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Abstract: Objective To investigate the effects of D-limonene on the proliferation and apoptosis of pan-
creatic cancer PANC-1 cells and elucidate its mechanisms.  Methods The pancreatic cancer PANC-1 cells
were divided into a control group, a D-limonene group, and an N-acetylcysteine (NAC) intervention group.
The CCK-8 assay was used to detect the effect of D-limonene on the proliferation ability of PANC-1 cells. Crys-
tal violet staining was employed to assess the impact of D-limonene on the clonogenic ability of PANC-1 cells.
A fluorescent probe was used to detect changes in reactive oxygen species (ROS) levels in PANC-1 cells treated
with D-limonene. The EdU staining method was applied to evaluate the effect of D-limonene on the prolifera-

tion capacity of PANC-1 cells. Apoptosis in PANC-1 cells induced by D-limonene was detected using the An-
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nexin V/PI double staining method. Western Blot analysis was conducted to investigate the influence of D-lim-
onene on the expression of apoptosis-related proteins PARP, Caspase-3, and Bax in PANC-1 cells.  Results

The CCK-8 assay revealed a dose-dependent decrease in the proliferation ability of PANC-1 cells in the D-limo-
nene group. Crystal violet staining showed a weakened clonogenic ability of PANC-1 cells in the D-limonene
group. The fluorescent probe detected that the ROS content in PANC-1 cells of the D-limonene group in-
creased. After adding the ROS scavenger NAC to the D-limonene group, the ROS content decreased. EdU
staining indicated a decreased proliferation capacity of PANC-1 cells in the D-limonene group., and the inhibito-
ry effect of D-limonene was attenuated by NAC intervention. Annexin V/PI double staining demonstrated an
increased apoptosis rate in PANC-1 cells treated with D-limonene, while the pro-apoptotic effect of D-limonene

was weakened after NAC intervention. Western Blot analysis showed elevated expression levels of apoptosis-re-

lated proteins (PARP, Caspase-3, and Bax) in PANC-1 cells treated with D-limonene, which were decreased

upon NAC intervention ( P <C0.05).  Conclusion

D-limonene may exert its effects on inhibiting proliferation

and inducing apoptosis in pancreatic cancer cells through regulating ROS.
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