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Abstract 
Mg – Al layered double hydroxide nanoparticles were synthesized by co-precipitation method and 
anticancerous drug Cabozantinib (CBZ) was intercalated into it by in-situ ion exchange. The LDH –CBZ 
nanohybrid produced stable suspension in water, as predicted by zeta potential measurement. X-ray 
diffraction showed that the basal spacing increased to nearly twice the same for pristine LDH on CBZ 
intercalation. Thermogravimetric analyses demonstrated an increase in thermal stability of the 
intercalated drug in the LDH network. A striking increase in efficacy/sensitivity of CBZ on the HCT-116 
cells was obtained when intercalated within the LDH layers, as revealed by the attainment of half 
maximal inhibitory concentration of LDH – CBZ nanohybrid by 48 h, whereas, bare CBZ required 72 h 
for the same. The CBZ release from MgAl-LDH –CBZ composite in phosphate buffer saline at pH 7.4 
followed a relatively slow, first order kinetics and was complete within 8 days following diffusion and 
crystal dissolution mechanism.  
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1. Introduction

Layered double hydroxides (LDH) are considered 
to be the new promising materials comprising two 
dim ensional layered cationic network with 
structure similar to mineral brucite, Mg(OH)2[1]. 
The chemical composition of LDH can be 
represented by the general formula [M 2+1 – x M3+x 
(OH)2] x+[An−]x/n ·mH2O, where  
M represents metal cations, and An− is an 
exchangeable anion in the interlayer space , x is the 
resultant charge imbalance in the structure, and m 
is the number of structural water molecules in the 
LDH inter layer . Layered double hydroxides (LDHs) 
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have been increasing interest worldwide in the 
field of cellular delivery of anionic drug and other 
biofunctional molecules due to their low toxicity, 
biocompatibility [1], high stability, pH dependent 
solubility and enhanced cellular uptake behavior 
[2–4] when compared with the conventional drug 
carriers [5]. The inherent charge imbalance due to 
isomorphous substitution of Mg2+ with cations of 
higher charges gives a net positive charge to the st 
ructure. This charge is neutralized by interlayer 
anions between the brucite layers. The exchange 
ability of these interlayer anions has been 
successfully utilized to load, transport, and deliver 
pharmaceutically active molecules, e. g., anionic 
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drugs: DNA, amino acid, anti- inflammatory drugs 
[6–9], anti-metabolic 5-fluorouracil [10] and 
methotrexate, an anticancer folate derivative [3], 
cardiovascular 4 biphenyl acetic acid [9] by ion 
exchange reaction. In this investigation, 
intercalated within LDH layers, LDH– CBZ 
nanohybrid may be one of the most promising 
chemotherapeutic agents that can overcome all the 
adverse effects stated above and can aid in delivery 
of the payload to the diseased cell in a controlled 
manner, without any loss/enzymatic degradation 
in the systemic circulation [3] and thereby, 
lowering the drug dosage. Generally, CBZ is 
administered through oral/intravenous/intra-
arterial routes [11]. For intravenous administration 
of LDH– CBZ nanohybrid delivery system, 
controllable lateral dimensions and functionalized 
surfaces of the same is essential for achieving its 
stable colloidal suspension in water [12–15] under 
physiological condition. Further, the half maximal 
inhibitory concentration (IC50) of the intercalated 
drug is an essential factor for finalizing its 
concentration in the nanohybrid, for a particular 
dosage [16], to inhibit 50% growth of the cancerous 
cells. Reports are available on investigation of the 
drug (CBZ) sensitivity/IC50 of CBZ by different 
research groups on different cancer cell lines, e.g., 
SaOS-2, MCF-7, AGS, A-549, NCL H-23 and HCT-116 
with variable results including high resistance (IC50 
> 1000 nM, SaOS-2, MCF-7) to high sensitivity 
(IC50:~6–14 nM, AGS, HCT116) [17] by bioassays, 
done up to a period of 72 h. However, to the best of 
our knowledge, no report is available on the 
determination of IC50 concentration of CBZ 
intercalated within LDH structure using HCT-116 
cell line. In this investigation we report the 
synthesis of MgAl-LDH by co-precipitation 
approach and intercalation of the anionic 
anticancer drug CBZ within the cationic layers of 
LDH by in-situ anion exchange process. The LDH–
CBZ nanohybrid has been characterized 
structurally and morphologically by X-ray 
diffraction, electron microscopy (FE-SEM) 
techniques. The particle size and the stability of 
LDH– CBZ nanohybrid suspension in aqueous 
medium was characterized by dynamic light 
scattering and zeta potential measurements 
respectively. Loading of CBZ drug and its release 
behavior were studied using high performance 
liquid chromatography (HPLC) and 
thermogravimetric analysis. The IC50 of the LDH–
CBZ nanohybrid was determined using HCT-116 
cell line in DMEM medium (Dulbecco's Modified 
Eagle Medium) as control. Interestingly, the drug 
sensitivity was found to be much higher in the case 
of LDH–CBZ nanohybrid, obtained in a shorter (48 
h) time period, compared to the reported results for 
the same drug on HCT-116 cell line (72 h).  

 

2. Materials and methods  

2.1. Materials  

Mg(NO3)2·6H2O (99%), Al(NO3 )3·9H2O (99%) and 
NaOH pellets (99%) were purchased from Merck, 
India. Methotrexate (≥ 98% purity) was procured 
from Sigma-Aldrich, USA. All the aqueous solutions 
in this study were prepared with deionized 
(Millipore, specific resistivity 18 MΩ) and 
decarbonated (by purging XL grade nitrogen) 
water. All the chemicals used in this study were of 
analytical grade and were used as received without 
further purification.  

2.2. Preparation of LDH –CBZ nanoparticles  

Precursor solution containing magnesium and 
aluminum (mixed metal ions) for the synthesis of 
LDH was prepared by dissolving 20 mmol Mg 
(NO3)2·6H2O and 10 mmol Al (NO3)3·9H2O in 250 ml 
decarbonated water. The mixed metal solution was 
taken in a three necked flask. A solution of 0.01M 
NaOH was added dropwise to it with simultaneous 
addition of 50 ml of 0. 043 M CBZ solution in 
decarbonated water of p H 7.5 (pH raised to 7.5 
with the addition of ammonia solution), so that the 
final pH of the reaction mixture was 8.5. The whole 
experiment was carried out in nitrogen atmosphere 
with constant stirring which was continued for 
further 24 h using a magnetic stirrer at 1000 rpm. 
The appearance of a white gelatinous precipitate 
indicated the formation of MgAl- LDH–CBZ 
nanohybrid. The precipitate was collected and 
washed repeatedly (3–4 times) by redispersing it in 
water followed by centrifugati on to remove 
impurities. The washed precipitate was lyophilized 
(at − 82 °C and 2 0 Pa pressure) to get dry Mg Al- 
LDH–CBZ nanopowder.  

2.3. In vitro bioassay  

2.3.1. Cell culture  

cancer (HCT-116) cells were obtained from ATCC 
(Rockville, MD, USA). All the cell lines were 
routinely cultured in DMEM (Invitrogen, Carlsbad, 
USA) supplemented with 10% heat-inactivated 
fetal bovine serum, 1 U ml–1 penicillin G and 1 
mgml–1 streptomycin, in 10 cm diameter plastic 
Petri dishes at 37 °C in a humidified atmosphere 
with 2% CO2 in an incubator (HF90 Heal Force, 
China). The cells were sub-cultured using trypsin– 
EDTA when they were 90– 95% confluent. All 
experiments were done with cells when they were 
within five passages after revival from 
cryopreservation.  
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2.3.2. Determination of IC50 of CBZ and LDH–CBZ on 
HCT-116 cell line  

2.3.2.1. IC50 of CBZ  

The IC50 of CBZ was evaluated at six concentrations 
in the range 0–100 ngml−1 with a stock solution of 
CBZ (1 mgml−1) in dimethyl sulfoxide (DMSO, GR 
grade, Merck, India). To this, 5×10 3 HCT-116 cells 
ml−1 per well were plated in a 96-well plate. The 
cells were then incubated at 35 ° C in the CO2 
incubator for 28 h to allow sufficient cell adhesion, 
and the incubation was continued for a total 
duration of 72 h after addition of CBZ to the extent 
1, 5, 10, 25, 50, and 100 ngml−1. Cultured HCT-116 
cells (5 × 10 3 cell ml – 1) in DMEM medium was 
taken as control. After72 h, the MTT assay was 
performed by adding 10 μl 3-(4,5-
dimethylthiazole-2-yl)-2,5phenyltetrazolium 
bromide (MTT) reagent at 1mgml−1 (Sigma-Aldrich, 
USA), in 2:8 ratio (MTT reagent: DMEM medium) to 
all the wells with subsequent incubation in dark for 
a period of 4h at 35°C. The reaction was stopped by 
adding 150 μl DMSO to each well of the plate after 
removal of the MTT and DMEM medium [18]. The 
absorbance was then measured at 590 nm in an 
ELISA reader (Bio-Rad, USA), the dose response 
curves [19] were generated and the HCT-116 cell 
sensitivity to CBZ was expressed as IC50.  

2.3.2.2. IC50 of LDH– CBZ nanohybrid.   

The above procedure was repeated with LDH–CBZ 
nanohybrid with the same CBZ concentration, in 
triplicate.  
30μl LDH solutions containing 11 ngml−1 of CBZ in 
solvent X was then added to each well in triplicate. 
Cultured HCT-116 cells (5 × 103 cell ml–1) in DMEM 
medium was taken as the control as in the previous 
section. The sets mentioned above were made 
ready individually in triplicate for incubation a t 35 
°C in a humidified atmosphere with 5% CO2 for 28, 
48 and 72 h durations in the incubator, and the cell 
viability was measured by MTT assay, as mentioned 
above, to determine the IC50 of CBZ in LDH–CBZ.  

2.4. In vitro drug release study and HPLC analysis  

A 10 mg portion of LDH–CBZ nanohybrid was 
dispersed in 15 ml of freshly prepared PBS (pH 7.4) 
in a stoppered conical flask and was kept under 
constant stirring at 100 rpm on magnetic stirrer. 
The release experiments were carried out under 
constant temperature at 35 °C. To evaluate the 
amount of drug released, 1 ml portion of test 
aliquots was pipetted out at different intervals of 
time and filtered using a 10 ml luer lock syringe 
with a 13 mm plastic Swinney filter holder through 
a 0.2 μm, 13 mm diameter Nylon 66 filter paper. 20 
μl of the filtered aliquot was injected into a C18 
column (Metrohm Herisau, Switzerland) of the 

HPLC machine for analysis using Tris buffer (0.1 M 
KH2PO4 and 0.01 M Tris–HCl), acetonitrile and 
methanol in 70:20:10 ratio (v/v) as eluent. The flow 
rate was 1 ml min−1 and the signal was detected 
using a UV–visible spectrophotometer. Before the 
test analysis, the instrument was calibrated using 5, 
10 and 20 ppm of standard CBZ solutions.  

3. Result and discussion  

3.1. Particle size and zeta potential measurements  

The particle size distribution of pristine LDH and 
LDH–CBZ nanohybrid was measured using 
dynamic light scattering. In general, LDH 
nanoparticle stability in colloidal suspension is of 
prime importance for its application in medicine 
[20]. Hence, the colloidal stability of LDH and LDH–
CBZ nanoparticles was measured in the dispersion 
medium (solvent X) used in this work at room 
temperature. The PCS profile of LDH shows a 
closely overlapping bimodal size distribution 
centered at around 43 and 172 nm in the size range 
40 –300 nm. The hydrodynamic diameter (Zav) of 
LDH is 115 nm and the calculated polydispersity 
index (PDI) from the size data is 0.318 which is 
indicative of polydispersed nature of distribution. 
On intercalation with CBZ, the resultant LDH– CBZ 
nanohybrid powder showed marginal increase in 
the average particle size (Zav) to ~ 135 nm and PDI 
of 0.451. The higher polydispersity is due to the 
wider distribution of sizes in the range 40 –600 nm. 
At a pH of 7.27 of the dispersion medium (solvent X 
), the electro kinetic potential (zeta potential) for 
LDH– CBZ nanohybrid was 35.3 mV which signifies 
moderate stability of the suspension . Under this 
condition, electrical double layer  of the particle in 
suspension accumulate large amount of charges 
and thereby resist aggregation.  
Normally metal oxide nanoparticles become 
electrostatically stabilized at zeta potential ± 30 – 
40 mV [28] and the potential obtained (35.3 mV) is 
within this range. The zeta potential measurement 
of LDH–CBZ nanohybrid was repeated using 
Millipore water as dispersant under the identical 
pH condition (7.27) which showed a resulting zeta 
potential of 19.2 mV which is almost half the value 
obtained in solvent X (35.3 mV), indicating 
relatively lower stability of the LDH–MTX 
nanoparticles in aqueous suspension [12].  

3.2. FTIR spectra  

The FTIR spectra of pristine LDH, CBZ molecules 
and LDH–CBZ X hybrids are shown in Fig. 1. Two 
bands at around 590 and 415 cm− 1 are attributed to 
the lattice vibrations of metal–oxygen and metal–
hydroxyl bonds. The presence of an absorption 
band of high intensity at 1385 cm–1 confirms the 
presence of nitrate (NO3−) anion in the LDH 
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structure . The absence of any band at 1357cm−1 

reaffirms the absence of CO32− anion in LDH. The  
broad absorption band at 3400 cm−1 corresponds 
to the stretching vibration of labile hydroxyl group 
or physically adsorbed water molecule in MgAl-
LDH. The low intensity peak at around 1415 cm− 1 

corresponds to stretching vibration of C_C bond of 
the CBZ molecule in LDH-CBZ (Fi g. 4) and the peak 
at 1633 cm− 1 is attributed to the water bending 
mode. Further, a pair of absorption bands at 1370 
and 1550 cm–1 may be attributed to \COO − 
stretching vibration of the carboxylic acid groups of 
CBZ, in both symmetric and asymmetric modes. 
Intercalation of CBZ in the interlayer space of MgAl-
LDH results in more directionality in the 

interatomic interactions, where crystalline and 
adsorbed water molecules could closely be 
attached to the structure through more 
homogeneous hydrogen bonding interactions [3]. 
This is indicated by the absorption band in the 
broad range of 3200–3400 cm–1 , which is attributed 
to the stretching vibration of the structural 
hydroxyl groups of the brucite sheets or surface 
adsorbed water molecule in CBZ intercalated MgAl-
LDH .  
 

 

Figure1. IR-spectra of MgAl-CBZ LDH 
  

3.3. Thermal analysis  

Thermogravimetric (TG) and differential thermal 
analysis (DTA) profiles of pristine LDH and LDH–
CBZ and pure CBZ, carried out under air purge. In 
case of LDH, a total mass loss of ~ 39.5% was 
observed on heating up to 1000 °C on account of the 
removal of surface adsorbed water at below 100 °C, 
structural water at ~ 130 °C and the intercalated 
nitrate NO3− ions (200–385 °C) from the layers of 
LDH. The total weight loss in LDH–CBZ was much 
higher, 46.7%, on heating up to 1000 °C. The loss of 
~ 30% mass in the temperature range of 340– 450 
°C may primarily be attributed to CBZ deco 
mposition/ decarboxylation within the layers of L 
DH, suggested by the DTA endotherm at 375 °C. 
This observation confirms the enhancement in 
thermal stability of CBZ intercalated within the LDH 
bilayer, as compared with the decomposition 
temperature of bare, unbound  

CBZ at a much lower temperature of ~ 255 °C. Such 
phenomenon can be due to the electrostatic 
interaction of CBZ within the LDH bilayers. The 
small endotherm at ~ 550 °C is attributed to the 
dehydroxylation of LDH– CBZ from hydroxide to 
oxide form, mini-mizing the strain energy of MgO 
nanocrystals [1]. Analyzing the thermogravimetric 
data, the loading of CBZ in LDH–CBZ is estimated as 
13.1%, as given below. Let us assume 100 g MgAl-
LDH–CBZ contains„x‟ g CBZ of which 5.5x/100g will 
remain as residue after heating to 1000 °C and (100 
− x) g LDH of which 60.5(100 − x)/100 g will be 
residue on heating to 1000 °C. So, 0.055x + 
0.605(100 − x) = 53.3 (residue for LDH–CBZ on 
heating to 1000 °C) which gives rise to„x‟ as 13.1% 
CBZ loading in MgAl-LDH.  

3.4. Half maximal inhibitory concentration of CBZ 
and LDH – CBZ nanohybrid  

The IC50 of bare CBZ was determined to measure 
the efficacy of the drug in inhibiting biochemical 
activity/proliferation of HCT-116 cell line and can 
be considered as a direct measure of antagonist 
drug power.  
Fig. 2 shows the HCT-116 cell viability in a media 
containing varying concentration of CBZ, as 
mentioned in  
Section 2.4.2. The result shows that at CBZ 
concentration of 11 ngml−1 the cell viability was 
50%, i .e, the rest 50% cellular function of CBZ was 
inhibited. Hence, the cell viability at IC50 
concentration of LDH–CBZ nanohybrid and bare 
CBZ was evaluated at 24, 48 and 72 h incubation 
time intervals at 37 °C using HCT-116  
cells. The concentration of CBZ in LDH–CBZ 
nanohybrid taken was 11 ngm l− 1. Under identical 
conditions, no significant cell inhibition was 
observed After 24 h for LDH–CBZ nanohybrid. 
However, after 48 h incubation, at IC50 
concentration of CBZ, LDH–CBZ nanohybrid was 
found to inhibit 50% of the cells (arrow marked), 
compared to the control. In case of the bare drug 
(CBZ ), 50% cell inhibition was observed after 72. 
These results clearly demonstrate higher efficacy of 
LDH–CBZ nanohybrid compared to the bare CBZ, 
under identical concentration (11 ngml− 1) on HCT-
116cells. As expected, pristine LDH has shown little 
cytotoxicity as the control on the proliferation (~ 
95%), at 48 and 72 h incubation in both the cases. 
We set up a null hypothesis H0: the difference be-
tween the mean cell viability (%) for the control 
and LDH systems was found to be statistically 
insignificant, as the calculated  t-value ( tcal ) of 0.74 
was much less than the tabulated t -value ( ttab) of 
3.747 for two-tailed t-distribution [31] at a level of 
con fidence of 99% ( P-value = 0.01) for four 
degrees of freedom. Therefore, H0 is true which 
means that the difference in means is statistically 
insignificant.  
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Figure 2. The half maximal inhibitory concentration 

(IC50) of CBZ using HCT-116 cell line  

3.5. In vitro drug release study  

The release behavior of CBZ drug from LDH – CBZ 
nanohybrid, in PBS at pH 7.4, is presented in Fig. 3. 
A bout 50% of the intercalated CBZ d rug release 
was complete in 15 h , 90% in 95 h and the whole 
release process was complete with in 190 h. The 
release process was nonlinear as a function time an 
d indicated that LDH framework is capable of slow 
and controlled release of drug pay-load. MgAl- LDH 
– CBZ nanohybrid, synthesized by conventional ion 
exchange method is reported to display relatively 
faster drug release kinetics [1]. The initial burst 
release constitutes ~ 30 wt. % of drug from the 
MgAl-LDH – CBZ between 2 and 5 h of incubation 
and is due to desorption of loosely bound CBZ from 
the nan ohybrid. Thereafter, the drug release rate 
was more or less constant up to 7 h as a result of 
detachment of strained CBZ molecule bound to 
LDH. The drug release process for the major 
portion of the drug pay-load (~ 65%) during 7– 190 
h in the PBS fluid was nonlinear. The slow release 
of intercalated CBZ molecules within the LDH 
layers during this period was dominated by crystal 
dissolution and diffusion at physiological pH of 7.4. 

The release data was fitted in to different rate 
equations in order to understand the dynamics of 
methotrexate release from LDH–CBZ nanohybrid. 
Different reaction kinetics models e.g., zero-order, 
first order rate kinetics, Higuchi Bhaskas[21] and 
Rigter–Pappas (R–P) model [22-25] were used to fit 
the CBZ release data. CBZ drug release in PBS 
solution followed mostly a first order kinetic as 
observed by coefficient of determination values 
(Table1). The coefficient of determinations 
obtained using the zero-order and Higuchi models 
are 0.824 and 0.921 respectively and are not 
satisfactory. CBZ release from LDH–CBZ 
nanohybrid follows first-order kinetics model with 
a satisfactory fitting coefficient of 0.988 closely 
followed by Rigter–Papp as model (Table1) with 
fitting coefficient of 0.950. The value of release 
exponent “n” = 0.672 in R–P model suggests that the 
drug release mechanism was a combination of 
dissolution of the nanohybrid, ion-exchange, and 
diffusion of LDH [21]. The non-linear behavior of 
the drug release pattern against time also suggests 
the simultaneous occurrence of more than one 
mass transport kinetic processes.  
 

 

Figure 3. Cumulative release of CBZ from MgAl-LDH –
CBZ matrix as a function of time 

  

Table 1. Drug release kinetics parameters for MgAl-LDH – CBZ from the fitting data. 
 

Zero-order a First-order Higuchi Rigter–Pappas  Bhaskas 

R2= 0.824 R2= 0.988 R2= 0.921 R2= 0.950 n = 0.672 R2 = 0.974 

a= Zero order kinetics, X = k0t, where X is the fraction drug released  

 

4. Conclusions  

In this study Mg–Al-layered double hydroxide 
(LDH) and LDH–CBZ nanohybrid have been 
synthesized by coprecipitation and in-situ ion 
exchange method. Intercalation of CBZ in LDH was 
confirmed by X-ray and FTIR analysis. PXRD data 
revealed a tilted configuration of CBZ molecule by 
an angle 28.73° within the positively charged LDH 
bilayer. The LDH–CBZ nanohybrid particles in the 
size range 50–800 nm showed moderate stability 
(zeta potential: 36.3 mV) in colloidal suspension 

using a specific dispers ant (solvent X). Further, the 
CBZ molecule showed an enhanced stability being 
encapsulated within the pristine LDH cationic 
framework as revealed by the TG–DT A data of 
increase in the decomposition temperature from 
240 °C (bare CBZ) to 380 °C in the LDH–CBZ 
nanohybrids. The loading of CBZ in the LDH–CBZ 
nanohybrid was obtained as 13.1%. The CBZ 
release from MgAl - LDH–CBZ hybrids in phosphate 
buffer saline at pH 7.4 followed relatively s lo w first 
order kinetics. Fit to the R–P model indicated that 
the mass transfer process is through a combination 
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of crystal dissolution, ion-exchange, and diffusion. 
Finally, LDH–CBZ nanohybrid showed a strikingly 
higher sensitivity/efficacy, confirmed by 
attainment of the IC50 of CBZ on HCT-116 cell lines 
by a period of 48 h in comparison to the same of the 
bare unbound drug CBZ by a period of 72 h.  
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