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Abstract

Background and Objectives: Raspberry natural extract exhibits a regulatory effect on apoptosis in human brain artery 
aneurysm vascular endothelial cells (VECs). This work was to gain deeper insights into the impact of raspberry extract on 
apoptosis in VECs in the treatment of human brain artery aneurysms, along with the associated molecular mechanisms, 
thereby providing scientific support for its application in the treatment of human brain artery aneurysms.
Materials and Methods: High-performance liquid chromatography was employed to determine the primary components 
of raspberry extract. Human brain artery aneurysm VECs were divided into the following groups: model (M) group, rasp-
berry low-dose (LD) group (50 μg/mL), raspberry medium-dose (MD) group (100 μg/mL), raspberry high-dose (HD) group 
(150 μg/mL), and normal human brain artery VECs as the control (C) group. Cell viability was assessed under 3-(4,5)-dimeth-
ylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide assay. Levels of relevant proteins were measured under Western blot, and 
related indicators were evaluated in each group.
Results: Raspberry extract included ellagic acid, rutin, kaempferol-3-O-rutinoside, oleanolic acid, tiliroside, quercetin, and 
kaempferol. The cell viability of brain VECs in the raspberry extract groups was drastically superior to that in the M group 
(p < 0.05). In the HD group, cell viability of brain VECs was drastically superior to that in the LD group (p < 0.05). Brain VECs 
in the raspberry extract groups exhibited greatly inferior levels of matrix metalloproteinase-9 (MMP-9), interleukin (IL)-17A, 
and endothelin (ET)-1 to M group (p < 0.05). In the HD group, brain VECs showed notably lower levels of MMP-9, IL-17A, 
and ET-1 versus the LD group (p < 0.05). PI3K and AKT in brain VECs were substantially superior in the raspberry extract 
groups to the M group (p < 0.05). In HD group, levels of Bax, Caspase8, Cleaved-caspase8, Caspase12, Cleaved-caspase12, 
Caspase3, and Cleaved-caspase3 in brain VECs were markedly inferior to those in LD group (p < 0.05), while Bcl-2 level in 
HD group was drastically superior to LD group (p < 0.05).
Conclusion: Raspberry natural extract can enhance the survival rate of brain VECs, suppress cell apoptosis, and protect 
VECs. Raspberry extract can reduce inflammatory factors in brain VECs, activate PI3K/AKT signaling, and modulate apopto-
sis-related protein levels.
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Introduction

The primary characteristic of cerebral artery aneurysms is the 
localized dilation of the arterial wall, which accelerates blood 
flow within the affected area, resulting in increased pressure 
on the aneurysm wall and subsequently causing chronic or 
acute damage to brain tissue (Brie et al., 2024). Studies have 
indicated that cerebrovascular diseases are a leading cause of 
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vascular ruptures in individuals, posing a significant risk of 
disability and mortality (Han et al., 2016; Li et al., 2023). The 
mechanisms underlying the occurrence and progression of 
cerebral artery aneurysms have been a long-standing focus of 
research, with multiple factors showing significant associa-
tions with their occurrence (Hua et al., 2023).

The role of natural raspberry extract in the apoptosis of 
human brain artery aneurysm vascular endothelial cells 
(VECs) has long been a focus of researchers’ attention (Ke 
et al., 2019; Kong et al., 2022). Raspberry extract may have 
mechanisms that confer anti-apoptotic effects and protect the 
functionality of VECs, potentially becoming a prospective 
drug for treating human brain artery aneurysms (Ke et al., 
2021; Wu et al., 2022). VECs play a critical role in maintain-
ing vascular structure and function (Jin et al., 2023). Studies 
have shown that abnormal apoptosis of VECs is more promi-
nent in the lesion sites of human brain artery aneurysms 
(Wang et al., 2024). Apoptosis is an important pathway for 
normal cell death, and it regulates development, tissue recov-
ery, and cellular metabolism (Chen et al., 2021). Excessive 
apoptosis of VECs may lead to damage to the vascular endo-
thelial barrier function, thereby triggering the occurrence and 
progression of aneurysms (Zhang et al., 2017; Zhong et al., 
2022). Therefore, finding drugs and treatment methodologies 
that can regulate VEC apoptosis is of great significance for 
exploring the pathophysiological mechanisms of human brain 
artery aneurysms and seeking new treatment strategies. 
Raspberry natural extract is rich in polyphenolic compounds, 
such as flavonoids and anthocyanins, which are related to 
various physiological processes, including anti-tumor, anti-
thrombotic, and anti-cardiovascular diseases (Zhang et al., 
2022). Furthermore, raspberry extract is also abundant in 
nutritional components such as vitamin C, vitamin E, and 
β-carotene, which can protect VECs from oxidative stress 
damage. Studies have indicated that raspberry extract can 
modulate cell apoptosis through multiple pathways, mitigat-
ing the extent of apoptosis in VECs (Wang et al., 2023). On 
one hand, raspberry extract can influence VEC apoptosis by 
regulating apoptosis-related factors (Chen et al., 2019). 
Research has revealed that raspberry extract can downregu-
late the expression of certain pro-apoptotic factors (Bax, 
Caspase-9, and Caspase-3) while upregulating anti-apoptotic 
factor levels such as Bcl-2 (Ding, 2011). The regulation of 
these molecules may be mediated through the abundant poly-
phenolic compounds present in raspberry extract. 
Polyphenolic compounds possess significant antioxidant 
capabilities, inhibiting intracellular free radical generation 
and oxidative stress, thereby reducing cell apoptosis (Hsieh 
et al., 2002). On the other hand, raspberry extract can also 
protect VECs by activating cell survival pathways (Luo et al., 
2023). Research has demonstrated that raspberry extract can 
activate PI3K/AKT and MAPK pathways, which are involved 
in apoptosis. By inhibiting apoptosis-related proteins, these 
pathways enhance cell survival (Lei et al., 2023). Furthermore, 
raspberry extract can also influence the progression of the cell 

cycle, further suppressing apoptosis in VECs. Raspberry nat-
ural extract exhibits a significant regulatory effect on apopto-
sis in human brain artery aneurysm VECs (Xu et al., 2021). 
Its antioxidant and anti-inflammatory properties, along with 
its modulation of apoptosis-related factors, are likely the pri-
mary mechanisms of its action. A reference has been provided 
for further exploring the pathogenesis of human brain artery 
aneurysms and developing new treatment approaches, while 
also laying a theoretical foundation for the clinical applica-
tion of raspberry extract (Zhang et al., 2019). Nevertheless, 
further experimental research and clinical trials are still 
needed for assessment of its efficacy and safety, so as to pro-
vide more effective drug strategies for the treatment of human 
brain artery aneurysms.

This work aimed to investigate the molecular, genetic, and 
cellular factors involved in the pathogenesis of human brain 
artery aneurysms. By systematically integrating experimental 
data from various sources and combining the results of ani-
mal experiments and clinical observations, it aimed to discuss 
the mechanism of different molecules and pathways in the 
progression of human brain artery aneurysms.

Materials and Methods

Preparation and Component Analysis of Raspberry 
Extract

High-performance liquid chromatography (HPLC; S3000, 
Qingdao Juchuang Environmental Protection Group Co., 
Ltd., China) was employed to determine the major compo-
nents of raspberry extract. Precisely weighed 0.5 g of rasp-
berry herbal powder (Bozhou Huozhentang Pharmaceutical 
Co., Ltd., China) was added to 50 mL of 70% methanol, soni-
cated for dissolution, and then subjected to a 3-h extraction at 
68°C. Subsequently, the solution was cooled to 25°C and fil-
tered to obtain the test sample solution. For the reference 
standards (Sigma-Aldrich, USA), ellagic acid, kaemp-
ferol-3-O-rutinoside, tiliroside, kaempferol, quercetin, rutin, 
and oleanolic acid were precisely weighed and dissolved in 
methanol to 25 mL. These reference solutions were also soni-
cated for dissolution and subjected to a 3-h extraction at 
68°C, then cooling to 25°C and filtration to obtain the refer-
ence standard solutions. The chromatographic column used 
was a Thermo ODS C18 column (250 × 4.6 mm, 5 μm). The 
mobile phase included acetonitrile and 0.2% phosphoric acid 
aqueous solution under 1 mL/min. Detection wavelengths 
were set at 254 nm (ellagic acid; Sanofi Pharmaceutical 
Co., Ltd., Zhejiang, China) from 0 to 8 min, 344 nm (rutin, 
oleanolic acid, and kaempferol-3-O-rutinoside; Sanofi 
Pharmaceutical Co., Ltd., Zhejiang, China) from 8 to 39 min, 
316 nm (tiliroside; Sanofi Pharmaceutical Co., Ltd., Zhejiang, 
China) from 39 to 45 min, and 254 nm (quercetin and kaemp-
ferol; Sanofi Pharmaceutical Co., Ltd., Zhejiang, China) from 
45 to 60 min. The column temperature was maintained at 
30°C with 20 μL injection volume.
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Cell Grouping and Treatment

Human brain artery aneurysm VECs (Shanghai Jinyuan 
Biotechnology Co., Ltd., China) were obtained and divided 
into the following groups: model (M) group, raspberry low-
dose (LD) group (50 μg/mL), raspberry medium-dose (MD) 
group (100 μg/mL), and raspberry high-dose (HD) group 
(150 μg/mL). Moreover, normal human brain artery VECs 
were regarded as the control (C) group. In the M group, cells 
were cultured routinely without any drug treatment. In the 
raspberry LD group, raspberry extract was applied at 
50 μg/mL. In the raspberry MD group, raspberry extract was 
100 μg/mL. In the raspberry HD group, raspberry extract was 
150 μg/mL. After drug administration, cells in all groups 
were further cultured for 24 h. The cell experiment process is 
shown in Figure 1.

3-(4,5)-Dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) Assay for 
Detecting Cell Survival Rate

Human brain artery VECs (logarithmic growth phase) from 
each group were routinely seeded into a 96-well plate. 
Following 24-h cultivation, the original medium was dis-
carded, and the cells were grouped and treated. Subsequently, 
under the specification of the MTT cell proliferation assay kit 
(C0009S, Shanghai Beyotime Biotechnology Co., Ltd., 
China), cells were further cultured for 12, 24, 48, and 72 h, 

and 10 μL of 5 mg mL–1 MTT reagent was applied and incu-
bated for 4 h. Afterward, 150 μL of dimethyl sulfoxide 
(DMSO, 506008, Sigma-Aldrich, USA) was applied to each 
well, mixed thoroughly in the dark using a shaker for 10 min, 
and absorbance (A value) was measured employing a multi-
functional microplate reader (SpectraMax Mini, Shanghai 
Meigu Molecular Devices Co., Ltd., China) to determine cell 
viability.

Detection of Cell-related Indicators

The levels of cell supernatant metalloproteinase-9 (MMP-9), 
interleukin (IL)-17A, and endothelin (ET)-1 were determined 
as follows. Control samples, test samples, and detection anti-
bodies labeled with HRP were applied and incubated at 37°C 
for 1 h. After decanting and plate washing 5 times using a 
plate washer, 50 μL of substrate was applied, and the plate 
was incubated in the dark at 37°C for 15 min. Subsequently, 
50 μL of stop solution was utilized to terminate the color 
reaction. Absorbance values at 450 nm were measured with a 
multifunctional microplate reader (SpectraMax Mini, 
Shanghai Meigu Molecular Devices Co., Ltd., China), and 
levels of MMP-9, IL-17A, and ET-1 in the cell supernatant of 
each group were calculated. MMP-9 and ET-1 detection kits 
were purchased from Beijing Biolab Technology Co., Ltd. 
(ZN2330, ZN2156, China). IL-17A detection kits were pur-
chased from Shanghai Tuoyang Biotechnology Co., Ltd. 
(HA004917, China).

Figure 1. Experimental Flowchart.

Note: ELISA: Enzyme-linked immunosorbent assay; ET-1: Endothelin-1; IL-17A: Interleukin-17A; HBAAVECs: Human brain artery aneurysm 
vascular endothelial cells; HBAVECs: Human brain artery vascular endothelial cells; HPLC: High-performance liquid chromatography; MMP-9: Matrix 
metalloproteinase-9; MTT: 3-(4,5)-Dimethylthiahiazo (-z-y1)-3,5-di-phenytetrazoliumromide.
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Western Blotting

Human brain artery VECs were initially seeded in 6-well 
plates and cultured for 48 h. Post-culturing, cells were har-
vested, and total protein extraction was performed through 
cell lysis using radioimmunoprecipitation assay lysis buffer 
(R0010, Solarbio, USA), followed by protein quantification 
using a bicinchoninic acid (BCA) assay kit. Protein separa-
tion was achieved via 10% SDS-PAGE gel electrophoresis 
and subsequent transfer onto a nitrocellulose membrane. The 
nitrocellulose membrane was blocked with 5% skim milk at 
25°C for 2 h, and 1:2,000 diluted Bax, Bcl-2, Caspase8, 
Cleaved-caspase8, Caspase12, Cleaved-caspase12, Caspase3, 
Cleaved-caspase3, and β-actin primary antibodies (ab32503, 
ab182858, ab108333, ab61755, ab315271, ab8118, ab32351, 
ab32042, ab8226, Abcam, UK) were incubated overnight at 
4°C. The membrane underwent triple rinsing with Tris-
hydrochloric acid buffer solution (TBST) (B1009, Guizhou 
Yibai Pharmaceutical Co., Ltd., China) and a 2-h incubation 
with 1:5,000 diluted horseradish peroxidase-conjugated IgG 
secondary antibodies (ab6759, Abcam, UK). After another 
three TBST rinses, the membrane was subjected to a 5-min 
incubation in the dark with enhanced chemiluminescence 
(ECL) chemiluminescent reagent (34075, Thermo Fisher, 
USA), followed by development and exposure using the ECL 
chemiluminescence reagent. Under the gel imaging system 
(WD-9413A) (Beijing 61 Biological Technology Co., Ltd., 
China), ImageJ was utilized to quantify the relative grayscale 
intensities of the protein bands.

Statistical Analysis

Statistical analysis was conducted on all experimental data 
under SPSS 19.0, and results were denoted as Mean ± 
Standard Deviation. Comparisons between two independent 
samples were performed with Student’s t-test, while differ-
ences among multiple groups were assessed using one-way 
analysis of variance (ANOVA). Statistical significance was 
denoted at p less than 0.05.

Results

Raspberry Components

Figure 2A–H depicts the HPLC chromatogram of raspberry 
extract, revealing that the major components of raspberries 
include ellagic acid, rutin, kaempferol-3-O-rutinoside, olea-
nolic acid, tiliroside, quercetin, and kaempferol.

Effect of Raspberry Extract on the Survival Rate of Brain VECs

Figure 3 illustrates the impact of raspberry extract on the sur-
vival rate of brain VECs. The survival rate of brain VECs in 
the raspberry extract groups was drastically superior to that in 
the M group (p < 0.05). HD group displays a notably superior 
survival rate to the LD group (p < 0.05).

Influence of Raspberry Extract on Cell 
Supernatant Indicators of Human Cerebral 
Aneurysm VECs

Figure 4A–C illustrates the impact of the raspberry extract on 
the cell supernatant markers of human cerebral artery aneu-
rysm endothelial cells. It was evident that in the raspberry 
extract group, MMP-9, IL-17A, and ET-1 in cerebral artery 
endothelial cells were markedly inferior to those in the M 
group (p < 0.05). Furthermore, in the HD group, levels of 
MMP-9, IL-17A, and ET-1 in cerebral artery endothelial cells 
were markedly inferior to those in the LD group (p < 0.05).

Impact of Raspberry Extract on PI3K/AKT 
Pathway in Human Cerebral Aneurysm VECs

Figure 5A–E illustrates the impact of the raspberry extract on 
the PI3K/AKT pathway in human cerebral artery aneurysm 
endothelial cells. It was evident that PI3K and AKT in rasp-
berry extract groups were drastically superior to the M group 
(p < 0.05).

Influence of the Raspberry Extract on the Protein Level of VECs in 
Human Cerebral Aneurysms

Figure 6A–I depicts the impact of the raspberry extract on the 
protein levels in human cerebral artery aneurysm endothelial 
cells. In the HD group, the levels of Bax, Caspase8, Cleaved-
caspase8, Caspase12, Cleaved-caspase12, Caspase3, and 
Cleaved-caspase3 in cerebral artery endothelial cells were 
markedly lower compared to the LD group (p < 0.05). In HD 
group, the level of Bcl2 in cerebral artery endothelial cells 
was markedly higher compared to LD group (p < 0.05).

Discussion

In this work, the main components were extracted from rasp-
berries, revealing that the primary constituents are ellagic 
acid, rutin, and kaempferol-3-O-rutinoside, among others. 
Studies have indicated that the antioxidant components of 
raspberries, such as ellagic acid, rutin, and quercetin, may 
have the potential to reduce cell apoptosis (Xu et al., 2023). 
These compounds can reduce apoptosis by increasing cellular 
antioxidant capacity and decreasing the production of oxida-
tive stress and intracellular reactive oxygen species. 
Furthermore, oleanolic acid has also been reported to possess 
anti-inflammatory and cytoprotective properties, which may 
have a positive impact on the apoptosis of VECs. Kaempferol 
is a major component in raspberries known for its antioxidant 
and anti-inflammatory characteristics. Nevertheless, research 
on the effects of kaempferol on apoptosis in human brain 
artery aneurysm VECs remains relatively limited. In experi-
ments involving human brain artery endothelial cells treated 
with hydrogen peroxide (H2O2), kaempferol greatly reduced 
apoptosis rate and decreased intracellular reactive oxygen 
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Figure 2. High-performance Liquid Chromatography (HPLC) Chromatogram of Raspberry. (A) Ellagic Acid; (B) Rutin; (C) Kaempferol-
3-O-rutoside; (D) Oleanolic Acid; (E) Tiliroside; (F) Quercetin; (G) Kaempferol; (H) the Test Sample of Raspberry.
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species. These findings suggest that kaempferol may protect 
VECs from apoptosis-induced damage by reducing oxidative 
stress and intracellular reactive oxygen species (Li et al., 
2021). Kaempferol also modulates Wnt/β-catenin signaling, 
inhibiting its activation and suppressing the production of 

inflammatory factors and cell apoptosis. This further under-
scores the potential of kaempferol in anti-inflammatory and 
anti-apoptotic activities (He et al., 2020). The raspberries’ 
components may have certain potential in regulating apopto-
sis in VECs. Nevertheless, further research is needed to vali-
date and thoroughly analyze the relevant effects and 
mechanisms.

Subsequently, this study evaluated the effects of raspberry 
extract on human brain microvascular endothelial cells 
(HBMECs), finding that it effectively enhances cell viability 
and exhibits concentration-dependent characteristics. 
Raspberries contain abundant flavonoid compounds, poly-
phenols, anthocyanins, and other components, all possessing 
robust antioxidant capabilities (Jiang et al., 2021). Oxidative 
stress is one of the primary factors leading to damage and 
apoptosis in brain VECs, and antioxidant components can 
effectively shield cells from oxidative stress damage. The HD 
group contains a higher concentration of antioxidant compo-
nents, providing more effective protection against oxidative 
stress-induced damage and promoting cell survival. 
Furthermore, the HD group demonstrates superior anti-
inflammatory capabilities. Inflammation is another signifi-
cant factor inducing apoptosis in brain VECs (Wan et al., 
2021). The HD group contains a higher concentration of 

Figure 3. Effect of Raspberry Extract on the Survival Rate of 
Cerebral Vascular Endothelial Cells (VECs).

Note: *p < 0.05 versus C group; #p < 0.05 versus M group.

Figure 4. Influence of Raspberry Extract on Cell Supernatant Indicators of Endothelial Cells in Human Cerebral Aneurysms. A Shows 
Matrix Metalloproteinase-9 (MMP-9); B Shows Interleukin-17A (IL-17A); C Shows Endothelin-1 (ET-1).

Note: *p < 0.05 versus C group; #p < 0.05 versus M group.
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anti-inflammatory components, which can more effectively 
suppress the inflammatory response, reducing cell damage 
and apoptosis (Zhang et al., 2015). Consequently, the survival 
rate of brain VECs in the HD group is drastically superior to 
that in the LD and M groups. It can shield cells more effec-
tively from oxidative stress, inflammatory responses, and 
nutrient deficiencies, promoting their growth and survival. 
This holds significance when considering raspberry extract as 
a therapeutic approach for preventing endothelial cell apopto-
sis. Optimizing the bioactivity and dosage of raspberry 
extract can enhance its therapeutic effectiveness. Furthermore, 

this investigation found that raspberry extract can inhibit 
MMP-9, IL-17A, and ET-1 levels in HBMECs. MMP-9 is a 
matrix metalloproteinase that is upregulated in inflammatory 
and tumor environments, capable of degrading the extracel-
lular matrix and promoting pathological vascular remodeling. 
Raspberry extract modulates immune responses and inflam-
matory processes, reducing the synthesis and release of 
IL-17A (Zhong et al., 2015). ET-1 is a peptide molecule of the 
endothelin family and acts crucially in the cardiovascular sys-
tem. Reducing ET-1 levels can alleviate vascular constriction, 
inhibit thrombus formation, and improve vascular function, 

Figure 5. Impact of Raspberry Extract on PI3K/AKT Pathway in Endothelial Cells of Human Cerebral Aneurysms. (A) PI3K; (B) p-PI3K; 
(C) AKT; (D) p-AKT; (E) Results of Protein Blot Detection.

Note: *p < 0.05 versus C group; #p < 0.05 versus M group.
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which is paramount for preventing and treating cerebral 
artery aneurysms (Chen et al., 2020). The ability of raspberry 
extract to lower levels of MMP-9, IL-17A, and ET-1 is pri-
marily attributed to its diverse bioactive components, which 
can regulate cellular pathways and gene expression, suppress 
inflammatory responses, and mitigate vascular damage.

PI3K/AKT pathway is an important cellular signaling 
pathway involved in various biological processes such as cell 
proliferation, survival, migration, and apoptosis. It is also 
crucial in inflammation and immune regulation. This study 
found significant changes in PI3K/AKT pathway-related pro-
tein expression in HBMECs after treatment with raspberry 
extract. This suggests that raspberry extract may regulate the 
PI3K/AKT pathway to inhibit abnormal proliferation and 
invasion of endothelial cells, thereby reducing vascular dam-
age and preventing the occurrence of cerebral aneurysms. In 
addition to directly inhibiting activation of the PI3K/AKT 
pathway, raspberry extract may also affect endothelial cell 
function by regulating the expression and activity of down-
stream targets (Cyboran-Mikołajczyk et al., 2022). Raspberry 
extract’s antioxidants can enhance cellular antioxidant capac-
ity, alleviate oxidative damage to endothelial cells, and 
improve vascular function (Zeng et al., 2018). Raspberry 
extract may regulate the PI3K/AKT signaling pathway to 
modulate the release of inflammatory factors and the activity 

of immune cells, thereby reducing inflammation and immune 
responses and alleviating damage to VECs (Chou et al., 1987; 
Zan et al., 2018). Bax protein is an important regulatory fac-
tor in the apoptosis signaling pathway, promoting the release 
of cytochrome C from mitochondria into cytoplasm, subse-
quently activating Caspase8 and Caspase9 proteins. This 
study found significant changes in the expression of Bax, 
Bcl-2, Caspase8, Caspase12, and Caspase3 proteins in 
HBMECs after treatment with raspberry extract. This indi-
cates that raspberry extract may reduce activation of the 
apoptosis signaling pathway by inhibiting Bax expression 
and regulating Caspase protein activity, thereby reducing lev-
els of Bax, Caspase8, Caspase12, and Caspase3 (Yau et al., 
2002). Oxidative damage and inflammatory reactions are 
important factors leading to cell apoptosis. Raspberry extract 
may inhibit oxidative stress and inflammatory reactions, 
thereby reducing Caspase activation and Bax protein expres-
sion, and subsequently lowering levels of Cleaved-caspase8, 
Cleaved-caspase12, and Cleaved-caspase3. As a natural plant 
extract, raspberry extract has the ability to lower levels of 
apoptosis-related proteins, potentially playing a significant 
role in the prevention and treatment of vascular diseases such 
as cerebral aneurysms (Yang et al., 2022). By reducing levels 
of Bax, Caspase8, Cleaved-caspase8, Caspase12, Cleaved-
caspase12, Caspase3, and Cleaved-caspase3, raspberry 

Figure 6. (continued)
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Figure 6. Influence of Raspberry Extract on Protein Levels of Endothelial Cells in Human Cerebral Aneurysms. (A) Western Blotting; 
(B) Bax; (C) Bcl-2; (D) Caspase8; (E) Cleaved-caspase8; (F) Caspase12; (G) Cleaved-caspase12; (H) Caspase3; (I) Cleaved-caspase3.

Note: *p < 0.05 versus C group; #p < 0.05 versus M group.
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extract can inhibit endothelial cell apoptosis and vascular 
damage, improve vascular function, and prevent disease pro-
gression (Wang et al., 2021). Studying the components and 
mechanisms of action of raspberry extract helps uncover its 
specific roles in apoptosis regulation and cellular function 
modulation, providing a theoretical and practical basis for 
developing new drugs and treatment strategies.

The advantages of this study are as follows. Raspberry 
extract has been demonstrated to mediate the PI3K/AKT sig-
naling pathway, a finding that offers new avenues for improv-
ing the survival rate of cerebral endothelial cells and inhibiting 
cell apoptosis. First, the study provides an in-depth analysis 
of the molecular mechanisms underlying the effects of rasp-
berry extract, which contributes to a better understanding of 
its biological activity in protecting cerebral endothelial cells. 
Second, the PI3K/AKT signaling pathway plays a crucial role 
in various biological processes, including cell survival, pro-
liferation, and apoptosis. The results of this study expand the 
potential applications of this pathway in the treatment of cere-
brovascular diseases. Moreover, as a natural plant-derived 
compound, raspberry extract may offer superior biocompati-
bility and fewer side effects, providing strong support for the 
development of novel therapeutic agents for cerebrovascular 
diseases in the future. Nevertheless, the study has certain 
limitations: Although raspberry extract has shown positive 
effects in mediating the PI3K/AKT signaling pathway, there 
are still several limitations. First, the experimental subjects 
were limited to human cerebral endothelial cells, with no 
inclusion of animal models or clinical trials, so the applicabil-
ity of the results requires further validation. Second, the regu-
latory mechanisms of the PI3K/AKT pathway within cells are 
complex, and the precise molecular targets of raspberry 
extract within this pathway require further investigation. 
Additionally, the study did not explore the potential interac-
tions between raspberry extract and other drugs, and the 
safety and efficacy of the extract in practical applications 
need to be confirmed through further research. Therefore, 
future studies should take these factors into account and aim 
to refine and expand the research findings in this field.

Conclusion

Raspberry extract can enhance the survival rate of cerebral 
VECs, with a more pronounced effect observed, especially in 
the HD group. This may be attributed to the protective effects 
of the components in raspberry extract, which bolster cell sur-
vival by shielding them from damage. Raspberry extract can 
reduce the apoptotic levels of cerebral VECs, particularly 
with a more pronounced modulation effect seen in the HD 
group. Specifically, the HD group of raspberry extract can 
decrease levels of pro-apoptotic factors while increasing the 
expression of anti-apoptotic factors like Bcl-2. Moreover, 
raspberry extract can also reduce inflammatory factors in 
cerebral VECs, including MMP-9, IL-17A, and ET-1. 

Raspberry extract can elevate the levels of PI3K and AKT in 
cerebral VECs. PI3K/AKT signaling is a crucial cell survival 
pathway, and its activation can promote cell survival while 
inhibiting apoptosis. Raspberry extract exhibits a protective 
effect on cerebral VECs, potentially contributing to the reduc-
tion in the occurrence and progression of cerebral aneurysms. 
Nevertheless, further research is required to validate and clar-
ify its detailed molecular mechanisms.
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