assay. After 72 hours of treatment, the MTT assay
showed a significant cytotoxic effect, with a concentration of 0.088 + 0.031 pg/mL of the extract. Morphological
changes in the cells post-treatment indicated that the extract induced substantial cell death, which increased with
higher concentrations. These results suggest that the ethanol extract of C. cartilaginea fruit may be promising as
a potential treatment for prostate cancer.
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Introduction

Prostate cancer (PCa) contributes to 6.6% of cancer-related deaths in men, ranking as the fifth leading cause of
male cancer fatalities [1]. In the Kingdom of Saudi Arabia, the Saudi Cancer Registry recorded a total of 1739
cases over seven years. The highest incidence rate, 10.1 per 100,000 men, was noted in the eastern region, with
Riyadh, Makkah, Jizan, and Najran showing rates of 7.1, 5.2, 1.4, and 2 per 100,000 men, respectively [2].
Compared to Western nations, the Middle East sees considerably lower rates of PCa [3]. In Saudi Arabia, PCa
ranks as the sixth most common cancer among men of all ages [4]. According to the International Agency for
Research on Cancer, in 2018, the age-standardized incidence rate for PCa was 7.7 per 100,000 men, and the
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mortality rate was 5.1 per 100,000 men. Compared to countries in Europe, the PCa incidence in Saudi Arabia
remains notably low [2].

Early detection of PCa is crucial, as screening for tumor markers can facilitate effective intervention when the
tumor is still confined to the prostate [5]. Treatments for localized PCa, such as radical prostatectomy and
radiotherapy, may significantly impair quality of life, leading to issues such as sexual dysfunction, urinary
incontinence, and disrupted bowel function [6]. Treatment decisions are influenced by clinical staging and the
patient's overall health. While low-risk localized PCa may be managed with active surveillance, intermediate and
high-risk cases typically require more aggressive treatments, such as radiotherapy or surgery. For metastatic PCa,
androgen deprivation therapy (ADT), which targets androgen receptor signaling, is commonly used [7]. PCa
progresses slowly, with symptoms emerging only later, providing a window for therapeutic action. A slight delay
in progression can markedly enhance the patient's quality of life. Dietary substances have emerged as a viable
approach in the development of non-toxic chemopreventive strategies [8]. With advancements in organic
chemistry, improvements in extraction methods, and a deeper understanding of plant compounds, plant-based
medicines have garnered significant research interest. These plant-derived compounds can also reduce drug
production costs, offering a more affordable alternative for the pharmaceutical industry [9, 10].

Capparis cartilaginea (C. cartilaginea), including its flowers, fruits, and shoots, has been utilized in traditional
medicine to treat a wide array of human diseases for centuries. In addition to its medicinal applications, it is used
in cosmetics, food, and animal feed [11, 12]. This plant species is found in regions such as the Arabian Peninsula,
parts of North Africa, Western Asia, and the Indian subcontinent [13]. Plants in the Capparis genus are typically
annual or perennial, with some being climbers or trees [14]. Among the six flavonoids isolated from C.
cartilaginea are kaempferol-3-O-rutinoside, quercetin-3-O-rutinoside, kaempferol 3-neohesperidoside,
kaempferol 3-(2 G-rhamnosylrutinoside), quercetin 3-(2 G-rhamnosylrutinoside), and isorhamnetin-3-O-
rutinoside [15]. The plant also contains non-nutritive phytochemicals like glycosides, tannins, flavonoids,
alkaloids, saponins, unsaturated sterols, and coumarins [16]. Flavonoids and alkaloids are known for their
medicinal properties and are believed to play a role in cancer prevention and inhibition [17]. Research in animal
models indicates that these compounds can disrupt the cell cycle, prevent mutations, and halt carcinogenesis by
breaking down lipid peroxides. They also neutralize free radicals, such as superoxides and hydroxyl radicals,
protecting cells from radiation damage [18]. Flavonoids offer a range of therapeutic benefits, including anticancer,
antioxidant, anti-inflammatory, and antiviral effects, and they also provide cardio-protective and neuroprotective
properties [19]. Quercetin, in particular, has been shown to inhibit the spread of various cancers, including those
of the breast, lung, prostate, cervical, liver, and colon. It works through multiple mechanisms, such as regulating
cellular signaling, binding to cellular receptors, and inhibiting enzymes that activate carcinogens [20].
Glucosinolates, another group of secondary metabolites found in plants, are being studied for their anti-
carcinogenic potential. Isothiocyanates derived from glucosinolates are being researched for their cytotoxic effects
on cancer cells and are currently being explored for the development of new anticancer therapies [21].

The purpose of this study was to explore the cytotoxic effects of the ethanol extract from C. cartilaginea fruit on
the 22RV 1 human prostate cancer cell line.

Materials and Methods

Fruit preparation

Fresh C. cartilaginea fruits were harvested in October 2018 from Wadi Molham, Wadi Abu Al-Haza, and Wadi
Al-Quraine, located in the Tuwaiq Mountains of Saudi Arabia. These fruits were immediately freeze-dried using
a freeze dryer (ilShin BioBase, Korea), set at -60 °C and 5 mTorr pressure for 24 hours. Afterward, the dried fruits
were pulverized with a Waring blender (USA). The resulting powder was stored in an airtight container at -80 °C
for later use. To prepare the extract, the powdered fruits underwent ethanol extraction following the procedure
established by Al-Goufi and Sonbol [22]. The extract was then prepared at concentrations ranging from 0.5 to 20
pg/mL by diluting stock solutions with RPMI-1640 medium to a final volume of 100 pL. According to the US
National Cancer Institute’s guidelines, extracts are considered cytotoxic if their ICso is under 20 pg/mL in
preliminary assays [23].

Cell culture and subculture procedures
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The prostate cancer cell line 22RV1 was maintained in RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin. These cells were cultured in 25 cm? tissue culture flasks in a humidified incubator
with 5% CO2 at 37 °C. Upon reaching approximately 80% confluence, the medium was removed, and the cells
were washed with PBS. To detach the cells, trypsin-EDTA (1 mL) was added for 5—7 minutes. Observations were
made under an inverted light microscope (Nikon Instruments, Melville, NY, USA) to ensure full detachment.
Following detachment, 3 mL of pre-warmed complete medium was added, and the cells were pipetted gently to
break up clumps. The suspension was transferred to a 15 mL tube and centrifuged at 1500 rpm for 5—10 minutes.
The pellet was then resuspended in fresh medium, and approximately 0.5—-1 x 10¢ cells were transferred to new
25 cm? flasks with 8 mL of medium. Changes in cell morphology indicative of cell death were monitored under
an inverted light microscope (Nikon Instruments, Melville, NY, USA).

Determination of cell viability and proliferative activity

The effects of C. cartilaginea fruit extract on the 22RV1 prostate cancer cell line were assessed using the MTT
assay. This assay detects mitochondrial dehydrogenase activity, which converts MTT (a yellow soluble
compound) to purple formazan crystals in live cells. Cells were plated at densities of 5000 and 10,000 cells/100
pL in 96-well plates (PermanoxTM, City) and incubated overnight at 37 °C with 5% CO2. After 24, 48, and 72
hours of treatment with different concentrations of the extract (0.5, 5, 10, 15, and 20 pg/mL), the cells were
subjected to MTT solution (3 mg/mL, 10 pL per well). After incubating the cells with MTT for 4 hours, the
supernatant was removed, and 100 pL. of DMSO was added to dissolve the formazan crystals. Absorbance was
measured at 570 nm using an ELISA reader (BioTek Instruments, Winooski, VT, USA). Cell viability was
calculated following Kamiloglu et al.’s method [24], while cytotoxicity was calculated using the formula by
Choudhury ef al. [25].

Cells seeded at densities of 5000 and 10,000 cells/well were treated with varying concentrations of the fruit extract
for different time points (24, 48, and 72 hours). Morphological changes related to cell death were assessed at each
interval. Cell density optimization led to the selection of a 10,000 cells/well density, which provided reliable data
on the extract’s effect on cell viability over time.

Wound-healing scratch assay

The migration of 22RV 1 prostate cancer cells was assessed using a wound-healing scratch assay, as described by
Cormier et al. [26]. Cells were seeded in 12-well plates and grown to 75% confluence at 37 °C with 5% CO2. A
sterile 10 pL pipette tip was used to create uniform scratches across each well, leaving a cell-free area. After
scraping, the wells were washed with PBS to remove detached cells. Cells were then exposed to varying
concentrations of C. cartilaginea fruit extract (0.5, 5, 10, 15, and 20 pg/mL), with control cells being scratched,
washed, and maintained in the growth medium containing 10% FBS. The cultures were incubated at 37 °C with
5% CO2. Images of the wound area were captured at 0, 24, 48, and 72 hours using a DS-U3 digital camera
controller (Nikon Instruments, USA) and analyzed with NIS-Elements version 4.0 software. Two independent
experiments were performed with two wells for each concentration, and the same wound area was imaged at each
time point for consistency [26, 27].

Wound area calculation

The wound area was determined by outlining the exposed area in the captured images taken at different time
intervals, using ImageJ software (Fiji-ImagelJ version 1.51 h) [28]. The software was calibrated to measure the
area in micrometers rather than pixels, utilizing a scale slide (Graticules LTD, Tonbridge, UK) for proper scaling.
As the experiment progresses, the wound area naturally shrinks, and the migration rate of cells can be assessed by
tracking the changes in the wound's size over time. The wound closure percentage was determined by calculating
the decrease in the area, with higher closure percentages corresponding to greater cell migration and wound
closure over time [29].

At = Oh — At = Ah
Wound closure (%) = |———r—o——| % 100% &)

At = 0h is the area of the wound measured immediately after scratching (t = 0 h).
At = Ah is the area of the wound measured h hours after the scratch is performed.
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Statistical analysis

The statistical analysis was performed using GraphPad Prism version 8.2.1 (Prism 8). To compare the treated
groups with the control, one-way ANOVA followed by Dunnett's multiple comparisons test was used. Data are
presented as the mean + standard deviation (SD), with statistical significance set at P < 0.05.

Results and Discussion

Impact of C. cartilaginea fruit extract on proliferation of 22RV1 cells

The effect of C. cartilaginea fruit extract on the growth of 22RV1 prostate cancer cells (10,000 cells per well)
was assessed via the MTT assay, as summarized in Table 1. At the 24-hour mark, there was a slight decrease in
cell viability, even though the cells exhibited some resistance to the extract. As the concentration of the extract
was raised from 0.5 to 20 pg/mL, the proportion of viable cells showed a gradual reduction. Specifically, the
viability dropped from 100% in the untreated cells to 63.86% at the highest concentration of 20 pg/mL. This was
accompanied by a corresponding rise in cytotoxicity, from 4.66% at the lowest dose to 36.14% at 20 ug/mL, as
depicted in Table 1 and Figure 1. The findings showed a clear inverse relationship between extract concentration
and cell viability.

At the 48- and 72-hour time points, the control cells exhibited an increase in cell viability, while the treated cells
showed an even more pronounced decrease in viable cells. At 20 pg/mL, the viability of the treated cells dropped
to 17.54%, with cytotoxicity reaching 82.46%, as indicated in Table 1 and Figure 1. The lowest concentration of
0.5 pg/mL did not result in significant differences when compared to the control. These results emphasize a strong
correlation between the extract concentration and cell viability reduction, with further evidence presented in
Figure 1 for the 24, 48, and 72-hour intervals.

il
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Figure 1. Effect of the C. cartilaginea fruit extract on the cell viability at 24, 48, and 72 h post-treatment, at a
cell density of 10,000 cells/well; bars represent the mean + SD; * is a significant difference at the level of P <
0.05.

Table 1. Effect of the C. cartilaginea fruit extract on the cell viability at 24, 48, and 72 h post-treatment, at a
cell density of 10,000 cells/well.
24-hour post-treatment

Concentrations Mean = SD C (%) Cell cytotoxicity (%) Adj. P-value
Control 0.4637 £ 0.5087 100 - -
0.5 pg/ml 0.4421 £ 0.03840 95.34 4.66 0.6667
5 pg/ml 0.3818 +£0.03367 82.34 17.66 *0.0003
10 pg/ml 0.3522 +£0.02575 75.95 24.05 *<0.0001
15 pg/ml 0.3212 +0.03203 69.27 30.73 *<0.0001
20 pg/ml 0.2961 + 0.04991 63.86 36.14 *<0.0001
48-hour post-treatment
Concentrations Mean £+ SD C (%) Cell cytotoxicity (%) Adj. P-value

11



Abood et al., Effect of Capparis cartilaginea Fruit Extract Flavonoids on Wound Healing in Human Prostate Cancer Cells

Control 0.6857 +0.09010 100 - -

0.5 pg/ml 0.6192 +0.1304 90.30 9.70 0.2969
5 pg/ml 0.4863 + 0.07583 70.92 29.08 *<0.0001
10 pg/ml 0.4293 + 0.06511 62.61 37.39 *<0.0001
15 pg/ml 0.3679 + 0.05027 53.65 46.35 *<0.0001
20 pg/ml 0.2272 + 0.04441 33.13 66.87 *<0.0001

72-hour post-treatment
Concentrations Mean = SD C (%) Cell cytotoxicity (%) Adj. P-value
Control 0.9101 +0.1257 100 - -

0.5 pg/ml 0.7492 +0.2089 82.32 17.68 0.1568
5 pg/ml 0.5214+0.3170 57.29 42.71 *<0.0001
10 pg/ml 0.3010 £ 0.02190 33.07 66.93 *<0.0001
15 pg/ml 0.2578 £ 0.01255 28.33 71.67 *<0.0001
20 pg/ml 0.1596 + 0.03138 17.54 82.46 *<0.0001

Data are expressed as mean + SD, C (%): cell viability, and Adj. P-value: Adjusted P-value, SD: standard deviation, *P < 0.05

Morphological changes induced by C. cartilaginea fruit extract in 22RV1 cells

The morphological effects of various concentrations of C. cartilaginea fruit extract (0.5, 5, 10, 15, and 20 pg/mL)
on the 22RV1 prostate cancer cell line were observed using an inverted light microscope at a magnification of
20x over different time intervals. The observations revealed a concentration-dependent increase in cell death, as
indicated by visible morphological alterations.

After 24 hours of treatment, the control cells exhibited typical characteristics of cell growth, such as intact form,
uniform size, clear outlines, and active proliferation, all of which were adherent to the culture plate. No contact
inhibition was noted, reflecting healthy cells (Figure 2a; 24h). Cells treated with 0.5 ug/mL C. cartilaginea fruit
extract showed no major differences in morphology, remaining similar to untreated cells (Figure 2b; 24h).
However, when treated with 10, 15, or 20 pg/mL concentrations, cells became more heterogeneous. Some cells
adhered tightly to the plate, while others were less attached and more rounded. A decrease in cell size suggested
the onset of early necrosis (Figures 2d-2f; 24h).

At 48 hours, control cells were healthy, with around 70% confluence. They appeared bright with clear, well-
defined edges and spread extensively on the culture surface (Figure 2a; 48h). Cells treated with 0.5 and 5 pg/mL
C. cartilaginea fruit extract showed minimal signs of shrinkage, rounding, or detachment (Figures 2b and 2c;
48h). However, those exposed to 10 png/mL began to show significant detachment and became flat and shriveled
(Figure 2d; 48h). When treated with 15 pg/mL, most cells lost their typical shape and swelled (Figure 2e; 48h).
At 20 pg/mL, the effects were more pronounced, with cells showing a similar pattern to those treated with 15
pg/mL (Figure 2f; 48h).

After 72 hours, the control cells had almost reached 90% confluence and showed signs of over-confluence, with
cells competing for nutrients (Figure 2a; 72h). At 0.5 pg/mL, some cells displayed shrinkage and partial
detachment (Figure 2b; 72h), and at 5 pg/mL, this effect was more noticeable, with more cells detaching and
shrinking (Figure 2c¢; 72h). The 10 pg/mL treatment led to the cells detaching from the plate, floating in the
medium, and disrupting the extracellular matrix, inhibiting cell-to-cell interaction (Figure 2d; 72h). At the higher
concentrations of 15 and 20 pg/mL, almost all cells appeared circular and exhibited a cloudy, unhealthy
appearance (Figures 2e and 2f; 72h). These cells had a reduced volume, rounded shape, and significant shrinkage,
with nearly no viable cells left (Figures 2e and 2f; 72h).
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Figure 2. Morphological changes observation 24, 48, and 72 h post-treatment, A) a control untreated cells,
B) 0.5 pg/ml, C) 5 pg/ml, D) 10 pg/ml, E) 15 pg/ml, and F) 20 pg/ml (magnification 20x); bar = 500 mm

Effect of C. cartilaginea Fruit extract on migration of 22RV1 prostate cancer cells over 24, 48, and 72 hours

To assess the migration ability of prostate cancer 22RV 1 cells, cultures were scratched and treated with different
concentrations of C. cartilaginea fruit extract. The reduction in the scratched area was measured at three time
points: 24, 48, and 72 h. Cells were grown to 70% confluence to ensure proper measurement of the scratch area
using imaging software.

At the start (0 h), untreated cells had an initial scratch area of 315,688.3 um, with a mean + SD of 47.40 + 99.2
um. By the end of 72 h, the scratch area decreased to 84,422.9 um, with a mean + SD of 105.24 &+ 125.5 um. For
cells treated with 0.5 pg/mL of C. cartilaginea fruit extract, the initial scratch area was 305,253.3 um (mean +
SD of 105.52 + 125.6 um), which reduced over time to 259,266.4 um (mean + SD of 92.77 + 122.7 um). At a
concentration of 5 pg/mL, the initial area was 230,996.8 um (mean + SD of 108.02 + 126.0 pm), and after 72
hours, it reduced at a slower pace to 204,002.5 pm (mean + SD of 100.11 £ 124.5 um).

With 10 pg/mL, the scratch began at 300,977.6 um (mean £ SD of 94.97 = 123.3 um). However, over the 72
hours, the scratch area increased, eventually reaching 391,211.8 um (mean + SD of 65.82 + 111.6 um). At a
concentration of 15 pg/mL, the initial area was 320,546.0 um (mean + SD of 73.73 + 115.6 um), and over time,
the scratch area expanded to 410,022.7 pm (mean + SD of 61.36 + 109.0 um). This treatment also led to a
noticeable reduction in cell density across the scratch, with fewer viable cells, necessitating media removal to
obtain a clear image of the area (Figure 3).

When treated with the highest concentration of 20 pg/mL, the initial scratch area measured 388,649.9 um (mean
+ SD 0f 82.07 £ 119.1 pm). Over 72 hours, the area expanded to 475,422.7 um (mean = SD of 73.81 + 115.6 um),
accompanied by a marked increase in cell death. Most cells did not migrate and instead died in place, requiring
media withdrawal to capture images of the scratch area (Figures 3 and 4; Table 2).

Table 2. The change in the wound area overtime

Concentrations Total area (um) Mean = SD
Control (0 h) 315688.3 47.40 £99.2
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Control (24 h) 127933.8 99.50 + 124.4
Control (48 h) 89097.1 106.56 + 125.8
Control (72 h) 84422.9 105.24 + 125.5
0.5 pg/ml (0 h) 305253.3 105.52 + 125.6
0.5 pg/ml (24 h) 289319.5 99.78 + 124.5
0.5 pg/ml (48 h) 260139.9 97.80 + 124.0
0.5 pg/ml (72 h) 259266.4 92.77 + 122.7
5 ug/ml (0 h) 230996.8 108.02 + 126.0
5 pg/ml (24 h) 213715.9 103.02 + 125.1
5 pg/ml (48 h) 212547.4 101.09 + 124.7
5 pg/ml (72 h) 204002.5 10011 + 124.5
10 pg/ml (0 h) 300977.6 94.97 + 123.3
10 pg/ml (24 h) 324596.2 73.18+ 115.3
10 pg/ml (48 h) 346573.9 63.93+110.5
10 pg/ml (72 h) 391211.8 6582+ 111.6
15 pg/ml (0 h) 320546.0 7373+ 115.6
15 pg/ml (24 h) 350285.5 5475+ 104.7
15 pg/ml (48 h) 381066.4 57.88 4 106.8
15 pg/ml (72 h) 410022.7 6136+ 109.0
20 pg/ml (0 h) 388649.9 82.07 % 119.1
20 pg/ml (24 h) 4207415 67.13+ 1123
20 pg/ml (48 h) 456377.8 56.68 + 106.0
20 pg/ml (72 h) 4754227 73.81+ 115.6

Data are expressed as the total area in microns (um) and mean + SD, SD: standard deviation.

Control 0.5 pg/ml 5 pg/ml 10 pg/ml 15 pg/ml 20 pg/ml

Ohr

24hr

48hr

T2hr

Figure 3. Effect of the C. cartilaginea fruit extract on prostate cancer 22RV1 cells migration; the pictures
demonstrate the wound-healing assay at 0, 24, 48, and 72 h of exposure to 0.5, 5, 10, 15, and 20 pg/ml C.
cartilaginea fruit extract; the control indicates untreated cells; the magnification is 10x.
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Figure 4. The change in the wound area overtime

The evaluation of cell migration within the wound borders was performed by measuring the percentage reduction
in the wound area. The change in wound closure percentage over time was analyzed for both control and treated
cells exposed to various concentrations of C. cartilaginea fruit extract. Over time, the wound closure for the
untreated control increased from 59.47% to 73.26%. For cells treated with 0.5 pg/mL of the extract, the closure
percentage rose from 5.22% to 15.07%, though at a slower pace. At 24 h, the closure for the 5 pg/mL treated cells
was 7.48%, and by 72 hours, it had increased to 11.69%. However, when treated with 10 pg/mL, the wound
closure percentage decreased from -7.85% at 24 hours to -29.98% by 72 hours. Similarly, cells treated with 15
pg/mL exhibited a decrease from -9.28% at 24 hours to -27.91% at 72 hours. Finally, cells exposed to 20 pg/mL
showed a starting closure percentage of -8.26%, which declined to -22.33% by 72 hours (Figure 5).
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E 20.00 | —o—5 pg/mL
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-40.00
-60.00 !
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Figure 5. Wound closure percentage overtime

Phenolic compounds and flavonoids are widely recognized for their anticancer effects, particularly in inducing
apoptosis in a variety of cancer cell types [30]. The methanolic extract of C. cartilaginea fruit contains several
bioactive components, including steroids, carbohydrates, alkaloids, saponins, cardiac glycosides, flavonoids, and
phenolics [14, 31, 32]. To better understand the potential therapeutic benefits of this plant, the phytochemical
composition of the fruit extract was analyzed, focusing on determining the optimal consumption levels that could
lead to significant pharmacological effects in human tissues and fluids. In the current study, we evaluated the
anticancer potential of the ethanolic extract of C. cartilaginea fruit and its role in apoptosis in the 22RV1 human
prostate cancer cell line. Our results indicate that C. cartilaginea fruit extract has a marked impact on reducing
the migratory capacity of prostate cancer cells, as evidenced by a significant widening of the scratch area and an
increase in cell death by approximately 70%.

We observed variations in cell density and viability, but no consistent pattern of cell viability was noted. The MTT
assay, which measures mitochondrial activity by converting tetrazolium salts into formazan, revealed potential
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fluctuations in cell metabolism or slight errors in cell seeding. In a dose- and time-dependent manner, the extract
from C. cartilaginea fruit inhibited the proliferation of 22RV1 prostate cancer cells. As both the concentration
and treatment time increased, the cytotoxic effect on the prostate cancer cells was more pronounced. Significant
differences in cell viability were noted between control and treated groups at concentrations of 10, 15, and 20
pg/ml (P < 0.0001). This finding is novel since earlier studies have focused on different species within the
Capparidaceae family. However, similar cytotoxic effects were observed by Khodaei et al. [33], who
demonstrated significant cytotoxicity in HT-29 colon cancer cells following caper extract treatment. They
attributed these effects to mitochondrial dysfunction, elevated reactive oxygen species, alterations in sirtuin-3
activity, and eventual cell death. Khodaei ef al. [33] used 1, 5, and 10 mg/ml concentrations of caper extract over
24, 48, and 72 hours, with the maximum cytotoxic effect noted at 0.1 mg/ml. In alignment with these findings,
our study showed a significant reduction in 22RV1 prostate cancer cell viability after 24 hours of exposure to C.
cartilaginea fruit extract at concentrations of 5 pg/ml (P < 0.0003) and 10, 15, and 20 pg/ml (P < 0.0001). This
reduction was also significant after 48 and 72 h at these concentrations (P < 0.0001).

Additionally, the oil extracted from C. cartilaginea contains several isothiocyanates, such as methyl
isothiocyanate, isopropyl isothiocyanate, isobutyl isothiocyanate, ethyl isothiocyanate, and butane-1-
isothiocyanate [31, 34]. Crowley et al. [35] investigated the anticancer properties of various natural and synthetic
isothiocyanates, including allyl-isothiocyanate, benzyl-isothiocyanate, and phenylethyl-isothiocyanate, on
prostate cancer cells. Their study found that treatment with isothiocyanates led to a dose-dependent decrease in
cell viability and cytotoxicity in both androgen-dependent (22RV1) and androgen-independent (DU145) prostate
cancer cells. A range of isothiocyanate concentrations (0-15 uM) was applied over 24 and 48 hours, with MTT
assays revealing a significant reduction in cell viability at 10 and 15 uM (P < 0.05, P <0.0001) [35]. In line with
this, our study also observed a notable reduction in 22RV1 cell viability after 24 hours of exposure to C.
cartilaginea fruit extract at 5 ug/ml (P < 0.0003) and 10, 15, and 20 pg/ml (P < 0.0001). The cytotoxic effect
persisted after 48 and 72 h of exposure at these concentrations (P < 0.0001).

Furthermore, Moharram et al. [34] assessed the cytotoxicity of methanolic extracts from C. cartilaginea leaves,
stems, and twigs against the A549 human lung carcinoma cell line. They found that the twigs had the strongest
cytotoxic effect at 57.5 pg/ml, followed by the stem extract at 240 pg/ml [34].

Studies have consistently focused on the cytotoxicity of plants from the Capparidaceae family against different
cancer cell lines. For instance, Mansour et al. evaluated the hydroethanolic extract of C. spinosa L. for its effect
on the HeLa cervical cancer cell line, finding that the extract inhibited cell growth in a dose-dependent manner
[36]. Similarly, Moghadamnia et al. [37] tested C. spinosa L. extracts on various cancer cell lines, including MCF-
7 (breast carcinoma), Saos (human osteosarcoma), HeLa, and Fibroblast, determining that a 250 pg/ml dose was
effective 72 h after treatment compared to normal cells. Kulisic-Bilusic et al. [38] examined the effects of both
aqueous infusions and essential oil of C. spinosa L. on HT-29 colon cancer cells over 15 and 72 hours. They found
that at 0.1 g/1, the aqueous infusion had a greater antiproliferative impact than the essential oil at both time intervals
[38]. In another study, Sheikh et al. [39] tested the ethanolic extract of C. spinosa L. on the PLC/PRF/5 liver
cancer cell line and found the highest growth inhibition at a concentration of 5000 pg/ml. These variations in
cytotoxic effects can be attributed to factors such as the type of extract, geographical origin, plant part used, and
other experimental conditions, including cell line type, seeding densities, incubation periods, and concentration
levels.

In the present study, we examined the morphological alterations in 22RV1 prostate cancer cells after treatment
with varying concentrations of C. cartilaginea fruit extracts (0.5, 5, 10, 15, and 20 pg/ml) over 24, 48, and 72 h,
under an inverted light microscope. Cells treated with 10, 15, and 20 pg/ml exhibited noticeable shrinkage and
flattening, with early signs of necrosis appearing, along with substantial circularization of cells by 72 h. In a
similar study, Sheikh et al. [39] investigated the effects of varying concentrations of C. spinosa L. ethanolic extract
(150, 310, 620, 1250, 2500, and 5000 pg/ml) on PLC/PRF/5 liver cancer cells, noting significant morphological
changes at a concentration of 1250 pg/ml after 48 hours. These changes included cell shrinkage, irregular shapes,
plasma membrane blebbing, nuclear condensation, and apoptotic body formation, typical markers of apoptosis
[39]. Zhang et al. [40] also evaluated the effects of three flavonoids—genistein, luteolin, and quercetin—on
DU145 cell morphology, noting that treated cells exhibited swelling and membrane damage after 24 h at various
concentrations (20, 40, 80, and 100 uM). Similarly, our results indicate that C. cartilaginea fruit extract effectively
induced cell death, with increasing mortality corresponding to higher concentrations. These morphological
changes may result from disruptions to the extracellular matrix and inhibition of cell-to-cell contact [40, 41].
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Additionally, we assessed the impact of C. cartilaginea fruit extract on the migration of 22RV1 prostate cancer
cells using a wound-healing assay, measuring the effect over time and at different concentrations. A similar study
by YangArumugam and Abdull Razis [42] examined the effect of quercetin on the migration of PC-3 prostate
cancer cells, reporting that quercetin significantly reduced the migration rate of PC-3 cells (P < 0.05). In line with
these findings, our study showed that C. cartilaginea fruit extract also significantly inhibited the migration of
prostate cancer 22RV1 cells. At higher concentrations, we observed an increase in the number of dead cells in the
cell-free area, and the cell density across the scratch decreased over time. In untreated cells, the scratch area
eventually closed.

Conclusion

Cancer, being a leading cause of mortality globally, often progresses due to abnormalities in the apoptotic
pathways. Therefore, we propose that substances like medicinal plants, which can influence apoptosis in prostate
cancer (PCa) cells, may hold promise for therapeutic applications in treating PCa. Phytochemicals, known for
their significant therapeutic potential, have gained attention for their role in combating various diseases, including
cancer. C. cartilaginea is particularly rich in flavonoids such as kaempferol-3-O-rutinoside, quercetin-3-O-
rutinoside, quercetin-7-O-rutinoside, and quercetin-3-glucoside-7-O-rhamnoside, which have garnered significant
interest due to their possible health benefits, particularly their antioxidant effects. However, the overall biological
effects of these compounds remain uncertain, mainly due to limited knowledge about their bioavailability,
metabolism, and how different conjugates contribute to their activity in humans and animals. Our findings
demonstrate that the fruit extract of C. cartilaginea effectively inhibits the migration of 22RV1 prostate cancer
cells and impairs their wound healing capacity. Nonetheless, further research is necessary to determine the precise
mechanisms through which this extract operates before considering it as a potential anticancer treatment. Some
limitations in our study include the lack of comparison with normal cell lines, although we did use a positive
control group for C. cartilaginea fruit extract. Additionally, the seasonal nature of the fruit posed challenges, as
many of the fruits were already deteriorating by the time they arrived at the laboratory. Future studies could
explore the effects of other parts of the C. cartilaginea plant, such as the stem, roots, and leaves, on both normal
and cancerous human prostate cells. Moreover, the impact of C. cartilaginea fruit extract on gene expression
levels should be further investigated.

Acknowledgments: We would like to express our gratitude to Dr. Salman Bakr Hosawi for his invaluable
technical assistance throughout this study.

Conflict of Interest: None
Financial Support: None
Ethics Statement: None
References

1. Taitt HE. Global trends and prostate cancer: a review of incidence, detection, and mortality as influenced by
race, ethnicity, and geographic location. Am J Mens Health. 2018;12(6):1807-23.
doi:10.1177/1557988318798279

2. Alghamidi IG, Hussain II, Alghamdi MS, El-Sheemy MA. The incidence rate of prostate cancer in Saudi
Arabia: an observational descriptive epidemiological analysis of data from the Saudi Cancer Registry 2001—
2008. Hematol Oncol Stem Cell Ther. 2014;7(1):18-26. doi:10.1016/j.hemonc.2013.10.001

3. Al-Abdin OZ, Al-Beeshi IZ. Prostate cancer in the Arab population. Saudi Med J. 2018;39(5):453-8.

4. Aljubran A, Abusamra A, Alkhateeb S, Alotaibi M, Rabah D, Bazarbashi S, et al. Saudi oncology society
and Saudi urology association combined clinical management guidelines for prostate cancer 2017. Urol Ann.
2018;10(2):138-45.

5. Chunhua L, Zhao H, Zhao H, Lu Y, Wu J, Gao Z. Clinical significance of peripheral blood PCA3 gene
expression in early diagnosis of prostate cancer. Transl Oncol. 2018;11(3):628-32.
doi:10.1016/j.tranon.2018.02.019

17



Abood et al., Effect of Capparis cartilaginea Fruit Extract Flavonoids on Wound Healing in Human Prostate Cancer Cells

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Taylor JM, Chen VE, Miller RC, Greenberger BA. The impact of prostate cancer treatment on quality of
life: a narrative review with a focus on randomized data. Res Rep Urol. 2020;12:533-46.
doi:10.2147/RRU.S243088

Li L, Xu J. The androgen receptor-targeted proteolysis targeting chimera and other alternative therapeutic
choices in overcoming the resistance to androgen deprivation treatment in prostate cancer. Clin Transl Oncol.
2022:1-2. doi:10.1007/s12094-022-02957-x

Miyata Y, Shida Y, Hakariya T, Sakai H. Anti-cancer effects of green tea polyphenols against prostate
cancer. Molecules. 2019;24(1):193.

Najmi A, Javed SA, Al Bratty M, Alhazmi HA. Modern approaches in the discovery and development of
plant-based natural products and their analogues as potential therapeutic agents. Molecules. 2022;27(2):349.
doi:10.3390/molecules27020349

Mohammadi K, Sani MA, Azizi-Lalabadi M, McClements DJ. Recent progress in the application of plant-
based colloidal drug delivery systems in the pharmaceutical sciences. Adv Colloid Interface Sci.
2022;307:102734.

Al-Mahweety J, Alyahawi A. Phytochemistry study of plants belonging to capparis. Pharm Res
2020;5(2):38-41.

Al-Mahweety JA. Isolation and purification for different chemical compounds from Capparis cartilaginea.
World J Pharm Res. 2020;9(8):113-8.

Alsharif B, Babington GA, Radulovi¢ N, Boylan F. Volatiles of Capparis cartilaginea Decne. from Saudi
Arabia. Plants (Basel). 2022;11(19):2518.

Wang L, Fan L, Zhao Z, Zhang Z, Jiang L, Chai M. The Capparis spinosa var. herbacea genome provides
the first genomic instrument for a diversity and evolution study of the Capparaceae family. GigaScience.
2022;11:1-14.

Alsharif B, Boylan F. Phytochemical analysis of the decoction of Capparis cartilaginea leaves by high-speed
counter current chromatography (HSCCC). Planta Med. 2022;88(15):1535.

Annaz H, Sane Y, Bitchagno GT, Ben Bakrim W, Drissi B, Mahdi I, et al. Caper (Capparis spinosa L.): an
updated review on its phytochemistry, nutritional value, traditional uses, and therapeutic potential. Front
Pharmacol. 2022;13:878749.

Tungmunnithum D, Thongboonyou A, Pholboon A, Yangsabai A. Flavonoids and other phenolic
compounds from medicinal plants for pharmaceutical and medical aspects: an overview. Medicines (Basel).
2018;5(3):93.

George BP, Chandran R, Abrahamse H. Role of phytochemicals in cancer chemoprevention: insights.
antioxidants (Basel). 2021;10(9):1455.

Ullah A, Munir S, Badshah SL, Khan N, Ghani L, Poulson BG, et al. Important flavonoids, and their role as
a therapeutic agent. Molecules. 2020;25(22):5243. doi:10.3390/molecules25225243

Rauf A, Imran M, Khan IA, ur-Rehman M, Gilani SA, Mehmood Z, et al. Anticancer potential of quercetin:
a comprehensive review. Phytother Res. 2018;32(11): 2109-30.

Arumugam A, Abdull Razis AF. Apoptosis as a mechanism of the cancer chemopreventive activity of
glucosinolates: a review. Asian Pac J Cancer Prev. 2018;19(6):1439-48.
doi:10.22034/APJCP.2018.19.6.1439

Al-Goufi ND, Sonbol HS. Effect of Saudi Arabian capparis cartilaginea fruit extracts on serum parathyroid
hormone and la,25-dihydroxyvitamin D3 levels in rats. J Exp Biol Agric Sci. 2018;6(1):230-5.
doi:10.18006/2018.6(1).230.235

Canga I, Vita P, Oliveira Al, Castro MA, Pinho C. In vitro cytotoxic activity of African plants: a review.
Molecules. 2022;27(15):4989.

Kamiloglu S, Sari G, Ozdal T, Capanoglu E. Guidelines for cell viability assays. Food Front. 2020;1(3):332-
49.

Choudhury B, Kandimalla R, Bharali R, Monisha J, Kunnumakara AB, Kalita K, et al. Anticancer activity
of Garcinia Morella on T-cell murine lymphoma via apoptotic induction. Front Pharmacol. 2016;7:3.
Cormier N, Yeo A, Fiorentino E, Paxson J. Optimization of the wound scratch assay to detect changes in
murine mesenchymal stromal cell migration after damage by soluble cigarette smoke extract. J Vis Exp.
2015;106:53414.

Martinotti S, Ranzato E. Scratch wound healing assay. Methods Mol Biol. 2019;2109:225-9.

e

18



Abood et al., Effect of Capparis cartilaginea Fruit Extract Flavonoids on Wound Healing in Human Prostate Cancer Cells

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rueden CT, Schindelin J, Hiner MC, DeZonia BE, Walter AE, Arena ET, et al. ImageJ2: ImagelJ for the next
generation of scientific image data. BMC Bioinform. 2017;18(1):529. doi:10.1186/512859-017-1934-z
Grada A, Otero-Vinas M, Prieto-Castrillo F, Obagi Z, Falanga V. Research techniques made simple: analysis
of collective cell migration using the wound healing assay. J Invest Dermatol. 2017;137(2):el1-6.
doi:10.1016/j.jid.2016.11.020

Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J. Flavonoids as anticancer agents. Nutrients.
2020;12(2):457.

Al-Shayeb ASA. Chemical composition of essential oil and crude extract fractions and their antibacterial
activities of Capparis spinosa L. and Capparis cartilaginea Decne. from Jordan [Master’s thesis]. Irbid
(Jordan): Yarmouk University; 2012. 69 p.

Ghasemi M, Turnbull T, Sebastian S, Kempson I. The MTT assay: utility, limitations, pitfalls, and
interpretation in bulk and single-cell analysis. Int J Mol Sci. 2021;22(23):12827.

Khodaei F, Rezaei M, Hashemitabar M, Jafari M, Siahpoosh A, Moein M. Different cytotoxic effects of
caper from different geographical regions may be related to changes in mitochondrial Sirt3. Res J
Pharmacogn. 2018;5(4):43-51.

Moharram BA, Al-mahbashi HM, Ali RS, Aglan FA. Phytochemical, anti-inflammatory, antioxidant,
cytotoxic, and antibacterial study of Capparis cartilaginea Decne from Yemen. Int J Pharm Pharm Sci.
2018;10(6):38-44. doi:10.22159/ijpps.2018v10i16.22905

Crowley E, Rowan NIJ, Faller D, Friel AM. Natural and synthetic isothiocyanates possess anticancer
potential against liver and prostate cancer in vitro. Anticancer Res. 2019;39(7):3469-85.
doi:10.21873/anticanres.13493

Mansour RB, Jilani IBH, Bouaziz M, Gargouri B, Elloumi N, Attia H, et al. Phenolic contents and
antioxidant activity of ethanolic extract of Capparis spinosa. Cytotechnology. 2014;68(1):135-42.
doi:10.1007/s10616-014-9764-6

Moghadamnia Y, Mousavi Kani S, Ghasemi-Kasman M, Kazemi Kani M, Kazemi S. The anti-cancer effects
of capparis spinosa hydroalcoholic extract. Avicenna J Med Biotechnol. 2019;11(1):43-7.

Kulisic-Bilusic T, Schméller I, Schnibele K, Siracusa L, Ruberto G. The anticarcinogenic potential of
essential oil and aqueous infusion from caper (Capparis spinosa L.). Food Chem. 2012;132(1):261-7.
doi:10.1016/j.foodchem.2011.10.074

Sheikh M, Eshraghi H, Khoshnia M, Mazandarani M, Moradi A. Cytotoxic effect of capparis spinosa L. on
PLC/PRF/5 human hepatocellular carcinoma cell line. Mljgoums. 2017;11(4):9-12.

Zhang Q, Cheng G, Qiu H, Wang Y, Wang J, Xu H, et al. Expression of prostate stem cell antigen is
downregulated during flavonoid-induced cytotoxicity in prostate cancer cells. Exp Ther Med.
2017;14(2):1795-801.

Baruah MM, Khandwekar AP, Sharma N. Quercetin modulates Wnt signaling components in prostate cancer
cell line by inhibiting cell viability, migration, and metastases. Tumor Biol. 2016;37(10):14025-34.
doi:10.1007/s13277-016-5277-6

YangArumugam A, Abdull Razis AF. Apoptosis as a mechanism of the cancer chemopreventive activity of
glucosinolates: a review. Asian Pac J Cancer Prev. 2018;19(6):1439-48.
doi:10.22034/APJCP.2018.19.6.1439.

19



