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ABSTRACT

Objective of the present study is to develop MMT based PLGA nanocomposites of oral and controlled release carrier of 5-Fluorouracil. Double
emulsion solvent evaporation method was used for nanocomposite synthesis and effect of medical clay MMT on encapsulation efficiency has been
evaluated. The synthesized 5FU-PLGA-MMT nanocomposites were compared with respect to morphology, particle size, physical status of 5FU and
MMT, and in vitro drug release to the corresponding biodegradable PLGA nanoparticles. Intercalation of polymer-drug moiety within the MMT
layers has been supported by XRD data. Particle size of synthesized nanocomposites was found in the range of 100-200 nm, a favorable size for
cellular uptake. In vitro drug release profiles of 5FU-PLGA-MMT nanocomposites in simulated gastrointestinal fluid, indicates a controlled release of
5-Fluorouracil as compared to 5FU-PLGA nanoparticles and pure 5FU for a period of 8 hours.

The delivery of 5FU by MMT based PLGA nanocomposites suggest the possibility of designing the oral and controlled release formulations to
minimize the drug administration frequency and hence improve the patient compliance.
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INTRODUCTION

5 Fluorouracil (5FU) is an analogue of the naturally occurring
pyrimidine, uracil, with fluorine substitution in the 5 position. It is
widely used in clinical for the treatment of a variety of carcinomas
especially those involving the breast, colorectal region, pancreatic
neck, head and skin [1]. The unpredictable bioavailability related to
first pass metabolism, upon oral administration 5 FU is usually
administered by intravenous bolus or continuous infusion [2]. 5FU
has very short biological half life of 10-15 minutes as it is quickly
metabolized in the body [3]. Therefore the maintenance of high
serum concentrations of this drug to improve its therapeutic activity
is needed. The maintenance of these serum concentrations requires
continuous/multiple administrations, but 5-FU shows severe toxic
effects [4], and of course, the multiple dosing of 5 FU is more
probable to reach and or exceed the toxic concentration.

Therefore, an efficient oral drug delivery system is desired to
overcome the drawbacks associated with 5FU and improve the
clinical therapy which is capable of maintaining the therapeutic
concentration over a longer period of time and provide a long time
exposure to the cancer cells. A novel oral drug delivery system with
controlled release chatracterstics can be prove more patient.
Compliant by providing a Preferred mode of treatment over present
intermittant chemotherapy by injection or infusion. The carriers
used for control drug release are mainly biodegradable polymers [5]
and porous inorganic matrix [6,7].

In recent years, drug intercalated smectite, especially
Montmorillonite (MMT) a pharmaceutical grade clay have attracted
great interest from researchers [8,9]. MMT is a 2:1 smectite layered
clay mineral composed of two SiOs tetrahedral layers sandwiching a
central Al octahedral layer as shown in Figure (1, a). The
isomorphous substitution of Al3* for Si** in the tetrahedral layer and
Mg?* for Al** in the octahedral layer results in a net negative surface
charge which is balanced by inorganic exchangeable cations
(Na+,Ca%*etc.) Chemically it is hydrated sodium calcium aluminum
magnesium silicate hydroxide (Na,Ca)o33(AlL,Mg)2(Si4010)(OH)2.nH:O0.

MMT has large specific surface area, good adsorption ability, cation
exchange capacity, and drug-carrying capability. Ith Pl
hydrophilicity, high dispersability in water and along the (001) axis
MMT can encapsulate various protonated and hydrophilic organic
molecules, which can be released in controlled manner by
replacement with other kind of cations in the release media [10-15]:
Therefore the MMT minerals are suggested to be good delivery
carries of the hydrophilic drugs. MMT is a potent detoxifier with
excellent adsorbent properties due to its high aspect ratio. It can
adsorb excess water from feces and thus act as anti-diarrhoeic. MMT

can also provide mucoadhesive capability for the nanoparticles to
cross the gastrointestinal barrier [16-18].

Although certain literature has already been reported for controlled
release of 5FU using MMT [19, 20] but to the best of our knowledge
no report has been available for the combination of biodegradable
polymer PLGA and MMT for controlled release of 5FU. This novel
formulation of MMT-PLGA nanocomposites are expecting to
combine the advantages of FDA approved biodegradable and
biocompatible polymer PLGA with non toxic GRAS grade clay MMT.

The objective of the present work is to develop and characterize
5Fluorouracil loaded MMT based PLGA nanocomposites for oral and
controlled delivery so as to minimizing the administration frequency
and side effects resulting in enhanced patient compliance by
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MATERIALS AND METHODS

Montmorillonite KSF, PLGA 50:50 (molecular weight 40,000-
75,000), 5Fluorouracil (purity 99.8%) and FDA approved nonionic
surface active agent Pluronic F-68 (PF-68) were obtained from
Sigma Aldrich USA. PF-68 is a poly (polyethylene oxide)z poly
(polypropylene oxide) Z poly (polyethylene oxide) triblock
copolymer (Fig. 1, ¢) with a molecular weight equal to 8500 Dalton
and was selected for this study because of its advantageous effect on
cancerous cells [21]. Analytical grade dichloromethane, HCI, KCI,
NaOH, Potassium dihydrogen phosphate were ordered by MERCK
(Germany). HPLC grade methanol and water were used for drug
estimation by HPLC technique. All other reagents whether specified
or not were of analytical grade. Water used in the experiments was
deionized and filtered (Milli-Q Academic, Millipore, France).

Synthesis of 5FU-PLGA Nanoparticles

In this study, the modified water/oil/water (w/o/w) double
emulsion solvent evaporation method [22] has been selected to
encapsulate hydrophilic drug 5FU in nanoparticles. 5FU-PLGA
nanoparticles were synthesized in two steps. First, 5FU was
dissolved in 1 ml of water and emulsified in a solution of methylene
chloride containing PLGA under sonication for 5 min. In the second

O OA O#tep, the primary w/o-emulsion was emulsified in the external

aqueous phase of Pluronic F68 to form a w/o/w-emulsion by
homogenization at 16,000 rpm for 5 min. The middle organic phase
separated the internal water droplets from each other as well as
from the external aqueous continuous phase. After solvent
evaporation the nanoparticles were isolated by centrifugation for 30
minute at 25,000 rpm (Sigma, Sartorius, 3K30) and washed with
double distilled water before freeze-drying (Virtis, benchtop K). The
powder samples thus obtained were used for further investigations.
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Fig. 1: Structural representation of Montmorillonite (a), PLGA (x=lactic acid, y= glycolic acid unit) (b), Pluronic F-68 (c), 5-Fluorouracil (d)
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Fig. 2: Diagrammatic representations for the formation of 5FU-PLGA-MMT nanocomposites

Estimation of drug loading and encapsulation efficiency by HPLC

HPLC apparatus and conditions

The HPLC system consisted of a Shimadzu Model DGU 20 A5 HPLC
pump, a Shimadzu-M20A Diode Array Detector, Shimadzu column oven

CTO-10AS governed by a LC Solution software. The detector wavelength
was set at 266 nm. Separation was achieved by low pressure gradient
elution by modifying the reported literature 23. Mobile phase delivered
at a flow-rate of 1.0 mL/min at ambient temperature through a C18
analytical columnLuna5mj cunm @ 18¢ (1 E8A8H
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Stock solutions and standards Supernatant obtained after centrifugation was diluted appropriately
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solutions was diluted with HPLC grade water to give working standard 5-FU with regression coefficient of 0.9998 (figure 3)
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Synthesis of 5FU-PLGA-MMT nanocomposites

Stock solutions of 5FU were prepared by dissolving 10 mg 5FU in 100 ml

Preparation of sample solutions
P P The synthesis of nanocomposites involved the emulsification of first

w/o emulsion in 0.2% Pluronic F-68 (w/v) and MMT aqueous
suspension (figure 2) followed by same procedure as discussed for
synthesis of 5FU-PLGA nanoparticles.

Supernatant recovered after centrifugation of the synthesized
samples were analyzed for its drug content which provides direct
indication about the extent of drug encapsulated in the composites.
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Fig. 3: Calibration plot of 5FU in aqueous media

nanocomposites. Samples were examined by mounting a sample
drop on the carbon coated copper grids, dried overnight and
photographed using a transmission electron microscope (TECNAI G2

X-ray Diffraction Studies

Powder X-ray diffraction (PXRD) measurements of samples were
performed on a powder X-ray diffractometer (XPERT PRO T30, U-TWIN) with an accelerating voltage of 300 KV.
Pananlytical, model PW3040160, Netherland) the measurement
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Thermal Gravimetric Analysis

The effect of MMT content on thermal stability of the 5FU loaded
PLGA-MMT nanoparticles was assessed by the thermogravimetric
analyzer. Thermogravimetric analysis was carried out within 307
700 °C at 10 °C/min in nitrogen flow Thermogravimetric analysis
was carried out within 30700 °C at 10 °C/min in nitrogen flow
(TGA 2050 Thermal gravimetric Analyzer).

Differential Scanning Calorimetry Studies

The differential scanning calorimetric studies were conducted on
DSC instrument (DSC Q200 V23.10 Build 79). The samples were
purged with dry nitrogen at a flow rate of 10 ml/ min. the
temperature was raised at 5°C/ minute.

Scanning Electron Microscopic Studies

Scanning Electron Microscopy (SEM) was performed to evaluate the
surface morphology of 5FU-PLGA nanoparticles and 5FU-PLGA-MMT
nanocomposites. One drop of the samples was mounted on a stubs;
sputter coated with gold in a vacuum evaporator and photographed
using a scanning electron microscope model (ZEISS EVO 40) with an
accelerating voltage of 20 KV.

Transmission Electron Microscopy and EDX analysis

Transmission electron microscopy (TEM) and EDX analysis were
performed to analyze the particle shape, size and elemental
composition of 5FU-PLGA nanoparticles and S5FU-PLGA-MMT

In vitro drug release studies of 5FU were conducted in a constant
temperature bath with the dialysis bag technique [23]. Buffer
solution of pH 1.2 (simulated gastric fluid) was prepared by mixing
250 ml of 0.2 M HCL and 147 ml of 0.2 M KCL. Buffer solution of pH
7.4 (simulated intestinal fluid) was prepared by mixing 250 ml of 0.1
M KH2POs and 195.5 ml of 0.1 M NaOH [12]. Dialysis sacs were
equilibrated overnight with the dissolution medium prior to
experiments. Weigh amount of synthesized frozen formulations of
known concentration was taken in 5ml of buffer solution in the
dialysis bag. Dialysis bag was dipped into the receptor compartment
containing 100 ml dissolution medium, which was stirring at
37+0.5° C. The receptor compartment was closed to prevent the
evaporation losses from the dissolution medium. The stirring speed
was kept at 100 rpm. 5 ml of aliquots was withdrawn at regular time
intervals and the same volume was replaced with a fresh dissolution
medium. Samples were analyzed for released 5FU content by UV
spectrophi OT 1 A O AsO= 2A60nm by using calibration plot of
standard 5FU solutions in the same releasing media.

RESULT AND DISCUSSION

In the series of experiment, the 0.2% (wt/v) concentration of
stabilizing agent PF-68 selected as per the reported critical
micelle concentration [24, 25] as well as experimental data. In
case of 5FU-PLGA nanoparticles (F-02) amount of drug
encapsulated was found to be about 45% (Table 1). With further
increase in polymer content (100 mg) the encapsulation
efficiency decreased with decrease in loading capacity.
Therefore, in order to avoid the presence of excess of non-
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emulsified polymer the amount of PLGA was fixed at 50 mg for
all formulations. It has also been observed that in case of 5FU-
PLGA-MMT nanocomposites, maximum amount of drug (F-09)
retained was 73%. Variation in composition of 5FU-PLGA-MMT
nanocomposites were further studied in detail.

Effect of PF-68, MMT and 5FU content on drug loading and
encapsulation efficiency

The drug loading (DL) and extent of drug encapsulation efficiency

IntJ Pharm Pharm Sci, Vol 5, Issue 2, 332-341

nanocomposites as function of P-F68, MMT and 5FU content was
calculated with the help of equation 1 and 2 respectively [ 26]. The
amount of 5FU encapsulated in the PLGA nanoparticles increase
from 12 to 45% (Table 1 and fig. 4a,I) with increase in surfactant
ratio from 0.1% (cmc) to 0.2 (% w/v) attributed to the formation of
more stable emulsion. With increase in surfactant. However further
increase in surfactant upto 0.4% (w/v), does not show any
significant change in the encapsulation efficiency %. Therefore, in
order to avoid the presence of excess surfactant the amount of PF-68

(EE) in SFU-PLGA nanoparticles and SFU-PLGA-MMT was fixed at 0.2% (w/v) for all formulations.

DL (%)= Drug weight in nanoparticles/weight of nanoparticles obtained 8 8 Equation (1)

EE (%) = Drug weight in nanoparticles/weight of drug added 8 BEquation (2)

Table 1: Composition of formulations
Code MMT PLGA PF-68 5FU Yield DL* EE*
(mg) (mg) (mg) (mg) (%) (%) (%)

FO1 ---- 50 25 20 44.6 5.60 11.93
F02 - 50 50 20 43.69 17.18 44.25
FO03 ---- 50 75 20 - 12.19 12.54
F04 50 100 20 44.23 6.40 24.43
F05 100 50 20 69.62 5.88 34.83
F06 5 50 50 20 33.54 15.33 31.37
F07 10 50 50 20 35.82 12.48 34.37
F08 20 50 50 20 41.20 13.55 39.85
F09 40 50 50 20 45.13 20.23 73.13
F10 40 50 50 10 53.06 4.24 33.47
F11 40 50 50 30 48.57 17.66 48.63
F12 40 50 50 40 48.85 16.99 37.34

(Note: * DL% = drug loading %, EE% = Encapsulation Efficiency %)

It has been observed that with increase of clay content from 5 to
20 mg, the encapsulation efficiency of 5FU-PLGA-MMT
nanocomposites increased but remains below the 5FU-PLGA
nanoparticles (F-02) (Table 1 and Figure. 4b I). This decrease in
encapsulation efficiency as compared to 5FU-PLGA nanoparticles
can be credited to the modification of clay platelets present in
the aqueous media by PF-68, resulting in the decrease
concentration of PF-68 present as stabilizing agent. Therefore,
lack of emulsion stability leads to theleakage of drug to the
external aqueous media and decreased encapsulation efficiency

MMT +P II-‘68 in water

was observed. However further increase of clay content up to 40
mg, the excess of MMT present in the aqueous media behave as
co-emulsifier [18, 27] and stabilize the w/o/w emulsion
efficiently (Figure 5). The high surface area offered by MMT
platelets for 5FU adsorption could also be a reason for increased
encapsulation efficiency. Therefore to investigate the effect of
drug content, 40 mg MMT was selected and it has been observed
that EE% decreases with low and high amount of 5FU, whereas
the drug loading capacity remains almost same with further
increase in drug content (Fig. 4c, [ &II).

L~

Solvent

- evaporation
q

PLGA + 5FU in organic solvent

Fig. 5: Diagrammatic representation of role of MMT as co-emulsifier in the formation of nanocomposites
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Fig. 4: Effect of P-F68 (a), MMT (b) and 5FU (c) on encapsulation efficiency% (I) and drug loading% (II),

On the basis of high encapsulation efficiency, formulations F-02 and
F-09 were selected for further characterizations.

XRD studies

The physical status of pure 5FU, pristine MMT, S5FU-PLGA
nanoparticles and S5FU-PLGA-MMT nanocomposites has been
compared with the help of XRD in fig. 6.
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matrix and there

was no diffraction peak related to 5-FU was

obtained which suggest 5FU was molecularly dispersed or in

amorphous form in

the nanoparticles [26,28].
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Fig. 6: XRD patterns for Pure 5FU (a), 5FU PLGA nanoparticles (b) Pristine MMT (c) 5FU-PLGA-MMT nanocomposites (d)

TGA Studies

In order to evaluate thermal properties of the 5FU loaded
nanoparticles and nanocomposites, pristine MMT, PLGA, 5FU drug
loaded nanoparticles (F-02) and nanocomposites (F-09) were

characterized by TGA.

Pristine PLGA (Fig. 7, a) shows 97 % weight loss in a single step from
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MMT nanocomposites (Fig. 7,d) show 93% and 70.4% weight loss
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d). The presence of active ingredient drug and MMT in the
nanoparticles and nanocomposites provide better thermal stability
as compared to pristine polymer. On comparison it could be
suggested that weight loss of 5FU-PLGA-MMT nanocomposites is
because of the 5FU-PLGA nanoparticles [17.18]. Hence, about 22%

7,b) is indicated by the 12% weight loss in the temperature range of nanocomposites.
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Fig. 7: TGA Thermograms for Pure PLGA (a), Pristine MMT (b), 5FU PLGA nanoparticles (c), 5FU-PLGA-MMT nanocomposites (d)
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DSC Studies

Physical state of pure 5FU (Fig. 8,c) compared with the
thermograms of 5FU-PLGA nanoparticles and 5FU-PLGA-MMT
nanocomposites in the range of 0°C to 450°C.The thermogram of
the pure 5-FU showed a sharp melting endotherm at
approximately 282°C followed by decomposition, which was in
agreement with those reported previously [31]. In case of 5FU-
PLGA nanoparticles, (Fig. 8,d), drug melting endotherm was not

Int J Pharm Pharm Sci, Vol 5, Issue 2, 332-341

observed in the region of 282°C, suggesting that drug was either

totally dissolved in the polymer or dispersed as an amorphous

solid [22,32]. However, In case of 5FU-PLGA-MMT nanocomposites

(Fig. 8,e) a shifting in the melting peak of drug was observed by a
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drug entrapped within nanocomposites.

Physical status of drug observed in both nanoparticles (F-02) and

nanocomposites (F-09) was in well correlation with XRD data.

Heat Flow (Wg)

250 300

Temperature (°C)

Fig. 8: DSC curves for Pure MMT (a), Pure PLGA (b), Pure drug (c), 5FU PLGA nanoparticles (d) and 5FU-PLGA-MMT nanocomposites (e)

Scanning Electron Microscopic Studies

SEM is a very powerful tool for analyzing the surface morphology of
polymeric drug delivery systems. 5FU-PLGA nanoparticles (Fig. 9 a
and b) and 5FU-PLGA-MMT nanocomposites (Fig. 9, c and d) appear
to be 100 - 300 nm spherical particles, the earlier has a smooth
surface and the latter has rough surface because of the presence of
MMT nano platelets on the surface which has been further
confirmed by TEM z EDX studies. The particle size of obtained
nanoparticles and nanocomposites was in the favourable range of
cellular uptake [ 33].

Transmission Electron Microscopic and EDX Studies

5FU-PLGA nanoparticles and 5FU-PLGA-MMT nanocomposites are
spherical particles of 100-200 nm in size (Fig. 10, a and b). The
surface of 5FU-PLGA/MMT nanocomposites appeared rough as
compared to 5FU-PLGA nanoparticles confirming the presence of
MMT nano platelets on the surface. In case of 5FU-PLGA
nanoparticles, the TEM EDX studies indicates high content of carbon,
oxygen and nitrogen on the surface (Fig. 10, a and table 2) whereas,
samples containing MMT, additional peaks for Silicon, Aluminum
and Iron confirms the presence of MMT nano platelets on the surface
of the nanocomposites (Fig. 10 b and table 3). However Fluorine
peak is observed in both the cases confirming the 5FU content on the
particle surface.

In Vitro Drug Release Profile

The target sites of 5-FU are all the organs of the human body [34],
especially the gastrointestinal tract. Therefore the release profile of
the selected 5FU-PLGA nanoparticles and 5FU-PLGA-MMT
nanocomposites was evaluated in vitro for 8 hours, in simulated
gastric fluid (HCI, pH 1.2) and intestinal fluid (PBS, pH 7.4) and

compared with release of pure 5-FU under similar conditions (Fig.
11, I and II). Considerable differences in the release characteristics
between MMT-PLGA nanocomposites and PLGA nanoparticles have
been observed.

Release profile of pure 5FU (Fig.11 a) shows a rapid burst of ~80%
in initial 1 h which approach to 94.6% in simulated gastric fluid (HCI,
pH 1.2) and 100% in simulated intestinal fluid (PBS, pH 7.4) over a
period of 4 hours and 2 hours respectively.

In case of 5FU-PLGA nanoparticles (F-02), burst effect of 56% and
47% in initial 1 hour was observed in HCI (pH 1.2) and PBS (pH 7.4)
respectively, which approaches to 84% and 93% cumulative release
over a period of 8 hours (Fig. 11, b). The initial burst release could
be attributed to the presence of 5FU on the surface of nanoparticles
(confirmed by TEM-EDX) which released swiftly in the media
because of its high hydrophilic nature.

However, in case of 5FU-PLGA-MMT nanocomposites (Fig. 11, c) a
more controlled release over a period of 8 hours was obtained. It has
been observed that presence of MMT is able to reduce the burst
effect up to 25% and 30% during the first hour followed by
controlled release of 40.6% and 50.2% in HCl (pH 1.2) and PBS (pH
7.4) respectively. Comparatively, less 5FU release from PLGA-MMT
nanocomposites has been obtained in HCI (pH 1.2) corresponding to
the stability provided by MMT in the acidic media. On comparison it
could be suggested that presence of MMT allowed migration of
entrapped 5FU from5FU-PLGA-MMT nanocomposites through a
longer path, resulting in less burst effect and controlled release
behavior as compared to pure 5FU and 5FU-PLGA nanoparticles.
Presence of MMT is able to enhance the permeability of
nanoparticles through GI tract and can reduce the common side
effect of anticancer drug [17, 18].
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Fig. 10: TEM-EDX Images of 5FU-PLGA nanoparticles (a), 5FU-PLGA-MMT nanocomposites (b)

Table 2: Elemental analysis of 5FU-PLGA Nanoparticles by TEM-EDX studies
Element Weight% Atomic %
C 77.1 81.5
N 6.4 5.8
0 13.1 10.4
F 3.4 2.3
Total 100.0 100.0
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Table 3: Elemental analysis of 5FU-PLGA-MMT Nanocomposites by TEM-EDX studies

Element Weight% Atomic %
C 25.0 34.1
N 7.4 8.7
0 38.0 39.0
F 4.3 3.7
Na 0.6 0.5
Mg 0.6 0.4
Al 4.3 2.6
Si 18.0 10.5
Fe 1.8 0.5
Total 100.0 100.0
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Fig. 11: Drug release profile in simulated gastric fluid (I) and simulated intestinal fluid (II) Pure 5FU (a), 5FU-PLGA nanoparticles (b),
5FU-PLGA-MMT nanocomposites (c)

Thus, on the basis of preliminary studies, it could be suggested that
incorporation of MMT within polymeric drug nanoparticles is
capable to reduce the burst effect, control the drug release over a
longer period of time, resulting in reduction of the multiple dosing
and hence able to improve the patient compliance.

CONCLUSION

In the present study, first time a combination of MMT-PLGA based
controlled drug delivery system for oral chemotherapy of 5FU has
been reported by w/o/w double emulsion solvent evaporation
technique. Effect of medical clay MMT on the drug encapsulation
efficiency, surface morphology, thermal stability and drug release
profile has been investigated and compared with analogues 5FU-
PLGA nanoparticles. XRD studies suggested the intercalation by
incorporation of polymer drug moiety within the MMT layers.
Spherical nanocomposites of 100-200 nm size encapsulating the
drug with high encapsulation efficiency were obtained. Presence of
MMT nano platelets on the surface of nanocomposites was
confirmed by SEM and TEM-EDX studies. Incorporation of MMT
within formulations has been found to effectively reduce the burst
effect and controlled the release of 5FU in simulated gastrointestinal
fluid over a period of 8 hours. All the preliminary results suggest the
potency of the synthesized 5FU-PLGA-MMT nanocomposites for oral
chemotherapy.
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