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Objective(s): Pulmonary arterial hypertension (PAH) is a severe heart-lung condition characterized 
by complex changes in the pulmonary vasculature, known as pulmonary vascular remodeling (PVR). 
Gypenosides (Gyp) possesses a range of pharmacological properties, including anti-inflammatory and 
anti-oxidant effects. This study aims to explore the impact of Gyp on pulmonary vascular remodeling, 
particularly in relation to its potential to counteract inflammation, oxidative stress, and apoptosis.
Materials and Methods: Twenty-four rats were randomly divided into four groups. MCT was 
administered via intraperitoneal injection at a 55 mg/kg dose to establish a PAH model. Gyp (150 
mg/kg/day, Ig) was administered for 28 days, after which all lung tissues from the rats were isolated.
Results: The findings indicated that Gyp had a substantial positive impact on the hemodynamics of 
rats with PAH induced by MCT, including reductions in mean pulmonary artery pressure (mPAP) 
and right ventricular systolic pressure (RVSP). Additionally, it exhibited inhibitory effects on right 
ventricular hypertrophy and pulmonary vascular remodeling in these PAH-afflicted rats. MCT 
elevated the concentration of MDA (P<0.01 in the lung) while reducing the levels of SOD and GSH-
PX (P<0.0001). Furthermore, MCT enhanced the expression of IL-6, TNF-α, and IL-1β (P<0.0001), as 
well as the mRNA expression of NF-κB (P<0.001) and the Bcl2 level (P<0.0001), while it lowered the 
expression of Bax (P<0.0001). Conversely, Gyp treatment effectively mitigated all of these alterations.
Conclusion: This study represents the initial investigation showing that Gyp treatment attenuates PVR 
by inhibiting oxidative stress, inflammation, and apoptosis, providing a foundation for further research.
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Introduction

                                   © 2025. This work is openly licensed via CC BY 4.0.
                                       This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses),                                                                                            
                                   which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Pulmonary arterial hypertension (PAH) is a progressive 
cardiopulmonary disease characterized by a mean 
pulmonary arterial pressure (mPAP) exceeding 20 mmHg 
and a pulmonary vascular resistance (PVR) of at least 2 
Wood units (1, 2). It has been demonstrated in fundamental 
studies that the primary pathophysiological basis for the 
development of PAH is pulmonary vascular remodeling, 
and this process encompasses endothelial cell injury, 
over-proliferation of smooth muscle cells, resistance to 
apoptosis as well as infiltration by inflammatory cells (3, 
4). The development of PAH is intricate; nonetheless, our 
comprehension of it is still insufficient. Given the seriousness 
of this condition and the absence of effective treatment 
alternatives, individuals suffering from PAH urgently need 
therapeutic approaches to alleviate and handle the disease.

Although the etiology of PAH is mostly unknown, there 
is growing recognition that both experimental and human 
PAH are involved in both initial and inflammatory processes. 
Inflammation is responsible for developing pulmonary 
artery smooth muscle (PASMC), which is critical for 
initiating and maintaining heart vessel reconstruction (5, 
6). The levels of interleukin-1β (IL-1β), IL-6, tumor necrosis 

factor-α (TNF-α), and nuclear factor Kappa-B (NF-κB) 
have been altered in the lung of PAH, some of which may 
be related to the disease severity and prognosis (7). Among 
the proinflammatory signaling pathways, NF-κB plays an 
important role (8, 9). 

An earlier study demonstrated that oxidative stress (OS) 
plays a significant role in pulmonary arterial hypertension 
(PAH) pathophysiology. After the onset of PAH, there 
is an overproduction of reactive oxygen species (ROS) 
within the body, resulting in harm to a range of cellular 
macromolecules. This harm disrupts cellular signaling 
pathways and eventually leads to apoptosis of the cells. The 
inactivation and removal of ROS are facilitated by enzymes 
such as superoxide dismutase (SOD), glutathione peroxidase 
(GSH-PX), and catalase (CAT), which provide a degree of 
protection against free radical damage. Malondialdehyde 
(MDA), a final product of membrane lipid peroxidation, 
serves as a marker for the severity of oxidative stress and 
cellular damage. Consequently, the original characteristics 
and functions of proteins and nucleic acids are compromised, 
further exacerbating cellular injury (10).

Gypenosides (Gyp), derived from the traditional 
Chinese herb Gynostemma pentaphyllum (Thunb.) Makino 
exhibits various pharmacological effects. These include 
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the regulation of lipid metabolism (11), prevention of 
atherosclerosis (12), anticancer (13), anti-inflammatory 
(14), antidiabetic (15), and anti-NAFLD properties (16), 
prevalent in numerous Asian nations as well as in the 
United States (17). By inhibiting NF-κB signaling pathways, 
Gyp may significantly obstruct the activation of internal 
inflammatory components, establishing it as a potential 
therapeutic choice for treating inflammatory disorders. For 
example, Gyp has been shown to safeguard cardiomyocytes 
from injury caused by ischemia/reperfusion (I/R), and this 
protective effect is mediated through the inhibition of NF-
κB p65 activation via the MAPK signaling pathway (18). 
In addition, Gyp also provides a protective effect on retinal 
pigment epithelial (RPE) cells against oxidative damage (19). 
However, the function of Gyp in PAH remains ambiguous. 
Therefore, with the intricate relationship between these 
processes, Gyp shows promise for treating PAH in 
humans because of its anti-inflammatory and anti-oxidant 
properties, supported by biochemical, hemodynamic, and 
histopathological studies.

Materials and Methods
Materials

Urethane (20%) was purchased from Shanghai Chemical 
Reagent Co. (China). Gyp was obtained from Yuan Ye 
Biotechnology Co. (China). MCT and Sildenafil were 
obtained from MedChemExpress LLC(USA). The ELISA kit 
(TNF-α, IL-1β, and IL-6) was obtained from MultiSciences 
Co. (China). Moreover, the kit (RNA extraction and cDNA 
synthesis), the housekeeping and target primers, along 
with the SYBR qPCR Mix Kit, were acquired from Wuhan 
Servicebio Technology Co. (China).

Animal materials
Male Sprague-Dawley rats, aged 7 weeks (weighing 200–

250 g), were acquired from the animal facility at the second 
hospital of Hebei Medical University. The rats were kept in 
controlled conditions with a 12/12 hr light-dark cycle, suitable 
temperature and humidity, and allowed easy access to food 
and water. Ethical guidelines were adhered to throughout the 
experiments. The procedural details were endorsed by the 
ethical review committee at the Second Hospital of Hebei 
Medical University under the Animal Experiments Welfare 
and Ethics Resolution (No. 2023-AE078).

Treatment of rats
A single subcutaneous injection of 55 mg/kg of 

body weight was administered for MCT treatment. 
All experimental groups were kept under comparable 
conditions for 28 days. The rats were randomly divided into 
four groups (n=6): 1) Control: received no intervention. 
2) MCT: received MCT (55 mg/kg, first day, IP) .3) MCT+ 
Sildenafil: received MCT (55 mg/kg, first day, IP) + Sildenafil 
(20 mg/kg, from the second day, Ig) .4) MCT+ Gypenosides: 
received MCT (55 mg/kg, first day, IP) + Gypenosides (150 
mg/kg, from the second day, Ig).

Hemodynamic measurements
After 28 days, all rats’ body weight (BW) was measured, 

followed by urethane anesthesia at 1g/kg body weight via 
intraperitoneal injection. Subsequently, a PE catheter, 
preloaded with heparin, was introduced into the right 
ventricular systolic pressure (RVSP) measurement 
and extended to the pulmonary artery. The PowerLab 

system (AD Instruments) was utilized to document 
the mean pulmonary artery pressure (mPAP) and the 
right ventricular systolic pressure (RVSP) (20, 21). After 
hemodynamic measurements, lung tissue was removed 
for protein isolation and histological evaluation. The right 
ventricular hypertrophy index (RVHI) was expressed as the 
weight ratio of the right ventricle to the left ventricle and the 
interventricular septum (RV/LV+S).

Protein analysis for ELISA
A sample of lung tissue was obtained, and the supernatant 

was removed. The concentrations of TNF-α, IL-1β, and 
IL-6 in rat lung tissues were then determined following the 
manufacturer’s instructions.

Determination of oxidative stress
MDA, GSH-PX, and SOD levels in the lung were 

determined provided by the Nanjing Jiancheng Biological 
Engineering Institute.

Hematoxylin-eosin (HE) staining
Saline was infused into the lung tissue via the pulmonary 

artery. For 24 hr, the left lung tissue was preserved in 4% 
paraformaldehyde, subsequently embedded in paraffin, 
and then sliced into sections. The morphological changes 
observed in the right ventricle and the pulmonary vessels 
were evaluated by applying HE staining. The vessel thickness 
calculation was performed as follows: the ratio of the inner 
diameter to the outer diameter of the pulmonary arterioles 
and the percentage of wall area (WA%) = [(total area - lumen 
area)/total area] ×100% was used to assess pulmonary 
vascular remodeling. The formula for determining the 
thickness of the pulmonary artery wall (WT) is WT (%) = 
(vessel wall thickness/external diameter) × 100% (22).

Immunohistochemistry 
Lung tissue sections embedded in paraffin (4 µm) 

underwent a de-waxing and hydration process, followed by 
washing with PBS (pH 7.2–7.4). After performing antigen 
retrieval at 100 °C and blocking with 5% BSA at room 
temperature for one hour, the sections were incubated 
overnight at 4 °C with a 1:500 dilution of α-SMA antibody 
(GB111364).

Real-time quantitative PCR
As previously reviewed in detail (23), total RNA was 

isolated from the lungs of rats using the TRIzol reagent. 
An RNA-to-cDNA first-strand reverse transcription kit 
was then employed to synthesize cDNA from the extracted 
RNA. Subsequently, real-time PCR was conducted, and the 
primer sequences for the genes are as follows:
β-Actin (forward: 5′-TGCTATGTTGCCCTAGACTTCG-
3′and reverse: 5′-GTTGGCATAGAGGTCTTTACGG- 3′, 
product size, 240 bp, NM_031144); NF-κB p65 (forward: 
5′- CAGATACCACTAAGACGCACCC-3′ and reverse: 5′- 
CTCCAGGTCTCGCTTCTTCACA -3′, product size, 227 
bp, NM_199267.2.).

Western blotting
The proteins were extracted and quantified using a 

BCA detection kit. Following separation on 10% SDS-
polyacrylamide gels, the proteins were electrophoretically 
transferred onto PVDF membranes(24). The overnight 
exposure of membranes, which were impeded by 5% 
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Bovine Serum Albumin to anti-Bcl-2 (GB154830, 1:1000; 
Servicebio), anti-Bax (GB15690, 1:1000; Servicebio), or 
β-Actin antibody (GB15003, 1:5000; Servicebio), was 
implemented at 4 °C after PVDF membranes were incubated 
with anti-rabbit IgG-HRP(SA00001, 1:10000; Proteintech), 
the analysis was conducted with the application of Fiji 
ImageJ-win64 software.

Statistical analysis
The results were analyzed using GraphPad Prism 8, and 

the data are shown as the mean ± standard deviation (SD). 
One-way analysis of variance (ANOVA) was employed 
for the statistical evaluation, considering a P-value<0.05 
as significant. Additionally, Tukey’s test was applied for 
pairwise comparisons.

Results
mPAP analysis

Figure 1 shows the pressure curves of the rat pulmonary 
artery recorded by a PowerLab physiological recorder; Gyp 
positively influenced the aforementioned factors related to 
complications arising from the PAH model.

Evaluation of hemodynamic functions and RVHI 
measurement

As demonstrated in Figure 2 and Table 1, the mPAP 
and RVSP observed in the MCT group were markedly 
elevated compared to those in the control group (P<0.0001). 
Additionally, the subjects in the positive group and those 
receiving MCT combined with Gyp declared significantly 
lower mPAP and RVSP levels when contrasted with the PAH 
group(P<0.001). A notable rise in the Fulton index, which 
serves as a measure of right ventricular hypertrophy, was noted 
in the PAH group (P<0.001). In contrast to the model group, 
Gyp decreased the cardiac hypertrophy index considerably.

Gyp inhibits lung tissue inflammation cytokines
The expression of inflammatory cytokines was 

investigated in the lungs of model rats through ELISA. 
This analysis revealed a notable elevation in the protein 
levels of key inflammatory markers, specifically IL-6, IL-
1β, and TNF-α, in the MCT group compared to the control 
group, with a statistical significance determined by P<0.01. 
Furthermore, treatment with Gyp resulted in a substantial 
reduction in the protein levels of these three inflammatory 
cytokines that were elevated due to MCT induction, with 
the results again reaching a level of statistical significance 
(P<0.01) (Figure 3).

Effect of co-administration of Gyp and MCT on NF-κB p65 
in lung tissue

Administration of MCT resulted in a notable increase 
in NF-κB p65 levels, reaching a concentration of 2.30±0.75 
ng/ml. This measurement was remarkably higher when 

Figure 1. Effects of gypenosides treatment on PAH in male SD rats (n = 6)
PAH: Pulmonary arterial hypertension; MCT: Monocrotaline; Gyp: Gypenosides

Figure 2. Effect of Gyp on hemodynamics in male SD rats
Results showed the mPAP, RVSP, and RVHI of the rats in the control, Gyp, and 
positive groups of rats. Results are expressed as mean ± SD (n=6). Significance levels 
were denoted as ***P<0.001, ****P<0.0001. mPAP: mean pulmonary arterial pressure; 
RVSP: Right ventricular systolic pressure; MCT: Monocrotaline; PAH: Pulmonary 
arterial hypertension

Figure 3. Gyp inhibits lung tissue inflammation cytokines in male SD rats
(A) Levels of IL-1β, (B) IL-6 levels in lung tissue, and (C) Levels of TNF-α.
mean±SD is shown in the results (n=6). Significance levels were denoted as 
****P<0.0001. 
MCT: Monocrotaline; Gyp: Gypenosides; IL-1β: Interleukin-1 beta; IL-6: 
Interleukin-6; TNF-α:Tumour necrosis factor-alpha

 
    

    

    

    

    

 

 

Table 1. Effects of Gyp on mPAP, RVSP, and RVHI measurement in male SD rats

mPAP: mean pulmonary arterial pressure; RVSP: Right ventricular systolic pressure; RVHI: Right ventricular hypertrophy index; MCT: Monocrotaline; Gyp: Gypenosides
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compared to the control group, which exhibited NF-κB p65 
levels of 0.99±0.29 ng/ml. These two groups’ differences 
were statistically significant, with a P-value less than 0.001. 
In contrast, the Gyp treatment substantially reduced NF-
κB p65 levels within the MCT+Gypenosides group, where 
the levels decreased to 0.64±0.31 ng/ml. This data analysis 
reveals that Gyp may serve a purpose in mitigating the 
elevated NF-κB p65 levels induced by MCT administration 
in lung tissue (Figure 4).

Effect of co-administration of Gyp and MCT on MDA, 
GSH-PX, and SOD in lung tissue

The administration of MCT notably elevated the 
levels of MDA in lung tissue, reaching 3.46±0.06 nmol/
mg protein. This result was remarkably higher than that 
observed in the control group, which recorded MDA levels 
of 2.19±0.04 nmol/mg protein, with a statistically significant 
difference indicated by P<0.01. Conversely, when Gyp was 
co-administered, it reduced MDA levels, bringing them 
down to 2.34±0.58 nmol/mg protein, further supporting 
the beneficial impact of Gyp in mitigating MCT-induced 
oxidative stress. Additionally, the levels of GSH-PX in 
lung tissue were significantly decreased following MCT 
administration, measuring at 58.85±22.07 U/mg protein. 
This starkly contrasted with the control group, which 
exhibited a much higher activity level of 152.33±12.71 U/
mg protein, with a highly significant difference (P<0.0001). 
Notably, the concurrent treatment with Gyp was effective in 
partially reversing the reduction in GSH-PX levels, resulting 
in an increase to 102.48±4.01 U/mg protein, reinforcing the 
protective role of Gyp in maintaining anti-oxidant enzyme 
activity. Furthermore, the levels of SOD in lung tissue were 
also significantly diminished after MCT administration, with 
recorded values of 65.08±5.63 U/mg protein. In contrast, 
the control group exhibited a normal range of SOD levels 
at 363.85±4.37 U/mg protein, demonstrating a significant 
reduction with P<0.0001. However, co-treatment with Gyp 
led to a considerable restoration of SOD levels, which were 
measured at 185.66±9.92 U/mg protein, thus highlighting 
Gyp’s potential to enhance the anti-oxidant defenses in lung 
tissue in the context of MCT exposure (Figure 5).

Histology of lung tissue
After MCT treatment for 28 days, we performed H&E 

staining to determine pulmonary vascular remodeling. H&E 
staining was used to assess pulmonary vascular remodeling. 
The thickness of the pulmonary artery tube wall in the PAH 
group was notably more significant than that observed in 
control, Sildenafil, and Gyp groups, which were associated 
with a reduction in these histopathological alterations 
compareed to the PAH group(all P<0.05) (Figure 6).

Histology of heart tissue
H&E staining of RV tissue showed that the 

cardiomyocytes in the control group had good continuity, 
regular arrangement, and small gaps. At the same time, 
compared with the control group, the cardiomyocytes of 

Figure 4. RT-qPCR was utilized for assessing NF-κB p65 mRNA expression 
in male SD rats
Values are represented as means±standard deviation, n=6. A one-way ANOVA test 
was used, **P<0.01 and ****P<0.0001.
MCT: Monocrotaline; NF-κB:Nuclear factor kappa B p65

Figure 5. Oxidative stress markers in male SD rats with Monocrotaline 
(MCT)-induced pulmonary hypertension
(A) MDA content. (B) GSH-PX activity. (C) SOD expression. Results are expressed as 
mean ±SD (n = 6). Significance levels were denoted as **P<0.01, ****P<0.0001. 
MDA: Malondialdehyde; GSH-PX: Glutathione peroxidase; SOD: Superoxide dismutase

Figure 6. Gyp improves pathological changes of the pulmonary vasculature 
in male SD rats
 (A) Representative images of HE staining of each group (scale bar = 100 μm) were 
displayed; Magnification, ×400. (B and C) WT% and WA% index respectively (n=6). 
**P<0.01, ****P<0.0001. MCT: Monocrotaline; Gyp: Gypenosides; WT%, the ratio of 
the vascular walls thickness; WA%, the ratio of the vascular wall area
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rats injected with MCT showed obvious proliferation and 
hypertrophy, disordered arrangement, cytoplasmic swelling, 
and increased cardiomyocyte gaps. Compared with MCT 
rats, Gyp-treated rats showed significant improvements in 
all of the above aspects (Figure 7).

Effects of Gyp on α-SMA expression
Gyp has been explained to reduce the over-proliferation 

of PASMCs induced by MCT effectively. To investigate 
this phenomenon, immunohistochemistry staining was 
employed to analyze the expression levels of α-SMA within 
lung tissues obtained from rats. The findings indicated a 
marked increase in α-SMA expression in the MCT-treated 
group compared to those in the control group, underscoring 
the impact of MCT on smooth muscle cell proliferation. 
(P<0.01; Figure 8).

Effect of Gyp on the expression of Bax and Bcl-2 in the lung 
of rats by MCT administration

In rats given MCT, the level of Bax expression was 
significantly elevated in the lungs compared to the control 
group (P<0.0001). Nevertheless, for the positive and Gyp 
group in the follow-up, the Bax expression in the MCT rats 
showed a decrease relative to the PAH group (P=0.0168 
vs P=0.0226) (Figure 9). Moreover, the injection of MCT 
led to a notable increase in Bcl-2 expression in the lungs 
of the rats (P<0.0001) when juxtaposed with the control 
group. Treatment with Gyp inhibited the decline of Bcl-
2 expression in the lungs of rats that had received MCT 
injections (P=0.0049) (Figure 9). It is essential to highlight 
that the levels of both Bax and Bcl-2 in the rats’ lungs 
exhibited significant variations compared to those in the 
control group (Figure 9).

Mortality rate
In both the control group and those receiving 

monocrotaline injections, all rats lived throughout the 
duration of the study. The positive group also experienced 
the loss of two animals during the three-week period. 
Conversely, Gyp treatment fully averted any fatalities. 
To maintain a total of six animals in each group by the 
study’s conclusion (sampling time), deceased animals were 
substituted with new ones.

Discussion
Pulmonary hypertension is characterized by 

hemodynamic changes in the pulmonary arteries. These 
changes lead to a significant increase in RVSP and mPAP in 
PAH. Our study showed that treatment with Gyp for 28 days 
improved mPAP, RVSP, and RV/(LV+S) weight ratio. We 
also demonstrated that these improvements were associated 
with oxidative stress, inflammation, and apoptosis. 

The MCT‐induced pulmonary hypertension (PH) model 
has been extensively utilized for almost six decades due 
to its ease of implementation, consistent reproducibility, 
and affordability. MCT must be converted into its toxic 
metabolite, MCT pyrrole (MCTP), by the liver enzyme 
cytochrome P450 3A4 (CYP3A4), which subsequently causes 
vascular endothelial cell (EC) damage and inflammatory 
responses(25). Typically, MCT‐induced PH is demonstrated 
in rats following a single subcutaneous injection of MCT at a 

Figure 7. Gyp improves pathological changes in the heart in male SD rats
In the MCT group, there was a notable expansion of the intercellular substance. 
Furthermore, the myofibrils exhibited a disrupted and disordered arrangement, 
which highlights the extent of cellular disorganization. This disorganization is clearly 
illustrated in the provided figure. The magnification of the image is 400×. Gyp: 
Gypenosides; MCT: Monocrotaline

Figure 8. Effects of Gyp on α-SMA expression in male SD rats
α-SMA analysis of different groups. Magnification, ×400, scale bar, 20µm. Optical 
density of α-SMA. ***P<0.001. ****P<0.0001. n=6. α-SMA: alpha-smooth muscle 
actin; Gyp: 150 mg/kg Gypenosides; MCT: Monocrotaline.

Figure 9. Effect of Gyp on the Western blot in the lung of male SD rats
(A) Bax and (B) Bcl2.
Data are presented as mean± SD; n=6. *P<0.05, **P<0.01, and ****P<0.0001. Gyp: 150 
mg/kg Gypenosides; MCT: Monocrotaline.
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dosage of 50–80 mg/kg(26). Consequently, in line with this 
methodology, our study utilized an MCT-induced group to 
explore the therapeutic effects of Gyp.
Gyp effects on hemodynamic factors

Previous research has indicated that hemodynamic 
indicators such as mPAP, RVSP, and RVHI are significantly 
elevated in animal models of pulmonary hypertension. 
Consequently, the present study examined the impact of 
Gyp on the hemodynamic parameters in rats with MCT-
induced PAH. The findings revealed that Gyp can mitigate 
the abnormal rise in mPAP and RVSP levels in PAH-affected 
rats, implying that Gyp may help lower pulmonary arterial 
pressure. Furthermore, PVR is a crucial pathophysiological 
characteristic of PAH, encompassing thickening of the 
pulmonary artery walls, muscular alterations, adventitial 
fibrosis, and eventually leading to right heart failure (27). 
Prior research frequently assessed pulmonary vascular 
remodeling and right ventricular hypertrophy through 
the examination of indicators such as wall thickness 
percentage (WT%), wall area percentage (WA%), and right 
ventricular hypertrophy index (RVHI). The findings from 
this investigation revealed that Gyp significantly decreased 
WT%, WA%, and RVHI in rats with PAH, indicating that 
Gyp has notable effects on both PVR and right ventricular 
hypertrophy in this model.

Immunohistochemical staining was used to determine 
α-SMA in rat lung

Gyp has been observed to have protective effects against 
PAH by inhibiting cellular proliferation. This suggests that 
Gyp may play a crucial role in modulating the growth of 
PASMCs, thereby offering a potential therapeutic benefit. 
One of the main pathological changes responsible for the 
increase in pulmonary vascular resistance is the remodeling 
of pulmonary arterioles, primarily resulting from the 
excessive proliferation of PASMCs (28). Our current study 
evaluated the expression of α-SMA, a well-known marker 
for PASMCs, within rat lung tissues. Our results showed 
that MCT-induced expression of α-SMA was notably 
diminished when Gyp was present.

Gyp effects on the levels of the inflammatory index in lung 
tissue

Inflammation plays a crucial role in vascular remodeling 
in both animal models of PAH and humans (29). Therefore, 
the reduction of inflammatory response may alleviate the 
occurrence of PAH (30). Moreover, Hong J conducted 
single-cell RNA sequencing on PAH model rats, revealing 
significant activation of the NF-κB pathway across various 
cell types (31). The role of NF-κB in the pathogenesis of PAH 
is well-documented and underscores its critical position in 
the disease’s development. Acting as a nuclear transcription 
factor, NF-κB modulates numerous proinflammatory genes, 
including TNF-α, IL-1β, and IL-6, which are instrumental 
in driving perivascular inflammation, the proliferation of 
PASMC, and ultimately the onset of PAH (32, 33). Prior 
research has indicated that IMD-0354 alleviates PAH 
through NF-κB inhibition (34). Supporting these results, 
our current study also demonstrated that Gyp suppressed 
NF-κB activation, downregulated the expression of IL-1β 
and IL-6, and ultimately attenuated PASMC proliferation. 
Consequently, we propose that Gyp alleviates PAH by 
blocking the NF-κB signaling pathway, which in turn 
diminishes vascular remodeling.

Gyp effects on the oxidative stress of rat lung tissue
SOD is a vital anti-oxidant enzyme that plays a crucial 

role in neutralizing superoxide anions, thereby providing 
essential protection against oxidative damage and 
inflammatory responses. The function of SOD is particularly 
important within biological systems, as it contributes 
significantly to maintaining cellular integrity by mitigating 
the detrimental effects of oxidative stress(35). Additionally, 
GSH-PX and SOD together are instrumental in modulating 
reactive oxygen species (ROS) levels within the body(36). 
Conversely, MDA serves as a byproduct of lipid peroxidation 
occurring within cells, making its concentration an essential 
biomarker for assessing the extent of lipid peroxidation and 
overall oxidative stress experienced by the tissue. Elevated 
levels of MDA indicate a higher degree of oxidative 
damage, which is often implicated in various pathological 
conditions (37). In this context, Gyp has been shown 
to possess the capacity to inhibit oxidative stress across 
various diseases, corroborating our findings. Thus, the 
anti-oxidant properties of Gyp may also play a significant 
role in preventing pulmonary arterial remodeling, thereby 
contributing positively to vascular health.

Gyp effects on apoptosis in rat lung tissue
It has been extensively documented that PAH is 

characterized by a notable resistance to programmed cell 
death, commonly called apoptosis (38). One significant 
contributor to this resistance appears to be the Warburg effect 
and the balance of mitochondrial fusion and fission (39). 
Apoptosis resistance is closely linked to tissue proliferation, 
particularly within vascular tissues, potentially playing 
a role in developing arterial hypertrophy in the lungs of 
patients with PAH. A shift in the balance between the pro-
apoptotic protein Bax and the anti-apoptotic protein Bcl-2 
often results in diminished apoptosis in pulmonary artery 
smooth muscle cells (PASMCs), worsening the condition 
(40). Our recent study unveiled a significant decrease in 
apoptosis within lung tissues, coupled with an increase in 
medial artery hypertrophy in the lungs after three weeks 
of treatment with MCT injection. This aligns with earlier 
observations in the field. Notably, our findings highlighted 
that treatment with Gyp, a specific agent, induced a pro-
apoptotic effect, counteracting the elevated levels of 
apoptosis typically seen in MCT-induced PAH models. 
While the exact molecular mechanisms through which 
Gyp operates remain to be fully elucidated, these results 
are promising and suggest potential avenues for therapeutic 
intervention in PAH.

Conclusion
The study generally discovered that MCT-induced PAH 

led to inflammation, oxidative stress, and anti-apoptosis in 
laboratory animals. Furthermore, the study showed that 
cardiovascular issues induced by PAH were prevented, and 
cardiac structural changes were protected by co-administration 
of Gyp, a natural anti-oxidant. Based on these results, we 
can infer that co-treatment with Gyp helps avert cardiac 
dysfunction linked to PAH by boosting factors that reduce 
inflammation, combat oxidative stress, and mitigate apoptosis.
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