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The combination of podophyllotoxin, podophyllotoxin-p-D-glucosides, and rutin enhance the non-
homologous end joining signaling to repair radiation-induced DNA double-strand breaks
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Acombination of three active principles (G-002M) podophyllotoxin, podophyllotoxin-B-D-glucosides and rutin have been
revealed for its DNA radioprotective ability. The present study has been conceptualized to elucidate its mechanism in
reducing radiation mediated DNA double-strand breaks (DSBs) and regulation of DNA repair pathway. The levels of y-H2AX
and P53BP1, DSBs detection signaling molecules in mammalian cells, were found decreased in G-002M pre-treated irradiated
human blood and PBMCs as compared to cells irradiated without G-002M. The flow cytometry and foci formation studies
in these samples also showed that G-002M pre-treatment attenuates the phosphorylation of ATM, DNA-PKcs, SMC1, NBS1,
and hMrell. However, Ku80 and XRCCIV and ligase IV protein levels in the same group samples had enhanced. Effect of the
formulation also modulated the expression of various genes such as ATM and 53BP1 were found down-regulated and DNA-
PKcs, Ku80 got upregulated. Mechanistically, the protective efficacy of the formulation can be attributed to its free radical
scavenging potential termed as an indirect mode of action. Same was experimentally confirmed using DHE and DCFH2-
DA fluorescence dye, analyzed in the form of a significant decline in radiation mediated ROS generation. Additionally, this
formulation also demonstrated a significant reduction in radiomimetic drug (Bleomycin sulfate) induced foci and MFI of
y-H2AX. Since bleomycin sulfate induced DSBs are known to be independent of ROS, results clearly suggest that G-002M
may have a direct mode of action in regulation of DSBs signaling and its repair molecules. The flow cytometry data of annexin
V, a cell viability marker-based study, demonstrated the efficacy of G-002M by indicating a reduced number of dead cells.
The regulation of apoptotic proteins such as Bcl-2, Bax and Caspase 3 was also efficiently modulated by pretreatment of this
formulation. The in vitro study (human blood and PBMCs) observations have been further strengthened with in vivo study
in mice. Mice pretreated (-1h) with G-002M and exposed to moderate doses (5and 7Gy) of ionizing radiation revealed a
significant decrease in y-H2AX foci formation and DNA fragmentation in blood and bone marrow cells as compared to
the respective radiation alone groups. The present study clearly emphasizes protective ability of G-002M against radiation-
induced damage to DNA, a major cellular biomolecule. This task has also conveyed a clear understanding in explaining the
possible mechanisms involved in overall radioprotection delivered by this formulation. Thus, this effort has been of immense
importance in identifying a potential lead, necessary for the development of a new generation, safe and effective radioprotective
agent for human applications against planned or emergency exposure of radiation.
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