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Abstract. Nanoclay-based drug delivery vehicle has acquired immense recognition owing to its unique physico-chemical
properties. In this study, tetracycline hydrochloride (TCH) drug was intercalated into the interlayer gallery of montmorillonite
(Mt) clay by a cation exchange process. The intercalated nanocomposites were characterized by Fourier transform infrared
spectroscopy, X-ray diffraction, energy dispersive X-ray and thermogravimetric study. It was evident from the characterization
that TCH drug was successfully intercalated into the interlayer gallery of Mt clay. These clay-based formulations exhibited
antibacterial activity against both Gram-positive and Gram-negative bacteria on analyses via zone inhibition methods. An in-vitro
drug release study was performed in phosphate buffer at physiological temperature and interestingly it exhibited sustained and
controlled release of TCH from the nanocomposites, after an initial burst-out effect. Overall, this study showed that these
nanocomposite materials have immense potential for use in controlled drug delivery strategies for antibacterial treatment.
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Introduction

Bacterial infection is the leading cause of delayed wound
healing. The colonization of microbes and subsequent prolonging of inflammatory phase on the wound site can lead to
sepsis or chronic pathological conditions. Thus, an antimicrobial environment is desirable for effective wound healing
process. In this precinct, tetracycline hydrochloride (TCH) is
generally used to combat bacterial infection. However, for
effective therapeutic response, an optimal dosage should be
available at the targeted site and at the same time, the drug
activity should persist for a longer period [1]. An optimal
plasmatic concentration of the therapeutic should be maintained which demands controlled drug release to evade the
fluctuations in the plasmatic drug levels [2]. But in systemic
administration, the drug is released immediately without
proper control of the drug release rate. In many cases, it
becomes tough to attain the minimum effective concentration
(MEC), and sometimes the plasma concentration could
exceed the minimum toxic concentration (MTC). In addition,
in systemic drug administration the drug not only targets the
specific part but also affects the whole body and thus many
side effects are also observed. To address these side effects
and maintain the desired plasma concentration of the drug in
the specific part of the body by maintaining MEC and
avoiding MTC, the administration of the drug in a localized
and controlled manner is becoming more important.

A special focus is on nanoclay-based drug delivery
vehicle owing to its remarkable and unique physico-chemical properties [3–6]. Drug molecules are intercalated with
smectite clay to protect it from enzymatic degradation while
in systemic circulation. Moreover, the drug could easily
reach the targeted site being assisted by the nano-tailored
clay. A number of citations are available in the literature on
how the drug could be released more efficiently in a sustained and controlled manner when it is intercalated with
nanoclay [7,8]. In the smectite clay family, montmorillonite
(Mt) is considered as a significant agent in the drug delivery
niche. It is a bio-inert clay in which a central alumina
octahedral sheet is sandwiched between two silica tetrahedral sheets [9,10]. It has a high inter-layer spacing (in 001
plane) to enable easy intercalation of drug molecules in the
interlayer space [11]. Moreover, owing to its high surface
area, adhesiveness, adsorption and cation exchange ability,
the drug molecules could be easily entrapped into the clay.
These unique properties of Mt clay have attracted
researchers to explore it as an active therapeutic agent in the
pharmaceutical industry [12–15]. Mt-based antimicrobial
material has been reported in the literature to address drug
delivery, wound healing and tissue engineering applications. Interestingly, the inherent microbial property of clay
rich in iron has also been reported. Therefore, it is quite
clear that intercalation of antibiotic into clay could provide
thrilling antimicrobial properties. The nano-tailored clay is
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speculated to act as an improved delivery vehicle of
hydrophilic drugs such as TCH.
In this study, Mt–TCH intercalated nanocomposites were
prepared by incorporating TCH drug into the interlayer
gallery of Mt clay by ion-exchange method, for the purpose
of continuous and sustained release of TCH drug. The Mt–
TCH intercalated nanocomposites were characterized by
Fourier transform infrared (FT-IR) spectroscopy, X-ray
diffraction (XRD), energy dispersive X-ray (EDX) and
thermogravimetric analysis (TGA). The antibacterial
activities of the developed nanocomposites were studied
against both Gram-negative and Gram-positive bacteria. An
in-vitro drug release study was also performed with these
drug loaded nanocomposites at 37°C in phosphate buffer
saline (PBS, pH 7.4) media.

2.
2.1

Experimental
Materials

Mt clay was obtained from Nanocor, USA with a cationexchange capacity (CEC) of 100 mequiv/100 g. Dialysis
membranes (molecular weight cut-off B 12,400) and TCH
were purchased from Sigma-Aldrich (Germany). All other
chemicals and solvents were of analytical grade and used
without further purification.

2.2

Preparation of Mt–TCH intercalated composite

The Mt–TCH intercalated composites were prepared by
successful intercalation of different amounts of TCH drug
(0.5, 1, 2 and 3 times CEC of Mt respectively) into the
interlayer gallery of Mt clay by cation exchange process.
One gram of Mt and calculated amount of TCH drug, as
shown in table 1, were dispersed in 30 and 100 ml of distilled water separately under vigorous stirring at ambient
temperature. After 30 min of stirring, the drug solution was
poured into the Mt dispersion and then the mixture was
subjected to mechanical stirring at 500 rpm at 80°C for
about 3 h. Centrifugation of the mixture was carried out at
5000 rpm for 30 min to collect the residue. It was then
washed twice with distilled water and dried at 80°C to
obtain the final product.

Table 1.

2.3

Characterization

2.3a FT-IR spectroscopy: The presence of different
types of functional groups in Mt clay, TCH drug and Mt–
TCH intercalated nanocomposites were evaluated by
potassium bromide (KBr) pellet transmission method over
500–4000 cm-1 wavenumber range by using a PerkinElmer spectrum Two FT-IR spectrometer.
2.3b Optimization of drug loading via UV–visible
spectroscopy: For optimization of drug loading
experiment, initially a fixed amount of Mt clay i.e., 1 g
was dispersed in 30 ml of water by vigorous stirring at room
temperature in each of four different Erlenmeyer flasks
tightly fitted with a stopper. Then 100 ml of drug solution
containing 0.244 g of drug (i.e., maintaining 0.5 CEC) was
added into each flask separately and stirred mechanically at
500 rpm and 80°C for 1, 2, 3 and 4 h, respectively. After
the allotted time mentioned earlier, clay–drug dispersion
was centrifuged separately at 5000 rpm for 30 min. The
supernatant was collected in each case and further analysed
for calculating the drug loading percentage using a UV–
visible spectrophotometer at a particular wavelength of
361 nm by determining the unloaded drug amount present
in the supernatant. The same experimental procedure was
followed by keeping the Mt clay amount constant at 1 g
with addition of 0.489, 0.978 and 1.467 g of TCH drug (i.e.,
maintaining 1.0, 2.0 and 3.0 CEC) respectively. The drug
loading percentage (DL%) was calculated using the
following equation:
DL% ¼

Total amount of drug  amount of drug in supernatant
:
Total amount of drug

2.3c TGA: TGA of Mt clay, TCH drug and all Mt–TCH
intercalated composites were carried out by using a PerkinElmer TGA 4000 instrument. Each experiment was
performed with 10–15 mg of the sample under a nitrogen
atmosphere at a heating rate of 5°C min-1 up to 900°C. The
% of drug loading into Mt–TCH intercalated composites
was also calculated from TGA.
2.3d XRD: The XRD analysis of Mt clay and all Mt–
TCH intercalated nanocomposites were carried out by using
an X-PERT-PRO Panalytical diffractometer with step size

Concentration of Mt and TCH drug used in various Mt–TCH intercalated composites.

Product codes
Mt–TCH0.5
Mt–TCH1.0
Mt–TCH2.0
Mt–TCH3.0

Amount of Mt (g)

Amount of TCH drug (fraction of CEC of Mt)

Amount of drug (g)

1.0
1.0
1.0
1.0

0.5
1.0
2.0
3.0

0.244
0.489
0.978
1.467
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2h = 0.02° in between 2h = 3 and 40°. The experiment was
performed at room temperature with a scan rate of
1° min-1. The X-ray source is CuKa (40 kV/30 mA)
radiation of about 1.5406 nm wavelength.
2.3e EDX: The elemental composition of Mt clay, TCH
drug and all Mt–TCH intercalated composites were
determined by using a field emission scanning electron
microscope (FESEM), JEOL, working with EDX
attachment.
2.3f Colony counting method: Colony counting method
(AATCC 100) was used to determine the minimum inhibitory
concentration (MIC) of the TCH drug and Mt–TCH
intercalated composite. Two grams of Luria broth
composition was dispersed in 100 ml of distilled water and
then it was sterilized for 15 min at a pressure of 15 lb in an
autoclave. Different amounts (ranging from 0.1 to 10 ppm) of
Mt clay (control), TCH drug and Mt–TCH intercalate
composite powders were dispersed in Luria broth solution
separately and then inoculated with 10 ll of Escherichia coli
(106 CFU ml-1) and Staphylococcus aureus (106 CFU ml-1)
bacterial solution and maintained for 24 h at 37°C. Sterilized
deionized (DI) water was used to make a serial dilution of
these solutions and dilutions of 10-4 and 10-5 were utilized to
perform colony counting. Stipulated amount (10 ll) of each
of these solutions was spread onto the surface of the agar plate
and the plates were incubated for 24 h at 37°C. The counting
of the bacterial colonies on the surface of the agar plate was
performed after incubation by using a Yorco digital colony
counter. The minimum concentration of the material at which
99% reduction of bacterial colonies occurred was considered
as MIC of the material.
2.3g Disc diffusion test: Disc diffusion test (AATCC
90) was performed to test the antibacterial activity of the Mt
clay, TCH drug and Mt–TCH intercalated composites
against both Gram-negative (E. coli) and Gram-positive
(S. aureus) bacteria. A total of 0.1 g of each tested
components were mixed with 0.2 ml of DI water to make a
homogeneous paste and then it was evenly placed over the
surface of the paper discs of approximately 15 mm
diameter. The discs were then stored in a UV chamber for
30 min for sterilization. Nutrient agar solution was prepared
by dispersing 20 g of Luria broth and 15 g of agar–agar (as a
solidifying agent) in 1000 ml of DI water. This nutrient agar
solution was then sterilized at 37°C. Approximately 25–30
ml of sterilized nutrient agar solution was evenly spread on
the surface of the Petri dish. The E. coli and S. aureus
bacterial solution of 10 ll having concentrations of around
1.5 9 106 and 1.2 9 106 CFU ml-1 respectively were
uniformly cast over this nutrient agar solution. Previously
prepared paper discs were then applied onto the nutrient
agar plates and the plates were incubated for 24 h at 37°C.
The measurement of zone of inhibition was performed after
the incubation period of 24 h (figure 1).
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2.3h In-vitro drug release study: Ten milligrams of
TCH drug and 40 mg of Mt–TCH2.0 intercalated composite
were separately dispersed in 5 ml PBS media (pH 7.4).
These dispersions were then separately poured into dialysis
membrane bags and the bags were immersed into 100 ml
PBS dissolution medium under shaking at 200 rpm at 37°C.
Three millilitres of dissolution medium were taken out at
suitable time intervals and an equal volume was
immediately replenished with fresh PBS to maintain a
constant volume of 100 ml. TCH drug content was
evaluated by analysing the withdrawn sample through UV
spectrophotometer at 361 nm [16].

3.
3.1

Results and discussion
FT-IR spectroscopy

The evidence of successful intercalation of TCH drug into
the interlayer space of Mt clay was also supported by the
FT-IR spectrum of Mt–TCH intercalated nanocomposites
with respect to TCH drug and Mt clay as shown in figure 2a
and b. In the case of Mt, the bands at 3436 and 1640 cm-1
were assigned to the O–H stretching and O–H bending
vibration of absorbed water molecules that exist in the clay.
Some other characteristic bands observed at 3628, 1040 and
914 cm-1 were attributed to the O–H stretching vibrations
of structural hydroxyl group bonded to octahedral cations
[17], Si–O stretching vibration and Al–Al(OH) bending
vibration respectively [18,19]. In the FT-IR spectrum of
TCH, the bands appearing at 1614 and 1579 cm-1 were due
to the vibration of C=O groups [20]. The bands at 2940 and
2861 cm-1 were attributed to the symmetric and asymmetric vibration of methyl groups of TCH and some other
characteristic bands at 1231, 1320, 1356 and 1455 cm-1
were also observed due to the vibration of C–N and C–C
groups [4]. The presence of characteristic absorption bands
of TCH drug and Mt clay in the FT-IR spectra of all
Mt–TCH intercalated nanocomposites was another clear
indication of successful intercalation of TCH drug into the
interlayer gallery of Mt clay without any chemical decay of
the functional groups. It was also observed that the
absorption bands of drug and clay observed in the FT-IR

Figure 1.

Chemical structure of TCH drug.
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Figure 2. FT-IR spectra of (a) clay and all intercalated nanocomposites, (b) TCH drug and (c) spectra under wavenumber 1000–1650
cm-1 for Mt, TCH and Mt–TCH2.0 composite.

spectrum of Mt–TCH composite showed no significant
shifting of position, except for the bands at 1356 cm-1 (C–
N stretching vibration), which also made it clear that there
was no covalent or physical interaction between the clay
and drug molecules. Furthermore, the significant shifting of
band at 1356 to 1398 cm-1 for Mt–TCH composite might
be due to the fact that the drug molecules became charged
species (cation) when intercalated into the interlayer gallery
of clay. Therefore, it could be speculated that the interaction
between the clay and drug molecules was due to the ionic
interaction. From figure 2b it was also observed that after
the intercalation of TCH drug into Mt clay, the intensity of
absorption bands at 3628 and 3436 cm-1 decreased indicating less quantity of absorbed water in all Mt–TCH
intercalated composites in the interlayer space as well as in
the external surface. Intercalation of TCH drug into the
interlayer space of Mt clay mineral reduced the surface
hydrophilicity of the Mt clay imparting some
hydrophobicity.

3.2

Drug loading analysis

From figure 3, it was observed that for all Mt–TCH intercalated composites, the percentage of drug loading
increased significantly with the increase in time up to 3 h.
However, after 3 h no significant increase in drug loading
percentage was observed as the equilibrium was reached
within the time period. This is due to the fact that up to 3 h,
adequate numbers of exchangeable cations sites were
available which led to continuous increase in drug loading
percentage for the composite; but a further increase in time
resulted in a decrease in the availability of exchangeable
sites leading to linearity i.e., insignificant increase in percentage of drug loading. This result confirms that stirring
time of 3 h was optimum for performing clay–drug ion
exchange reaction.
From the figure it was also obvious that optimized drug
loading into clay interlayer spacing was attained for the Mt–
TCH2.0 composite as a further increase in drug amount
([0.978 g of TCH; i.e., 2.0 CEC) had very little effect on
drug loading efficiency. This is due to the fact that up to that

Figure 3.

Percentage of drug loading with time.

concentration of drug (0.978 g of TCH, i.e., 2.0 CEC),
adequate numbers of exchangeable cation sites were available which led to continuous increase in drug loading percentage but a further increase in the concentration of drug
resulted in a decrease in the availability of exchangeable
sites leading to linearity i.e., insignificant increase in percentage of drug loading. This result was also confirmed
earlier by TGA.

3.3

Thermal study

TGA of TCH drug, Mt clay and Mt–TCH intercalated
nanocomposites are represented in figure 4. In the case of
Mt clay, weight loss occurred mainly in two distinct steps,
the first one due to evaporation of water molecules in the
temperature range of 40–120°C and in the second step
around the temperature range of 650–750°C, the weight loss
occurred due to the loss of structural hydroxyl group [21].
The modification of Mt clay mineral with organic TCH
drug increases the number of decomposition steps. The first
step corresponds to the evaporation of water molecules
around 70–150°C (figure 4; zone a). The second step
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Figure 4. TGA curve of Mt, TCH and Mt–TCH intercalated
composites.

around 200°C could be attributed to the onset of decomposition of organic substance with the maximum decomposition occurring around 280–350°C (figure 4; zone b)
temperature range. The third step indicates decomposition
of chemically bonded organic drug structure in the region of
400–700°C (figure 4; zone c). The final degradation started
beyond 700°C (figure 4; zone d) due to dehydroxylation of
the layers and proceeded till 900°C. Residual carbonaceous
product formation occurred above 800°C [22].
A similar kind of degradation behaviour was also found
in the case of TCH drug which degraded completely at
Table 2.
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820°C without leaving any residue. TGA analysis shows
that Mt clay mineral contained 83% residue at 900°C.
Based on the residual leftover in various clay–drug intercalates, the percentage of drug loading has been deduced
from the TGA curves and is summarized in table 2.
From table 2 it is observed that as the initial TCH drug
concentration (from 0.5 to 3.0 CEC) was increased, the final
loading % of intercalated drug into the clay mineral interlayer space increased from 8 to 29% as expected. At the
initial stage the greater concentration gradient of the drug
might be responsible for such behaviour [23]. Further
intensive investigation was carried out with the composite
having an initial drug concentration with two times CEC of
Mt (i.e., 2.0 CEC), because at this concentration the loading
percentage of intercalated drug onto clay mineral almost
reached the equilibrium as obvious from TGA data analysis
(table 2). This observation was in accordance with the
previous findings of drug loading experiment via UV–visible spectroscopy, which was discussed in detail in the
earlier section.

3.4

XRD analysis

The XRD patterns of Mt clay and all Mt–TCH intercalated
nanocomposites are compared in figure 5. One characteristic peak was observed for Mt at 2h = 6.36° corresponding
to (001) plane with a basal spacing value of 13.87 nm

Drug loading efficiency of Mt–TCH intercalated nanocomposites.

Sample
% of weight loss at 200°C
% of weight loss at 900°C
% of drug loading

Mt

Mt–TCH0.5

Mt–TCH1.0

Mt–TCH2.0

Mt–TCH3.0

11.56
17.51
—

7.85
22.58
8.78

7.15
35.95
22.85

7.06
41.38
28.37

6.31
42.21
29.95

Figure 5. X-ray powder diffraction pattern of (a) TCH drug and (b) Mt clay and all Mt–TCH intercalated
nanocomposites.
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Possible structural arrangement of Mt–TCH intercalated composite.

[24,25]. In case of all Mt–TCH intercalated nanocomposites, this characteristic peak of Mt (2h = 6.36°) was shifted
to a lower diffraction angle at 2h = 4.68, 4.27, 4.04 and
3.98° with a basal spacing value of 18.87, 20.68, 21.84 and
22.16 nm for corresponding Mt–TCH0.5, Mt–TCH1.0, Mt–
TCH2.0 and Mt–TCH3.0 intercalated nanocomposites. The
increase in the value of basal spacing for all Mt–TCH
intercalated nanocomposites clearly indicated successful
intercalation of TCH drug into the interlayer gallery of Mt
clay (scheme 1). It was also observed that with the increase
in the % of drug loading (7–31% by mass) into the interlayer gallery of Mt clay, the value of basal spacing also
increased.
A characteristic peak at 8.5° was observed in the
diffractograms of all Mt–TCH intercalated composites but
this peak was not observed in the diffractograms of Mt clay.
In the diffractograms of TCH drug some peaks were
observed close to 8.5°, therefore the peak might arise in all
the spectra of composites due to the presence of drug.

3.5

EDX analysis

The EDX spectra of Mt, TCH and all Mt–TCH intercalated
nanocomposites are presented in figure 6 and the weight%
(wt%) as well as atomic% (at%) of various elements present
in these components are summarized in table 3. The presence of various elements such as oxygen, silicon, sodium,
aluminium, iron, magnesium, potassium and calcium was
evident from the EDX spectra of Mt clay (figure 6). The
presence of various elements such as oxygen, nitrogen and
chlorine was revealed from the EDX spectra of TCH drug
(figure 6). However, EDX spectra of Mt–TCH intercalated
nanocomposites showed presence of both Mt clay and TCH
drug elements. As expected with the increase in the drug
loading percentage into the interlayer gallery of Mt clay,
there was a decrease in the at% of the elements such as
silicon, sodium, aluminium, iron, magnesium, potassium
and calcium subsequently; at the same time there was an

increase in chlorine and nitrogen. As the initial TCH drug
concentration was increased (from 0.5 to 3.0 CEC), there
has been an increase in the N/Si ratio which proves the
increase of TCH content in composites. From the above
observations, it can be inferred that the TCH drug was
successfully intercalated into the interlayer gallery of Mt
clay through the ion exchange process.

3.6

In-vitro bacterial growth inhibition assays

The antibacterial activities of Mt, TCH and all Mt–TCH
intercalated nanocomposites are pictorially depicted in
figures 7 and 8 and the zones of inhibition of these
components are summarized in table 4. No antibacterial
activity was observed for only Mt clay as it did not exhibit
any inhibitory effect on the S. aureus and E. coli growth.
However, clear inhibition zones were observed for TCH
drug and all other intercalated nanocomposites around
each specimen. Thus Mt–TCH intercalated nanocomposites could arrest the bacterial growth. Again the presence
of inhibition zone gave a clear indication of diffusion of
TCH drug from all Mt–TCH intercalated nanocomposites
into the agar medium. It was also observed that increase in
the % of drug loading (7–31% by mass) into the interlayer
gallery of the Mt clay increased the size of the inhibition
zone.
The mechanism of antibacterial activity of these intercalated nanocomposites included the adsorption of TCH
drug onto the surface of the bacterial cell by electrostatic
attraction in the first step. Then the drug molecules
entered the cell by passive diffusion through the porin
channels for Gram-negative bacterium and by energy
dependent active transport for Gram-positive bacterium.
The drug molecules disrupted the integrity of the cytoplasmic membrane by binding with it. As a result of this
leakage of cytoplasmic components occurred, the
microorganisms gradually died and a clear zone of inhibition appeared [26].
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EDX spectra and FESEM images of Mt, TCH and Mt–TCH intercalated composites.

Figure 6.

Table 3.

Page 7 of 9

Elemental analysis data for Mt, TCH and Mt–TCH intercalated composites using EDX spectra.
Element

Sample
Mt
TCH
Mt–TCH0.5
Mt–TCH1.0
Mt–TCH2.0
Mt–TCH3.0

3.7

wt%
at%
wt%
at%
wt%
at%
wt%
at%
wt%
at%
wt%
at%

C

Si

O

Al

Na

K

Ca

Mg

Fe

Cl

N

—
—
46.41
53.10
13.25
20.11
20.68
29.17
25.11
34.52
26.37
35.96

26.09
18.34
—
—
24.26
15.75
18.11
10.92
17.02
10.01
16.13
9.41

55.82
68.89
25.76
22.12
42.11
47.98
38.87
41.16
34.31
35.41
33.18
33.97

10.55
7.72
—
—
9.57
6.47
7.60
4.77
6.74
4.12
6.59
4.00

2.53
2.17
—
—
1.05
0.83
0.19
0.14
—
—
—
—

0.47
0.24
—
—
0.21
0.1
0.07
0.03
—
—
—
—

0.69
0.34
—
—
0.22
0.1
0.09
0.04
—
—
—
—

2.03
1.65
—
—
1.87
1.40
1.32
0.92
1.15
0.78
1.11
0.75

1.83
0.65
—
—
1.60
0.52
1.43
0.43
1.19
0.35
1.26
0.37

—
—
4.25
1.65
1.13
0.58
2.41
1.15
3.17
1.48
3.32
1.53

—
—
23.58
23.13
4.73
6.16
9.32
11.27
11.31
13.33
11.98
14.01

Colony counting test

MIC of TCH drug against S. aureus was established by
altering the concentration of TCH drug in the range of
100 ppb to 10 ppm. The MIC of TCH drug was found to be
500 ppb.

N/Si ratio
0
23.13
0.39
1.03
1.33
1.49

Different concentrations of Mt–TCH2.0 e.g., 500 ppb to
5 ppm were chosen to determine the MIC of the Mt–TCH2.0
intercalated nanocomposite. The MIC value of Mt–TCH2.0
nanocomposite (1 ppm) was found to be higher than the
TCH drug as this composite contained only 28.3% of TCH
drug by mass.
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Table 4. Inhibition zone of Mt, TCH and Mt–TCH intercalated
nanocomposites against S. aureus and E. coli bacteria.
Zone of inhibition (in mm)
Sample

S. aureus

E. coli

Mt
TCH
Mt–TCH0.5
Mt–TCH1.0
Mt–TCH2.0
Mt–TCH3.0

Absent
52 ± 3.0
32 ± 2.0
38 ± 2.0
47 ± 2.5
47 ± 2.5

Absent
44 ± 2.5
18 ± 1.0
27 ± 2.0
32 ± 2.0
33 ± 2.0

Figure 7. Photograph showing zone of inhibition of Mt clay,
TCH drug and Mt–TCH intercalated nanocomposites against S.
aureus.

Cumulative drug release profile of Mt–TCH2.0.

Figure 9.
Table 5.

Drug release kinetics of Mt–TCH2.0.
Korsmeyer–
Peppas

Figure 8. Photograph showing zone of inhibition of Mt clay,
TCH drug and Mt–TCH intercalated nanocomposites against
E. coli.

3.8

Formulation

Zero order
R2

First
order R2

Higuchi
R2

Mt–TCH2.0

0.869

0.733

0.956

R2

n

0.967 0.505

In-vitro drug release study

The drug release pattern of Mt–TCH2.0 intercalated
nanocomposite was studied for 240 h and depicted in figure 9. The drug release data were fitted with different
kinetic models as summarized in table 5. It was observed
that the data best fit with Korsmeyer–Peppas model with a
linear correlation coefficient of R = 0.967 and the value of
n = 0.505. Thus from the value of n, one could predict that
the release mechanism was non-Fickian type and the concentration gradient of the drug and the ion-exchange process were the major driving forces behind the drug release.
Initially a burst release was observed when 27% of the drug
was released within the first 24 h, mainly due to the existence of the adsorbed drug at or near the surface of Mt clay.
The advantage of this burst release is that it could quickly
provide a therapeutic dose which is very much needed for

treating infection and bacterial colonization-related diseases. Now the drug molecules present in the interlayer
gallery of Mt clay could only be available for release and
due to their bulky and hydrophobic nature it was very difficult to de-intercalate these drug molecules by ion-exchange reaction with the small Na? and K? cations of PBS
solution [27]. Hence, after the first 24 h of burst release, a
continuous sustained release was observed up to 192 h. This
continuous sustained release is very important for maintaining the initial therapeutic dose over a long period of
time. Figure 9 depicts that a maximum of 83.9% of drug
was released before it reached equilibrium. The reason
behind this was the ion-exchange reaction being one of the
driving forces for the drug release and due to its equilibrium
characteristic, a complete exchange of the intercalated
cations could not be possible.

Bull Mater Sci (2020)43:248
4.

Conclusion

In this study, different amounts of TCH drug (0.5, 1, 2 and 3
times CEC of Mt respectively) were loaded into Mt clay.
From TGA, UV–visible and XRD analysis it was established that the drug molecules were intercalated into the
interlayer gallery of clay. This intercalation of drug molecule was again supported by the FESEM images of composites as no trace of drug molecules was observed on the
surface of the clay. It was also observed from the EDX
analysis that as the weight percentage of N, Cl and C
(component of drug) increases in the composites, the percentage of cations such as Na, K and Ca (component of
clay) decreased simultaneously. This suggests that the
cations of the clay were being replaced by the drug molecules in the developed composites. Therefore in conclusion,
we can say that the drug was intercalated into the interlayer
gallery of clay by ion exchange process. In in-vitro drug
release study of Mt–TCH2.0 intercalated composite, an
initial burst release was observed with 30% of intercalated
drug released within first 24 h and then a sustained continuous release over 240 h. Thus the developed intercalated
composite exhibited efficacy for use in topical drug delivery
systems as fibrous implant polymeric materials including
sutures and wound dressings.
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