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Abstract: Background: Aortic dissection (AD) is a serious medical condition characterized by a tear in the inner lining 

of the aorta that can lead to life-threatening complications and carries a high mortality rate. Vitamin B6 (B6) is a vital 

micronutrient required to maintain normal physiological function and has been reported to protect against various vascular 

diseases. However, its effects on AD remain insufficiently characterized. Objective: To investigate the potential therapeutic 

effects and mechanisms of B6 in a β-aminopropionitrile (BAPN)-induced mouse model of AD. Methods: A BAPN-

induced AD model was established in 3-week-old C57BL/6J mice. B6 (50 mg/kg/day) was administered for four weeks, 

and body weight and mortality were recorded daily. Gross anatomical examination and histological staining were used to 

evaluate aortic morphology and elastin integrity. Western blotting and immunofluorescence were performed to assess 

changes in extracellular matrix (ECM) components in vivo and in vitro. Superoxide dismutase (SOD) activity and 

malondialdehyde (MDA) levels were measured as indicators of oxidative stress. Results: B6 supplementation significantly 

attenuated AD, as evidenced by reduced AD incidence, improved survival, preservation of aortic architecture, and 

decreased elastin degradation. B6 also exerted antioxidant effects, alleviating oxidative stress, which was associated with 

inhibition of smooth muscle cell phenotypic switching and reduced ECM degradation. Conclusion: B6 treatment may 

slow AD progression by protecting the aortic ECM from pathological remodeling through its antioxidant effects. These 

findings suggest that B6 supplementation may represent a promising therapeutic strategy for the prevention and treatment 

of AD. 
 

Keywords: Aortic dissection; Extracellular matrix remodeling; Vitamin B6 
 

Submitted on 02-04-2025 – Revised on 12-10-2025 – Accepted on 19-10-2025  
 

INTRODUCTION 
 

Aortic dissection (AD) is a critical cardiovascular 

condition associated with high mortality and morbidity (Y. 

Zhou et al., 2024). The aortic wall is composed of three 

layers: the intima, media, and adventitia. AD initiates with 

a tear in the intimal layer, allowing blood to enter the 

medial layer, resulting in separation between the intima and 

adventitia and formation of true and false lumens 

(Nienaber et al., 2016). Timely intervention is essential to 

prevent fatal aortic rupture (Z. Zhou et al., 2022). Currently, 

treatment relies mainly on surgical approaches, with 

limited pharmacological options available, highlighting the 

need for novel therapeutic targets (Pape et al., 2015; Zhu 

et al., 2020). 
 

The pathogenesis of AD remains incompletely understood, 

but the central role of extracellular matrix (ECM) 

disruption is well recognized (Shen et al., 2020). The ECM 

provides structural support and regulates aortic wall 

elasticity (Chakraborty et al., 2019). An imbalance in ECM 

homeostasis—whether due to deficiency or excess—can 

compromise aortic integrity, increasing susceptibility to 

dissection (Wu et al., 2013). Thus, maintaining ECM 

stability represents a promising therapeutic strategy. 

Apoptosis of vascular smooth muscle cells (VSMCs) and 

ECM degradation are key features of medial layer 

weakening. VSMCs are essential for synthesizing and 

organizing ECM components, and their ability to switch 

between contractile and synthetic phenotypes in response 

to stress is crucial for vascular adaptation. 
 

Oxidative stress has been implicated in promoting VSMC 

phenotypic switching toward a synthetic state, 

accompanied by altered morphology, increased 

proliferation, and elevated secretion of proteolytic 

enzymes that degrade ECM, contributing to AD 

progression (Emeto et al., 2016; Kazaleh et al., 2023; 

Rombouts et al., 2022). It should be noted, however, that 

the mechanistic evidence linking oxidative stress to AD is 

still evolving, with certain aspects awaiting full consensus 

and alternative pathways under investigation. 
 

Despite evidence supporting the role of micronutrients and 

antioxidants in vascular diseases, no prior studies have 

investigated the role of vitamin B6 in aortic dissection, 

despite the established relevance of ECM integrity and 

oxidative stress in its pathogenesis. 
 

MATERIALS AND METHODS  
 

Mouse aortic dissection model and dosing regimen  

Wild-type male C57BL/6 mice were acquired from 

GemPharmatech Co. Ltd. The AD model was established 

using BAPN, purchased from Macklin (Shanghai, China) 

(Ren et al., 2016). C57BL/6 male mice (3 weeks old, 

weighing 7-8 g) were fed a regular diet. The sample size 

was selected based on the results of previous experiments 

and the experimental strategy. Sixty experimental mice *Corresponding author: e-mail: scsonglei@163.com 
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were used in the aortic dissection experiment and randomly 

assigned to three groups, each containing 20 mice. The 

control group received 0.1 ml of physiological saline (0.9% 

sodium chloride) by gavage. The BAPN group received 0.1 

ml of gavage BAPN (1 g/kg/day) in physiological saline. 

BAPN+B6 mice got 0.1 ml of BAPN and B6 (gavage, 50 

mg/kg/day diluted in physiological saline). All 

experimental mice were diagnosed as AD according to the 

following criteria: autopsy revealed aortic wall rupture 

with blood infiltration, leading to the separation of aortic 

wall layers and the creation of a false lumen or a thrombus. 
 

Survival rates, incidence of aortic dissection and body 

weights of mice  

weight was assessed weekly for all the mice. Throughout 

the experimental duration, the survival status of the 

animals, the time of death, and the reason for death were 

documented. All the mice were anesthetized with 1% 

isoflurane at the end of the experiment (day 28). The mice 

were anesthetized, and the thoracic cavity was opened by 

careful dissection. Subsequent to the excision of the 

surrounding tissues under sterile conditions, the excised 

aortas were thoroughly rinsed multiple times with sterile 

saline to eliminate any leftover blood. Aortic tissues were 

collected for later research. 
 

Histopathological analysis  

Mouse aorta tissue samples were fixed with 4% 

paraformaldehyde for 48 h at room temperature (23-25°C), 

dried, embedded in paraffin, sectioned into 4 µm slices, and 

stained with Elastic Van Gieson (EVG) and Hematoxylin 

and Eosin (HE). The tissue morphology was ascertained by 

HE staining. Elastic EVG staining was used to assess the 

integrity of the aortic wall elastin. The elastin degradation 

classifications were based on the elastin degradation score, 

as follows: grade I, elastic laminae that were complete and 

well organized; grade II, elastic laminae with some 

fractures and interruptions; grade III, significant elastic 

laminae degradation and visible rupture sites; and grade IV, 

substantial elastin degradation and tear-out was evident. 

All histological analyses were performed at room 

temperature using a Microsystem instrument (Olympus 

IX73, Japan). 
 

Determination of plasma superoxide dismutase activity 

and malondialdehyde levels 

Blood samples were centrifuged using a H1650-W (Xiang 

Yi, China) at 3000 g for 20 minutes, after which the 

supernatant was collected and stored at -80 °C until the 

commencement of the tests. The activity of plasma 

superoxide dismutase (SOD) was assessed using a SOD 

assay kit (Solarbio, Beijing, China) according to the 

manufacturer's guidelines. Following the measurement of 

absorbance at 560 nm (Zhang et al., 2020), the protein 

concentration of the supernatant was determined in units 

per milliliter. Plasma malondialdehyde (MDA) 

concentrations were quantified using an MDA test kit 

(Solarbio, Beijing, China) according to the manufacturer's 

guidelines. The absorbance of the supernatant was 

measured at 450 nm (Ren et al., 2025) and reported in nmol 

per ml of protein. 

 

Immunofluorescence 

Prepared sections were incubated using a ZWY-240 

(ZhiCheng, China) with 10% goat serum for one hour at 37°
C. Membranes were incubated overnight at 4 °C with the 

primary antibody. The principal antibodies employed were 

α-smooth muscle actin (α-SMA) (1:100 dilution, 

Ab124964, Abcam) and smooth muscle 22 alpha (SM22α) 

(1:100 dilution, 10493-1-AP, Proteintech). Following 

washing, a secondary antibody labeled with fluorescein 

(Servicebio, Wuhan, China) was applied and incubated for 

1 h at room temperature. The nuclear staining was done 

using 4′,6-diamidino-2-phenylindole (DAPI) (Servicebio, 

Wuhan, China). A digital slide scanner (Olympus VS200, 

Japan) was used to picture the sections. The fluorescence 

intensity was quantified using the ImageJ software.  

 

Western blot  

Radioimmunoprecipitation assay (RIPA) lysis buffer 

(Servicebio, Wuhan, China) containing protease inhibitors 

was used to extract proteins from aortic tissues. The 

bicinchoninic acid (BCA) method (Yang et al., 2025) 

(Servicebio, Wuhan, China) was used to measure the 

protein concentration. The protein was then denatured for 

10 minutes at 100°C in a metal bath. The target protein was 

electrophoresed on 10% or 12.5% SDS-PAGE gels 

according to molecular weights and then transferred onto a 

polyvinylidene fluoride (PVDF) membrane (Servicebio, 

Wuhan, China). The membrane was blocked with 5% skim 

milk, incubated with the primary antibody for the entire 

night at 4°C, and then incubated with a secondary antibody 

conjugated with horseradish peroxidase for 2h at room 

temperature. The ECL reagent (Servicebio, Wuhan, China) 

was used for blot production, and ImageJ software was 

used for band analysis. 

 

Statistical analysis  

GraphPad Prism version 9.0 (GraphPad Prism Software, 

CA, USA) was used to analyze the data. The mean ± 

standard error of the mean is the way that data are 

expressed. One-way analysis of variance (ANOVA) and 

Bonferroni post-hoc analysis were used for comparisons. 

Statistical significance was defined as P < 0.05. 
 

RESULTS  
 

Following BAPN induction, Vitamin B6 reduced the 

incidence of Aortic dissection, enhanced mouse survival, 

enhanced aortic morphology, and prevented aortic 

dilatation. While B6 treatment decreased the incidence of 

AD to 40% (8/20), the incidence of AD was 80% (16/20) 

during the four weeks of BAPN administration, as shown 

in fig. 1. By the 4th experimental week, the control group 

had gained significant weight. Compared to the control 
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group, the BAPN group lost significantly more weight (Fig. 

1B). Following the delivery of BAPN, B6 therapy 

enhanced the survival rate (30% vs. 80%) (Fig. 1C). 

Furthermore, when BAPN was administered, the maximal 

internal diameter of the thoracic aorta rose considerably 

compared to the control group. In BAPN-treated mice, B6 

dramatically decreased aortic dilatation and enhanced 

aortic morphology (Figs. 1D and 1E). 

 

Vitamin B6 impaired elastin degradation and inhibited 

false lumen formation after BAPN administration  

The HE and EVG were performed to assess the histological 

features of AD. (Figs. 2A and 2B) show representative HE- 

stained and EVG-stained images of the mouse thoracic 

aorta following BAPN induction. Histological examination 

revealed false lumen formation, media destruction, and 

marked thickening of adventitia in the BAPN group. 

However, these alterations were markedly diminished by 

B6 therapy. The elastin scores of experimental mice were 

considerably enhanced following BAPN treatment. 

Furthermore, B6 treatment alleviated the rupture of elastic 

fibers (Fig. 2C). 
 

Vitamin B6 inhibited oxidative stress  

To evaluate the potential pathophysiological role of 

oxidative stress in AD, we assessed MDA levels and SOD 

activity. In comparison to the control group, the activity of 

the antioxidant enzyme SOD in the plasma of the BAPN 

group diminished, while the concentration of the oxidative 

stress marker MDA escalated.  B6 therapy decreased MDA 

levels and enhanced SOD activity in the BAPN-treated 

mice (Figs. 3A and 3B). 
 

Vitamin B6 inhibits aortic extracellular matrix 

degradation 

Elastic and collagen fibers, vital constituents of the 

extracellular matrix, are crucial for the development and 

structural integrity of the vascular wall. ECM degradation 

leads to aortic dissection and aneurysm formation. To 

elucidate the pathogenic mechanism via which B6 

mitigates the risk of Alzheimer's disease formation, we 

evaluated and quantified the deposition of collagen types I 

(COL-I) and III (COL-III) in aortic lesions via Western blot 

(WB) analysis. The findings demonstrated that the density 

of COL-I and COL-III in the B6-treated group was 

markedly reduced compared to the BAPN group at 28 days 

post-modeling (Figs. 4A-C). 
 

Vitamin B6 ameliorates phenotypic switch and down-

regulate MMPs expression in BAPN-induced VSMC 

Immunofluorescence (IF) staining was conducted on the 

thoracic aortic sections to detect the contraction markers α-

SMA and SM22α. BAPN markedly decreased α-SMA and 

SM22α levels, which were normalized after B6 treatment. 

Furthermore, WB analysis revealed that the treated group's 

α-SMA and SM22α levels had dropped, but that the B6 

treatment had brought them back to normal (Figs. 5A-C). 

WB analysis was also used to detect matrix 

metalloproteinase-2 (MMP-2) and matrix 

metalloproteinase-9 (MMP-9) levels in the aorta. The 

MMP-2 and MMP-9 expression levels were significantly 

lower in the aortic tissues of B6- and BAPN-treated mice 

than in those of the BAPN-treated mice. The results 

obtained indicate that B6 stimulates VSMC differentiation 

signaling to inhibit aortic degeneration (Figs. 5D-G). 

 

DISCUSSION 

 

B6 is involved in numerous metabolic processes, including 

amino acid, fat and glucose metabolism (di Salvo, 

Contestabile, and Safo, 2011). Over the past decade, a 

growing number of studies have linked B6 to chronic 

diseases, particularly metabolic disorders such as diabetes 

and atherosclerosis. However, the effects of B6 on AD 

remain unclear (Friso, Lotto, Corrocher, and Choi, 2012; 

Mascolo and Vernì, 2020). This study presents evidence of 

the inhibitory role of B6 in the progression of AD. Our 

results indicate that B6 significantly enhances survival in 

AD-afflicted mice, reduces the incidence of AD and is 

associated with diminished aortic dilation and improved 

aortic structure. These findings suggest the potential of B6 

as an innovative treatment approach for Aortic Dissection 

in mice. 

 

Aortic dissection is partly characterized by abnormalities 

in ECM (Wu, Shen, Russell, Coselli, and LeMaire, 2013). 

Elastin and collagen, which are key components of the 

ECM in the aortic wall, play crucial roles in regulating 

mechanical function. Abnormalities in these components 

can lead to aortic dissection (Nakashima, Shiokawa, and 

Sueishi, 1990; Watanabe and Sawai, 1999). In this study, 

the beneficial effects of B6 treatment were attributed to its 

role in modulating ECM remodeling, which is essential for 

maintaining the structural integrity of the aortic wall. By 

impeding collagen deposition and averting elastin 

degradation, B6 seems to counteract ECM disruptions that 

cause aortic dissection. This implies that B6 may serve as 

an effective therapeutic agent for preventing or treating AD 

by reinstating the balance between the ECM composition 

and function. 

 

Elevated oxidative stress adversely affects the vascular 

system, potentially leading to cardiovascular diseases 

(Emeto, Moxon, Au, and Golledge, 2016). Oxidative 

stress-induced inflammation of the arterial wall is a critical 

factor in pathological remodeling. SOD is an essential 

antioxidant enzyme (Strobel, Fassett, Marsh, and Coombes, 

2011). SOD facilitates the transformation of superoxide 

anions into hydrogen peroxide (H2O2) and molecular 

oxygen (O2) (Faraci and Didion, 2004). Lipid 

peroxidation's result, MDA, is a recognized indicator of 

oxidative stress. Previous studies have shown that 

oxidative stress contributes to vascular damage and is 

involved in AD pathogenesis (Prasad, McNair, Qureshi, 

and Casper-Bell, 2012).   



Ru Chen et al. 

Pak. J. Pharm. Sci., Vol.39, No.3, March 2026, pp.736-743 739  

 
 

Fig. 1: B6 reduces the incidence of AD. 
(A) AD incidence in C57BL-6 mice in each group; (B) Body weight changes during model induction; (C) Survival curve of C57BL-6 

mice in each group (n=20); (D) Macroscopic images of the aorta in each group; (E) Maximal thoracic aortic diameter in each group. 

(n=6). *p<0.05, **p<0.01, ***p<0.001. 

 

 
 

Fig. 2: Microscopic images of (A) HE and (B) EVG staining of aortic sections in each group. The scale bar of each 

image :100μm;10μm; (C) Statistical analysis of elastin fragmentation (n=6). Data are expressed as mean ± SD. Statistical significance: 

*p<0.05, **p<0.01, ***p<0.001. 
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Fig. 3: (A) MDA and (B) SOD levels. *p<0.05, **p<0.01, ***p<0.001. 

 

 
 

Fig. 4: (A) Western blot of COL-I and COL-III proteins in each group; (B) Relative COL-I protein level; (C) Relative 

COL-III protein level. *p<0.05, **p<0.01, ***p<0.001. 
 

 



Ru Chen et al. 

Pak. J. Pharm. Sci., Vol.39, No.3, March 2026, pp.736-743 741

Elevated MDA levels and reduced SOD expression have 

been observed in thoracic aortic tissues of patients with AD. 

This study revealed significant elevations in plasma MDA 

levels and diminished SOD activity in the BAPN group, 

while B6 treatment resulted in decreased MDA levels and 

enhanced SOD activity in the BAPN-induced mice. 

Considering these findings, impaired antioxidant systems 

and increased oxidative stress in the aortic wall are likely 

contributors to the development of AD. Thus, B6 may act 

as a protective and preventive agent against AD by 

mitigating oxidative stress. 

ECM constitutes the primary component of the medial 

layer of the aortic vessels (Wu et al., 2013). ECM 

degradation substantially impairs the stability of aortic 

structures. Matrix Metalloproteinases (MMPs), specialized 

proteolytic enzymes, are synthesized by immune cells in 

reaction to inflammatory stimuli and are crucial for the 

destruction of elastic fibers and collagen (Koullias, 

Ravichandran, Korkolis, Rimm, and Elefteriades, 2004; 

Zhang et al., 2014). Studies have shown that in SOCS3-

deficient mice, there is a marked decrease in SOCS3 

expression and an elevation in STAT signaling protein 

 
 

Fig. 5: B6 regulates contractile protein degradation and mitigates cell death during aortic dissection. (A) Representative 

images of α-SMA and SM22α immunofluorescence staining of the aortas. DAPI (blue). SM22α (Green). SMA (Red). Scale bars: 50μm. 

(n=6 per group). A, adventitia; M, medium; L, lumen; (B) Western blot images of SM22α and α-SMA in each group; (C-D) Statistical 

analysis of SM22α and α-SMA protein levels; (E) Western blot images of MMP2 and MMP9 in each group; (F-G) Statistical analysis 

of MMP2 and MMP9 protein levels. *p<0.05, **p<0.01, ***p<0.001. 
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levels in the aortic tissues (Murphy, King, and Leckie, 

2020). This results in an influx of inflammatory cells and a 

significant increase in MMP-2 and MMP-9 expression, 

which accelerate ECM degradation. This study is the first 

to reveal the protective effects of B6 against ECM 

degradation, thereby potentially mitigating AD progression. 

Under pathological conditions, VSMCs undergo 

dedifferentiation and adopt a synthetic phenotype 

(Rombouts et al., 2022). These synthetic VSMCs promote 

ECM degradation by secreting elevated levels of MMPs, 

which impair the vascular wall. Oxidative stress is a critical 

factor in initiating the VSMC transformation. Chronic 

hypoxia causes homeostatic imbalance and vascular 

remodeling, predisposing patients to aortic dissection 

(Faraci and Didion, 2004). Liu et al.’ research showed that 

Alpha-lipoic acid inhibited aortic dissection by several 

inhibiting the oxidative stress and the VSMC phenotype 

transformation, further decreasing the expression of MMP-

2 and MMP-9, which may reduce the elastin degradation 

(Liu, et al., 2022). Similarly, our study indicated that 

vitamin B6 could inhibit VSMC conversion, potentially 

hindering the progression of aortic dissection. 
 

CONCLUSION 
 

This study is the first to explore B6's protective role in 

aortic injury, as demonstrated by its ability to mitigate 

ECM degradation and inhibit VSMC transformation. 

However, the exact mechanisms behind these outcomes 

remain inadequately comprehended and necessitate 

additional inquiry. Nonetheless, these results indicate a 

substantial role of B6 in ameliorating AD. 
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