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ABSTRACT

In this present study aimed to formulate and evaluate metformin loaded chitosan (CSM) nanoparticles (NPs) with sustained
action for NIDDM (Non-Insulin Dependent Diabetes Mellitus), These nanoparticles have been developed by ionic gelation
technique and were subjected to various studies including PCS (Photon correlation spectroscopy), SEM (scanning electron
microscopy) and surface charge analysis. The in vitro haemolysis assay, SDS-PAGE test of stability and glucose uptake studies
were performed with nanoparticles. The particle size of the nano-formulations 541.2 nm and exert spherical morphology with
high stability. Moreover, formulated nanoparticles point up that, there was no interaction between drug and polymer. The CSM4
formulation showed better in vitro prolonged release characteristics. In addition, the CSM nanoparticles were reasonably stable
in the presence of excess bovine serum albumin. The percentage of hemolysis induced by metformin and placebo CSNPs were
less than 5% and CSMNPs are highly hemocompatible. The glucose uptake significantly augmented in skeletal muscle cell line.
Above results recommended nanoparticle had prolonged release, reduced dose frequency, better patient compliance and targeted

action on skeletal muscles.
Key words: Chitosan, Metformin. lonic gelation, Nanoparticle, L6 skeleton muscle

INTRODUCTION
Diabetes mellitus (DM) is pandemic in the contemporary world and one of the major determinants of morbidity and mortality.
Diabetes is a major health problem in the modernized society [1, 2]. The WHO also estimates that 80 per cent of diabetes deaths

occur in low and middle-income nations and projected that such deaths will twofold between 2016 and 2030. It has been further
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approximated that the global burden of type-2 diabetes is expected to augment to 438 million by 2030 from 285 million people in
2010. Similarly, for India this increase is estimated 51 million people in 2010, 69.2 million people living with diabetes (8.7%) as
per the 2015 data and undiagnosed in more than 36 million people and may rises to 87 million in 2030 [3, 4] This surprising
increase is primarily rooted in genetic level and modern life style related factors like obesity, physical inactivity, aging less,
nutrition and stress [5]. The disruption of insulin secretion important factor to accretion of blood glucose level and other
complications like neuropathy, blindness, renal dysfunction, organ damages, heart disease and related mortality is 2—4 times more
in DM. The two categories of diabetes mellitus are type | (insulin-dependent) and type Il (non-insulin dependent). Type Il
diabetes is a progressive and complex disease that is difficult to manage effectively in the long-term, which often requires multi
medication strategy in order to achieve better glycemic control [6,7].

Metformin (1,1-dimethyl biguanide) is an oral anti-hyperglycemic drug, which its action by improving the peripheral
sensitivity to insulin by increasing glucose uptake in skeletal cells and by inhibiting intestinal glucose uptake as well as hepatic
glucose production [8]. Metformin is highly soluble in water, and its absolute bioavailability is 50 to 60%. The absorption site for
metformin is the proximal part of the small intestine where the GIT absorption is complete after 6 h [9]. To increase the
bioavailability of metformin, several approaches in controlled release dosage forms have been reported.

Anti-diabetic drug containing nano-formulation may enhance the therapeutic efficacy of the drug and also releases in a
predetermined controlled approach for a long-lasting action. The biodegradable polymers have major advantages since they do
not require any elimination after application [10]. Chitosan is one of the most important candidates for biomedical materials
because of its biocompatibility and its relatively stronger mechanical properties. Chitosan is a copolymer of § (1-4)-glucosamine
and N-acetyl-D-glucosamine prepared from partial deacetylation of chitin from crustacean shells. Protonation of amine groups on
chitosan glucosamine monomers is facilitated at slightly acidic pH, below chitosan pKa of ~ 6.5; thus conferring cationic nature
allowing chitosan to interaction with anionic components such as cell membrane, macromolecules and nucleic materials.
Nanoparticles, due to their nanoscale and comparatively larger surface area, may interact with biological systems in a more
efficient manner produce better therapeutic action [11, 12].

The present study was carried out to formulate and evaluate a stable nanoparticle using biodegradable polymer such as
chitosan, to deliver metformin at a controlled rate for a long lasting action at targeted site.

MATERIALS AND METHODS
Materials

Metformin was donated by Micro labs limited (Hosur, India). Chitosan was donated by Central Marine Fisheries

Research Institute Kochi, India. Sodium tripolyphosphate (TPP), glacial acetic acid, sodium hydroxide and all other chemicals
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were analytical grade purchased from Sigma—Aldrich (Bangalore, India) and ultrapure water was used throughout this study.
Preparation of placebo and Metformin loaded chitosan nanoparticles

The anti-diabetic drug metformin containing chitosan nanoparticles was formulated by ionic gelation method. Chitosan
was solubilised in an aqueous solution of acetic acid (0.2 mg/mL) to form a 0.5 mg/mL chitosan solution. The polymeric solution
was stirred overnight at 25°C using a magnetic stirrer. The final pH of the chitosan solution was adjusted to 4.7-4.8 using 20 %
w/v aqueous sodium hydroxide solutions and then passed through a syringe filter pore size (0.45um, Millipore, USA). TPP was
dissolved using ultrapure water at a concentration of 0.5 mg/mL and also filtered through a micron syringe filter (pore size 0.22
pm, Millipore, USA). The 10 mL of chitosan solution in a 100 mL beaker was preheated in a water bath at 60 °C for 10 min, the
flask was then placed on the mechanical stirrer stirring at 700 rpm, in which the ambient temperature was controlled at 2-4°C,
temperature fluctuations and flow of cold air were avoided as much as possible, and 3.0 mL TPP solution was quickly added to
the chitosan solution using a plastic Pasteur pipette. The reaction was carried out for 10 min and the resulting suspension was
subjected to further analysis. Nanoparticles were recovered by centrifugation at 10000 rpm for 40 min. The Metformin containing

nanoparticles was prepared similarly 2.5mg/ml drug pre-incubated with chitosan solution [13, 14].
Drug Entrapment efficiency

The drug entrapment efficiency of formulated nanoparticles was estimated by separating the nanoparticles by
ultracentrifugation at 10000 rpm for 30 min. The sum of free metformin in the supernatant was calculated by UV
spectrophotometer at 232nm. The drug loading efficiency in the prepared nanoparticles was calculated by the following formula.

Entrapment efficiency (%) = Tp-Tf/Tpx100

Where, Tp = Total amount drug, Tf = free drug
Nanoparticle characterizations

The hydrodynamic diameter of nanoparticles was calculated by DLS high performance particle seizer (Beckman
counter, Delsa™ Nano). The size confirmation and surface morphology analysis of NPs were done using SEM (JEOL-JSM-
6490-LA Scanning Electron Microscope). Surface charge analysis carried zeta potential measurements using Zetasizer (Beckman
counter, Delsa™ Nano). The FT-IR spectrum of materials was examined using KBr pellet with a resolution of 4 cm™ and 100

scans per sample on Perklin Elmer Spectrum RXI FT-IR spectrophotometer.
In vitro drug release

In vitro drug release studies of a metformin loaded chitosan nanoparticle was performed in triplicate by dialysis

method. The formulated nano preparation (10 ml) was taken in dialysis tubing (MW cut-off = 10 kDa from Hi media) and
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allowed for dialysis by immersing it into a reservoir containing 100 ml of phosphate buffer pH 6.8 and continuously stirred 50
rpm at 37°C. The amount of drug release was calculated by sampling the receptor media (5ml) at predetermined time intervals
and 5 ml of fresh buffer was replaced. The amount of metformin released in the buffer was calculated by a UV spectrophotometer

at 232nm (ELICO SL-244 spectrophotometer).
In vitro Haemolysis assay

Fresh blood was collected from human volunteers into acid citrate dextrose (ACD) contained in tubes. The different
concentrations of samples were prepared in 0.9% w/v saline. The 1% v/v Triton-X 100 was kept as positive and 0.9% w/v saline
and negative control. 0.1 mL of the samples was mixed with 1 mL of blood and kept at 37°C for 5 h at 40 rpm. After incubation,
plasma was recovered by centrifugation at 4500 rpm for 15 minutes and optical density at 450 nm was measured. % Haemolysis
was calculated as:

Haemolysis (%) = Plasma Hb content in test / Total Hb content  x 100
SDS-PAGE test of nanoparticle stability

The in vitro stability of metformin nanoparticles was examined by the SDS-PAGE. The stability of formulate
nanoparticle was confirmed by calculated the molecular mass changes in each preparation following reaction with or without
bovine serum albumin (BSA). The placebo and metformin nanoparticle (1 mg/ ml) was dissolved in reaction buffer (10 mM Tris—
HCI (pH 7.5), 150 mM NaCl and 1 mM EDTA) with 20 mg/ml BSA. After incubation time of 6 h, each sample was loaded onto
a vertical slab gel consisting of a 5% stacking gel 10% separating gel. All gels were run at a constant voltage mode of 120 V in a
Tris /glycine/ SDS buffer. BSA run on the SDS-PAGE gel was stained with Coomassie Brilliant Blue (0.1 w/v) in 10% of acetic

acid in a solution methanol: water (1:1 v/v).

In vitro glucose uptake assay

Glucose uptake assay of metformin loaded chitosan nanoparticle was determined by using L6 myotube cells. In brief,
the 24 h old cell cultures with 70-80% confluence in 60mm petri plates were allowed to differentiate by keeping in Dulbecco's
Modified Eagles Medium (DMEM) with 2% Fetal bovine serum (FBS) for 4-6 days. The degree of differentiation was
established by monitoring multi-nucleation of cells. The separated cells were serum starved over night and at the period of
analysis cells were washed with HEPES buffered Krebs Ringer Phosphate solution (KRP buffer) and incubated with KRP buffer
with 0.1% BSA for 30 min at 37°C. The differentiated cells were treated with different safe concentrations of standard and test
drugs for 30 min at 37°C along with negative controls. 2 D-glucose solution was added concurrently to each petridish and
incubated at 37°C for 30 min. After incubation, the uptake of the glucose was ended by aspiration of solutions from wells and
wash down three times with ice-cold KRP buffer. Cells were lysed with 0.1M NaOH and an aliquot of lysates were used to
calculate the cell-associated glucose. The amount of glucose in cell lysates was measured using glucose assay Kit.

RESULT

Preparation of nanoparticles
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Metformin loaded chitosan Nanoparticles was successfully formulated by ionic gelation method. The pre-incubation
of drug with polymer was conceded to facilitate electrostatic interaction between the amphoteric chitosan polymer and cationic
metformin. In a while the drug was entrapped within the nanoparticle system by cross-linking chitosan polymer using TPP (Tri
polyphosphate). The CSM nanoparticles were formulated using different concentration (CSM1: 0.5, CSM2: 0.7, CSM3: 0.9,
CSM4: 1.1, CSM5: 1.3 mg/ml) of chitosan polymer. However, based on the drug entrapment efficiency, among the five
different concentrations, 1.1 mg/ml showed the 70.17 % entrapment efficiency. The other formulation produced low amount of
drug entrapment which causes high amount drug wastage during the formulation. The hydrophilicity of drug cause complexity

in achieving high entrapment as it can easily move towards to the aqueous phase outside. The results elicited on (Figure 1).
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Figure 1. Entrapment Efficiency of CSM Nanoparticles.
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Figure 2: Particle size distribution of CSM4

Particle Size Analysis

The particle size formulated nanoparticle was found to be in the nanometer range of 270-643nm (Table 1). The features

of the CSM particles prepared with different concentrations of chitosan were studied, when the concentration of chitosan solution

increase its influences increasing in particle size of the nanoparticle. The optimized formulation CSM 4 showed the mean particle

size 541 nm and broad unimodal particle size distribution with PDI value 0.105. (Figure 2).

Table 1: Particle size distribution and Zeta potential of CSM nanoparticle.

Formulation Mean particle diameters Polydispersity Zeta potential (mV)
(nm)
code Index (PDI)
CsM1 270+ 15 0.26 +0.03 29.09+2.1
CSM 2 347+ 27 0.22+0.01 33.04+4.2
CsM3 476 £ 12 0.18 +0.04 37.21+15
CSM 4 541 £ 05 0.10 £ 0.06 42.12+25
CSM 5 643 + 20 0.24 +0.05 35.63+3.4
Note: The values were expressed in Mean£SD n=3
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Zeta potential

As results displayed in (Table 1), the formulated NPs exhibit positive zeta potential (from +29 to +42mV). The results
indicate of NPs surface charge, as well as nano system stability. Regarding the CSM 4 formulations consisting of CS/TPP/MET
1.1/0.5/2.5 (w/v), which have higher CS content, registered increased entrapment efficiency (70.17%) and zeta potential (+42.12
mV) compared to the other formulation (Figure 3), this means that the previous Nanoparticles are more reticulated than the others
and it is very likely that this reticulation allowed them to imprisonment of more metformin. On the other hand, the NPs made up
of CS 0.5, 0.7, 0.9 (w/v), showed loading capacity of 39.88%, 48.34%, and 56.52%, respectively, but smaller size (270 - 476 nm)

than the NPs made up of CS 1.1 (w/v).
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Figure 3: Zeta potential of CSM4

Morphological characterizations of CSM nanoparticles

The CSM4 nanoparticles have smooth spherical shaped appearance. (Figure 4). the peripheral appearance of formulated
NPs based on saturation of polymer solution, produced smooth and high yield of NPs. The un-dissolved polymer solution
generate irregular and rod shaped particles. In this preparation the polymer was fully saturated and leading to the smooth and

spherical configuration, independently distributed homogeneous particles and has no evidence of collapsed particles.
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Figure 4: Scanning electron microscopy photograph of CSM 4 nanoparticles. a) X10,000 Magnification, b) X 20,000 Magnification
FTIR Compatibility study

FTIR spectral data (Figure 5) were used to confirm the chemical stability of metformin in polymeric nanoparticle. FTIR
of the pure metformin showed the peak at 3372 cm™(NH stretching of NH,), 3297 cm™ (NH stretching), 3173 cm™ (CH
stretching), 1628 cm™ (C-N stretching), 1566 cm™ (C=N stretching), 936 cm™ (C-H deformation). The finger print characteristic
vibration bands of chitosan polymer appears at 3400-3650 cm™ (OH stretching), 3200-3400 cm™(NH stretching of NH,), 2920

cm(CH stretching), 1126 cm™(C-O stretching).
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CHITOSON

Figure 5: FT- IR showing Metformin, Chitosan and optimized formulation CSM 4.

In vitro release study

To assess the potential of metformin loaded chitosan nanoparticles as nano-sized drug carriers, release tests were
performed in phosphate buffer (pH 6.8, 37°C). The in vitro drug release pattern of initial burst release of surface adsorbed drug
was observed followed by slow and sustained release of entrapped drug from the CSMNPs (Figure 6). The initial burst effect on
the release of metformin may be due to the loosely associated metformin on the surface of chitosan nanoparticles. The burst
release is clinically significant to achieve initial high drug concentrations in the target tissue. The slow release of the drug is
controlled by the speed of the degradation of chitosan polymer. During the drug release study the reservoir condition was
maintained by regularly replacing the dialysis medium. With 67% initial release of CSM4 after 6 h and further zero order release
profit was observed up to 24 hours. The two phase drug release behaviour might be responsible that the initial rapid drug release

is due to the release drugs weakly networked with hydrophobic moiety of nanoparticles, and the following steady release is due
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to the release of drug robustly interacted with hydrophobic cores of nanoparticles [21].
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Figure 6: In vitro drug release profile of CSM nanoparticle in PBS H 6.8
Hemolysis assay

The percentage of hemolysis induced by metformin, bare CS NPs and CS-metformin NPs were less than 5% (critical
safe hemolytic ratio for bio-materials according to ISO/TR 7406) (Figure 7). This is most likely due to that the nanoparticles
caused negligible damage to erythrocyte membrane, and moreover, the negatively charged free hemoglobins were readily
adsorbed by the positively charged nanoparticles, causing the hemolysis was simar to negative control PBS (Figure 8). The

results suggested that the CSM NPs are hemocompatible and safe for in vivo administration[22,23].
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Figure 7: Graph showing % hemolysis versus concentration of samples.
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Figure 8: Hemocompatibility of 3mM metformin, bare CSNPs and CSM4.

In vitro stability study of nanoparticles

In vitro stability tests of nano-sized drug carriers in aqueous media do not provide a reasonable estimate of the in vivo
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stability, because such tests are carried out primarily in a buffer solution without blood components, particularly proteins [24].
After administration of nano-sized drug, various proteins spontaneously interact with nano drug carriers in the blood stream and
even though our nano-sized formulation are stable in such a buffer, non-specific protein binding to nano-sized drug may cause
destabilization and dissociation of drug carriers in the blood stream [25, 26]. Based on the in vivo conditions in which
nanoparticles must exist, the stability of nano sized formulation should be examined in the presence of blood protein. Thus, we
examined the stability of CSM nanoparticles in the presence of bovine serum albumin, which is the most abundant plasma protein
in the blood, using SDS-PAGE. The CS and CSM nanoparticles were very stable in the running buffer. Following incubation of
the CS and CSM nanoparticles with excess BSA (20 mg/ml) for 6 h, CS and CSM nanoparticles continued to maintain their

nanoparticles structure, and stability. The (Figure 9), showed the control band of BSA at SDS-PAGE.

CSNP CSMNP CSMNP

Figure 9: In vitro stability test of CS and CSM4 an SDS-PAGE test.

Glucose Uptake Study

The prepared CSM nanoparticle was assayed the uptake of 2D Glucose (2DG) in cultured skeletal muscle cells. L6
myotubes are distinguished in a 96-well microplate were stimulated with CSM nanoparticle for 4h, and then incubated with 2DG
for 30min before the uptake of 2DG was determined. The L6 myotubes stimulated by insulin showed an increase in 2DG uptake
(Table 2). These results projected that 2DG uptake is increased by standard insulin and should be reflect in the amount of 2DG
that was transported by glucose transporters (GLUTS) and phosphorylated. The CSM nanoparticle dose dependently increased

2DG uptake into L6 myotubes in the absence of insulin [27].
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Table 2: In vitro glucose uptake studies in L-6 myotoube cell line.

Name of the formulation Test concentration (ug/ml) % glucose uptake over
control
CSM4 100 115.0+£3.05*
CSM4 50 53.09+4.78*
Insulin 11U/ml 131.50 + 17.62

Note: Data are expressed as mean+S.E.M. (n=6) and analyzed by one way ANOVA

* Represents statistically significant as compared to standard (p < 0.05).

DISCUSSION

The chitosan metformin nano particles was prepared with different concentrations of chitosan solution were studied.
The results indicated when increasing the concentration of chitosan which increase particle size and found that the formation of
nanoparticles was only feasible for at particular concentrations of chitosan polymer and TPP [15]. This piece of evidence was
also confirmed in our study that in order to evade the any micro-particles configuration, the concentration of chitosan solution
and TPP needed to be below 1.5 mg/mL and 1.0 mg/mL, respectively. In these concentration ranges, chitosan solution had mild
effect on the monodispersity of the nanoparticles, since their PDI values were all below 0.05. It is known that under acidic nature,
there is an electrostatic repulsion between chitosan molecules due to the protonated amino groups of chitosan polymers; in the
meantime, there also exist interchain hydrogen bonding exchanges between chitosan molecules. Hence, in this concentration
range, as chitosan concentration increases (0.5-1.3mg/ml), chitosan molecules approach each other with a limit, leading to a
limited increase in intermolecular cross-linking, thus larger but still nanoscale particles are formed [16]. Above this
concentration, microparticles are easily produced possibly due to the stronger hydrogen bonding interactions leading to plenty of
chitosan molecules concerned in the cross-linking of a single particle. The arrangement of micro-particles usually leads to a
flocculent precipitate due to the electrostatic repulsion between particles are not adequate to uphold the stability of these large
particles [17].

The low concentration of chitosan may form stable nanoparticles even at a low mass ratio of chitosan to TPP, while
higher concentration of chitosan could only form stable nanoparticles at a higher mass ratio of chitosan to TPP. For illustration,
the fixed concentration of TPP at 0.5 mg/mL, a chitosan concentration of 0.5 mg/mL could form stable nanoparticles at a mass

ratio of 3.3:1, while a chitosan concentration of 1.0 mg/mL would form aggregates at this mass ratio [18].
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The positive charge of zeta potential from +29 to +42 mV of the particle surface charge is crucial for the interaction
with the negatively charged mucosa, increasing the residence time of the nano delivery system at the absorption site of skeleton
muscle. As a consequence, the association of metformin with the positively charged CS/TPP NPs is favoured, increasing the zeta
potential. The optimised formulation CSM 4 showed higher entrapment efficiency (70.17%) and zeta potential (+42.12 mV).

This spherical arrangement suggested that the application of the Stokes—Einstein equation (relating the hydrodynamic
and thermodynamic view on the diffusion of microspheres) could be reasonable to estimate the particle size of CSM nanoparticle
[19]. In addition, this nano formulation showed brilliant topography, representing the coating of polymer in the external layer.
The cross linking agent TPP stabilized the nano-sized configuration and prevented CSM NPs from coagulation.

The drug and polymer interaction study between was carried out to evaluated the compatibility. The characteristic band
peak at 1626 and 1583 cm ' subsequent to the stretching vibration of C=N and peaks at 937, 801 and 737 cm™! typical for N-H
wagging in metformin indicated the presence of drug within the NPs. Furthermore, the decreased intensity of metformin peaks at
3371 and 3296 cm™!' suggested the possibility of hydrogen bonding between the metformin and chitosan in the NPs [20].
Comparing the FTIR spectra of pure drug, polymer, and formulation we confirmed that good chemical stability drug and polymer
because of no significant interaction of formulation ingredients.

These SDS-PAGE data indicated that CSM nanoparticles maintained their stability with or without excess proteins,
which will enhance in vivo bio-distribution of nano-sized drug carriers [21].

This result suggests that the increased 2DG uptake induced by CSM was dependent on its high affinity for the nuclear
peroxisome proliferator- activated receptor y (PPAR y) which promotes Glucose transporter type (GLUT4) translocation to the
cell membrane. Importantly, skeletal muscle is a major mass peripheral tissue, accounting for ~40% of the total body mass and
>30% of energy expenditure. Hence, skeletal muscle has a supreme role in energy balance and is the primary tissue for insulin-
stimulated glucose uptake, disposal, and storage (showing fourfold the glycogen content of liver) [28, 29]. Therefore, skeletal

muscle glucose uptake must be considered an important therapeutic target tissue in the battle against NIDDM.

Conclusion

Metformin loaded chitosan NPs were successfully prepared by ionic gelation method. The prepared NPs were analyzed
using particle size distribution, zeta potential and SEM for its size and shape. The FT-IR analysis confirmed the incorporation of
the drug within the nano carrier. The optimized nano-formulation CSM4 showed burst drug release followed by slow and
sustained release of the drug at pH 6.8 and hence may increase the drug retention time in blood circulation. Also, the CSM
nanoparticles showed a reasonable stability in the presence of excess bovine serum albumin, indicating the in vivo stability of
CSM nanoparticles in the blood stream. The CSM nanoparticles did not induce any haemolysis and thus proved to be
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haemocompatible. The CSM 4 NPs dose dependently increased glucose uptake in L6 skeleton muscle. Hence by the application

of this nanoformulation, bioavailability of metformin can be increased for efficient treatment of type 2 diabetes mellitus.
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