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Abstract 

This study evaluated the therapeutic potential of Brucea javanica (L.) Merr. (BJ) extract against vascular smooth muscle cell 

(VSMC) proliferation and migration, and endothelial denudation-induced neointimal hyperplasia in mice. Primary VSMCs 

isolated from mouse embryonic aortas were used, while guidewire injury-induced neointimal hyperplasia was utilized. In 

VSMCs, BJ (10 - 30 µg/mL) treatment reduced VSMC proliferation, migration, and lamellipodia formation. Further, Western 

blot showed reduced matrix metalloproteinase-2 (MMP2) expression, without affecting total or phosphorylated extracellular 

signal-regulated kinase 1/2 (ERK1/2). Meanwhile, in mice, BJ (30 mg/kg/day) treatment mitigated neointimal formation, as 

indicated by the artery intima-to-media ratio (0.313 ± 0.056) compared to injured controls (0.630 ± 0.089, p = 0.013). Interest-

ingly, the reduction of the intima-to-media ratio was followed by a reduction in matrix MMP2 expression in the area (1.342 ± 

0.085-fold compared to control) compared to untreated (1.687 ± 0.056-fold compared to control, p = 0.0071). Taken together, 

BJ extract contains predominantly flavonoids, with quercetin as the major constituent, and inhibited VSMC proliferation and 

migration; this was accompanied by reduced MMP2 expression without changes in ERK1/2 expression or activation. In mice, 

BJ extract reduced neointimal hyperplasia and MMP2 expression in intimal and medial arteries. 

 

Rezumat 

Acest studiu a evaluat potențialul terapeutic al extractului de Brucea javanica (L.) Merr. (BJ) asupra proliferării și migrării 

celulelor musculare netede vasculare (CMNV), precum și asupra hiperplaziei neointimale induse prin denudare endotelială la 

șoarece. Au fost utilizate CMNV primare, izolate din aortă embrionară de șoarece, respectiv un model de hiperplazie neointi-

mală indusă prin leziune. La nivelul CMNV, tratamentul cu BJ (10 - 30 µg/mL) a redus proliferarea, migrarea și formarea 

lamelipodiilor. În plus, analiza prin Western blot a evidențiat o scădere a expresiei metaloproteinazei matriceale 2 (MMP2), 

fără modificarea formei totale sau fosforilate a kinazelor modulate de semnale extracelulare 1/2 (ERK1/2). La șoarece, 

administrarea BJ (30 mg/kg/zi) a atenuat formarea neointimei, așa cum indică raportul intimă/medie de la nivel arterial (0,313 

± 0,056), comparativ cu animalele lezate netratate (0,630 ± 0,089; p = 0,013). Reducerea raportului intimă/medie a fost asociată 

cu o diminuare a expresiei MMP2 în zona respectivă (creștere de 1,342 ± 0,085 ori față de martor), comparativ cu lotul netratat 

(creștere de 1,687 ± 0,056 ori față de martor; p = 0,0071). În concluzie, extractul de BJ conține preponderent flavonoide și a 

inhibat proliferarea și migrarea CMNV, efect asociat cu scăderea expresiei MMP2, în absența unor modificări ale expresiei sau 

activării ERK1/2. La șoarece, extractul de BJ a redus hiperplazia neointimală și expresia MMP2 la nivelul intimei și mediei 

arteriale. 
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Introduction 

After having a stent, restenosis remains an unre-

solved, recurring issue after every coronary proce-

dure (1). It is just a continuation of the same vascular 

challenge, primarily tightening of blood vessels, ex-

pansion, and remodeling of the extracellular matrix 

caused by vascular smooth muscle cells (VSMCs) 

(2). Even with the use of drug-eluting stents, re-oc-

clusion of the blood vessel where the stent is placed 

remains a challenge caused by neointimal hyper-

plasia, using hyperplasia as an indicator for drug-

eluting stents. This is the reason for the need to ex-

plore alternative therapy.  

Restenosis is a multifactorial pathological process 

driven primarily by persistent inflammation and ox-

idative stress, with the inflammatory cytokine IL-1β 

serving as a key inducer (2, 3). Under inflammatory 

conditions, VSMCs undergo phenotypic switching 

from a quiescent, contractile state to a synthetic, pro-

liferative, and migratory phenotype (4). This 
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transition is characterized by heightened prolifera-

tion, migration, and excessive extracellular matrix 

deposition, ultimately leading to neointimal hyper-

plasia and vascular re-occlusion (5). Therefore, ther-

apeutic strategies that reduce oxidative stress and in-

flammation, thereby preventing VSMC proliferation 

and migration, represent a promising approach to 

mitigate neointimal formation and restenosis (6). 

Current treatment options, including drug-eluting 

stents, have substantially reduced but not eliminated 

restenosis, largely due to the complex, multi-target 

nature of the underlying pathology (7). Natural rem-

edies, particularly those derived from traditional 

medicine, offer a compelling alternative because 

their rich content of bioactive compounds provides 

combined antioxidant, anti-inflammatory, and anti-

proliferative properties, enabling multi-targeted 

therapeutic action (8, 9). Among the traditional 

Southeast Asian medicinal plants, Brucea javanica 

(L.) Merr. (BJ) is well recognized for its diverse ac-

tive constituents, including flavonoids and quas-

sinoids (10). Flavonoids such as quercetin and 

isoquercetin, reported in BJ, are known to exert an-

tioxidant, anti-inflammatory, and endothelial protec-

tive effects (7). However, their potential in address-

ing cardiovascular challenges, particularly resteno-

sis, remains inadequately explored (11). 

One major inflammatory cytokine involved in vas-

cular diseases is IL-1β. Considering that IL-1β is a 

strong promoter of matrix metalloproteinase-2 

(MMP2), a matrix-degrading enzyme that facilitates 

VSMC proliferation and migration and initiates ne-

ointimal formation, it is imperative to determine 

whether BJ modulates these phenotypes associated 

with MMP2 (11). We thus hypothesized that BJ 

modulates MMP2 expression in both VSMCs (in 

vitro) and in a neointimal hyperplasia mouse model 

(in vivo) (5, 12). Therefore, this study aimed to eval-

uate the therapeutic potential of BJ extract against 

VSMC proliferation and migration in vitro, and 

against endothelial denudation–induced neointimal 

hyperplasia in male BALB/c mice in vivo, while also 

demonstrating proteins associated with VSMC dys-

function and neointimal formation. 

 

Materials and Methods 

Materials 

We collected and characterized BJ seeds from Lombok 

Island, Indonesia (ID: 33/UN18.F7/LBL/2025. Pri-

mary and secondary antibodies used were provided 

in Table I. Male BALB/c mice (8 - 10 weeks old, 20 

- 25 g) were obtained from the University of Mata-

ram, Indonesia. A guide wire 0.014” (Abbott, 

#1001780-HC) was applied for femoral artery endo-

thelial denudation under Avertin anesthesia (Sigma-

Aldrich, #T48042), and elastin staining, Verhoeff’s 

stain (Sigma-Aldrich, #HT25A-KT). 

Table I 

List of antibodies used in this study 

Target Antibody Host Species Supplier Catalogue Number 

Anti-pFAK  Rabbit Cell signalling #3283 

Anti-total FAK Rabbit Cell signalling #3285 

Anti-pERK1/2 Rabbit Cell signalling #9101 

Anti-total ERK1/2 Rabbit Cell signalling #4696 

Anti-MMP2 Rabbit Proteintech #10373-2-AP 

Anti-β-actin Mouse Milipore #MAB1501 

Anti-α-tubulin Mouse GeneTex #GTX112141 

Goat anti-rabbit IgG (HRP-conjugated) Goat Thermo Fisher Scientific #31460 

Goat anti-mouse IgG (HRP-conjugated) Goat Thermo Fisher Scientific #31430 

 

BJ extraction and preparation for treatment 

The seeds were air-dried, powdered, and extracted 

with 96% ethanol using ultrasonicator-assisted ex-

traction (UAE), then evaporated to obtain a solid ex-

tract (13). For in vitro use, BJ extract was diluted in 

0.1% DMSO (v/v) and diluted to 10, 20, and 30 

µg/mL. Quiescent VSMCs were stimulated with the 

inflammatory cytokine IL-1β (10 ng/mL) to trigger 

proliferation and migration. The treatment groups 

(BJ 10, 20, 30 µg/mL) were administered for 24 hours 

(antiproliferative activity) and 6 hours (antimigra-

tion activity), while the extract for the in vivo exper-

iment was suspended in 0.5% CMC-Na.  

Non-specific and specific extract characterization 

Non-specific characterization of BJ extract was per-

formed, including determination of water content, loss 

on drying (LOD), total ash, and acid-insoluble ash. 

Water content was measured by drying 1 g of extract 

at 105°C to constant weight; LOD was determined 

by heating the sample at 105°C for 30 minutes, re-

peated until no further weight change. Total ash con-

tent was obtained by incinerating 1 g of extract at 

600°C until carbon-free residue remained. Acid-in-

soluble ash content was determined by boiling total 

ash with 25 mL dilute sulfuric acid for 5 minutes, 

followed by filtration, washing, and ignition to con-

stant weight. Experiments were done in triplicate 

and expressed as mean ± SD. 

Specific characterization included organoleptic eval-

uation, phytochemical screening, total flavonoid 

content (TFC), total phenolic content (TPC), Fourier 

Transform Infrared (FTIR) spectroscopy, Ultra-
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High-Performance Liquid Chromatography (UHPLC), 

and Liquid Chromatography-High Resolution Mass 

Spectrometry (LC-HRMS) analysis. Organoleptic 

parameters were described based on physical ap-

pearance, color, odor, and taste. We conducted phy-

tochemical screening using established protocols 

(14). TPC and TFC were measured using spectro-

photometric analysis with standard gallic acid (λ 765 

nm) and quercetin (λ 415 nm), respectively (15). 

FTIR spectra were recorded from 4000–400 cm⁻¹ us-

ing KBr pellets. UHPLC analysis was performed on 

a C18 column using a gradient mobile phase (water 

and acetonitrile, each with 0.1% formic acid). The 

UHPLC method was validated according to ICH 

Q2(R2) guidelines (Table II). LC-HRMS analysis 

was conducted on a Thermo Fisher Scientific Or-

bitrap Q Exactive Plus with an ESI source coupled 

to an Ultimate 3000 UHPLC system. 

Table II 

Validation parameters for quercetin quantification by UHPLC according to ICH Q2(R2) guidelines 

Validation Parameter Result 

Linearity range 0.5 - 50 µg/mL 

Calibration equation y = 40.375x + 291.95 

Coefficient of determination (R²) 0.9975 

Limit of detection 0.15 µg/mL 

Limit of quantification 0.45 µg/mL 

Accuracy (recovery) 98.2 - 101.5% 

Precision  < 2.0% 

 

Isolation and primary culture of mice embryonic 

VSMCs 

VSMCs were isolated from the thoracic aortas of 

BALB/c embryonic mice, as previously described by 

Hamdin et al. (16). Briefly, aortae were dissected 

from the aortic arch to the renal level, cleaned of sur-

rounding tissue, minced, and digested in serum-free 

Dulbecco’s modified Eagle medium (DMEM) con-

taining collagenase type I (0.5 mg/mL) and elastase 

type III (0.125 mg/mL) at 37°C for ~15 min. We 

stopped digestion with DMEM supplemented with 

20% FBS, then collected cells by centrifugation, re-

suspended them, and plated them on fibronectin-

coated dishes. VSMCs were maintained in standard 

growth medium and subcultured after 3-4 days (16). 

For the experiment, VSMCs were grown in DMEM 

(Gibco) with 10% FBS (Gibco), 100 U/mL penicil-

lin, and 100 μg/mL streptomycin at 37°C and 5% 

CO₂ in a humidified chamber. We used VSMCs 

from passages 3 to 6 for the experiments. 

Cell Viability Assay of BJ (MTT) 

To assess the effect of BJ on cell viability, VSMCs 

were seeded in 24-well plates (1.6 × 104 cells/well), 

subjected to serum starvation for 24 hours, and sub-

sequently incubated with the specified concentration 

(0, 10, 20, 30, 40, and 50 μg/mL) of BJ for 24 hours. 

MTT was subsequently added to the medium at a 

concentration of 1 mg/mL. Following 2 hours of in-

cubation, the crystal was solubilized in 200 μL of 

DMSO. We measured optical density at 570 nm and 

normalized it to the measurement at 650 nm. Cell vi-

ability was expressed as a percentage relative to the 

control group.  

VSMC proliferation assay (CCK-8)  

VSMC proliferation was assessed through the man-

ufacturer’s instructions using a colorimetric Cell 

Counting Kit-8 (Dojindo Laboratories, #CK04-05). 

VSMCs were seeded onto 96-well plates at a density 

of 5 x 10³ cells/well. Thereafter, cells were main-

tained in quiescence with 0.2% FBS for 24 hours 

(16). VSMCs were assigned to 4 groups: (1) un-

treated control, (2) BJ 10 µg/mL, (3) IL-1β 10 ng/mL 

alone, (4) IL-1β + BJ (10, 20, and 30 µg/mL). 

VSMCs were treated with inflammatory cytokine 

IL-1β and/or BJ for 24 hours. We added CCK-8 rea-

gent and incubated for an additional 4 hours. We 

used a microplate reader (Bio-Rad, USA) to measure 

absorbance at 450 nm. VSMC proliferation was cal-

culated as the percentage of the untreated control (17). 

Wound healing assay 

To evaluate the migration-inhibitory effect of BJ, 

VSMCs (2.5 × 10⁵ cells) were seeded into 6-cm cul-

ture dishes until 90–100% confluence. VSMCs were 

serum-starved for 24 hours. Before scratching, 

VSMCs were treated with mitomycin-C (10 μg/mL) 

for 2 hours. We created a scratch wound using a ster-

ile pipette tip A200. VSMCs were treated with or 

without IL-1β and/or co-treated with BJ (10, 20, and 

30 µg/mL) for 6 hours. We captured wound images 

at 0 and 6 hours, and quantified migration as the per-

centage of wound closure relative to baseline. 

Immunocytochemistry (ICC) and phalloidin staining 

of VSMCs 

To evaluate protein fluorescence, expression, and lo-

calization, mouse embryonic VSMCs (1 × 10³ 

cells/mL) were seeded into µ-Slide chambers (Ibidi 

VI). We added 30 µL of cell suspension to each 

chamber and allowed the cells to adhere. Quiescent 

VSMCs were subsequently treated with or without 

IL-1β or BJ extract (10, 20, and 30 µg/mL) for 10 

minutes. Cells were then washed, fixed with 4% par-

aformaldehyde, permeabilized with 0.1% Tween-20, 

and blocked with 1% BSA. Primary antibody against 

pERK1/2 was applied overnight at 4°C, followed by 

Alexa Fluor 488-conjugated secondary antibody 

(green). Subsequently, the cells were counterstained 
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with DAPI and Alexa Fluor 594-conjugated phal-

loidin (red) for 5 minutes to visualize nuclei and the 

actin cytoskeleton, respectively. Fluorescence im-

ages were captured using a fluorescence microscope 

(Olympus IX71). 

VSMC treatment and protein extraction for Western 

blot 

VSMCs were seeded (1 x 10⁵ cells) in 6-well plates. 

Serum-starved VSMCs were treated with or without 

IL-1β for stimulation and/or BJ extract (10 μg/mL). 

Proteins were collected at 0, 5, 10, and 30 minutes 

for kinase evaluation and at 0, 6, 12, and 24 hours 

for MMP2 analysis. Following treatment, protein 

was extracted from cells, and concentrations were 

assessed (5). Proteins were then stored at -20°C for 

further analysis. 

Western blot analysis 

For the Western blot analysis, 30 μg of mouse em-

bryonic VSMC protein was separated on SDS-

PAGE and transferred to polyvinylidene fluoride 

membranes (Millipore). Membranes were blocked 

with 5% non-fat milk in Tris-buffered saline with 

0.1% TBST and treated with specific primary anti-

bodies. We then incubated the membranes with 

HRP-conjugated secondary antibodies. Protein 

bands were visualized with ECL and analyzed using 

ImageJ (NIH) (18). 

In vivo treatment protocol 

All animal experiments were approved by the Ethics 

Committee of the Faculty of Medicine and Health 

Sciences, University of Mataram (No. 

122/UN18.F8/ETIK/2025). Animal care and experi-

mental procedures were conducted in accordance 

with the ARRIVE 2.0 guidelines. Mice were housed 

individually in single cages under controlled envi-

ronmental conditions (25°C, 12-hour light/dark cy-

cle) with ad libitum access to standard chow and wa-

ter. The inclusion criteria for mice were healthy male 

BALB/c, aged 8-10 weeks, and weighing 20- 25 g. 

Mice were excluded when complications occurred 

after modeling. Prior to surgery, mice were anesthe-

tized with Avertin and recovered on a heating pad to 

maintain body temperature. We determined the sam-

ple size using the Resource Equation formula (E = N 

− T). We randomized animals in each group using 

GraphPad. The randomized animals were allocated 

into three groups: (1) Uninjured control, (2) Injured 

control, and (3) Injured + BJ treatment at 30 

mg/kg/day. BJ extract was suspended in 0.5% CMC-

Na and administered by oral gavage for 14 days post-

injury. The uninjured group did not undergo wire in-

sertion, while injured groups received vehicle 

(CMC-Na 0.5%) or BJ treatment. After 14 days, 

mice were euthanized with an overdose of Avertin, 

and femoral arteries were collected for histological 

analysis. 

 

Animal model of endothelial denudation-induced ne-

ointimal hyperplasia 

Before femoral endothelial denudation, mice were 

anesthetized intraperitoneally with Avertin. Under 

the microscope, the left femoral artery was identified 

and incised with a 0.014” guide wire, as explained in 

Hamdin et al. (16). The flexible guide wire was in-

serted approximately 1 cm into the left femoral ar-

tery of the mice and passed 3 times to induce endo-

thelial denudation. Mice were then placed on a heat-

ing pad to recover. Following endothelial injury, 

mice were treated with or without BJ (30 mg/kg/day) 

for 14 days. 

Intima-media (I/M) ratio and immunohistochemistry 

(IHC) 

At post-injury, 14 days, the mice were humanely eu-

thanized with an overdose of Avertin, and the femo-

ral arteries were harvested and processed by fixing 

in 10% formaldehyde and paraffin embedding. Se-

rial cross sections (4 μm) were elastin-stained, and a 

light microscope (Olympus BX53) was used to take 

pictures. For each animal, we analyzed 3 sections 

spaced 150 μm apart. We measured the intima (I) 

and media (M) areas and calculated the I/M ratio 

(16). For IHC, sections were prepared for MMP2 an-

tibody staining as described by Hamdin et al. (16). 

The quantification of the I/M ratio and MMP2 ex-

pression was analyzed with ImageJ version 1.54g 

from 6 animals for each group. 

Statistical analysis 

All experiments used a minimum of 3 (n = 3 to 6) 

distinct biological replicates, including proliferation, 

migration, ICC, lamellipodia protrusion, western 

blot, and I/M ratio. The data are presented as mean ± 

SD (analytical and characterization data) and mean 

± SEM (biological data). For factorial experimental 

design (proliferation and migration assay with ± IL-

1β × BJ dose), two-way ANOVA was applied, while 

for single-factor comparisons (western blot densi-

tometry and I/M ratio). One-way ANOVA was uti-

lized, followed by Tukey’s post-hoc test, while Stu-

dent's t-test analysis was specifically used for lamel-

lipodia formation. GraphPad Prism version 10.4.1 

was used for statistical analysis, and significance 

was set at p < 0.05. 

 

Results and Discussion 

BJ extract characterization  

BJ seed was collected from Sesaot, Narmada District, 

West Lombok Regency, at coordinates (-8.543658°, 

116.24168°). Once samples are collected and pro-

cessed into solid extract, the simplicia and extract 

yields are then quantified (Table III). From 3 kg of 

BJ seeds, 0.9 kg of dry simplicia was obtained (30% 

yield). Subsequently, sonication of 903 g of simpli-

cia using 96% ethanol yielded 95.6 g of crude etha-

nolic extract, representing an extract yield of 10.5%, 
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comparable to the 10.03% yield reported by Almira 

et al. (13) using UAE with 96% ethanol. 

Sonication offers advantages such as reduced extrac-

tion time and lower solvent consumption compared 

to conventional maceration, although yield varies 

with parameters such as sonication duration, liquid-

solid ratio, and extraction cycles. For comparison, 

Amini et al. (19) reported a maceration-based yield 

of 7.4%, which falls within reported ranges for BJ 

extracts. Minor discrepancies may be attributed to 

seed maturity, geographical origin, drying tempera-

ture, and solvent-to-sample ratio (20).  

Table III 

Extraction yield of BJ seed simplicia and ethanolic extract 

Extraction Stage Initial Weight Final Weight Yield (%) 

Drying process 3000 g 900 g 30.0 

UAE extraction  903 g 95.6 g 10.5 

 

Beyond extraction yield, we further evaluated the 

quality and safety of BJ seed extract using non-spe-

cific and specific standardization parameters. Non-

specific parameters, which include determination of 

water content, LOD, total ash content, and acid-in-

soluble ash levels, were performed in triplicate (Ta-

ble IV). Measurement of water content in a plant ex-

tract is essential across various fields, as high mois-

ture levels can promote mold growth and accelerate 

the degradation of bioactive compounds (21). The 

water content of the BJ seed ethanolic extract ob-

tained in this study was 2.32 ± 0.200%. This rela-

tively low water content is favorable, as it minimizes 

the risk of fungal contamination and helps maintain 

the extract's stability and quality during storage (21). 

Table IV 

Non-specific standardization parameters of BJ ex-

tract (mean ± SD, n = 3) 

Parameter Result (%) 

Water content 2.32 ± 0.200 

Loss on drying 3.37 ± 0.055 

Total ash content 2.03 ± 0.218 

Acid soluble ash content 1.78 ± 0.690 

 

LOD is a critical parameter that reflects the amount 

of volatile substances, including water and other vol-

atile compounds, lost during drying (21). The LOD 

values for the three replicates averaged 3.37 ± 

0.055% (Table IV), indicating minimal loss of vola-

tile compounds and supporting batch-to-batch 

consistency. Together with the low water content, 

this result suggests good extract stability and a re-

duced risk of microbial deterioration. The total ash 

content of the BJ seed extract was 2.03 ± 0.218% 

(Table IV), while the acid-insoluble ash content was 

1.78 ± 0.690% (Table IV). These low values indicate 

a low mineral content and minimal contamination 

with sand, soil, or other siliceous materials, reflect-

ing good extract purity (21). Overall, the non-spe-

cific standardization parameters indicate that the BJ 

ethanolic extract meets acceptable quality standards 

for further development as a phytopharmaceutical 

preparation. 

Following the non-specific evaluation, we con-

ducted specific standardization parameters, includ-

ing organoleptic tests (physical appearance, color, 

odor, taste), bioactive compound quantification, and 

phytochemical profiling (Table V). The BJ seed ex-

tract was a viscous extract with a brownish-yellow 

to dark brown color, no typical odor, and a bitter 

taste, consistent with the findings of Amini et al. 

(19). The TFC of BJ extract was 34.98 ± 0.440 mg 

QE/g, indicating that BJ seeds are a rich source of 

flavonoids, compounds known for their antioxidant 

and anti-inflammatory activities (22, 23). The flavo-

noid content is comparable to previous studies, alt-

hough differences may occur due to extraction sol-

vent, method, and seed origin (20). 

Table V 

Specific standardization parameters of BJ ethanolic extract 

Parameters Result 

Physical appearance Viscous extract 

Color Brownish yellow to dark brown 

Odor Not typical 

Taste  Bitter  

Total flavonoid content (mg QE/g) 34.98 ± 0.440 

Total phenolic content (mg GAE/g) 115.10 ± 0.426 

 

Other than TFC, the TPC of BJ extract was 115.10 ± 

0.426 mg GAE/g (Table V), indicating that the ex-

tract is rich in phenolic compounds. Phenolics are 

known for their strong antioxidant activity through 

free radical scavenging, metal ion chelation, and in-

hibition of lipid peroxidation (24). The high phenolic 

content (115.10 mg GAE/g) compared to flavonoid 

content (34.98 mg QE/g) suggests that the extract 

contains a substantial proportion of non-flavonoid 

phenolics, such as phenolic acids and other polyphe-

nolic derivatives. This finding is consistent with pre-

vious studies on BJ, where phenolic compounds 

have been identified as major contributors to the an-

tioxidant capacity of the seeds (25). This high 
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phenolic content also supports the traditional medic-

inal use of BJ seeds against oxidative stress-related 

diseases. 

To complement the quantitative analysis of flavo-

noids and phenolics, we performed a qualitative phy-

tochemical screening to identify the broader classes 

of secondary metabolites present in the extract. Phy-

tochemical screening of the BJ extract revealed the 

presence of flavonoids, triterpenoids, saponins, and 

tannins (Table VI). However, alkaloids were nega-

tive. This result is consistent with previous phyto-

chemical studies on BJ seeds that consistently 

reported the absence or very low levels of alkaloids 

(25). The major constituents of BJ seeds are flavo-

noids and phenolic compounds, while alkaloids are 

not characteristic of this species (25). Therefore, the 

negative finding for alkaloids is expected and does 

not diminish the medicinal value of the extract. 

Standardization based on internationally accepted 

quality control guidelines is essential to ensure con-

sistent quality, safety, and reproducibility, particu-

larly because phytochemical composition may vary 

with extraction conditions and seed origin (26). 

Table VI 

Preliminary phytochemical screening of the BJ extract 

Secondary Metabolite Reagent Observed Result Conclusion 

Alkaloids Dragendorff’s 

Mayer’s 

Wagner’s 

No characteristic precipitate observed 

Alkaloids were not detected 

-  

Flavonoids Shinoda test Red/orange coloration observed 

Flavonoids were detected 

+ 

Triterpenoids Liebermann–Burchard test Dark/black coloration observed 

Triterpenoids were detected 

+ 

Saponins Froth test Persistent foam observed 

Saponins were detected 

+ 

Tannins FeCl₃ test Greenish coloration observed 

Tannins were detected 

+ 

 

Phytochemical profiling of BJ extract by FTIR, LC-

HRMS, and UHPLC 

The phytochemical profiling of BJ extract was fur-

ther elucidated using FTIR spectroscopy (Figure 1). 

The FTIR spectrum showed a broad absorption band 

at 3391 cm⁻¹, characteristic of O-H stretching of hy-

drogen-bonded hydroxyl groups, typically associ-

ated with polyphenolic compounds, including flavo-

noids and phenolic acids (27). Aromatic C=C 

stretching vibrations were confirmed by absorption 

bands at 1636 cm⁻¹ and 1515 cm⁻¹, which are diag-

nostic of aromatic ring systems typically found in 

flavonoids and phenolic compounds. Importantly, 

no distinct absorption bands characteristic of alka-

loid functional groups were observed, supporting the 

negative alkaloid result from phytochemical screen-

ing (Table VI) and consistent with previous reports 

that alkaloids are not characteristic constituents of 

BJ seeds (13). Collectively, the FTIR spectral fea-

tures strongly support the presence of flavonoids and 

phenolic compounds in the BJ extract, which corrob-

orates the quantitative TFC and TPC results (Table 

V). However, FTIR spectroscopy provides valuable 

information on functional groups; it does not allow 

definitive identification or quantification of individ-

ual compounds. Therefore, complementary analyti-

cal techniques such as LC-HRMS and UHPLC are 

recommended for unambiguous identification and 

structural elucidation of individual bioactive constit-

uents (28). 

The LC-HRMS analysis provided definitive identi-

fication of the major secondary metabolites in the BJ 

extract, including quercetin, isoquercetin, brucean-

tin, and erucamide, along with other flavonoids, phe-

nolic acids, and quassinoids (Figure 2 and Supple-

mentary Data). Previous studies on BJ fruit have re-

ported metabolites such as bruceine D, E, F, and 

bruceanic acid. In pharmacognosy, the medicinal 

'fruit' of BJ is characterized as a dry indehiscent 

structure, with the seed as the bioactive component. 

This study extracted material from BJ seeds, 

whereas others referred to it as fruit (25). Discrepan-

cies in phytochemical profiles may arise from differ-

ences in plant origin, extraction procedures, and an-

alytical objectives, as geographic origin, climate, 

soil, and harvesting conditions influence quassinoid 

and flavonoid production (29). 

Among the identified metabolites, quercetin 

emerged as a predominant flavonoid, confirmed by 

the MS/MS fragment at 303 m/z (Figure 2). Querce-

tin is a well-established dietary flavonoid with potent 

antioxidant, anti-inflammatory, and vascular protec-

tive properties. Its presence in BJ seeds is particu-

larly significant, as it has been extensively reported 

to inhibit inflammatory cytokines such as IL-1β in 

vascular diseases (30). The identification of isoquer-

cetin, detected alongside quercetin, further supports 

the extract's flavonoid-rich nature, including antiox-

idant and anti-inflammatory effects, and may con-

tribute synergistically to the overall vascular protec-

tive activity of the BJ extract (30). 
 



FARMACIA, 2026, Vol. 74, 5 

 1413 

 
Figure 1. 

FTIR characterization of the ethanolic extract. (A) Representative FTIR spectrum with the principal absorption 

bands and assigned functional groups. (B) Proposed phytochemical classes based on the FTIR spectral features, 

highlighting flavonoids/polyphenols, terpenoids, possible quassinoids, and the absence of significant alkaloid-

related functional groups. 

 

In addition to quercetin and isoquercetin, bruceantin 

was identified in this work, consistent with prior re-

ports as a constituent of BJ fruits, and is known for 

anti-inflammatory and anti-proliferative activities 

(30). As a fatty acid amide, erucamide shows cyto-

kine-modulatory activity and mitigates vascular oxi-

dative stress. Quercetin and isoquercetin are known 

to be vascular protective and were identified by 

MS/MS at 303 m/z (Figure 2). These protective ac-

tivities of quercetin and isoquercetin were also ob-

served in the inhibition of IL-1β-stimulated reactive 

vascular (31). These four compounds show multi-

targeted activity of BJ. Combined anti-inflamma-

tory, antioxidant, anti-proliferative, and anti-migra-

tory activities were also observed in the biological 

studies (32), whereby BJ was noted to also reduce 

the IL-1β-induced VSMC proliferation, migration, 

formation of lamellipodia, and MMP2 of the reactive 

vascular quiescence pathway (Figure 4, 5, and 7). 

Thus, observations suggest that BJ modulates the in-

flammatory and oxidative-stress-sensitive pathways 

that are most likely responsible for the observed vas-

cular remodeling and neointimal hyperplasia inhibi-

tion (32). 

After qualitative confirmation of quercetin by LC-

HRMS, we performed quantitative analysis using 

UHPLC coupled with a photodiode array detector. 

We identified quercetin by comparing retention time 

with a quercetin standard (Figure 3). The quercetin 

standard exhibited a retention time of 1.407 minutes, 

while the BJ seed extract samples (R1, R2, and R3) 

showed retention times of 1.374 minutes, 1.378 

minutes, and 1.381 minutes, respectively (Figure 3). 

The close agreement between the standard and sam-

ple retention times confirms the presence of querce-

tin in the BJ ethanolic extract, consistent with the 

previously reported LC-HRMS findings. Minor re-

tention-time shifts may be attributed to matrix ef-

fects or variations in mobile-phase composition and 

column temperature (33). Quantitative analysis was 

performed using an external calibration curve (y = 

40.375x + 291.95), with an excellent coefficient of 
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determination (R² = 0.9975). The high R2 value ap-

proaching 1.000 indicates exceptional linearity over 

the tested concentration range and acceptable linear-

ity over the calibration range (33). 

 

 
Figure 2. 

LC-HRMS chromatographic and MS/MS spectral analysis of the ethanolic BJ extract. (A) Total ion chromato-

gram (TIC) of the ethanolic BJ extract showing multiple peaks corresponding to diverse secondary metabolites. 

(B–E) Representative MS/MS fragmentation spectra and proposed structures of four major compounds identified 

in the BJ extract: Bruceantin, Erucamide, Quercetin, and Isoquercetin. Each spectrum shows characteristic frag-

ment ions used to confirm compound identity.  
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Figure 3. 

UHPLC analysis of quercetin in the ethanolic extract. Representative UHPLC chromatograms of the quercetin 

standard and three independent extract replicates (BJ R1–R3), together with the calibration equation, AUC val-

ues, and the calculated quercetin content (n = 3, mean ± SD). 

 

The quercetin concentrations obtained from tripli-

cate measurements were 31.4, 32.8, and 29.6 mg/g, 

with a mean concentration of 31.27 ± 1.604 mg/g, 

indicating acceptable analytical reproducibility. On 

the other hand, the total flavonoid content of BJ ex-

tract was 34.98 mg QE/g (Table V). However, these 

values should not be considered directly comparable 

due to differences in analytical principles. UHPLC 

provides compound-specific quantification of quer-

cetin, whereas the AlCl₃ colorimetric assay estimates 

total flavonoid content based on aluminum-chelation 

responses, which can vary depending on the chemi-

cal structure of individual flavonoids (34). The LC-

HRMS profile further showed other flavonoid con-

stituents, including isoquercetin and quercetin gly-

cosides, supporting the characterization of BJ extract 

as containing a diverse flavonoid profile. This find-

ing agrees with previous reports on BJ, where quer-

cetin and its derivatives have been identified as dom-

inant flavonoid components with potential vascular 

protective and anti-inflammatory activities (25). The 

relatively high quercetin concentration (31.27 mg/g) 

supports the traditional medicinal use of BJ and pro-

vides a quantitative basis for its biological activities, 

particularly the inhibition of VSMC proliferation, 

migration, and neointimal hyperplasia (35). 

BJ ethanolic extract reduced VSMC proliferation 

and migration 

Before assessing the effects of BJ on VSMC prolif-

eration, migration, and lamellipodia formation, we 

evaluated cell viability by MTT assay. BJ extract at 

doses of 10 to 30 μg/mL minimally affected VSMC 

viability, confirming the validity of subsequent ex-

periments (Figure 4A). Given that IL-1β is a key in-

flammatory cytokine modulating VSMC phenotype, 

IL-1β-stimulated VSMCs were used in subsequent 

experiments. We evaluated changes in VSMC pro-

liferation with BJ treatment with and without IL-1β. 

For the analyses without IL-1β, BJ at 10 μg/mL sig-

nificantly impacted VSMC proliferation relative to 

the control group, suggesting that at this concentra-

tion, BJ has an effect on reducing VSMC prolifera-

tion to 0.75 ± 0.025-fold of the control from the basal 

level (Figure 4B). For the analyses with IL-1β, con-

trol group proliferation was significantly lower than 

the VSMC proliferation when IL-1β was added, and 

this confirmed that IL-1β was indeed stimulating 

VSMC proliferation, which is typical for the inflam-

matory condition of vascular disease. The VSMC 

proliferation was inhibited when IL-1β and BJ were 

used together, although the effect was not dose-de-

pendent. Ten μg/mL BJ (brown bar) significantly 
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reduced proliferation compared with the IL-1β pro-

liferation control group, suggesting that BJ can 

counter proliferation. Unexpectedly, the other 2 

higher concentrations (20 μg/mL and 30 μg/mL BJ) 

showed the same reduction in proliferation (Figure 

4B). 

 

 
Figure 4. 

Effect of BJ on VSMC viability, proliferation, and migration. (A) VSMCs were treated with increasing concen-

trations of BJ, and cell viability was assessed using an MTT assay. (B) VSMCs were treated with various con-

centrations of BJ (10, 20, and 30 μg/mL) in the presence or absence of IL-1β (10 ng/mL) for 24 hours. Cell pro-

liferation was assessed by measuring the fold change compared with the control group (no IL-1β or BJ treat-

ment). (C) Wound closure (%) at 6 hours. Cells were treated with different concentrations of BJ (0, 10, 20, and 

30 µg/mL) in the presence or absence of IL-1β (10 ng/mL). (D) Representative images of VSMC migration in a 

scratch wound healing assay at 0 hours and 6 hours. Dashed lines represent the initial wound area. Data represent 

the mean ± SEM, n = 3 to 4, and individual data points are shown as black circles. Statistical significance was 

determined using GraphPad Prism version 10.4.1 software via two-way ANOVA followed by post hoc compari-

sons; *p < 0.05 compared to the control group without IL-1β or BJ treatment, #p < 0.05 compared to the IL-1β 

alone group. 

 

Several factors may explain the lack of a clear dose-

dependent response. Unlike conventional pharma-

ceuticals, herbal extracts often show early saturation 

or plateau effects because of their polychemical na-

ture (36). Unlike Western allopathic medicine, early 

saturation or plateau effects are commonly seen in 

herbal combinations or polychemicals (37). In these 

cases, low concentrations are effective in activating 

the primary pathways of polychemicals at higher 

concentrations and provide no additional effects be-

cause of the convergent inhibitory actions of differ-

ent metabolites in a crude extract (37). Thus, the 10 

µg/mL concentration of BJ may explain the lack of 

difference seen at higher concentrations of 20 to 30 

µg/mL (Figure 4B). 

Additionally, IL-1β-stimulated VSMCs appear to 

operate via a “threshold-dependent inflammatory 

cascade” whereby early pro-inflammatory cytokine 

signaling blockade is sufficient to blunt redirection 

or reverse the subsequent proliferative response (38). 

After this IL-1β inflammatory effect was compro-

mised, most likely at the 10 µg/mL concentration of 

BJ, further dose increases would not provide addi-

tional anti-inflammatory effects. Also, higher con-

centrations of plant extracts may elicit the so-called 

compensatory or homeostatic responses in plants. In 

this case, the response would be to “control” 
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proliferation at a predetermined baseline and regain 

control via compensatory pathways (38).  

Therapeutically, the absence of dose dependency in-

dicates that BJ exerts remarkable anti-proliferative 

effects at low concentrations. This characteristic is 

beneficial for vascular purposes, as high vascular ex-

posure may not be advisable. This behavior is typical 

of natural products, especially those that do not act 

primarily on the cell cycle but inhibit upstream in-

flammatory mediators (39). Thus, at low concentra-

tions, BJ may suppress pathological VSMC hy-

perproliferation associated with vascular inflamma-

tory phenomena, reinforcing its potential as a pre-

ventive agent against restenosis (25). 

In addition to proliferation, VSMC migration also 

contributes to neointimal hyperplasia (40). Figures 

4C and D show that BJ can inhibit this migration, as 

shown in the scratch wound-healing assay, in the 

presence or absence of the inflammatory cytokine 

IL-1β. Initially, there were no significant differences 

in wound area, confirming that the scratches were 

similar in size across groups at the 0-hour assess-

ment. At 6 hours, BJ treatment inhibited wound clo-

sure. In the absence of IL-1β, VSMC migration was 

reduced at all tested BJ concentrations (10, 20, and 

30 µg/mL), with similar effects across concentra-

tions, while IL-1β enhanced VSMC migration as ex-

pected due to its pro-inflammatory effects. In the 

presence of IL-1β, VSMC migration was signifi-

cantly enhanced. Despite the pro-migratory effects 

of IL-1β, the 10, 20, and 30 µg/mL concentrations of 

BJ inhibited migration in VSMCs exposed to IL-1β 

(Figure 4C-D). This indicates that BJ provides some 

protection against inflammatory conditions on 

VSMC migration (5). 

Mitigation of VSMC proliferation and migration re-

mains a primary approach to managing neointimal 

hyperplasia and vascular injury restenosis (1). 

Knowledge of the mechanisms of their actions has 

increased, yet vascular remodeling targeted to the 

VSMC remains mostly unchanged with respect to 

therapeutic options. Because of the bioactive com-

pounds and safety profiles, natural products have be-

come viable options (41). The following data docu-

ment BJ extract’s potential for reducing injury-in-

duced intimal hyperplasia in mice (Figure 8) and the 

analysis of its impact on kinase signaling in VSMCs 

(Figure 6). 

 

 
Figure 5. 

BJ extract inhibits lamellipodia formation in VSMCs. (A) Representative immunofluorescence images of 

VSMCs stained with phalloidin (red) to detect F-actin and DAPI (blue) to label nuclei. Arrowheads indicate la-

mellipodia formation. VSMCs treated with IL-1β alone show increased lamellipodia formation, while co-treat-

ment with BJ extract markedly reduces this formation. Images were taken with a fluorescence microscope 

(Olympus IX71, 40× magnification). Scale bar = 20 µm. (B) Quantification of the number of lamellipodia per 

cell. IL-1β significantly increased lamellipodia formation, whereas BJ extract significantly reduced this effect. 

Data are expressed as mean ± SEM (n = 3 individual experiments with 25 cells evaluated in each experiment). 

Data significance was determined using GraphPad Prism version 10.4.1 software via t-test analysis, *p < 0.05 

compared to the IL-1β alone group. 

 

BJ extract inhibits IL-1β-induced lamellipodia for-

mation in VSMCs 

To determine the effect of BJ on cytoskeletal remod-

eling, a lamellipodia formation assay in VSMCs was 

performed. Phalloidin staining was used to visualize 

the F-actin structures (42). The results showed that 

IL-1β treatment markedly increased lamellipodia 

formation, the actin-rich membrane protrusions 

(Figure 5A). In contrast, during co-treatment with 

BJ, there was a considerable reduction in the lamel-

lipodia count, indicating that BJ has a potential effect 

to suppress cytoskeletal reorganization (Figure 5A). 
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We proceeded to quantify the results, which show 

that IL-1β-stimulated cells significantly increased 

the count of lamellipodia formation per cell com-

pared to the control. In contrast, BJ treatment signif-

icantly mitigated protrusion, resulting in a substan-

tial reduction in lamellipodia formation (Figure 5B). 

These results show that BJ inhibits lamellipodia pro-

trusion in VSMCs and demonstrate its potential anti-

migratory effect on vascular cells (43). 

The suppression of lamellipodia formation by BJ is 

mechanistically significant, as lamellipodia serve as 

the primary cellular structures driving VSMC migra-

tion during vascular remodeling (44). IL-1β-induced 

VSMC migration results from cytoskeletal reorgani-

zation followed by actin polymerization (44). By in-

hibiting this process, BJ likely targets early cytoskel-

etal and motility-related signaling pathways, which 

correlates with its inhibitory effect in the wound-

healing migration assay (Figure 4C-D). Thus, BJ 

may attenuate remodeling-associated phenotypic 

switching by interfering with cytoskeletal remodel-

ing (11). 

BJ effects on the activation of ERK and FAK in 

VSMCs 

Activation of ERK1/2, a major MAPK pathway, de-

termines VSMC proliferation and migration (11). To 

investigate the effect of BJ on ERK1/2 activation, we 

performed ICC to assess levels of phosphorylated 

ERK1/2 (pERK1/2). In the control group, VSMCs 

that did not receive IL-1β treatment showed dimin-

ished expression of pERK1/2. Meanwhile, in the IL-

1β-treated group, pERK1/2 expression was higher 

and appeared as a strong green signal. Unexpectedly, 

BJ treatment at 10 to 30 µg/mL did not affect 

pERK1/2 expression compared with the control 

(Figure 6A). 

Quantification of relative pERK1/2 expression (Fig-

ure 6B) indicated that BJ treatment at 20 and 30 

µg/mL resulted in a slight, but not significant, differ-

ence compared to controls treated with IL-1β only 

and 10 µg/mL BJ treatment. These data indicate that 

BJ has minimal effect on IL-1β-induced ERK1/2 

phosphorylation in VSMCs (Figure 6A-B). To sum-

marize, in this study, BJ treatment at 10 to 30 µg/mL 

had minimal effect on pERK1/2 expression in 

VSMCs compared with the IL-1β-alone group.  

To further elucidate the underlying mechanisms, we 

analyzed the expression of phosphorylated and total 

FAK (Y397) and ERK1/2 by Western blotting (Fig-

ure 6C). VSMCs were treated with IL-1β (positive 

control) and BJ at 0, 5, 10, and 30 minutes. It was 

found that no discernible changes in pFAK (Y397), 

total FAK, pERK1/2, or total ERK1/2 levels were 

observed following BJ treatment. As expected, IL-

1β groups showed increased pFAK (Y397) and 

pERK1/2 levels (Figure 6C). Densitometry analysis 

(Figure 6D-E) confirmed that pERK1/2 and pFAK 

(Y397) levels remained unchanged across all time 

points for BJ-treated groups compared to controls. 

Collectively, these results demonstrate that BJ does 

not alter the phosphorylation state of FAK or 

ERK1/2 in VSMCs under the conditions of this 

study. 

Our in vitro analyses demonstrated that BJ treatment 

did not markedly change FAK (Y397) or ERK1/2 

phosphorylation (Figure 6). These kinases are funda-

mental in regulating VSMC proliferation and migra-

tion triggered by inflammation (11). The lack of sub-

stantial modulation suggests that BJ may not directly 

target these pathways, possibly because the crude 

extract has multiple targets (25). Although BJ treat-

ment did not significantly alter FAK (Y397) or 

ERK1/2 phosphorylation in the experiments con-

ducted, this does not mean these kinases are not in-

volved in BJ effects. On the contrary, the data sug-

gest FAK/ERK activation was not modulated within 

the time frame assessed. Candidate mechanisms may 

include inhibition of VSMC migration and prolifer-

ation through modulation of cytoskeletal rearrange-

ments and extracellular matrix (ECM) remodeling 

(45). This failure to elicit clear canonical signaling 

underscores involvement of distinct downstream and 

non-FAK/ERK pathways through which BJ’s anti-

proliferative and anti-migratory effects were medi-

ated. As the remodeling of the extracellular matrix is 

an essential mechanistic driver of the vascular injury 

response, we turned to MMP2, a key protease in-

volved in ECM remodeling during vascular injury, 

which is known to control ECM degradation, VSMC 

migration, proliferation, and neointimal formation 

(1). These results support further investigation of 

MMP2 as a potential pathway mediating BJ's vascu-

lar-protective effects. 

Impact of BJ extract on IL-1β–induced MMP2 ex-

pression in VSMCs 

Based on previous findings, including the effects of 

BJ on proliferation, migration, and the relative ex-

pression of pERK1/2 (ICC), there were no signifi-

cant differences in response among the various BJ 

doses of 10, 20, and 30 µg/mL (Figure 4B-D and 6A-

B). Therefore, we selected a BJ concentration of 10 

µg/mL for the subsequent Western blot assays. The 

stimulation of VSMCs with IL-1β resulted in signif-

icant, time-dependent (6-24 hours) increases in 

MMP2 protein expression, while β-actin remained 

unchanged (Figure 7A). Treatment with 10 µg/mL 

BJ attenuated this induction at all time points ana-

lyzed. Densitometric quantification (Figure 7B) 

showed that MMP2 expression increased by approx-

imately 1.3-fold at 6 and 12 hours post IL-1β stimu-

lation and remained elevated through 24 hours. Con-

versely, co-treatment with BJ significantly reduced 

MMP2 expression at 6, 12, and 24 hours compared 

to IL-1β alone, indicating that BJ counteracts MMP2 

upregulation in VSMCs (Figure 7). 
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Figure 6. 

Effect of BJ on ERK1/2 and FAK signaling in VSMCs under IL-1β stimulation. (A) Representative immunoflu-

orescence images of VSMCs treated with BJ (0, 10, 20, and 30 µg/mL) in the presence or absence of IL-1β. 

Phalloidin (red) labels F-actin filaments, pERK1/2 (green) indicates activated ERK1/2, and DAPI (blue) stains 

nuclei. Merged images show channel overlays. Scale bar = 10 µm. (B) Quantification of relative pERK1/2 fluo-

rescence intensity (fold change to control). Data are mean ± SEM (n = 4). (C) Western blot analysis of VSMC 

lysates treated with IL-1β alone or BJ for the indicated times (0, 5, 10, and 30 min), showing expression of pFAK 

(Y397), total FAK, pERK1/2, total ERK1/2, and α-tubulin as the loading control. (D) Densitometric analysis of 

pERK1/2 normalized to total ERK1/2. (E) Densitometric analysis of pFAK (Y397) normalized to total FAK. 

Data are presented as mean ± SEM (n = 3). We determined statistical significance using GraphPad Prism version 

10.4.1 via two-way ANOVA. We observed no significant differences between BJ-treated groups and IL-1β con-

trols for either kinase. 
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Figure 7. 

BJ ethanolic extract suppresses MMP2 expression in VSMCs. (A) Representative Western blot showing MMP2 

protein expression in VSMCs treated with IL-1β (10 ng/mL) for the indicated time points (0, 6, 12, and 24 h), 

with or without BJ ethanolic extract. We used β-actin as a loading control. (B) Quantitative analysis of MMP2 

protein levels normalized to β-actin and expressed as fold change relative to untreated control (0 h). Data are pre-

sented as mean ± SEM from n = 3 independent experiments. IL-1β treatment significantly increased MMP2 ex-

pression over time, and BJ co-treatment markedly attenuated this increase. We determined statistical significance 

using GraphPad Prism version 10.4.1 via two-way ANOVA followed by post hoc comparison. *p < 0.05, IL-1β 

co-treatment with BJ versus without BJ. 

 

Consistent with its role as a pro-inflammatory medi-

ator driving vascular remodeling (11), IL-1β pro-

moted MMP2 expression in VSMCs. Notably, BJ 

substantially blunted this upregulation (Figure 7), 

suggesting that BJ functions as an inflammation 

modulator or remodeling inhibitor in VSMCs (45). 

This finding aligns with previous reports that IL-1β 

potentiates MMP2 and MMP9 synthesis in VSMCs, 

promoting ECM degradation and cell migration (46). 

Increased MMP2 activity aggravates vascular wall 

remodeling, aneurysm formation, and neointimal 

hyperplasia. This observation, together with the phe-

notypic shift of VSMCs toward a migratory and syn-

thetic state, supports our finding that IL-1β stimula-

tion increased MMP2 over 24 hours (47). 

Our results demonstrate that BJ extract suppresses 

MMP2 expression in VSMCs, which is associated 

with its inhibitory effect on VSMC migration and 

neointimal formation. BJ contains bioactive com-

pounds such as flavonoids, especially quercetin, 

known for their antioxidant and anti-inflammatory 

properties. These compounds have been shown to 

block MAPK pathways, which are central to gene 

expression (48). BJ's ability to maintain redox home-

ostasis and restrain pro-inflammatory cytokine re-

lease in various cell types supports the notion that its 

antioxidant and anti-inflammatory properties act 

synergistically to mitigate responses in VSMCs. 

This is particularly relevant given the well-docu-

mented role of oxidative stress in upregulating 

MMPs during vascular injury (5). 

Notably, IL-1β sustained MMP2 expression over 24 

hours, suggesting a long-term effect on the VSMC 

phenotype (46). BJ's ability to keep MMP2 levels 

near baseline throughout the assessment period 

demonstrates sustained control over inflammatory 

VSMCs and its capacity to counter the enduring 

drive of IL-1β (Figure 7). This unique long-term reg-

ulatory effect suggests that BJ may act as a sustained 

modulator of the inflammatory VSMC response. 

Given that MMP2 is a key factor in ECM remodeling 

and vascular repair, these findings indicate the po-

tential therapeutic application of BJ in preventing 

atherosclerosis, restenosis, or aneurysm formation 

(47). By reducing MMP2 levels, BJ may help pre-

serve vascular integrity and is associated with re-

duced pathological remodeling following inflamma-

tory injury (49). In summary, our findings show that 

10 µg/mL BJ extract suppresses MMP2 expression 

in VSMCs in a time-dependent manner (Figure 7), 

which is associated with its capacity to mitigate cy-

tokine-induced vascular remodeling (25). Further 

studies should investigate whether this effect is me-

diated through inhibition of MAPK signaling path-

ways other than ERK1/2 and/or other oxidative 

stress-related pathways. 
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BJ extract mitigates endothelial denudation-induced 

intimal hyperplasia in mice 

To evaluate the efficacy of BJ extract in reducing ne-

ointimal hyperplasia following endothelial denuda-

tion, we used a mouse femoral artery guide wire in-

jury model (16). We selected a dose of 30 mg/kg/day 

based on previous studies showing BJ extract toler-

ability in mouse models without observable toxicity 

(50). Histomorphometric analysis revealed distinct 

structural differences between groups (Figure 8A). 

Uninjured arteries exhibited a thin, organized intimal 

layer and well-preserved lumen architecture. In con-

trast, injured control arteries displayed a hyperplas-

tic response with marked intimal thickening and 

luminal narrowing. Notably, BJ-treated mice 

showed a significant reduction in neointima for-

mation, with thinner intimal layers and better-pre-

served vessel architecture (Figure 8A). Quantifica-

tion of the I/M ratio confirmed that the injured + BJ 

group (0.313 ± 0.056) had a significantly lower I/M 

ratio than the untreated injured group (0.630 ± 0.089, 

p = 0.013), indicating that BJ reduces injury-induced 

vascular remodeling (Figure 8A). Moreover, the 

IHC confirmed that BJ treatment downregulated 

MMP2 in the injured vasculature (1.342 ± 0.085-fold 

compared with control) compared with the injured 

without BJ (1.687 ± 0.056-fold compared with con-

trol, p = 0.0071) (Figure 8B). 

 

 
Figure 8. 

Effect of BJ extract on neointimal hyperplasia and MMP2 expression following endothelial denudation-induced 

vascular injury in mice. (A) Representative elastin-stained femoral artery sections and quantitative analysis of 

the intima/media ratio. (B) Representative immunohistochemical staining and quantitative analysis of MMP2 

expression in uninjured (Normal) and injured mice treated with vehicle (−BJ) or BJ extract (+BJ). Data are pre-

sented as mean ± SEM from n = 6, and significance was determined using GraphPad Prism version 10.4.1 soft-

ware via t-test and considered *p < 0.05 versus the −BJ group.  

 

BJ's ability to diminish neointimal hyperplasia 

demonstrates its vascular protective effects in vivo. 

Neointima formation primarily results from VSMC 

proliferation, migration, and ECM remodeling (51). 

Thus, the in vivo results are consistent with our in 

vitro findings that BJ reduces VSMC proliferation, 

migration, and MMP2 expression in VSMCs (Figures 

4 and 7). Because MMP2 promotes ECM degrada-

tion and VSMC infiltration into the intima, its reduc-

tion is associated with the decrease in neointimal 

growth observed in BJ-treated animals (52). The fla-

vonoids, phenolic acids, and quassinoid metabolites 

in BJ possess well-documented antioxidant and anti-

inflammatory properties, which may interact with 

the vascular microenvironment to alleviate oxidative 

stress and inflammatory cytokine cascades while 

preserving endothelial integrity (53). This upstream 

action likely reduces MMP2 activity, thereby inhib-

iting VSMC migration, proliferation, and neointimal 

formation (6, 40). 
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Although this study demonstrated the potency of BJ 

extract in mitigating endothelial denudation-induced 

neointimal hyperplasia, which correlates with MMP2 

downregulation, further validation is required. Spe-

cifically, the effect of BJ on the intimal hyperplasia 

mouse model was tested at a single dose of 30 mg/kg 

BW; testing a wider range of doses would be valua-

ble for future studies. Furthermore, because the 

Western blot results were obtained using only 10 

µg/mL of BJ, evaluating other concentrations is re-

quired to fully determine its effect on MMP2. 

 

Conclusions 

This investigation demonstrates that BJ extract ef-

fectively inhibits pathological VSMC activation by 

mitigating proliferation, migration, and lamellipodia 

formation. Mechanistically, BJ reduces MMP2 ex-

pression in VSMCs and injured arteries, eventually 

reducing the I/M ratio of endothelial denudation-in-

duced neointimal hyperplasia in mice. Collectively, 

these findings position BJ as a potential regulator of 

vascular remodeling correlated with MMP2. 

 

Acknowledgement 

The authors would like to express their sincere grat-

itude to the University of Mataram, Indonesia, Insti-

tute for Research and Community Service (LPPM), 

University of Mataram, Indonesia Toray Science 

Foundation for funding, and the National Health Re-

search Institutes (NHRI), Taiwan, for the research 

support facilities. 

 

Funding 

This research was supported by the Indonesia Toray 

Science Foundation and the Institute for Research 

and Community Service (LPPM) University of 

Mataram for funding with grant number respectively 

1221/XII/ITSF/SEK/2024 and 2475/UN18.L1/PP/2025. 

 

Availability of data and materials 

All original data generated and analyzed during this 

study, including characterization, in vitro assays 

(MTT assay, proliferation, migration, western blot 

analyses, immunocytochemistry, lamellipodia pro-

trusion), and in vivo (injury-induced intimal hyper-

plasia, vascular elastin staining, and immunohisto-

chemistry), are available from the corresponding au-

thor upon reasonable request. 

 

Ethics approval and consent to participate 

The Ethics Committee of the Faculty of Medicine 

and Health Sciences, University of Mataram ap-

proved the in vivo study design under No. 

122/UN18.F8/ETIK/2025. 

 

AI use disclosure 

Not applicable.  

 

Conflict of interest 

The authors declare no conflict of interest.  

 

References 

1. Déglise S, Bechelli C, Allagnat F. Vascular smooth 

muscle cells in intimal hyperplasia, an update. Front 

Physiol. 2023;13:1081881. 

2. Smith SA, Newby AC, Bond M. Ending restenosis: in-

hibition of vascular smooth muscle cell proliferation by 

cAMP. Cells. 2019;8(11):1447. 

3. Pleva L, Kukla P, Hlinomaz O. Treatment of coronary 

in-stent restenosis: a systematic review. J Geriatr Car-

diol. 2018;15(2):173-184. 

4. Ifora I, Abdillah R, Shyntia R. Anti-inflammatory po-

tential of Brucea javanica fruit. J Drug Deliv Ther. 

2022;12(5-S):163-167. 

5. Wang D, Yao X, Xie B, Chen Y, Lin C. Anti-inflam-

matory effects of Brucea javanica oil via inhibition of 

NF-κB activation. Am J Transl Res. 

2021;13(11):12786-12796. 

6. Zhang S, Bei Y, Huang Y, Huang Y, Hou L, Zheng XL, 

et al. Induction of ferroptosis promotes vascular smooth 

muscle cell phenotypic switching and aggravates neo-

intimal hyperplasia in mice. Mol Med. 2022;28(1):121. 

7. Luo Y, Shang P, Li D. Luteolin: a flavonoid that has 

multiple cardio-protective effects and its molecular 

mechanisms. Front Pharmacol. 2017;8:692. 

8. Cho YS, Kim CH, Ha TS, Ahn HY. Inhibition of NF-

κB and STAT3 by quercetin with suppression of adhe-

sion molecule expression in vascular endothelial cells. 

Farmacia. 2016;64(5):668-673. 

9. Alarabei AA, Abd Aziz NAL, Ab Razak NI, Abas R, 

Bahari H, Abdullah MA, et al. Immunomodulating 

phytochemicals: an insight into their potential use in cy-

tokine storm situations. Adv Pharm Bull. 

2024;14(1):105-119. 

10. Meiyanto E, Larasati YA. The chemopreventive activ-

ity of Indonesia medicinal plants targeting on hallmarks 

of cancer. Adv Pharm Bull. 2019;9(2):219-230. 

11. Xu A, Pei J, Yang Y, Hua B, Wang J. IL-1β promotes 

A7r5 and HASMC migration and invasion via the p38-

MAPK/Angpt-2 pathway. Eur J Med Res. 

2022;27(1):153. 

12. Song JB, Shen J, Fan J, Zhang Z, Yi ZJ, Bai S, et al. 

Effects of a matrix metalloproteinase inhibitor-eluting 

stent on in-stent restenosis. Med Sci Monit. 

2020;26:e922556. 

13. Almira D, Subaidah WA, Ananto AD, Deccati RF, Mu-

liasari H. In vitro concentration optimization of ethanol 

extract from Makasar fruit seeds (Brucea javanica L. 

Merr) as an anti-inflammatory agent. J Pijar Mipa. 

2021;16(5):595-599. 

14. Singh PK, Singh J, Medhi T, Kumar A. Phytochemical 

screening, quantification, FT-IR analysis, and in silico 

characterization of potential bio-active compounds 

identified in HR-LC/MS analysis of the polyherbal for-

mulation from Northeast India. ACS Omega. 

2022;7(37):33067-33078. 



FARMACIA, 2026, Vol. 74, 5 

 1423 

15. Purwantiningsih TI, Widyobroto BP, Suranindyah YY, 

Artama WT. Antibacterial activity of faloak (Sterculia 

quadrifida R. Br) bark: a promising natural antibacterial 

candidate. Farmacia. 2024;72(4):832-839. 

16. Hamdin CD, Wu ML, Chen CM, Ho YC, Jiang WC, 

Gung PY, et al. Dual-specificity phosphatase 6 defi-

ciency attenuates arterial-injury-induced intimal hyper-

plasia in mice. Int J Mol Sci. 2023;24(24):17136. 

17. Fan J, Schiemer T, Vaska A, Jahed V, Klavins K. Cell 

via cell viability assay changes cellular metabolic char-

acteristics by intervening with glycolysis and pentose 

phosphate pathway. Chem Res Toxicol. 

2024;37(2):208-211. 

18. Heda GD, Shrestha L, Thapa S, Ghimire S, Raut D. Op-

timization of western blotting for the detection of pro-

teins of different molecular weight. BioTechniques. 

2020;68(6):318-324. 

19. Amini A, Hamdin CD, Subaidah WA, Muliasari H. 

Efektivitas formula krim tabir surya berbahan aktif 

ekstrak etanol biji Wali (Brucea javanica L. Merr). J 

Kefarmasian Indones. 2020;10(1):50-58. 

20. Wu Z, Li L, Li N, Zhang T, Pu Y, Zhang X, et al. Opti-

mization of ultrasonic-assisted extraction of fatty acids 

in seeds of Brucea javanica (L.) Merr. from different 

sources and simultaneous analysis using high-perfor-

mance liquid chromatography with charged aerosol de-

tection. Molecules. 2017;22(6):931. 

21. Thamkaew G, Sjöholm I, Galindo FG. A review of dry-

ing methods for improving the quality of dried herbs. 

Crit Rev Food Sci Nutr. 2021;61(11):1763-1786. 

22. Ibrahim M. UPLC/MS based phytochemical screening 

and antidiabetic properties of Picrorhiza kurroa in miti-

gating glucose-induced metabolic dysregulation and 

oxidative stress. Farmacia. 2021;69(4):749-755. 

23. Dias MC, Pinto DCGA, Silva AMS. Plant flavonoids: 

chemical characteristics and biological activity. Mole-

cules. 2021;26(17):5377. 

24. Cory H, Passarelli S, Szeto J, Tamez M, Mattei J. The 

role of polyphenols in human health and food systems: 

a mini-review. Front Nutr. 2018;5:87. 

25. Chen J, Yu D, Li X, Deng Q, Yang H, Chen L, et al. A 

review of Brucea javanica: metabolites, pharmacology 

and clinical application. Front Pharmacol. 

2024;14:1317620. 

26. Jalili A, Bagherifar R, Nokhodchi A, Conway B, Ja-

vadzadeh Y. Current advances in nanotechnology-me-

diated delivery of herbal and plant-derived medicines. 

Adv Pharm Bull. 2023;13(4):712-722. 

27. Johnson JB, Walsh KB, Naiker M, Ameer K. The use 

of infrared spectroscopy for the quantification of bioac-

tive compounds in food: a review. Molecules. 

2023;28(7):3215. 

28. Wolfender JL, Litaudon M, Touboul D, Queiroz EF. 

Innovative omics-based approaches for prioritisation 

and targeted isolation of natural products - new strate-

gies for drug discovery. Nat Prod Rep. 2019;36(6):855-

868. 

29. Risnadewi WN, Muliasari H, Hamdin CD, Andayani 

Y. Comparative antioxidant activity of Brucea javanica 

(L.) Merr seed extract derived from maceration and 

soxhletation method. Proceedings of the 2nd Interna-

tional Conference on Bioscience, Biotechnology, and 

Biometrics; 2019; Lombok, Indonesia. Melville (NY): 

AIP Publishing; 2019. p. 060003. 

30. Xu D, Hu MJ, Wang YQ, Cui YL. Antioxidant activi-

ties of quercetin and its complexes for medicinal appli-

cation. Molecules. 2019;24(6):1123. 

31. Dagher O, Mury P, Thorin-Trescases N, Noly PE, Tho-

rin E, Carrier M. Therapeutic potential of quercetin to 

alleviate endothelial dysfunction in age-related cardio-

vascular diseases. Front Cardiovasc Med. 

2021;8:658400. 

32. Xu K, Al-Ani MK, Pan X, Chi Q, Dong N, Qiu X. 

Plant-derived products for treatment of vascular intima 

hyperplasia selectively inhibit vascular smooth muscle 

cell functions. Evid Based Complement Alternat Med. 

2018;2018:3549312. 

33. International Council for Harmonisation of Technical 

Requirements for Pharmaceuticals for Human Use. 

ICH Q2(R2): validation of analytical procedures [Inter-

net]. 2024 [cited 2026 Sept 11]. Available from: 

https://database.ich.org/sites/de-

fault/files/ICH_Q2(R2)_Guideline_2023_1130.pdf  

34. Nicolescu A, Bunea CI, Mocan A. Total flavonoid con-

tent revised: an overview of past, present, and future de-

terminations in phytochemical analysis. Anal Biochem. 

2025;700:115794. 

35. Wang G, Wang Y, Yao L, Gu W, Zhao S, Shen Z, et al. 

Pharmacological activity of quercetin: an updated re-

view. Evid Based Complement Alternat Med. 

2022;2022:3997190. 

36. Ablat A, Halabi MF, Mohamad J, Hasnan MHH, Hazni 

H, Teh SH, et al. Antidiabetic effects of Brucea javan-

ica seeds in type 2 diabetic rats. BMC Complement Al-

tern Med. 2017;17(1):94. 

37. Malik A, Mehmood MH, Channa H, Akhtar MS, Gilani 

AH. Pharmacological basis for the medicinal use of 

polyherbal formulation and its ingredients in cardiovas-

cular disorders using rodents. BMC Complement Al-

tern Med. 2017;17(1):142. 

38. Badran A, Nasser SA, Mesmar J, El-Yazbi AF, Bitto A, 

Fardoun MM, et al. Reactive oxygen species: modula-

tors of phenotypic switch of vascular smooth muscle 

cells. Int J Mol Sci. 2020;21(22):8764. 

39. Bagheri E, Hajiaghaalipour F, Nyamathulla S, Salehen 

NA. Ethanolic extract of Brucea javanica inhibit prolif-

eration of HCT-116 colon cancer cells via caspase acti-

vation. RSC Adv. 2018;8(2):681-689. 

40. Wang X, Gui N, Ma X, Zeng Y, Mo T, Zhang M. Pro-

liferation, migration and phenotypic transformation of 

VSMC induced via Hcy related to up-expression of 

WWP2 and p-STAT3. PLoS One. 

2024;19(1):e0296359. 

41. Zhao L, Zhao L, Liu D, Huang F, Peng Q, Lu J, et al. 

Vascular smooth muscle cells: a therapeutic target in 

atherosclerosis. Rev Cardiovasc Med. 

2025;26(6):28240. 

42. Russo E, Bertolotto M, Zanetti V, Picciotto D, Esposito 

P, Carbone F, et al. Role of uric acid in vascular remod-

eling: cytoskeleton changes and migration in VSMCs. 

Int J Mol Sci. 2023;24(3):2960. 

43. Lv P, Zhang F, Yin YJ, Wang YC, Gao M, Xie XL, et 

al. SM22α inhibits lamellipodium formation and migra-

tion via Ras-Arp2/3 signaling in synthetic VSMCs. Am 

J Physiol Cell Physiol. 2016;311(5):C758-C767. 

44. Afewerki T, Ahmed S, Warren D. Emerging regulators 

of vascular smooth muscle cell migration. J Muscle Res 

Cell Motil. 2019;40(2):185-196. 



FARMACIA, 2026, Vol. 74, 5 

 1424 

45. Fan J, Ren D, Wang J, Liu X, Zhang H, Wu M, et al. 

Bruceine D induces lung cancer cell apoptosis and au-

tophagy via the ROS/MAPK signaling pathway in vitro 

and in vivo. Cell Death Dis. 2020;11(2):126. 

46. Shen J, Song JB, Fan J, Zhang Z, Yi ZJ, Bai S, et al. 

Distribution and dynamic changes in matrix metallo-

proteinase (MMP)-2, MMP-9, and collagen in an in 

stent restenosis process. Eur J Vasc Endovasc Surg. 

2021;61(4):648-655. 

47. Wolosowicz M, Prokopiuk S, Kaminski TW. The com-

plex role of matrix metalloproteinase-2 (MMP-2) in 

health and disease. Int J Mol Sci. 2024;25(24):13691. 

48. Wang Y, Zhang A, Chen Y, Qi D, Peng C, Liang Z, 

et al. Mechanism of Brucea javanica against multi-

ple myeloma via TNF-NF-κB signaling. Sci Rep. 

2025;15(1):24311. 

49. Atkinson G, Bianco R, Di Gregoli K, Johnson JL. 

The contribution of matrix metalloproteinases and 

their inhibitors to the development, progression, and 

rupture of abdominal aortic aneurysms. Front Cardi-

ovasc Med. 2023;10:1248561. 

50. Ablat A, Mohamad J, Awang K, Shilpi JA, Arya A. 

Evaluation of antidiabetic and antioxidant properties 

of Brucea javanica seed. ScientificWorldJournal. 

2014;2014:786130. 

51. Yao J, Cai L, Chen Y, Zhang J, Zhuang W, Liang J, 

et al. Exosomes: mediators regulating the pheno-

typic transition of vascular smooth muscle cells in 

atherosclerosis. Cell Commun Signal. 

2022;20(1):153. 

52. Wilhelmson AS, Fagman JB, Johansson I, Zou ZV, 

Andersson AG, Svedlund Eriksson E, et al. In-

creased intimal hyperplasia after vascular injury in 

male androgen receptor-deficient mice. Endocrinol-

ogy. 2016;157(10):3915-3923. 

53. Qiu L, Xu C, Jiang H, Li W, Tong S, Xia H. Can-

tharidin attenuates the proliferation and migration of 

vascular smooth muscle cells through suppressing 

inflammatory response. Biol Pharm Bull. 

2019;42(1):34-42. 

 

 

 

 


