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Controllable Synthesis of Methotrexatum/Layered Double Hydroxide
Nanohybrids to Improve Their Anticancer Efficacy
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College of Chemistry and Materials Science, Nanjing Normal University, Nanjing 210097, China)

Abstract: The Methotrexatum/Layered Double Hydroxide (MTX/LDH) nanohybrids with different properties were
prepared by controlling the hydrothermal duration, using the coprecipitation method in alcohol-water solvent and
NH;-H,0 as precipitator. The structure and morphologies of MTX/LDH were systematically characterized by X-
ray diffraction (XRD), transmission electron micrograph (TEM) and fourier transform infrared spectroscopy (FT-
IR). Results showed that MTX molecules were intercalated into LDH interlayers as a declining or perpendicular
monolayer with the variation of hydrothermal treatment. Indeed,the crystallinity degree (indicated by the
sharpness of the diffraction peaks) and particle size were also affected by the hydrothermal duration. The results
indicated that MTX/LDH nanohybrids can be synthesized with the highest quality (morphology, monodispersity
and crystallinity) at 100 °C for 12 h. The high drug-loading capacity of all the nanohybrids indicated that pristine
LDH is a good carrier and it seems that capacity has no relation with the particle size. In addition, in vitro
release tests of the drugs intercalated into LDH were explored in phosphate buffered saline (PBS) with pH=7.4,
and four dissolution-diffusion kinetic models were used to fit the release process. The results indicated that the

nanohybrids present two-step release process, i.e., initially fast and then the controlled-release, probably suitable
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for clinic application. Furthermore, the modified parabolic diffusion model can simulate the release progress

better, indicating that MTX/LDH in wvitro release process belongs to multi-phase diffusion process via ion

exchange. At last, the anticancer efficacy of MTX/LDH hybrids was estimated by the bioassay such as MTT with

the human lung cancer (A549). According to the cell-line tests, the drug efficacy is associated with dispersion

coefficient ¢ closely: the smaller ¢ is, the better the tumor suppression efficiency becomes. The parameter ¢ is

determined by both the monodispersity and the particle size.

Keywords: nanoparticles; layered nanohybrids; release properties; anticancer efficacy; methotrexatum
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Fig.1  XRD patterns of MTX/LDH nanohybrids obtained

at different hydrothermal treatment time
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Table 1 Characteristic data of MTX/LDH nanohybrids obtained at different hydrothermal treatment time

Sample Basal spacing / nm Interlayer spacing / nm Angle of inclination / (°) Mean particle size / nm e
6h 22183 1.738 3 55.08 96.07 0.67
12 h 21275 1.647 5 51.00 147.46 0.54
24 h 2.154 5 1.674 5 52.17 162.06 0.64
36 h 2.120 7 1.640 7 50.71 210.00 0.71
48 h 2.602 3 21223 90 216.34 0.75
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2 ANIEK AL B )R A 2] B MTX/LDH 995K 52 G W i #5107 20K 8 (76)6~36 h; (F7) 48 h
Fig.2  Scheme of the arrangement of MTX/LDH nanohybrids obtained at different hydrothermal

treatment time (left) 6~36 h; (right) 48 h
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Fig.3 FT-IR spectra of MTX/LDH nanohybrids obtained

at different hydrothermal treatment time
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Fig.4 TEM images and distribution of particle size of

MTX/LDH nanohybrids obtained at different

hydrothermal treatment time
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Fig.5 Release profiles of MTX/LDH nanohybrids
obtained at different hydrothermal treatment

time
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Fig.6  Plots of different kinetic models for the release of MTX from the MTX/LDH nanohybrids

obtained at different hydrothermal treatment time
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Table 2 Fitting parameters of different kinetic models for the release of MTX from the MTX/LDH
nanohybrids obtained at different hydrothermal treatment time

First-order Eq. Bhaskar Eq. R-P Eq. Parabolic-diffusion Eq.
Sample

R k R ky R k n R kp
6 h 0.929 6 0.002 6 0.973 9 0.010 6 0.983 6 0.1315 0.306 7 0.999 4 0.086 7
12 h 0912 1 0.003 1 0.962 0 0.012 8 0.970 0 0.119 8 0.337 9 0.994 1 0.080 6
24 h 0.874 3 0.003 2 0.936 4 0.013 5 0.964 7 0.228 0 0.236 7 0.998 4 0.132 1
36 h 0.895 6 0.001 9 0.950 9 0.007 9 0.982 8 0.261 8 0.182 3 0.991 0 0.146 8
48 h 0911 4 0.001 3 0.961 6 0.005 6 0.994 4 0.240 5 0.170 2 0.984 7 0.138 0
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