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Synergistic inhibitory effect of static magnetic field and
antitumor drugs on Hepal-6 cells

Lingling Xu*, Wei Guo?, Ying Liu?, Xueqing Zhang, Juntao Yu', Wencai Wu",
and Tiejun Zhao'

1 College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China
2 College of Life Science, Shaanxi Normal University, Xi’an 710119, Shaanxi, China

Abstract: Chemotherapy as a routine method for clinical treatment of cancer has disadvantages such as significant
toxicity and strong resistance. In order to improve the efficacy of the drugs and reduce the by-effects, we tried to combine
static magnetic field (SMF) with cisplatin or adriamycin. The growth of Hepal-6 cells treated with the static magnetic field
(SMF) combined with cisplatin or adriamycin was significantly inhibited, as detected with MTT
(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide) test. Combined treatment group cells underwent
significant morphological changes as observed by HE (Hematoxylin and eosin) staining under optical microscope. Cell
cycle analysis indicated that SMF increased the ratio of cells arrested in G2/M phase caused by cisplatin, and when treated
with SMF combined with adriamycin, cells were almost arrested in G1 and G2/M phase. SCGE test showed that SMF can
enhance the ability of cisplatin or adriamycin to promote cell DNA damage. Atomic force microscope observation found
that the combination of antitumor drugs and magnetic field treatment induced larger and deeper holes on the cell membrane,
and surface structure damage is serious. The combination of antitumor drugs and magnetic field technology effectively
inhibits the growth of tumor cells, and reduces drug doses. The results implicate this method as potential cancer therapy.

Keywords: static magnetic field (SMF), cisplatin, adriamycin, synergistic inhibitory effect
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Fig. 1 Sketch map of the static magnetic fields exposure system. (A) Non-magnetic and airtight incubator (25 cm
length, 5 cm width, and 5 cm height) was used to place the samples within the middle of solenoid (4 cm radius, 54.7 cm
length). (B) Distribution of SMF flux density, which was measured along the center axis at the floor level of the cell

culture bottles.
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Fig. 2 Effect of cisplatin or adriamycin coupled with 8.8 mT SMF on the cell proliferation of Hepal-6 cells. (A)
Cisplatin. (B) Adriamycin. C: control group; MF: magnetic field group; HDDP: cisplatin group; ADM: adriamycin
group; MF+HDDP: MF combined with cisplatin group; MF+ADM: MF combined with adriamycin group. *P<0.05 or
** P <(.01, compared with controls; ~ P<0.05 or ** P <0.01, compared with antitumor drug.
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Fig. 3 Effect of SMF combined with antitumor drug on the cell morphology of Hepal-6 cell (40%). C: control group;
MF: magnetic field group; HDDP: 1 pg/mL cisplatin group; ADM: 20 ng/mL adriamycin group; MF+HDDP: MF
combined with cisplatin group; MF+ADM: MF combined with adriamycin group.
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Fig. 4 The distribution of the cell cycle in Hepal-6
cells exposed to SMF with 1 pg/mL cisplatin. C:
control group; MF: magnetic field group; HDDP:
1 pg/mL cisplatin group; MF+HDDP: MF combined
with cisplatin group. ** P<0.01, compared with
controls; " P <0.01, compared with HDDP.
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Fig. 5 The distribution of the cell cycle in Hepal-6
cells exposed to SMF with 20 ng/mL adriamycin. C:
control group; MF: magnetic field group; ADM:
adriamycin group; MF+ADM: MF combined with
adriamycin group. *P<0.05 or ** P<0.01, compared
with controls; ** P<0.01, compared with ADM.
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Fig. 6 After Hepal-6 cells were treated with the combination of SMF (A) and cisplatin (B) (1 pg/mL) for 24 h,
DNA damage was detected by the comet assay. C: control group; MF: magnetic field group; HDDP: 1 pg/mL
cisplatin group; MF+HDDP: MF combined with cisplatin group. ** P <0.01, compared with controls; ** P <0.01,
compared with HDDP.
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Fig. 7 After Hepal-6 cells were treated with the combination of SMF (A) and adriamycin (B) (20 ng/mL) for 24 h, DNA
damage was detected by the comet assay. C: control group; MF: magnetic field group; ADM: adriamycin group;
MF+ADM: MF combined with adriamycin group. ** P <0.01, compared with controls; P <0.01, compared with ADM.
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Fig. 8 Effect of SMF combined with antitumor drug on the cell surface ultrastructure of Hepal-6 cells. C: control
group; MF: magnetic field group; HDDP: 1 pg/mL cisplatin group; ADM: 20 ng/mL adriamycin group; MF+HDDP:
MF combined with cisplatin group; MF+ADM: MF combined with adriamycin group. S: 3.75 pumx3.75 pum; L:

1.875 pmx1.875 pm.
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