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arterial hypertension (PAH). Hypoxic stimulation induces hypoxic pulmonary vasoconstriction (HPV) and exerts
cardiotoxic effects, thereby accelerating RV remodeling in PAH. Previous in vitro vascular ring experiments
demonstrated that o -phellandrene (PE) exhibits vasodilatory effects, but its impact on hypoxia-induced RV
structural and functional alterations and underlying mechanisms remain unclear. To address this, we established a
hypoxia-induced pulmonary arterial hypertension (HPH) rats model and comprehensively evaluated the therapeutic
effects of PE on multi-scale RV pathological remodeling through echocardiography, histomorphometric analyses,
and Western blot. Additionally, the molecular mechanisms underlying PE-mediated modulation of the nitric oxide
(NO) -soluble guanylyl cyclase (sGC) -cyclic guanosine monophosphate (cGMP) signaling pathway were
investigated using H9C2 cardiomyocytes. Results demonstrated that compared with the model group, PE treatment
significantly improved RV systolic function in HPH rats, as evidenced by increased tricuspid annular plane systolic
excursion, pulmonary artery acceleration time, fractional area change, and RV ejection fraction. Concurrently, PE
reduced RV free wall thickness in diastole and RV inner diameter, effectively attenuating hypoxia-induced RV
remodeling. PE administration also markedly decreased mean pulmonary artery pressure and RV hypertrophy
index compared to the model group. Histomorphological analysis demonstrated that PE treatment significantly
reduced collagen deposition in RV tissues and downregulated expression of fibrotic markers, including «-smooth
muscle actin, collagen I and collagen III. Mechanistic investigations revealed that PE upregulated endothelial nitric
oxide synthase expression in both rats RV tissues and H9C2 cardiomyocytes, enhanced NO bioavailability, and
activated sGC- cGMP signaling axis. These molecular effects collectively ameliorated hypoxia-induced oxidative
damage and attenuated fibrotic progression. This study reveals that PE ameliorates hypoxia-induced RV
remodeling and dysfunction by modulating the NO-sGC-cGMP signaling pathway to reduce oxidative damage and
fibrotic remodeling in hypoxic conditions. These findings provide experimental evidence for developing RV-
targeted therapeutic strategies against HPH. All animal experiments were approved by the Institutional Animal
Care and Use Committee of Qinghai University (approval No: PJ-202302-01).
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Figure 1 PE significantly improves RV function in hypoxia-induced pulmonary arterial hypertension (HPH) rats. Rats were divided into
the following groups: Control group: Rats in the control group were raised for 4 weeks in the normal environment. Hypoxia (Hyp) group:
Rats were kept in a hypobaric chamber for 4 weeks at a simulated altitude of 5 000 m; Hyp+PE group: Rats were intragastrically
administered with 12.5 (L), 25 (M), and 50 (H) mg-kg"'-d" of PE before kept them in the hypobaric chamber and then treated for 4 weeks;
Hyp+Sild group: Rats were intragastrically administered with Sild (30 mg-kg'-d") for 4 weeks. A, E: Representative TAPSE images and
statistical results; B, I, J: Representative RVWT-D, RVWT-S images and statistical results; C, K, L: Representative RVID-D, RVID-S images
and statistical results; D, F, G, H: Representative PAT, PAT-PET', RVOT VTI images and statistical results. n = 5, x + s. P < 0.001 vs
control group; ‘P < 0.05, "P < 0.01, ""P < 0.001 vs Hyp group. RV: Right ventricular; PE: a -Phellandrene; Sild: Sildenafil; TAPSE:
Tricuspid annular plane systolic excursion; RVWT-D: RV free wall thickness in diastole; RVWT-S: RV free wall thickness systole; RVID-D:

wkx

Right ventricular inner diameter diastole; RVID-S: Right ventricular inner diameter systole; PAT: Pulmonary artery acceleration time; RVOT

VTI: Right ventricular outflow tract velocity time integral; PAT-PET': Pulmonary artery acceleration time/pulmonary artery ejection time
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Figure 2 Effects of PE on physiological parameters in SD rats exposed to hypoxia for 4 weeks. A, B: Representative wave images and
quantitative evaluation of mPAP; C: Representative the content of NT-pro BNP; D: Representative the level of RV- (LV+S) '; E
Representative the level of RV-BW'; n = 5, x £ 5. P < 0.001 vs control group; "P < 0.01, P < 0.001 vs Hyp group. mPAP: Mean
pulmonary arterial pressure; RV-BW': The ratio of right ventricular weight and body weight; RV-(LV+S)": Ratio of right ventricular weight
to left ventricular (LV) plus septal (S) weight; NT-pro BNP: N-Terminal pro-brain natriuretic peptide

Table 1  Effect of PE on RV-PA coupling function in HPH rats. n = 5, X £ 5. ""P < 0.001 vs control group; P < 0.05, "P < 0.01, ""P <
0.001 vs Hyp group. FAC: Fractional area change, calculated as (end-diastolic area-ESA)-end-diastolic area”x100% (where ESA represents
end-systolic area); RVEF: RV ejection fraction; FAC-mPAP": Fractional area change divided by mean pulmonary artery pressurex100%;
TAPSE-PASP": Tricuspid annular plane systolic excursion divided by pulmonary artery systolic pressure

Parameter Control Hyp Hyp+L Hyp+M Hyp+H Hyp+Sild
FAC/% 66.06 = 7.01 26.16 +2.92" 38.50 +3.57"7" 4596 321" 62.04 +1.097" 56.88 £2.77"
RVEF 92.30 + 2.64 442 +10.11" 65.25 £ 4.48™ 82.42 £4.06™ 88.81+2.21"" 81.37£3.12™
FAC-mPAP /% 431+1.07 0.74 + 0.09* 1.52+1.56™" 1.87£0.18™ 2.52+0.15" 2.08+0.07"
TAPSE-PASP! 0.27 £0.05 0.09 + 0.02* 0.13£0.01" 0.17+0.01"" 0.16 £0.01"™ 0.15+0.01"

A Control Hyp+L Hyp+M Hyp+H Hyp+Sild
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Figure 3 Effects of PE on RV tissue fibrous structure in HPH rats (40x). A, B: HE staining (A) and Masson staining (B) for pathological
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