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ABSTRACT

Objective: The objective of this study was to prepare and evaluate metformin nanoparticles (MN) using stearic acid-coupled F127 (SAF127) copolymer
and polyvinyl alcohol by emulsion solvent evaporation technique.

Method: Metformin is the first-line drug for the treatment of type Il diabetes mellitus belongs to Biopharmaceutical Classification System Class III.
The prepared MN was characterized for particle size, polydispersity index (PDI), zeta potential, drug entrapment, percentage yield, in vitro drug
release, and stability studies. The compatibility studies were performed by Fourier transform infrared (FTIR) and differential scanning calorimetry
(DSC). The crystallographic and surface properties were studied by X-ray diffractometry and scanning electron microscopy, respectively.

Results: The mean particle diameter of prepared nanoparticles ranged from 207.8 to 977.64 nm, PDI value ranged from 0.146 to 0.694, and zeta
potential ranged from -20.5 to -6.97 mV. The drug entrapment efficiency of these nanoparticles varies between 18.81 to 69.01 %. The drug to SAF127
copolymer (10/30 w/w) ratio (MN3) showed optimum results. The MN3 had spherical morphology with semi-amorphous nature. The results of FTIR
and DSC analysis showed that there was no significant interaction between drug and excipients. The prepared polymeric nanoparticles were stable at
5+3°C up to 3 months. In vitro release of drug from MN3 was 20.52% in the first 1 h and remaining drug was released up to 30 h.

Conclusion: The results of this study confirmed the sustained drug release profile of metformin loaded SAF127 copolymer nanoparticles. These

nanoparticles can be best stored up to 3 months.
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INTRODUCTION

Diabetes mellitus (DM) is one of the major incapacitating disorders
spread in the worldwide population, contributing to huge financial and
health loses. According to the studies conducted in India, highlighted
that the prevalence of this metabolic dysfunction is high and increasing
rapidly in the urban population due to the sedentary lifestyle, aging,
nutrition, stress, and obesity [1,2]. It is discriminated by defects in
insulin usage, either due to the autoimmune devastation of the insulin-
secreting cells (Type I DM) or insulin resistance (Type II DM) [3].
The elevated blood glucose level of a diabetic patient is permanently
untreatable, but this hyperglycemic condition can be managed by the
daily dose of antidiabetic medications [2].

Metformin HCI is a highly water-soluble oral anti-hyperglycemic drug
widely used as a drug of choice for the treatment of type II non-insulin-
dependent DM [4]. Metformin improves the action of insulin at the
cellular level without affecting its secretion [5]. It has low bioavailability
(40-60%) and short biological half-life (1.0-4.5 h) necessitate repeated
administrations of doses (1.5-2.0 g/day) in two or three daily dose
regiments to retain effective plasma concentrations [6-9]. The diabetic
patients require life-long treatment and repeated administrations
of doses reduce patient compliance and augment the frequency of
side effects (e.g. diarrhea, abdominal discomfort, painful urination,
and cramping) [5,10]. New formulation approaches for metformin
are being pursued, which can improve bioavailability, reduced dose
administration frequency, and improve patient compliance [11].

Nanotechnology-based oral drug delivery systems have become
one of the fascinating research area and investigated for many
drugs [2,12-15]. Nanoparticulate pharmaceutical formulations have

properties of improved bioavailability, controlled, and prolonged drug
release time with efficacy, safety and predicted therapeutic effect [5,16].
Various natural, synthetic, and semi-synthetic polymers have been
investigated as a drug carrier to utilize the benefits of nanotechnology
in formulations [6,16-21]. There is a persistent effort among the
researchers to improve the formulation of metformin to attain optimal
therapeutic response. The absorption and bioavailability of metformin
might be improved by appropriate encapsulation of biocompatible and
biodegradable polymeric systems.

In the current investigation, metformin loaded SAF127 nanoparticles
were prepared by emulsion solvent evaporation technique. The
prepared nanoparticles were optimized for particle size, PDI, zeta
potential, entrapment efficiency, and percentage yield. The stability
studies of MN were performed at 5+3 and 25°C for 3 months.

MATERIALS AND METHODS

Materials

The pharmaceutical grade metformin HCl was obtained as a gift sample
from Mankind Pharma, Paonta Sahib, India. Polyvinyl alcohol (PVA),
stearic acid (SA), and Pluronic F127 have been procured from Sigma-
Aldrich, India. Other chemical and solvents used were of analytical
grade and have been purchased from Molychem, Mumbai.

Preparation of SAF127 copolymer

SAF127 copolymer was synthesized according to the reported
method [15]. Pluronic F127 10 g and SA 10 g were added in 100 ml
round bottom flask and the mixture was heated with constant stirring
to yield a well-mixed molten phase and reacted at 155°C for 5.5 h.
The unreacted SA was removed by adding molten mixture into the
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ethyl acetate/petroleum ether 1:1 (v/v). The SAF127 copolymer was
recovered by filtration and the organic solvent was evaporated at room
temperature and further dried under vacuum for 24 h. The structure
of synthesized copolymer was confirmed by the spectrum of Fourier
transform infrared (FTIR) (1-206-0280; Software: OPUS-7.2.139.1294)
and 'H nuclear magnetic resonance 'H NMR; (Bruker Model Avance II
400; 400 MHz) spectroscopy.

Preparation of metformin-Loaded SAF127 nanoparticles
Metformin nanoparticles (MN) were formulated through the emulsion
solvent evaporation technique. Accurately weighed SAF127 copolymer
was dissolved in 10 mL of dichloromethane. Metformin was mixed
with the aqueous solution of 15 ml of PVA (0.5% w/v). SAF127
copolymer containing organic phase was added to the aqueous solution
of metformin (w/o mixture). The obtained mixture was emulsified
using probe sonication (Sonic Vibra-Cell” VCX 750w) for 2 minutes to
produce a water-in-oil-in-water emulsion. The dichloromethane was
vaporized using a rotary evaporator (IKA® RV 10, BS96, Germany).
The nanoparticles in residual solution were collected by centrifugation
(14000 rpm; 30 min; Remi, India) followed by lyophilization [11].

Characterization of prepared MN
Particle size, PDI, and zeta potential

The nanoparticle samples were suspended in Milli-Q water and
screened for particle size, PDI, and zeta potential at 25°C by Zetasizer
(Nano-ZS90, Malvern Instruments, UK). The disposable cuvettes were
used for sample analysis. The results were reported as the mean *
standard deviation for three replicates [22].

Entrapment efficiency and percentage yield

The supernatant liquid was collected during preparation and amount
of metformin present in it was compared with the total amount of
metformin used in the formulation of a batch. The non-encapsulated drug
in supernatant aqueous phase was ascertained at 232 nm using UV-Vis
spectrophotometer (Lab India-3000*). The drug entrapment efficiency
(%) and yield (%) were calculated using Equation 1 and 2, respectively.

Entrapment efficiency(%)

A f metformin i icl
mount of metformin in nanoparticles %100 (@]

~ Amount of metformin used in the formulation

Total nanoparticles weight

Yield(%) = x100 2)

Total solid weigh

FTIR spectrophotometer

FTIR spectroscopy is a simple, sensitive, and multidimensional
analytical tool used for recognizing changes in functional groups of
pharmaceuticals [19]. FTIR spectra of SAF127, PVA, pure metformin,
physical mixture, and MN were taken separately by KBr Pellet method
using Bruker (1-206-0280; software: OPUS-7.2.139.1294, MENTOR)
spectrophotometer. The spectra of samples were recorded in the range
0f 4000-400 cm™.

Differential scanning calorimetric (DSC) analysis

Selected samples were examined for thermotropic properties using DSC
Q10V9.9 Build 303 (Waters, India) instrument. The DSC instrument was
calibrated using Indium as standard. Accurately weighed 2 mg samples
were sealed in standard aluminum pans and screened between 30 to
300°C with a heating rate of 10°C/min under the nitrogen environment
(60 ml/min). The empty aluminum pan was used as a reference.

X-ray diffractometry (XRD) analysis

The XRD analysis was carried out for all the samples used in the FTIR study
to know the crystalline and amorphous characteristics. XRD analysis was
performed by Rigaku Miniflex-600 diffractometer. The instrument uses
CuKa radiation produced at 30 kV with 15 mA current. The diffraction
pattern was recorded over a 26 with angular range of 10 to 70.
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Surface morphology study

The surface morphology of the optimized MN batch was studied by field
emission scanning electron microscopy (FE-SEM) (JEOL, JSM-7600F,
Japan). The gold coating on nanoparticles was performed using the ion-
sputtering machine and vacuum dried before the examination.

In vitro drug release studies

In vitro release studies were accomplished for optimized batch MN3
and pure metformin by dialysis sac method [6]. Accurately weighed
samples were placed in dialysis bags (12-14 kDa cut-off, HiMedia, India)
and tied with dialysis thread. The dialysis bags containing metformin
nanosuspension and pure metformin suspension were immersed
separately in a conical flask with 150 ml of phosphate buffer solution
(0.1 M) with pH 7.4. The conical flask was stirred at 100 rpm, and the
temperature maintained at 37+5°C. At predetermined intervals, the
aliquot of 1 ml was taken from the conical flask and replenished with an
equal amount of fresh phosphate buffer and the assay was performed
using UV-Vis spectrophotometer (Lab India 3000*) at 232 nm.

Stability study

The stability studies of MN3 were performed on two temperatures
(5#3 and 25°C). The aliquot of MN suspension samples was withdrawn
after completion of 1%t and 3™ months. These samples were examined
for any possible change in particle size, PD], zeta potential, entrapment
efficiency, and color of nanosuspension.

RESULTS AND DISCUSSION

Characterization of SAF127 copolymer

The esterification reaction between the carboxyl group of SA and
hydroxyl group of Pluronic F127 yield SAF127 copolymer. The
successful coupling of SA with Pluronic F127 was confirmed by FTIR
spectra of copolymer having a band around 1728.96 cm™ which were
assigned to the stretching vibration of C=0 ester bond. Major features
of '"H NMR spectra of SAF127 are enlisted in Table 1.

Preparation of polymeric nanoparticles

The polymeric nanoparticles of metformin were prepared by an
emulsion solvent evaporation method, and metformin to copolymer
amount was changed to find the best working ratio. The MN was
screened for particle size, PDI, zeta potential, entrapment efficiency,
and percentage yield and results are shown in Table 2. Particle size
analysis and zeta potential of the best batch (MN3) are shown in Fig. 1.

The nanoparticles size was found to be minimum (207.8+4.09) for MN3
whereas maximum (977.64+5.43 nm) for the MN8 batch. The PDI value
of batch MN3 and MN8 was found to be 0.146+0.038 and 0.694+0.053,
respectively. The values of zeta potential for MN3 were -20.5+0.14 mV,
which support the stability of nanoparticles during storage phase. Drug
entrapment efficiency and percentage yield of MN3 were observed as
69.01+3.48 and 82.14+4.31 %, respectively.

The nano-sized particles having high zeta potential irrespective of
charge type (negative or positive) and low PDI value imparted the
stability during storage time [23,24]. A fixed concentration of PVA used
as a surfactant which stabilizes the zeta potential of nanoparticles.
Higher the entrapment efficiency of the drug in nanoparticles, the loss
of drug during formulation process get reduced and nanoparticle yield
increased [24,25]. The nanoparticles carrying a higher percentage of

Table 1: Major features of 'H NMR spectra of SAF127

8 (ppm) Assign

CH,-0 in PEO 3.67-3.65
CH,CH,-0 in PEO 2.37-2.35
CH,CH(CH,)-0 in PEO 1.65-1.63
CH,CH(CH,)-0 in PEO 1.31-1.28
CH,in SA 1.18-1.15
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the drug can achieve the therapeutic effect in a small dose and final size
of dosage form get reduced which can be administered with more ease
to young and geriatric patients.

FTIR studies

Compatibility of the drug to excipients was screened by FTIR and
results are compiled in Fig. 2. The characteristic peaks of metformin
were detected between 3310-3442, 3292, and 3000-3174 cm!
relative to the stretching vibration of primary NH, banding vibration
of imines group (NH), and stretching vibration of secondary NH.
The characteristic bands at 1622, and 1561 cm™ were assigned to
C-N stretching vibrations. Frequently, the peak intensity of these
vibrations is reduced due to the presence of hydrogen bonding [11].
In metformin loaded SAF127 nanoparticles, all the characteristic
peaks of metformin were present with slightly reduced intensity. This
indicates that the drug and excipients did not interact significantly
with each other.

DSC analysis

DSC thermogram of SAF127 copolymer shows an endothermic peak at
50.23°C, and glass transition was detected at 126.0°C. The endothermic
peak due to PVA was observed at 225.0°C. The sharp endothermic peak
due to pure metformin was obtained at 236.35 °C. All the peaks due
to drug, and excipients were present in the physical mixture and MN3
(Fig. 3). On the basis of thermal behavior, drug, and excipients used in
this investigation were found to be compatible with each other.
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XRD studies

XRD analysis suggested that the metformin was in the crystalline state
whereas SAF127 copolymer, PVA, and MN3 were in a semi-amorphous
state (Fig.4). All the significant peaks of drug, and SAF127 copolymer were
present in the physical mixture. During the fabrication of nanoparticles,
crystalline nature of metformin changes into partial amorphous nature. In
MN3, fewer peaks were present with reduced intensities. The molecules
of pure metformin were well arranged in crystal lattice whereas in the
MN3 crystal lattice pattern gets distorted and acquire semi-amorphous
nature. These results revealed that the drug was encapsulated inside the
polymeric system and change in phase was observed [26].

In vitro drug release studies

The in vitro drug release studies of MN3 showed controlled drug
release profile as compared to pure metformin. The 100% drug from
pure metformin was released within 1 h whereas, only 20.52% drug
was released in first 1 h, and 100% metformin was released further
for 30 h from MN3. The drug release profile of MN3 shows a sustained
release pattern with the passage of time. Same drug release pattern was
reported earlier [17]. The encapsulated drug released slowly with the
eruption of polymeric layers and completed up to 30 h. The cumulative
drug release profile of MN3 and pure metformin is shown in Fig. 5.

Morphological studies
The nanoparticles were found to be spherical in shape by FE-SEM.
The long crystals of metformin HCl were not visible in MN3. The

Table 2: Particle size, PDI, and zeta potential of batches

Batch Drug/copolymer (mg) Particle size (nm) PDI Zeta potential (mV) Entrapment Efficiency (%) Percentage yield
MN1  10/10 553.40+3.84 0.423+0.03 -12.41+4.53 52.36+4.54 70.68+5.24
MN2  10/20 415.60+3.91 0.244+0.012 -17.46+1.15 55.29+3.87 71.49+4.18
MN3  10/30 207.80+4.09 0.146+0.038 -20.50£0.45 69.01+3.48 82.14+4.31
MN4  10/40 717.36+3.65 0.767+0.007 -11.93%1.15 41.47+4.91 68.82+3.63
MN5  10/50 811.13+4.33 0.584+0.004 -8.73+0.90 23.11+3.65 58.73+3.88
MN6  20/10 613.60+4.81 0.356+0.033 -13.84£1.25 38.46+4.52 63.34+4.15
MN7  30/10 894.36+4.63 0.648+0.045 -10.24+1.53 26.53+4.64 54.84+5.21
MN8  40/10 977.64+5.43 0.694+0.053 -6.97+1.9 18.81£5.42 48.75+4.83

n=3, mean values+SD. SD: Standard deviation, PDI: Polydispersity index
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Fig. 1: (a) PSA and (b) zeta potential of MN3
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Fig. 2: Fourier transform infrared spectra of (a) SAF127 copolymer, (b) polyvinyl alcohol, (c) metformin, (d) physical mixture, and (e) MN3
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Fig. 3: Differential scanning calorimetry thermogram of SAF127 copolymer, polyvinyl alcohol, pure metformin, physical mixture, and MN3

nanoparticles size seen under FE-SEM was smaller than the size
obtained by PSA. The samples screened by PSA were dissolved in Milli-Q
water whereas anhydrated solid nanoparticles sample were tested by
FE-SEM. In general, particles size found to be lesser in anhydrous solids
as compared to hydrated solids [27].

Stability studies

Three months stability studies were performed for MN3 at two
temperatures (5+3 and 25°C), and results are enlisted in Table 3. The
MN3 suspensions stored at both temperature remains carry particles
size <240 nm. PDI, zeta potential, and entrapment efficiency were
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Table 3: Stability studies of MN3
Storage condition Particle size (nm) PDI Zeta potential (mV) Entrapment efficiency (%) Visual observation
Fresh MN3 207.8+4.09 0.146+0.03 -20.5+0.45 69.01+3.48 Clear suspension
1 month (5+3°C) 214.4+5.14 0.150+0.04 -20.10+ 0.52 68.35+4.43 Clear suspension
3 months (5+3°C) 219.5+4.23 0.161+0.04 -19.51+ 0.42 67.33+5.1 Clear suspension
1 month (25°C) 222.4+4.64 0.158+0.05 -19.82+0.45 68.43+5.2 Clear suspension
3 months (25°C) 239.7+5.83 0.226+0.06 -17.57+0.55 65.35+4.6 Clear suspension

n=3, mean values+SD. SD: Standard deviation, PDI: Polydispersity index
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Fig. 4: X-ray diffractometer patterns of SAF127, polyvinyl alcohol, pure metformin, physical mixture, and MN3
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Fig. 5: Cumulative drug release from MN3 and pure metformin

changed significantly on 25°C whereas on 5+3°C slight change in these
parameters has been observed. During the storage time, no visual
color change was noticed in any sample. The decrease of entrapment
efficiency and increase in particle size of nanoparticles might be
attributed to the semi-amorphous nature of the SAF127 copolymer
in MN3. When lipophilic part of copolymer exposed to temperature
or light (kinetic energy), semi-amorphous state changes into the
more stable amorphous state which leads to increase in particle size
and expulsion of entrapped drug from the polymeric matrix [13].
The nanoparticles stored at 5+3°C showed slight deviation in studied
parameters, which suggested that the above temperature was optimum
storage temperature.

| R e Rl R LG e 2 Rl
400nm

a JAIF 15.0kV 8.0mm X350k SE(UL)

Fig. 6: Scanning electron microscopy image of (a) pure metformin
and (b) MN3

CONCLUSION

MNs were successfully prepared by emulsion solvent evaporation
technique using SAF127 copolymer and PVA. The drug showed no
compatibility issues with excipients. Particle size, PDI, zeta potential,
drug encapsulation efficiency, and percentage yield of MNs were
found to be influenced by copolymer concentration. The SAF127
copolymer contains hydrophilic and hydrophobic portions which
encapsulated metformin and produces nano-sized particles. In vitro
release of metformin from nanoparticles was significantly prolonged
to 30 h compared to pure drug. Further, to explore the application
of SAF127 copolymer as a nanocarrier for oral metformin delivery
clinical studies is required.
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