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Summary 

Widyanugraha, M. Y. A., H. Hendarto & W. Widjiati, 2026. Differential effects of 

nanocurcumin on angiogenesis- and apoptosis-related signalling in a murine model of peri-

toneal endometriosis. Bulg. J. Vet. Med. (online first). 
 

Endometriosis is a chronic estrogen-dependent inflammatory disorder sustained by inflammation, 

angiogenesis, oxidative stress and resistance to apoptosis. Vascular endothelial growth factor (VEGF) 

is a key mediator of lesion vascularisation, whereas caspase-3 is an executioner marker of apoptosis. 

This study evaluated the effect of nanocurcumin on VEGF and caspase-3 expression in a murine 

model of peritoneal endometriosis. Thirty female mice were randomly assigned into three groups 

(n=10 each): negative control, positive control with induced endometriosis, and endometriosis-

induced mice treated orally with nanocurcumin at 10 mg/kg body weight for 14 days. Protein expres-

sion in peritoneal lesions was assessed immunohistochemically and evaluated using a modified 

immunoreactive score. Data were analysed using one-way ANOVA followed by Tukey’s HSD test, 

and effect size was expressed as partial eta squared. VEGF expression differed significantly among 

groups (F(2,27) = 4.79, P = 0.017; partial η² = 0.262). The nanocurcumin-treated group showed lower 

VEGF expression than the positive control group (P=0.051), indicating a downward trend rather than 

definitive suppression. In contrast, caspase-3 expression did not differ significantly among groups 

(F(2,27) = 0.053, P = 0.948; partial η² = 0.004). These findings suggest that nanocurcumin may pref-

erentially modulate angiogenesis-related responses, while apoptosis-related changes were not detected 

using caspase-3 immunoexpression alone under the present dose and duration. The single-dose de-

sign, semi-quantitative immunohistochemical approach, absence of oxidative stress markers, and lack 

of molecular confirmation should be considered when interpreting the results. This study supports the 

exploration of non-hormonal therapeutic candidates for endometriosis and is relevant to Sustainable 

Development Goal 3, Good Health and Well-being. 

Key words: angiogenesis, caspase-3, endometriosis, good health and well-being, nanocur-

cumin, VEGF 
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INTRODUCTION 

Endometriosis is a chronic, estrogen-

dependent inflammatory disorder charac-

terised by the presence of functional en-

dometrial-like tissue outside the uterine 

cavity, most commonly involving the peri-

toneum. It affects approximately 10–15% 

of women of reproductive age and re-

mains an important reproductive health 

problem. Although extensively investigat-

ed in human medicine, experimental ani-

mal models have substantially contributed 

to understanding the molecular and cellu-

lar mechanisms underlying lesion estab-

lishment, maintenance, and persistence. 
The survival of ectopic endometrial im-

plants is supported by a complex micro-

environment involving oxidative stress, 

chronic inflammation, dysregulated im-

mune responses, enhanced angiogenesis, 

and resistance to apoptosis (Scutiero et 

al., 2017; Zondervan et al., 2020; Saun-

ders & Horne, 2021; Ansariniya et al., 

2022; Becker et al., 2022; Kovaleva et al., 

2022; Zhang et al., 2023). 

Angiogenesis is essential for the im-

plantation and maintenance of ectopic 

lesions. Among the pro-angiogenic media-

tors, the vascular endothelial growth fac-

tor (VEGF) plays a central role in endo-

thelial proliferation, vascular permeabil-

ity, and neovascularisation. Increased 

VEGF expression has been consistently 

reported in experimental and clinical 

endometriotic lesions, where it contributes 

to vascular density, lesion implantation, 

and lesion stability (Chung & Han, 2022; 

Bo & Wang, 2024). Hypoxic and inflam-

matory conditions within the peritoneal 

microenvironment promote the stabilisa-

tion of hypoxia-inducible factor-1α and 

activation of nuclear factor-κB, leading to 

VEGF upregulation and sustained 

angiogenic signalling (Kaponis et al., 

2012; Laschke & Menger, 2018; Maybin 

et al., 2018; Zhang et al., 2023; Bo & 

Wang, 2024). 

In parallel, impaired apoptotic regula-

tion also contributes to lesion persistence. 

Under physiological conditions, apoptosis 

eliminates displaced or damaged endome-

trial cells; however, ectopic endometrial 

cells in endometriosis demonstrate in-

creased resistance to programmed cell 

death. Caspase-3 is a key executioner cas-

pase within the intrinsic apoptotic path-

way and is responsible for DNA fragmen-

tation and cellular dismantling. Reduced 

activation of caspase-3, together with al-

tered expression of anti-apoptotic proteins 

such as Bcl-2, has been associated with 

enhanced survival of endometriotic tissue 

(Ding et al., 2001; Harada et al., 2004; 

Fattahi et al., 2023; Zhang & Zhao, 2023; 

Zhang et al., 2023). 

Considering the dual contribution of 

angiogenesis and resistance to apoptosis, 

therapeutic approaches targeting these 

pathways are mechanistically justified. 

Curcumin, a polyphenolic compound de-

rived from Curcuma longa, possesses 

anti-inflammatory, antioxidant, anti-angio-

genic, and pro-apoptotic properties (Peng 

et al., 2021; Hipólito-Reis et al., 2022). 

At the molecular level, curcumin may 

suppress NF-κB activation, downregulate 

HIF-1α signalling, reduce VEGF expres-

sion, and modulate mitochondrial apoptot-

ic pathways through the regulation of pro- 

and anti-apoptotic proteins and caspase 

activation (Pan et al., 2001; Aggarwal & 

Harikumar, 2009; Buhrmann et al., 2011; 

Kunnumakkara et al., 2017; Rajuddin et 

al., 2019; Ouyang et al., 2019; Peng et al., 

2021). A recent systematic review further 

indicated that curcumin and other dietary 

polyphenols may influence multiple pro-

cesses involved in endometriosis, includ-

ing oxidative stress, inflammation, cellular 
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proliferation, invasion, apoptosis, and 

angiogenesis, although stronger clinical 

evidence is still required (Hipólito-Reis et 

al., 2022). 

Despite these promising biological ac-

tivities, the application of conventional 

curcumin is limited by poor aqueous solu-

bility, low systemic bioavailability, rapid 

metabolism, and limited tissue distribu-

tion. Nanocurcumin formulations have 

therefore been developed to improve sol-

ubility, stability, tissue penetration, cellu-

lar uptake, and intracellular delivery, 

thereby potentially enhancing the biologi-

cal effectiveness of curcumin (Anand et 

al., 2007; Yallapu et al., 2015; Peng et 

al., 2021; Wang et al., 2024).  Nanotech-

nology-based delivery systems are also 

being investigated as potential approaches 

for improving the targeted detection and 

treatment of endometriosis, although most 

applications remain at the preclinical or 

early translational stage (Sahni & Day, 

2023). Experimental murine models pro-

vide a controlled platform for investigat-

ing the effects of such formulations on 

angiogenesis- and apoptosis-related sig-

nalling in endometriosis, thereby contrib-

uting to comparative and translational 

veterinary research (Anand et al., 2007; 

Yallapu et al., 2015; Wang et al., 2024). 

Furthermore, the exploration of non-

hormonal and targeted therapeutic strate-

gies is in line with Sustainable Develop-

ment Goal 3 (Good Health and Well-

being), particularly in supporting innova-

tive approaches for the management of 

chronic reproductive disorders. Therefore, 

the aim of this study was to evaluate the 

effect of nanocurcumin on VEGF and 

caspase-3 expression in peritoneal lesions 

in an experimental murine model of en-

dometriosis. 

 

MATERIALS AND METHODS 

Ethical approval 

All procedures involving animals were 

conducted in accordance with relevant 

national regulations and institutional 

guidelines for the care and use of labora-

tory animals. Ethical approval was granted 

by the Ethical Committee of the Faculty of 

Veterinary Medicine, Universitas 

Airlangga, Surabaya, Indonesia (Approval 

No. 2.KE.134.12.2021).  

Animals and experimental design 

This study employed a completely ran-

domised experimental design. Thirty 

healthy female Mus musculus, aged 8–10 

weeks and weighing 20–25 g, were ob-

tained from the Laboratory Animal Facili-

ty, Faculty of Veterinary Medicine, 

Universitas Airlangga, Surabaya, Indone-

sia. Before experimentation, all animals 

were acclimatised for seven days under 

standard laboratory conditions at 22 ± 2 

°C with a 12 h light/12 h dark cycle. Ani-

mals had free access to a commercial pel-

let diet and water throughout the study 

period. 

The animals were randomly divided 

into three groups (n=10 per group) as fol-

lows: C−, negative control group without 

endometriosis induction; C+, positive 

control group with induced endometriosis 

and without treatment; and T, treatment 

group with induced endometriosis and 

treated with nanocurcumin at a dose of 10 

mg/kg body weight. 

Nanocurcumin preparation and charac-

terisation  

Curcumin (product No. 8.20354, Sigma-

Aldrich, St. Louis, MO, USA) was used as 

the base compound for nanocurcumin 

preparation. Nanocurcumin particles were 
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prepared using a nanoprecipitation meth-

od to improve the dispersion and delivery 

of curcumin. Particle size distribution was 

examined by dynamic light scattering us-

ing a particle size analyser according to 

the manufacturer’s instructions. For this 

analysis, 1 mg of nanocurcumin powder 

was dispersed in 10 mL of distilled water 

and sonicated before measurement. The 

obtained particle size ranged from 10 to 

50 nm. Morphological examination was 

performed using scanning electron mi-

croscopy (SEM) (EX-250 System, Horiba, 

Kyoto, Japan). Samples were mounted on 

carbon tape, dried under nitrogen flow, 

coated with a thin gold layer under vacu-

um and examined by SEM.  

Induction of experimental endometriosis 

Experimental endometriosis was induced 

according to the method of Hendarto & 

Johari (2014), with minor modifications. 

Briefly, uterine tissue fragments were pre-

pared under sterile conditions and im-

planted into the peritoneal cavity under 

general anaesthesia. Anaesthesia was in-

duced intraperitoneally using ketamine 

hydrochloride (Ketamil®, Troy Laborato-

ries Pty Ltd, Glendenning, Australia) at 

100 mg/kg body weight combined with 

xylazine hydrochloride (Rompun®, 

Bayer, Leverkusen, Germany) at 10 mg/kg 

body weight. After the abdominal cavity 

was opened through a midline incision, 

small uterine tissue fragments were im-

planted onto the peritoneal wall. The ab-

dominal incision was then closed using 3-

0 silk sutures (Mersilk™, Ethicon, Som-

erville, NJ, USA) and chromic catgut su-

tures (Ethicon, Somerville, NJ, USA). 

Animals in the negative control group 

underwent sham surgery without implan-

tation of uterine tissue fragments. 

 

Treatment protocol 

Nanocurcumin was administered orally by 

gastric gavage at a dose of 10 mg/kg body 

weight once daily for 14 consecutive days. 

The positive control group received vehi-

cle solution only. The dose of 10 mg/kg 

body weight was selected as an explorato-

ry treatment dose based on the previous 

experimental protocol used in the labora-

tory and prior evidence that curcumin-

based interventions may modulate in-

flammatory and angiogenic responses in 

experimental endometriosis. A single-dose 

design was used to determine whether 

nanocurcumin could produce detectable 

biological changes in VEGF and caspase-

3 expression under controlled experi-

mental conditions. 

Tissue collection 

At the end of the treatment period, ani-

mals were euthanised using ketamine hy-

drochloride administered intraperitoneally 

at 100 mg/kg body weight. The abdominal 

cavity was opened, and peritoneal lesions 

were carefully identified and excised. In 

the negative control group, corresponding 

peritoneal tissue samples were collected 

from comparable anatomical sites. Tissue 

samples were fixed in 10% neutral buff-

ered formalin (Sigma-Aldrich, St. Louis, 

MO, USA) for histological and immuno-

histochemical analysis. Macroscopic le-

sion confirmation was performed in the 

induced groups; however, quantitative 

lesion morphometry, including lesion vol-

ume, lesion number and vascular density, 

was not performed. 

Immunohistochemical analysis 

Paraffin-embedded tissue sections of 4–5 

µm thickness were deparaffinised in xy-

lene and rehydrated through graded etha-

nol. Endogenous peroxidase activity was 

blocked using hydrogen peroxide solution. 
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The sections were then incubated with 

primary monoclonal antibodies against 

VEGF and caspase-3 according to the 

manufacturer’s instructions, followed by 

horseradish peroxidase-conjugated sec-

ondary antibodies. Immunoreactivity was 

visualised using diaminobenzidine chro-

mogen, and sections were counterstained 

with haematoxylin. Microscopic examina-

tion was performed using a Nikon H600L 

light microscope (Nikon, Tokyo, Japan) at 

400× magnification, and microphoto-

graphs were captured using a Nikon DS-

Fi2 digital camera (Nikon, Tokyo, Japan). 

Positive immunoreactivity was identified 

as brown cytoplasmic staining.  

Protein expression was evaluated 

semi-quantitatively using the modified 

immunoreactive score method described 

by Nowak et al. (2007). The score was 

calculated as the product of the proportion 

of positively stained cells and staining 

intensity, according to the formula 

IRS=A×B (Table 1). Although this semi-

quantitative method is widely used for 

immunohistochemical interpretation, it is 

less sensitive than digital image analysis 

or molecular quantification. Therefore, the 

present findings should be interpreted as 

immunohistochemical expression patterns 

rather than direct measurements of gene 

expression or total protein concentration. 

Statistical analysis 

All data were analysed using IBM SPSS 

Statistics version 26 (IBM Corp., Ar-

monk, NY, USA). Data normality was 

assessed by the Shapiro-Wilk test, while 

homogeneity of variance was evaluated 

using Levene’s test. Since the assumptions 

for parametric analysis were met, inter-

group comparisons were performed using 

one-way analysis of variance (ANOVA), 

followed by Tukey’s honestly significant 

difference (HSD) post hoc test. Effect size 

was expressed as partial eta squared (η²). 

A value of P<0.05 was considered statisti-

cally significant. 

RESULTS  

All animals completed the experimental 

protocol. Macroscopic examination con-

firmed the presence of ectopic peritoneal 

lesions in the positive control and 

nanocurcumin-treated groups, whereas no 

ectopic lesions were observed in the nega-

tive control group. Immunohistochemical 

examination demonstrated positive cyto-

plasmic immunoreactivity for VEGF and 

caspase-3 in the peritoneal tissues or le-

sions of all study groups. Positive staining 

was identified as brown chromogen depo-

sition within the cytoplasm of immunorea-

ctive cells. Representative photomicro-

graphs of VEGF and caspase-3 immuno-

reactivity are presented in Fig. 1. 

VEGF expression 

Semi-quantitative analysis revealed inter-

group differences in VEGF expression. 

One-way ANOVA demonstrated a statis-

Table 1. The semi-quantitative immunoreactive score (IRS) scale is the result of multiplying the 

positive cell percentage score (A) and the colour reaction intensity score (B) (IRS=A×B). 

A B 

Score 0: No positive cells Score 0: No colour reaction 

Score 1: Positive cells <10% Score 1: Low colour intensity 

Score 2: Positive cells between from 11% to 50% Score 2: Medium colour intensity 

Score 3: Positive cells between from 51% to 80% Score 3: High colour intensity 

Score 4: Positive cells more than 80%  
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tically significant difference in VEGF im-

munoreactive score values among groups 

[F(2,27)=4.79, P=0.017]. The correspond-

ing effect size was moderate to large (par-

tial η²=0.262), indicating that 26.2% of 

the variance in VEGF expression was 

attributable to group allocation. Post hoc 

analysis using Tukey’s HSD test showed 

that the positive control group exhibited 

significantly higher VEGF expression 

than the negative control group (P<0.05), 

confirming increased angiogenesis-related 

activity in endometriosis-induced animals 

(Fig. 2). The nanocurcumin-treated group 

showed lower VEGF expression than the 

positive control group; however, this re-

duction did not reach conventional statis-

tical significance (P=0.051). Therefore, 

the effect of nanocurcumin on VEGF ex-

pression should be interpreted as a down-

ward trend rather than a statistically con-

firmed pairwise suppression. Descriptive 

statistics of VEGF immunoreactive score 

values are summarised in Table 2. 

Caspase-3 expression 

Caspase-3 immunoreactivity was observed 

in all groups. In contrast to VEGF, semi-

quantitative analysis showed no statistical-

ly significant intergroup difference in 

 
Fig. 1. Representative photomicrographs of VEGF and caspase-3 immunoreactivity in peritoneal 

tissues or lesions. Panels A–C show VEGF immunoreactivity in the negative control, positive con-

trol, and nanocurcumin-treated groups, respectively. Panels D–F show caspase-3 immunoreactivity 

in the negative control, positive control, and nanocurcumin-treated groups, respectively. Positive 

immunoreactivity is indicated by brown cytoplasmic staining. Sections were counterstained with 

haematoxylin; magnification 400×; scale bars = 50 µm. 
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caspase-3 immunoreactive score values 

[F(2,27)=0.053, P=0.948]. The effect size 

was negligible (partial η²=0.004), indicat-

ing that group allocation explained only a 

minimal proportion of the observed vari-

ance in caspase-3 expression (Fig. 3). 

These findings suggest that nanocurcumin 

administration did not measurably alter 

apoptosis-related signalling when assessed 

only by caspase-3 immunoexpression un-

der the present experimental conditions 

(Table 2). 

DISCUSSION 

The present study demonstrated a differ-

ential biological response of angiogenesis- 

and apoptosis-related markers following 

nanocurcumin administration in an exper-

imental murine model of peritoneal en-

dometriosis. VEGF expression showed a 

significant overall intergroup difference 

with a moderate-to-large effect size, 

whereas caspase-3 expression remained 

statistically comparable among groups. 

Table 2. Descriptive statistics and assumption testing results for VEGF and caspase-3 expression in 

peritoneal endometriotic lesions.  

Variable Group N Mean  SD 
Shapiro-

Wilk (P) 

Levene’s 

test (P) 

One-way 

ANOVA (P) 

Partial 

η² 

VEGF 

C– 10 4.54  1.29 

0.485 0.365 0.017 0.262 C+ 10 5.95  1.03 

T 10 4.73  0.93 

Caspase-3 

C– 10 5.85  1.19 

0.103 0.201 0.948 0.004 C+ 10 5.61  2.03 

T 10 5.70  1.63 

Notes: C–, negative control; C+, positive control; T, treatment group. 

 

Fig. 2. Boxplot of VEGF immunoreactive scores in the negative control, positive control, and 

nanocurcumin-treated groups. VEGF expression differed significantly among groups by one-way 

ANOVA (P=0.017). The positive control group showed significantly higher VEGF expression than 

the negative control group, whereas the nanocurcumin-treated group showed a downward trend 

compared with the positive control group (P=0.051). 
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These findings suggest that under the pre-

sent experimental conditions, nanocurcu-

min may exert a more detectable influence 

on angiogenesis-associated mechanisms 

than on terminal apoptotic execution. 

However, the reduction of VEGF expres-

sion in the nanocurcumin-treated group 

compared with the positive control group 

did not reach the conventional level of 

statistical significance. Therefore, the 

principal positive finding of this study 

should be interpreted cautiously as a 

downward trend in VEGF expression ra-

ther than definitive suppression of angio-

genesis. 

Endometriosis is sustained by a com-

plex pathological microenvironment in-

volving chronic inflammation, oxidative 

stress, immune dysregulation, enhanced 

angiogenesis, and resistance to apoptosis 

(Saunders & Horne, 2021; Ansariniya et 

al., 2022; Zhang et al., 2023). The surviv-

al of ectopic endometrial implants de-

pends strongly on their ability to establish 

vascular support within the peritoneal 

cavity. VEGF is one of the most important 

pro-angiogenic mediators involved in this 

process because it promotes endothelial 

proliferation, vascular permeability and 

neovascularisation. In the present study, 

VEGF expression was higher in the posi-

tive control group than in the negative 

control group, confirming that the induced 

endometriosis model reproduced an angi-

ogenesis-associated lesion environment. 

This finding is consistent with previous 

reports showing that VEGF is overex-

pressed in endometriotic lesions and con-

tributes to lesion vascularisation, stability, 

and implantation capacity (Donnez et al., 

1998; McLaren, 2000; Ferrara, 2004; 

Laschke & Menger, 2018; Bo & Wang, 

2024). Thus, the elevated VEGF expres-

sion observed in endometriosis-induced 

mice supports the biological relevance of 

VEGF as a marker of lesion establishment 

and persistence in this model. 

The nanocurcumin-treated group 

showed lower VEGF expression than the 

positive control group, although this pair-

wise difference narrowly missed statistical 

significance. This result should not be 

 

Fig. 3. Boxplot of caspase-3 immunoreactive scores in the negative control, positive control, and 

nanocurcumin-treated groups. No statistically significant difference in caspase-3 expression was 

observed among groups by one-way ANOVA (P=0.948). 
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overstated as a statistically confirmed in-

hibitory effect. Instead, it indicates a bio-

logically relevant trend toward reduced 

angiogenesis-related activity after nano-

curcumin administration. The borderline P 

value may partly reflect the relatively 

small number of animals per group, limit-

ing the statistical power to detect pairwise 

differences despite the presence of an 

overall intergroup effect. In addition, bio-

logical variation in lesion development, 

tissue implantation response and semi-

quantitative immunohistochemical scoring 

may have contributed to variability in 

VEGF expression. Therefore, while the 

observed trend is promising, it should be 

interpreted as preliminary evidence that 

requires confirmation in future studies 

with larger sample sizes and more quanti-

tative endpoints. 

The anti-angiogenic tendency ob-

served in this study is biologically plausi-

ble. Curcumin has been widely reported to 

modulate inflammatory and angiogenic 

pathways through inhibition of nuclear 

factor-κB (NF-κB), downregulation of 

hypoxia-inducible factor-1α (HIF-1α) and 

reduction of VEGF expression. These 

pathways are highly relevant to endome-

triosis because inflammatory and hypoxic 

conditions in the peritoneal microenvi-

ronment contribute to sustained VEGF 

production and lesion vascularisation 

(Buhrmann et al., 2011; Kaponis et al., 

2012; Ouyang et al., 2019; Rajuddin et 

al., 2019). Previous experimental studies 

demonstrated that curcumin reduced 

angiogenic activity in endometriotic tissue 

and ectopic endometrium, supporting the 

concept that angiogenesis is a potentially 

responsive therapeutic target for curcu-

min-based interventions (Zhang et al., 

2011; Cao et al., 2017; Chung & Han, 

2022; Hipólito-Reis et al., 2022). Never-

theless, most evidence supporting the anti-

angiogenic effects of curcumin in endo-

metriosis remains preclinical, and further 

studies are required to confirm the optimal 

dose, formulation, treatment duration, and 

clinical relevance of these effects 

(Hipólito-Reis et al., 2022). Accordingly, 

the present findings extend these observa-

tions by suggesting that a nanoformulated 

curcumin preparation may contribute to 

modulation of VEGF-related responses in 

experimental peritoneal endometriosis. 

One possible explanation for the ob-

served VEGF trend is the improved phar-

maceutical behaviour of nanocurcumin 

compared with conventional curcumin. 

Native curcumin has limited clinical and 

experimental applicability because of poor 

aqueous solubility, low bioavailability, 

rapid metabolism and limited tissue distri-

bution. Nanoformulation strategies have 

therefore been developed to enhance sol-

ubility, stability, tissue penetration, cellu-

lar uptake and intracellular delivery, 

thereby potentially improving the biologi-

cal performance of curcumin (Anand et 

al., 2007; Yallapu et al., 2015; Wang et 

al., 2024). Recent developments in nano-

technology have also highlighted the po-

tential use of nanoparticle-based platforms 

to enhance drug delivery, imaging, and 

molecular targeting in endometriosis 

(Sahni & Day, 2023). In the present study, 

nanocurcumin particles were prepared 

within the nanometre range and character-

ised before administration, supporting the 

relevance of the nanoformulation ap-

proach for biological delivery. However, 

the physicochemical characterisation in 

this study was limited to particle size 

range and morphology. Other important 

parameters, including polydispersity in-

dex, zeta potential, encapsulation efficien-

cy and release kinetics, were not evaluat-

ed. These parameters are important be-

cause they influence nanoparticle stability, 
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dispersion, bioavailability and delivery 

efficiency. Therefore, the absence of 

complete physicochemical characterisa-

tion should be acknowledged as a limita-

tion when interpreting the pharmacologi-

cal relevance of the formulation. 

In contrast to VEGF, caspase-3 ex-

pression did not differ significantly among 

groups, and the corresponding effect size 

was negligible. This finding indicates that 

nanocurcumin administration did not pro-

duce a measurable alteration in terminal 

apoptotic execution when assessed using 

caspase-3 immunoexpression alone. 

Caspase-3 is a key executioner caspase 

responsible for many downstream mor-

phological and biochemical features of 

apoptosis. However, apoptosis resistance 

in endometriosis is a complex and multi-

level process that cannot be fully repre-

sented by a single downstream marker. 

Alterations in Bcl-2 family proteins, mito-

chondrial membrane permeability, cyto-

chrome c release, initiator caspases, endo-

plasmic reticulum stress, and other surviv-

al pathways may occur before or inde-

pendently of detectable changes in 

caspase-3 expression (Ding et al., 2001; 

Pan et al., 2001; Harada et al., 2004; Fat-

tahi et al., 2023; Zhang & Zhao, 2023; 

Zhang et al., 2023). Therefore, the ab-

sence of significant caspase-3 modulation 

is not definitive evidence that nanocurcu-

min has no influence on apoptosis-related 

biology; rather, it indicates that no detect-

able change was observed in this specific 

marker under the dose, duration, and 

method used in the present study. 

Several factors may explain the lack of 

detectable caspase-3 response. First, the 

treatment duration of 14 days may have 

been sufficient to influence angiogenesis-

related responses but insufficient to in-

duce a clear apoptotic response in estab-

lished lesions. Second, the administered 

dose may have been more effective in 

modulating inflammatory and vascular 

pathways than in activating terminal apop-

tosis. Third, the use of caspase-3 alone 

may have limited the sensitivity of apop-

tosis evaluation. Curcumin has been re-

ported to influence mitochondrial apopto-

sis through regulation of Bcl-2, Bax, cyto-

chrome c and caspase cascades (Pan et al., 

2001; Yu & Shah, 2007; Kunnumakkara 

et al., 2017). Therefore, future studies 

should include a broader apoptosis panel, 

such as Bax, Bcl-2, cytochrome c, casp-

ase-8, caspase-9 and TUNEL assay, to 

clarify whether nanocurcumin affects up-

stream, mitochondrial or execution-phase 

apoptosis in endometriotic lesions. 

The use of only one dose of 

nanocurcumin is another important limita-

tion. In this study, a dose of 10 mg/kg 

body weight was selected as an explorato-

ry dose to evaluate whether nanocurcumin 

could produce detectable biological 

changes in VEGF and caspase-3 expres-

sion under controlled experimental condi-

tions. However, because no lower or 

higher doses were included, this study did 

not determine whether the observed 

VEGF trend is dose-dependent. The ab-

sence of a dose-response design also lim-

its interpretation of the unchanged 

caspase-3 expression, because a higher 

dose or longer treatment duration may be 

required to produce measurable apoptotic 

changes. Future investigations should 

therefore include multiple nanocurcumin 

doses and different treatment durations to 

identify the optimal regimen for modulat-

ing angiogenesis, apoptosis and lesion 

regression. Although preclinical evidence 

suggests potentially beneficial molecular 

effects, clinical findings remain limited 

and inconsistent. For example, a recent 

randomised controlled trial found no sig-

nificant improvement in endometriosis-
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associated pain or quality of life following 

oral curcumin supplementation, indicating 

that molecular or histological responses 

should not be directly interpreted as estab-

lished clinical efficacy (Gudarzi et al., 

2024). Conversely, a more recent random-

ised controlled trial reported that 

nanocurcumin administered as an adjunct 

to dienogest significantly improved sever-

al pain outcomes and quality-of-life 

measures, although it did not significantly 

reduce endometrioma size (Sargazi-Ta-

ghazi et al., 2025). Taken together, these 

contrasting clinical findings indicate that 

the effectiveness of curcumin may depend 

on its formulation, concurrent treatment, 

dose, and treatment duration. 

Another limitation is the absence of 

endogenous antioxidant and oxidative 

stress markers. This issue is important 

because curcumin is widely recognised for 

its antioxidant properties, and oxidative 

stress plays a major role in endometriosis 

pathophysiology. The peritoneal microen-

vironment in endometriosis is character-

ised by oxidative imbalance, inflammatory 

mediator production, iron-related reactive 

oxygen species generation, and tissue 

damage, all of which may contribute to 

VEGF upregulation and lesion persistence 

(Scutiero et al., 2017; Amreen et al., 2021; 

Ansariniya et al., 2022; Bo & Wang, 

2024; Wang et al., 2024). Evaluation of 

markers such as malondialdehyde, super-

oxide dismutase, catalase, glutathione 

peroxidase and reduced glutathione would 

have provided important information on 

whether nanocurcumin influenced oxida-

tive stress status in parallel with the ob-

served VEGF trend. Because these mark-

ers were not assessed, the present study 

cannot directly determine whether the 

anti-angiogenic tendency of nanocurcumin 

was mediated through antioxidant mecha-

nisms. 

The present study also did not quantify 

lesion size, lesion number or vascular 

density. Although successful induction of 

endometriosis was confirmed macroscopi-

cally by the presence of ectopic peritoneal 

lesions in the induced groups, quantitative 

lesion morphometry was not performed. 

This limits the ability to correlate VEGF 

immunoexpression with actual lesion bur-

den or vascular architecture. Moreover, 

microvessel density was not assessed us-

ing endothelial markers such as CD31 or 

von Willebrand factor. Such parameters 

would strengthen the interpretation of 

VEGF-related findings by demonstrating 

whether changes in VEGF expression 

correspond to measurable differences in 

vascularisation. Future studies should 

therefore combine VEGF immunoexpres-

sion with lesion volume, lesion number 

and microvessel density analysis to pro-

vide a more comprehensive assessment of 

angiogenesis in experimental endometrio-

sis. 

The semi-quantitative immunohisto-

chemical evaluation via the modified 

immunoreactive score provides useful 

information on staining intensity and the 

proportion of positive cells, but remains 

less sensitive than digital image analysis 

or molecular quantification. In addition, 

immunohistochemistry reflects protein 

localisation and relative expression pat-

terns rather than direct gene expression or 

total protein concentration. The absence 

of quantitative molecular confirmation, 

such as qPCR or Western blotting, is 

therefore an important limitation. qPCR 

analysis of VEGF, caspase-3 and addi-

tional related genes would provide strong-

er evidence regarding transcriptional regu-

lation, while Western blotting could sup-

port protein-level confirmation. Future 

studies integrating immunohistochemistry 

with molecular approaches would improve 
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the certainty of the biological interpreta-

tion. 

Taken together, the present findings 

indicate that nanocurcumin may influence 

angiogenesis-related responses more read-

ily than apoptosis-related execution in 

experimental peritoneal endometriosis. 

The observed reduction in VEGF expres-

sion in the treatment group should be re-

garded as a trend, not a definitive pairwise 

suppression. Meanwhile, the absence of 

significant caspase-3 changes suggests 

that apoptosis-related effects were not 

detectable using a single downstream 

marker under the present experimental 

conditions. These results support contin-

ued investigation of nanocurcumin as a 

potential non-hormonal adjunctive candi-

date for endometriosis, but further studies 

are required using larger sample sizes, 

multiple doses, complete nanoparticle 

characterisation, oxidative stress bio-

markers, lesion morphometry, microvessel 

density analysis and molecular confirma-

tion. From a comparative and translational 

veterinary perspective, such studies may 

contribute to the development of safer 

non-hormonal strategies for chronic re-

productive inflammatory disorders and 

remain relevant to Sustainable Develop-

ment Goal 3, particularly in supporting 

reproductive health and well-being. 

CONCLUSIONS 

Nanocurcumin administration was associ-

ated with a significant overall difference 

in VEGF expression among groups and a 

downward trend in VEGF expression 

compared with untreated endometriosis-

induced mice. However, this pairwise 

reduction did not reach conventional sta-

tistical significance and should therefore 

be interpreted cautiously as an anti-

angiogenic tendency rather than definitive 

VEGF suppression. Caspase-3 expression 

was not significantly altered, indicating 

that apoptosis-related changes were not 

detectable using caspase-3 immunoex-

pression alone under the present experi-

mental conditions. The findings suggest 

that nanocurcumin may preferentially in-

fluence angiogenesis-related responses, 

but further studies using multiple doses, 

larger sample sizes, oxidative stress bi-

omarkers, lesion morphometry, micro-

vessel density analysis and molecular con-

firmation are required. 
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