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Abstract

The nanotherapeutics hold great potential in cancer therapy since they may consist of more
than one anticancer agent that has a different mechanism of action. The present study aimed to
encapsulate the epirubicin (EPI) into a nanoemulsion (NE) containing algae (ALG) and cinnamon
(CN) oils using ultrasonication technique. The antitumor activities of different NEs (ALG-CN/pH7
and ALG-CN/pH8) were evaluated in the HCT116 human colon cancer cells, HepG2 and Huh7
human hepatocellular carcinoma (HCC) cells. The physical properties, the cytotoxicity screening
using cell counting kit-8 (CCK-8), flow cytometric analyses of apoptosis, reactive oxygen species
(ROS) generation, and anti-invasion ability of the new nanotherapeutics were examined. The zeta
average diameter and zeta potential of the nano-suspensions of ALG-CN-EPI/pH8 were 117.2 +
3.02 nm and -1.810 £ 0.07 mV, respectively whereas ALG-CN-EPI/pH7 has a mean z-average
diameter and zeta potential of 109.90 + 2.97 nm and -2.98 + 0.22, respectively. The higher
cytotoxic NE formula in HCT116 was ALG-CN/pH8, while ALG-CN/pH7 exhibited the greatest
potency in both HepG2 and Huh7 cells. Therefore, they were selected for the EPI encapsulation
and in the next subsequent experiments. Results of the apoptotic evaluation revealed that the half-
maximal inhibitory concentration (ICso) of ALG-CN-EPI/pH8 (0.7 + 0.21 uM) was distinctly



lower than that of free EPI (6.00 £ 1.56 puM) in HCT116 cells. The DNA fragmentations of
HCT116 cells treated with ALG-CN-EPI/pH8 were amplified by a factor of 8 + 0.24 relative to
the untreated cells but they did not considerably differ when treated with the free EPI (1.13 £ 0.31).
ALG-CN-EPI/pH8 treatment suppressed the invasion ability of HCT116 cells to (32.98 + 3.28) %,
whereas the invasion ability of EPI exposed cells was only reduced to about (56 + 1.81) %. In
HepG2 and Huh7 cells, the 1Cso values of ALG-CN-EPI/pH7 were (0.32 + 0.15) uM and (0.20
0.11) uM, respectively which were much less than that of free EPI (5.25 + 1.12 and 7.40 + 1.32
MM, respectively). Additionally, the DNA fragmentation of HepG2 and Huh7 cells exposed to
ALG-CN-EPI/pH7 were higher than the corresponding controls by 7.4- and 3.5-folds, respectively
(P <0.001). ALG-CN-EPI/pHT7 treatment reduced the invasion ability in HCC cell lines by about
39 %, whereas EPI treatment reduced the invasion ability of HepG2 and Huh7 cells to 55.58 %
and 63.35%, respectively. Cells treated with EPI encapsulated in NEs resulted in a significant
elevation of the intracellular ROS production and higher percentages of apoptotic cells relative to
the EPI treated cells. In conclusion, the resulted new nanotherapeutics (ALG-CN-EPI/pH8 and
ALG-CN-EPI/pH7) have potentiated the antitumor activity of EPI and induced apoptosis in human
colon cancer cells and HCC cells via reactive oxygen species (ROS) generation and the inhibition

of the invasion ability.



