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Abstract

Justicia spicigera, a medicinal plant traditionally used in Mexican ethnomedicine, remains
underexplored for its potential anticancer activity against prostate cancer. This study evaluates the
cytostatic and apoptotic effects of a hydroalcoholic extract of J. spicigera on androgen-sensitive LNCaP
prostate cancer cells. Phytochemical characterization via TLC, HPLC, LC-MS, and NMR confirmed
the presence of kaempferitrin, (-sitosterol, and cryptoxanthin derivatives. Dose-dependent
antiproliferative effects were observed in MTT and trypan blue assays, with significant cytotoxicity
emerging at 2500 pg/mL. Flow cytometry revealed Go/Gi cell cycle arrest at 250 ug/mL and marked
apoptosis at 500 pg/mL and above, as evidenced by Annexin V/PI staining. At lower doses, the extract
exhibited a cytostatic effect, inhibiting proliferation without inducing apoptosis. The dual behavior
suggests that the extract modulates cell cycle checkpoints and apoptotic pathways in a dose-
dependent manner. Unlike conventional chemotherapeutics, |. spicigera may offer a less toxic
alternative by selectively impairing tumor cell proliferation at sub-lethal concentrations. The
observed dose-dependent effects open new avenues for investigating plant-derived compounds as
modulators of prostate cancer cell proliferation and survival.
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1. Introduction

Prostate cancer is one of the most commonly diagnosed malignancies in men and remains a
significant contributor to cancer-related mortality worldwide. Benign prostatic hyperplasia and
prostate cancer are among the most common diseases of the prostate gland and represent significant
burdens for patients and health-care systems in many countries, as Mexico. In 2023, 133,539 cases of
prostate hyperplasia were reported, and in 2024, there were 123,215. The rates are 638.8 per 100,000
inhabitants and 589.4 per 100,000 men over 40 years of age. Regarding prostate cancer, 5,062 cases
were reported in 2023. In 2024, there were 6,050. The rates are 24.2 per 100,000 inhabitants and 28.9
per 100,000 men over 40 years of age [1]. Prostate cancer deaths in Mexico in 2023 were 7,241. The
mortality rate was 34.6 per 100,000 men over 40 years of age [2]. It is a highly heterogeneous disease,
progressing through localized, advanced, and metastatic stages, each requiring distinct therapeutic
strategies [3]. While genetic predisposition and environmental factors play a role in disease onset,
mutations in genes such as BRCA1, BRCA2, and TP53, which regulate androgen metabolism and
DNA repair, significantly contribute to prostate cancer development and progression [4]. The
androgen receptor (AR) signaling pathway is central to prostate cancer biology, making it a key
therapeutic target. Conventional treatment strategies, including androgen deprivation therapy
(ADT), chemotherapy, and immunotherapy, have demonstrated efficacy; however, drug resistance
and treatment-associated toxicities pose significant challenges, emphasizing the need for alternative
or complementary therapeutic approaches [5].

Traditional medicine has historically played an essential role in cancer treatment, with medicinal
plants serving as a primary source of bioactive compounds for drug discovery. Many FDA-approved
anticancer agents, including paclitaxel, vinblastine, and camptothecin, are derived from natural
products, highlighting their importance in modern oncology [6]. These limitations underscore the
need for alternative strategies, including the use of medicinal plants that offer low toxicity and
broader accessibility. Justicia spicigera, a plant widely used in Mexican ethnomedicine, has attracted
scientific interest due to its diverse bioactive compounds, including flavonoids, phytosterols, and
anthocyanins, which exhibit anticancer, anti-inflammatory, and immunomodulatory properties [7—-
9]. While previous studies have reported that kaempferitrin, a key flavonoid in ]. spicigera, induces
apoptosis in various cancer models, its precise effects on prostate cancer cells remain largely
unexplored. Given that prostate cancer treatment resistance is often linked to evasion of apoptosis,
investigating whether J. spicigera influences cell cycle progression or apoptotic pathways in LNCaP
cells is essential. Many plant-derived compounds influence cancer progression by modulating the
cell cycle, inducing apoptosis, or targeting signaling pathways central to tumor survival and
proliferation. [10].

The Acanthaceae family, to which Justicia spicigera Schltdl. belongs, includes more than 600
species used in traditional medicine for various ailments, including inflammation, infections, and
metabolic disorders [11,12]. In Mexican ethnomedicine, J. spicigera has been widely utilized for
treating anemia, menstrual irregularities, respiratory diseases, and microbial infections [13-15].
However, despite its broad therapeutic applications, research on its potential anticancer effects
remains limited.

Several studies have reported the presence of flavonoids, phytosterols, and terpenoids in J.
spicigera, many of which exhibit promising anticancer properties [16-19]. Kaempferitrin and
quercetin derivatives, found in |. spicigera, have demonstrated antiproliferative and apoptotic
activity, acting through the modulation of p53, Bcl-2, Bax, and cyclins, which regulate cell cycle
progression and programmed cell death [20]. Additionally, [3-sitosterol, a major phytosterol in J.
spicigera, has been shown to inhibit prostate cancer cell proliferation by modulating ceramide
metabolism and AR signaling [21].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Although the cytotoxic effects of |. spicigera have been reported in leukemia (TF-1), cervical
(HeLa), and breast (T47D) cancer cells [22,23], its potential cytotoxic effect in prostate cancer,
particularly in androgen-sensitive models like LNCaP, remains largely unexplored. Previous studies
have demonstrated that |. spicigera extract induces apoptosis at low micromolar concentrations, with
ICs0 values as low as 17 ug/mL in HeLa cells [24]. Additionally, an in vivo study showed that J. spicigera
extract suppressed tumor growth by up to 53%, comparable to the effects of cisplatin, suggesting
significant anticancer potential [25].

One of the major challenges in prostate cancer therapy is overcoming drug resistance and
systemic toxicity associated with conventional treatments [5]. Many standard chemotherapeutics
exert their effects by inducing direct cytotoxicity, leading to significant side effects and the selection
of resistant cancer cell populations. In contrast, cytostatic agents, which inhibit cell proliferation
without immediately triggering apoptosis, offer an alternative approach that may delay tumor
progression and reduce therapy resistance.

Given the growing interest in plant-derived cytostatic compounds, it is critical to investigate
whether J. spicigera primarily acts via cell cycle modulation or through direct apoptosis induction.
The presence of flavonoids and sterols in |. spicigera suggests a possible mechanism involving Go/G1
arrest and subsequent apoptosis induction, as previously demonstrated in other plant-derived
anticancer compounds [25]. However, no study has comprehensively evaluated these effects in
prostate cancer models, warranting further investigation.

Despite preliminary evidence of anticancer activity, studies assessing . spicigera in prostate
cancer models, especially in androgen-responsive LNCaP cells remain scarce. A prior study by [26]
reported that |. spicigera extract induced a modest Go-phase cell cycle arrest in LNCaP cells at high
concentrations (ICso=3026 + 421 pg/mL) but lacked significant apoptotic effects. The limited apoptotic
response observed in earlier studies prompts a closer examination of whether J. spicigera can activate
programmed cell death pathways at lower, therapeutically relevant concentrations, an aspect that
has not been thoroughly addressed to date.

This study aims to evaluate the effects of hydroalcoholic extract of J. spicigera on LNCaP prostate
cancer cells, with a specific focus on phytochemical composition analysis (flavonoids, phytosterols,
terpenoids), cytostatic vs. cytotoxic mechanisms (MTT, trypan blue exclusion assays) and cell cycle
progression and apoptosis (flow cytometry, Annexin V/PI staining). By elucidating the effects of J.
spicigera on cell proliferation, cell cycle regulation, and apoptotic pathways, this study contributes to
the evidence-based validation of traditional medicinal plants in cancer therapy. Furthermore,
understanding whether |. spicigera acts as a cytostatic agent rather than a direct cytotoxin may have
important implications for developing alternative prostate cancer treatments with reduced side
effects.

2. Results and Discussion

2.1. Phytochemical Characterization of Justicia spicigera Extract

The hydroalcoholic extract of Justicia spicigera was analyzed using a combination of
chromatographic and spectroscopic techniques to identify its major bioactive constituents. The
extract revealed a complex phytochemical profile rich in flavonoids, phytosterols, and carotenoid
derivatives, which have been historically associated with the plant’s traditional medicinal use in
Mexican ethnobotany [7].

The complete results of TLC, HPLC, MS and NMR are reported in the Supporting Material. Thin-
layer chromatography (TLC) analysis confirmed the presence of flavonoids and saponins, with
distinct fluorescent bands observed under UV 365 nm following post-spraying with aluminum
chloride and sulfuric acid. These fluorescence signatures are consistent with flavonoid glycosides
previously reported in J. spicigera, including kaempferitrin and quercetin derivatives [17,25].

High-performance liquid chromatography with diode-array detection (HPLC-DAD) showed a
prominent peak at a retention time of ~12.8 min with a UV absorption maximum at 348 nm, consistent
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with kaempferol-based flavonoids. Further identification was performed using LC-MS in positive ion
mode, where extracted ion chromatograms (EICs) revealed molecular ions at m/z 579.1 ([M+H]*)
corresponding to kaempferitrin, along with signals at m/z 433.1 and 453.3, consistent with additional
flavonoid and sterol-related metabolites.

Mass spectral fragmentation patterns supported the identification of other compounds,
including [3-sitosterol (m/z 414.7), allantoin (m/z 157.1), and cryptoxanthin derivatives (m/z 552.9), all
of which are known for antioxidant and anticancer potential [20].

Structural confirmation of kaempferitrin was achieved via 'H-NMR spectroscopy. The spectrum
displayed characteristic aromatic proton signals in the d 6.2-7.8 ppm range, alongside glucose
anomeric protons at d 5.1-5.6 ppm. For 3-sitosterol, methyl group signals appeared at 6 0.8-1.2 ppm,
and the hydroxyl proton was detected at d 3.5 ppm, consistent with published data [27].

Collectively, the analytical results point to kaempferitrin as the principal flavonoid component
in the extract, accompanied by [(3-sitosterol and carotenoid derivatives. These metabolites have been
previously implicated in redox balance, apoptotic signaling, and cell cycle regulation, providing a
rational biochemical basis for the cellular responses observed in the LNCaP model, as explored in
subsequent sections [25].

2.2. Effects of . spicigera on LNCaP Cell Proliferation

To investigate the antiproliferative effects of J. spicigera extract, a combination of colorimetric
and microscopic assays was used to assess cell viability, morphology, and membrane integrity. The
results collectively demonstrate a dose- and time-dependent inhibition of LNCaP cell proliferation,
with evidence of cytostatic effects at sub-lethal concentrations and cytotoxic responses at higher
doses.

2.2.1. MTT Assay

The metabolic activity of LNCaP cells was evaluated using the MTT assay after exposure to be
increasing concentrations of J. spicigera extract (62.5-4000 pug/mL) for 24, 48, and 72 h. At 250 pg/mL,
no significant reduction in viability was observed at 24 h, suggesting minimal cytotoxicity at this
concentration. However, at 500 pg/mL, a marked reduction in cell viability was detected (p < 0.001),
which became more pronounced at extended time points. At higher concentrations (1000-4000
ug/mL), viability decreased to below 20% by 72 h, closely resembling the effect of the positive control
etoposide (10 uM) (Figure 1).

0.6
—— 0 pg/mL
0.51 —=— 625 ug/mL
g —— 125 pg/mL
8 0.4 —*— 250 ug/mL
g —— 500 pg/mL
g 0.3 ~o— 1000 pg/mL
=) —#—- 2000 L
2 0.2] hg/m
< —A— 4000 pug/mL
0.1 —e— Etoposide
—— 5-Fluorouracil
0.0

Time (h)

Figure 1. MTT assay results for LNCaP cells treated with J. spicigera extract at increasing concentrations (62.5—
4000 pg/mL) for 24, 48, and 72 hours. Values are expressed as mean + SEM (n =9). *(p <0.001).

2.2.2. Morphological Characterization of Treated LNCaP Cells

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To complement the metabolic viability data, phase-contrast microscopy was performed to assess
the morphological changes induced by the extract. Untreated control cells maintained a polygonal
epithelial morphology with dense, adherent colonies typical of LNCaP cells.

Following treatment with 250 pg/mL extract, cells exhibited slight reductions in colony density
and spreading at 48 h, without evidence of membrane disruption or blebbing —findings consistent
with a cytostatic response. In contrast, cells exposed to 500 pig/mL showed early signs of apoptosis as
early as 24 h, including cell shrinkage, rounding, and partial detachment from the substrate. These
changes intensified at 48 h, marked by pronounced membrane blebbing and disruption of the
monolayer (Figure 2).

0 ug/mL 62.5 ug/mL 125 ug/mL 250 pg/mL 500 p1g/mL 1000 pg/mL 2000 pg/mL 4000 pg/mL

24h

48h

72h

Figure 2. Morphological analysis of LNCaP cells treated with Justicia spicigera extract at 250 and 500 pig/mL for
24 h, 48 h and 72 h. Representative phase-contrast micrographs demonstrate dose- and time-dependent
morphological changes, including cell rounding, detachment, and reduced adherence. Scale bar = 100 pm.

2.2.3. Trypan Blue Assay

To directly assess membrane integrity and distinguish viable from non-viable cells, the trypan
blue exclusion assay was conducted under the same treatment conditions. At 250 pg/mL, no
significant reduction in viable cell counts was observed at 24 h, while a modest but significant decline
emerged by 48 h (p <0.05), consistent with delayed cytostatic effects. At 500 ug/mL, viability dropped
sharply at 48 and 72 h (p < 0.001), corroborating the cytotoxic threshold observed in MTT (Figure 3A)

and morphological analyses (Figure 3B).
A B
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Figure 3. Trypan blue exclusion assay results showing viable and non-viable LNCaP cells after treatment with
J. spicigera extract at 24, 48, and 72 hours. Values represent mean + SEM (n = 9). Statistical significance: (*p <0.05,
**p < 0.001).

The data collectively reveals a concentration-dependent shift in cellular response. At doses up
to 250 pg/mL, J. spicigera extract limits proliferation without compromising membrane integrity,
consistent with a cytostatic effect likely driven by reduced metabolic activity or signaling
interference. At concentrations of 500 ug/mL and above, pronounced morphological changes, loss of
membrane integrity, and reduced viability indicate a cytotoxic response, likely mediated by
apoptosis. This dual behavior suggests that distinct molecular pathways may be engaged depending
on the dose, warranting closer examination of apoptotic signaling and cell cycle regulation in
subsequent analyses.

2.3. Apoptosis Induction and Cell Viability

J. spicigera extract induced apoptosis in LNCaP cells in a dose-dependent manner, as determined
by Annexin V/PI staining and flow cytometry analysis (Figure 4). At 250 ug/mL, the percentage of
apoptotic cells remained comparable to that of untreated controls, confirming that this concentration
primarily exerts a cytostatic rather than cytotoxic effect. However, at 500 pig/mL, a significant increase
in early apoptosis was observed at 24 h, progressing to late apoptosis at 48 h (p < 0.001 vs. control).
At concentrations of 1000 pg/mL and above, apoptosis was predominant, with a concurrent increase
in necrotic cell death, similar to the effect observed with etoposide (positive control).

24h 48h

Bl Opg/mL. WM 250 pg/mL [ 500 pg/mL. WM Etoposide B 5-Fluorouracil

100 100
80 80
*
T *
S 60 —
- * *
7} *
= — * —
v —
O 40 40 *
T —
*
—
20 — 20
vi ; ; 5 0 . , -
iable Early apoptosis  Late apoptosis Necrosis Viable Early apop Late apop N

(A4 (A+IPY) P+ (A+) (A+IP+) (IP+)

Figure 4. Flow cytometry analysis of LNCaP cells treated with J. spicigera extract at 250, 500, and 1000 pug/mL for
24 and 48 hours. Apoptotic cells were detected using Annexin V/PI staining. Bars represent mean + SEM (n = 3).
(*p <0.001).

The dot plots showing Annexin V/PI staining at 24 and 48 h provide visual confirmation of the
dose-dependent shift from viability to apoptosis. At 24 h, a shift from viable to apoptotic quadrants
was evident at 2500 pig/mL. At 48 h, the shift was more pronounced, with the highest concentrations
inducing widespread late apoptosis and necrosis, while 250 ug/mL maintained a largely viable
profile (Figure 5 and 6).
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Figure 5. Annexin V-FITC/PI dot plots of LNCaP cells at 24 h. Treatments include control, 62.5 pg/mL, 250
pg/mL, 500 pug/mL, and positive controls (etoposide and 5-fluorouracil). Apoptotic populations shift toward the

lower-right and upper-right quadrants in a dose-dependent manner.

PI-A
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Negative control Etoposide 5-fluorouracil
8 § 1
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¥ 2 ‘ r’. ;. ; -
FITC-A a : FITC-A w0 FITC-A am
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Figure 6. Annexin V-FITC/PI dot plots of LNCaP cells at 48 h. Apoptotic and necrotic populations increase with
extract concentration and are most pronounced at 500 pug/mL and 1000 pg/mL. Positive controls show
widespread cell death, while 250 pg/mL retains a predominantly viable profile.

Interestingly, at 250 pg/mL, apoptosis was not significantly induced, further supporting the
hypothesis that this concentration primarily induces cell cycle arrest rather than direct cytotoxicity, a
desirable characteristic for therapies aimed at controlling tumor progression with minimal toxicity.

To determine whether the observed reduction in cell proliferation was due to apoptosis rather
than loss of membrane integrity, flow cytometry with propidium iodide (PI) exclusion was conducted
(Figure 7). PI exclusion distinguishes viable cells (PI-negative) from necrotic and late apoptotic cells
(PI-positive).
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Figure 7. Cell viability assessment of LNCaP cells treated with J. spicigera extract at various concentrations using

flow cytometry and PI exclusion assay. Data are presented as mean + SEM (n = 3). (*p < 0.001).

At 250 pug/mL, the percentage of viable cells remained above 85% at 24 and 48 h, reinforcing the
evidence that this concentration primarily exerts a cytostatic rather than cytotoxic effect. However, at
500 pg/mL, a significant reduction in viable cell populations was observed by 48 h, with a notable
increase in apoptotic cells (p < 0.001). At 1000 pg/mL, cell viability dropped dramatically, with a
substantial transition to late apoptosis or necrosis.

Collectively, the flow cytometry and viability data indicate that apoptosis is the predominant
mode of cell death at concentrations 2500 pug/mL, while 250 pg/mL primarily maintains membrane
integrity and cell viability. This concentration-dependent transition from cytostasis to apoptosis
aligns with the presence of flavonoids and phytosterols in the extract, compounds previously
reported to modulate apoptotic signaling and mitochondrial function in cancer cells [23,24].

The pattern of Annexin V positivity, sub-Go/G1 accumulation, and loss of membrane integrity
suggests activation of caspase-dependent apoptosis. Although not directly measured in this study,
the presence of kaempferitrin, cryptoxanthin, and {3-sitosterol may account for the observed effects,
given their documented roles in oxidative stress modulation and pro-apoptotic signaling [28-39].
Further validation through molecular assays targeting Bcl-2, Bax, and caspase pathways is warranted
to delineate the apoptotic mechanisms in LNCaP cells.

2.4. Cell Cycle Arrest Mechanism

Flow cytometry analysis indicated that J. spicigera extract induced dose-dependent changes in
the cell cycle distribution of LNCaP cells. At 250 ug/mL, a significant accumulation of cells in the
Go/G1 phase was observed, alongside a reduction in the S phase population (p < 0.01). This pattern
intensified at 500 ug/mL, with increased Go/G: arrest, further S phase depletion, and a notable rise in
the sub-Go/G1 fraction, consistent with DNA fragmentation and the onset of apoptosis (p < 0.001). At
1000 pg/mL, the sub-Go/Gi population became dominant, indicating that apoptotic cell death
supersedes cytostatic effects at higher concentrations.

The shift from Go/G: arrest to apoptosis with increasing extract concentrations suggests a
sequential mechanism, where sustained cell cycle inhibition leads to loss of viability. This transition
reflects a characteristic mode of action observed in several plant-derived flavonoids that target cell
cycle regulators and DNA integrity pathways [22]. Compared to conventional chemotherapeutics,
which often cause G2/M arrest, the preferential Go/G1 arrest observed with |. spicigera may offer a
different point of intervention, particularly relevant to hormone-sensitive and AR-independent forms
of prostate cancer [40].
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The observed cell cycle arrest, supported by concurrent viability and apoptosis assays, points to
interference with cyclin D1/CDK4 and other early Gi-phase regulators [25]. While not directly
assessed here, these results provide a rationale for future experiments aimed at profiling the
expression and activity of CDKs, Rb, and p21 in response to extract treatment. Comparative analysis
with normal prostate epithelial cells will be essential to confirm whether this mechanism confers
selectivity toward malignant cells.

2.5. Mechanistic Basis & Therapeutic Relevance

Based on the combined evidence from cell viability, apoptosis, and cell cycle assays, Justicia
spicigera extract modulates LNCaP prostate cancer cell behavior in a concentration-dependent
manner (Figure 8). At 250 pug/mL, the extract consistently induced Go/G:1 arrest without triggering
apoptosis, indicating interference with early cell cycle checkpoints rather than direct cytotoxicity. In
contrast, concentrations 2500 pg/mL produced clear apoptotic responses, including
phosphatidylserine translocation, sub-Go/G1 accumulation, and DNA fragmentation. This transition
aligns with mitochondrial dysfunction and caspase activation observed in other cancer models
treated with flavonoid-rich extracts.

No apoptosis N ‘g; Q
= p— ¢ (resting) Y
250 pg/mL 4 \(, G Accumulation of cells

> ) — in Go/G1
. {
e - ,f\.f’(/

s
Annexin V
Apoptosis 8 é ’

— @i
‘ >500 pg/mL O’\é"%}@
Justicia spicigera QD

Phosphatidylserine
translocation

Propidium iodide

Figure 8. Proposed model of the dose-dependent effect of Justicia spicigera extract on LNCaP prostate cancer cells.
At 250 ug/mL, the extract induces Go/Gr arrest, reducing proliferation without triggering apoptosis. At higher
concentrations (2500 pug/mL), it initiates apoptosis through phosphatidylserine translocation, caspase activation,

and DNA fragmentation.

Phytochemical profiling identified kaempferitrin, 3-sitosterol, and cryptoxanthin derivatives as
principal constituents. These compounds have been implicated in modulating PI3K/Akt, p53, and
MAPK pathways, all of which influence apoptotic regulation and cell cycle progression.
Kaempferitrin and quercetin analogs have been shown to alter cyclin D1/CDK4 activity and trigger
mitochondrial depolarization. Likewise, [3-sitosterol may contribute through AR axis interference
and modulation of lipid-mediated signaling.

The selective induction of cell cycle arrest at lower doses, coupled with apoptosis at higher
concentrations, suggests a tiered mechanism of action not commonly observed in conventional
chemotherapeutics. Such agents typically exert immediate cytotoxic effects and often compromise
normal proliferative tissues. The apparent retention of cell viability at 250 pg/mL, alongside
suppressed proliferation, may represent a more controlled growth-inhibitory profile, potentially
minimizing collateral damage to non-malignant cells.

Collectively, the observed responses in LNCaP cells, anchored in defined biochemical and
morphological changes support a mechanistic framework in which J. spicigera targets both
proliferative signaling and apoptotic regulation. These results offer a biochemical rationale for further
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validation using molecular assays of key targets such as p21, p53, and cyclin D1, and raise the
possibility of future testing in prostate cancer models resistant to current hormone-based therapies.

4. Materials and Methods

4.1. Plant Material and Extract Preparation

Fresh aerial parts of J. spicigera were collected from Lencero, Veracruz, México (19° 29" 27.5” N,
96° 48’ 53.6” W) in February 2021. The plant was taxonomically identified by Dr. Edison Fernando
Nicolalde Morejon, a plant taxonomist at Universidad Veracruzana, and a voucher specimen (No.
15655) was deposited at the Herbarium of Instituto de Investigaciones Bioldgicas, Universidad
Veracruzana, for future reference.

The collected plant material was washed with distilled water, air-dried at room temperature
(25°C, 50-60% relative humidity) for seven days, and manually cut into small pieces. Hydroalcoholic
extraction was performed by macerating 90 g of powdered plant material in 500 mL ethanol:water
(50:50) at room temperature for 72 h with occasional stirring. The extract was filtered using Whatman
No. 1 filter paper, concentrated under reduced pressure using a rotary evaporator (Biichi R-210) at
40°C, and lyophilized in a freeze dryer (Labconco FreeZone 4.5 and 117) to obtain a dry extract. These
results strongly suggest that kaempferitrin is the predominant bioactive flavonoid in J. spicigera, with
additional contributions from sterols and carotenoids. The documented ability of kaempferitrin to
induce apoptosis and arrest the cell cycle in cancer models [41] suggests that its presence may
contribute to the extract’s potential anticancer effects. Given that flavonoids and phytosterols have
been widely studied for their anticancer mechanisms, these results provide further evidence that
traditional medicinal uses of J. spicigera may be supported by its biochemical composition [7].

For cell-based assays, the extract was reconstituted in RPMI-1640 culture medium to achieve the
desired working concentrations.

4.2. Phytochemical Characterization

The phytochemical composition of |. spicigera hydroalcoholic extract was analyzed using TLC,
HPLC, LC-MS, and NMR spectroscopy. These analytical techniques enabled the identification and
structural elucidation of bioactive compounds.

TLC was performed using silica gel 60 F254 plates (Merck) as the stationary phase. The extract
(5 uL) was applied as a spot and developed in a 1-butanol:water:acetic acid (6:3:1) solvent system.
Plates were visualized under UV light (254 nm and 365 nm), followed by spraying with natural
product reagent (NP/PEG; diphenylboric acid-B-ethylamino ester/polyethylene glycol, Sigma-
Aldrich) to detect flavonoids. The Rf values of detected bands were recorded.

HPLC analysis was conducted using an Agilent 1260 Infinity HPLC system (Agilent
Technologies) equipped with a photodiode array (PDA) detector. Separation was performed on a C18
column (250 mm x 4.6 mm, 5 pm, Phenomenex) at 30°C. The mobile phase consisted of 0.1% formic
acid in water (solvent A) and acetonitrile (solvent B) with a gradient elution program. The injection
volume was 10 pL, and detection wavelengths were set at 254 nm and 365 nm for flavonoids, and 210
nm for sterols. Retention times were compared with reference standards for compound identification.

LC-MS analysis was performed using an Agilent 6545 Q-TOF LC-MS system (Agilent
Technologies) with an electrospray ionization (ESI) source. The instrument was operated in positive
and negative ionization modes, scanning an m/z range of 100-1000 Da. The capillary voltage was set
at 3.5 kV, with a nebulizer gas pressure of 45 psi and a desolvation temperature of 350°C.
Fragmentation patterns were analyzed using collision-induced dissociation (CID) at 20 eV, and
spectral data were processed using MassHunter software (Agilent Technologies).

For structural elucidation, 'TH-NMR and ¥C-NMR spectroscopy were conducted. The extract was
dissolved in deuterated dimethyl sulfoxide (DMSO-ds, Sigma-Aldrich) at 10 mg/mL and analyzed
using a Bruker Avance III 600 MHz NMR spectrometer. "H-NMR spectra were recorded with a 12
ppm sweep width, while ®*C-NMR spectra were acquired using broadband proton decoupling.
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Chemical shifts (0 values) were reported in ppm, and coupling constants (J values) were measured
in Hz.

4.3. Cell Culture and Maintenance

The human prostate cancer cell line LNCaP (ATCC® CRL-1740™) was obtained from ATCC and
maintained in RPMI-1640 medium (Gibco) supplemented with 10% fetal bovine serum (FBS, Gibco),
1% penicillin-streptomycin (Sigma-Aldrich), and 2 mM L-glutamine (Gibco). Cells were incubated at
37°C in a humidified atmosphere with 5% CO2 and passaged every 2-3 days upon reaching 70-80%
confluence using 0.25% trypsin-EDTA (Gibco).

Cell viability was monitored using the trypan blue exclusion assay, and only cultures with 295%
viability were used for experiments. The absence of Mycoplasma contamination was routinely
verified using a PCR-based Mycoplasma detection kit (Lonza).

For experimental treatments, LNCaP cells were seeded into 96-well, 12-well, or 6-well plates,
depending on the assay requirements, and allowed to adhere for 24 h before treatment. Cells were
then treated with varying concentrations of J. spicigera extract, while 0.1% DMSO served as the
vehicle control (negative control).

4.4. MTT Assay for Cell Viability

The MTT assay was used to evaluate the effect of |. spicigera extract on LNCaP cell viability. This
colorimetric assay measures the reduction of MTT into formazan crystals by mitochondrial
dehydrogenases in metabolically active cells, with absorbance intensity correlating with the number
of viable cells.

LNCaP cells were seeded in 96-well plates at 8 x 10* cells per well in 100 uL of RPMI-1640
medium and allowed to adhere for 24 h at 37°C in a 5% COz2 incubator. After adherence, cells were
treated with serial dilutions of J. spicigera extract for 24, 48, and 72 h, with 0.1% DMSO serving as the
vehicle control. Each condition was tested in triplicate wells across three independent experiments.

Following the incubation period, 10 uL of MTT (M2128, Sigma-Aldrich) solution (5 mg/mL in
PBS, Sigma-Aldrich) was added to each well, and plates were incubated for 3 h at 37°C. The
supernatant was removed, and 100 pL of DMSO (Sigma-Aldrich) was added to dissolve the formazan
crystals. Absorbance was measured at 570 nm, with background correction at 650 nm, using a
microplate reader (Multiskan GO, Thermo Fisher Scientific).

Cell viability was calculated relative to the untreated control using the formula:

Cell viability (%) = Absorbance of treated cells
et viabity 196) = Absorbance of control cells

4.5. Trypan Blue Exclusion Assay

The Trypan Blue exclusion assay was used to assess LNCaP cell viability following treatment
with . spicigera extract. This method differentiates between viable and non-viable cells, as intact
plasma membranes exclude Trypan Blue, whereas compromised membranes allow dye uptake,
making non-viable cells appear blue under a microscope.

LNCaP cells were seeded in 12-well plates at 1 x 105 cells per well in 1 mL of RPMI-1640 medium
(R8005, Sigma-Aldrich) and allowed to adhere for 24 h at 37°C in a humidified incubator with 5%
COo. After adherence, cells were treated with varying concentrations of |. spicigera extract, with 0.1%
DMSO as the vehicle control, 10 uM etoposide (Sigma-Aldrich) and 5-fluorouracil as the positive
controls. Each condition was tested in triplicate wells across three independent experiments.

At the end of the incubation period, the culture medium was removed, and cells were
trypsinized with 0.25% Trypsin-EDTA (Gibco) for 2 min at 37°C. Trypsinization (T3924, Sigma-
Aldrich) was halted by adding an equal volume of complete RPMI-1640 medium (10% FBS), and cells
were resuspended in PBS. A 10 uL aliquot of the suspension was mixed with 10 pL Trypan Blue dye
(0.4%, Sigma-Aldrich) in a 1:1 ratio, and 10 pL of the mixture was loaded onto a Neubauer
hemocytometer for manual counting under a light microscope (Leica DM500).
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Cell viability was calculated using the formula:
Viability (%) = Number of unstained cells 100
APy A7) = T otal number of cells *

4.6. Flow Cytometry for Apoptosis (Annexin V/PI Staining)

Apoptosis was assessed using Annexin V/ PI staining followed by flow cytometry to distinguish
viable, early apoptotic, late apoptotic, and necrotic cells based on phosphatidylserine externalization
and membrane integrity.

LNCaP cells were seeded in 6-well plates at 2 x 105 cells per well in 2 mL of RPMI-1640 medium
and allowed to adhere for 24 h at 37°C in a humidified incubator with 5% COx. Cells were then treated
with varying concentrations of J. spicigera extract, with 0.1% DMSO as the vehicle control and 10 uM
etoposide (Sigma-Aldrich) as the positive control. Each condition was tested in three independent
experiments.

Following treatment, cells were harvested by trypsinization (0.25% Trypsin-EDTA, Gibco) for 2
min at 37°C, neutralized with RPMI-1640 medium containing 10% FBS, and resuspended in cold PBS.
A total of 1 x 10° cells were transferred to fluorescence-activated cell sorting (FACS) tubes, centrifuged
at 300 x g for 5 min, and resuspended in 100 puL of 1X Annexin V binding buffer (BD Biosciences).
Cells were stained with 5 uL of Annexin V-FITC and 5 uL of propidium iodide (PI, 50 ug/mL, BD
Biosciences) and incubated in the dark for 15 min at room temperature.

After incubation, 400 uL of 1X binding buffer was added, and samples were immediately
analyzed using a flow cytometer (BD Accuri C6, BD Biosciences). Data was acquired from at least
10,000 events per sample, and analysis was performed using Flow]Jo v10 software (BD Biosciences).

Apoptotic cell populations were classified as: 1) annexin V-/PI- for viable cells; 2) annexin V*/PI-
for early apoptotic cells; 3) annexin V*/PI* for late apoptotic cells; and 4) annexin V-/PI* for necrotic
cells.

4.6. Cell Cycle Analysis (PI Staining by Flow Cytometry)

To evaluate the effects of |. spicigera extract on cell cycle progression in LNCaP cells, PI staining
followed by flow cytometry was performed. This method quantifies DNA content in individual cells,
enabling the identification of G0/G1, S, and G2/M phases, as well as sub-G0/G1 populations indicative
of apoptotic DNA fragmentation.

LNCaP cells were seeded at 2 x 105 cells per well in 6-well plates containing 2 mL of RPMI-1640
medium and incubated at 37°C with 5% CO: for 24 h to allow adherence. Cells were then treated with
varying concentrations of J. spicigera extract, with 0.1% DMSO as the vehicle control, 10 pM
etoposide (Sigma-Aldrich) and 5-fluorouracil as the positive controls. Each condition was tested in
three independent experiments.

Following treatment, both floating and adherent cells were collected by trypsinization (0.25%
Trypsin-EDTA, Gibco) and centrifugation at 300 x g for 5 min at 4°C. The cell pellet was washed twice
with cold phosphate-buffered saline (PBS, pH 7.4), resuspended in 500 uL of ice-cold PBS, and fixed
by adding 1 mL of 70% ethanol dropwise while vortexing. Fixed cells were stored at —20°C for at least
24 h before further processing.

On the day of analysis, ethanol-fixed cells were centrifuged at 500 x g for 5 min, washed twice
with PBS, and incubated with RNase A (100 pug/mL, Sigma-Aldrich) at 37°C for 30 min to eliminate
RNA contamination. PI staining was performed by adding 50 pg/mL propidium iodide (Sigma-
Aldrich) in PBS containing 0.1% Triton X-100, followed by incubation for 15 min in the dark at room
temperature.

Flow cytometry analysis was conducted using a BD FACSCanto II flow cytometer (BD
Biosciences), acquiring 10,000 events per sample on the FL2-A channel (PI fluorescence at 620 nm).
The cell cycle distribution was analyzed using FlowJo v10 software (BD Biosciences) with the Watson
pragmatic cell cycle modeling algorithm to determine the percentage of cells in Go/Gs, S, and G2/M
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phases. The sub-Go/G1 population, indicative of apoptotic cells with fragmented DNA, was also
quantified.

4.7. Statistical Analysis

All experiments were performed in triplicate across three independent experiments, and data
are presented as mean + standard error of the mean (SEM). Statistical significance was assessed using
one-way ANOVA followed by Tukey’s post hoc test, with p <0.05 and p <0.001.

Flow cytometry data were analyzed using Flow]Jo v10 software (BD Biosciences), and cell cycle
distribution was determined using the Watson pragmatic cell cycle modeling algorithm. All graphs
and plots were generated using GraphPad Prism 10.0 (GraphPad Software, San Diego, CA, USA).

5. Conclusions

The hydroalcoholic extract of Justicia spicigera exhibited a clear dose-dependent antiproliferative
effect on LNCaP prostate cancer cells, marked by Go/G1 cell cycle arrest at 250 pg/mL and apoptosis
induction at concentrations 2500 pg/mL. Flow cytometry confirmed inhibition of cell cycle
progression, while Annexin V/PI staining revealed a shift toward apoptotic cell populations at higher
doses. Phytochemical analysis identified kaempferitrin, [(3-sitosterol, and other flavonoids,
compounds previously associated with regulation of p53, Bcl-2/Bax, and PI3K/Akt signaling
pathways as likely contributors to these effects. The ability of the extract to curb proliferation without
significant cytotoxicity at moderate concentrations suggests a therapeutic window that warrants
further investigation. Evaluating its selectivity in non-malignant prostate epithelial cells and
delineating its molecular targets will be critical next steps to assess its translational relevance.
Additionally, its potential to synergize with existing therapies in both hormone-sensitive and
castration-resistant prostate cancer models merits further exploration.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1. Thin-layer chromatography of Justicia spicigera extract; Figure S2. Thin-
layer chromatography of the hydroalcoholic extract of Justicia spicigera of flavonoids; Figure S3. Thin-layer
chromatography of the hydroalcoholic extract of Justicia spicigera of saponins; Figure S4. HPLC chromatogram
of Justicia spicigera hydroalcoholic extract; Figure S5. LC-ESI-MS spectrum of ]. spicigera extract; Figure S6. 'H-
NMR spectrum of the hydroalcoholic extract of Justicia spicigera.
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