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Abstract
This work investigates Ethyl cellulose (EC) and polyethylene glycol (PEG)microparticles for
prolonged delivery ofMetforminHCl.Themicroparticles were synthesised by emulsion solvent
evaporation technique; characterized for encapsulation efficiency, particle size, flowproperties,
surfacemorphology, FTIR, PXRDand drug release pattern; and investigated for the effect of
formulation parameters like EC:PEG ratio, drug to polymers ratio and stirring speed on various
properties of themicroparticles. The drug entrapment efficiency, percent yield, particle size and drug
release behaviourwere found to be influenced by various formulation parameters.SEM images and
size analysis confirmed formation of spherical shapedmicroparticles, with slightly rough surface and
goodflowability. FTIR revealed absence of any drug-polymer interaction and PXRDconfirmed the
molecular dispersion of drugwith inmicroparticles. All the formulations showed sustained drug
release pattern at pH6.8, up to 91.34%±1.68metforminwas released in 12 hwithfickian diffusion
mechanism. The designedmicroparticles could possibly be advantageous in terms of prolonged
release, to achieve reduced dose frequency and improved patient compliance.

1. Introduction

MetforminHCl, a biguanide is widely used hypoglycemic agent for themanagement Type II diabetesmellitus
either alone or in combinationwith other anti-diabetic drugs [1, 2]. It is also reported to be beneficial for
dyslipidemia, elevated

plasma-plasminogen activator inhibitor,fibrinolytic abnormalities, insulin resistance andmay stop the
growth of tumor cells [3]. The drug is primarily absorbed from the small intestine, having a short biological half-
life of 1.5–1.6 h and the daily requirement of 1.5–3 g/day [4].

Therefore, themarketed immediate release product needs to be administered 2–3 times daily tomaintain
effective plasma concentration [5]. These drawbacks can be overcomed by designing suitable sustained release
metforminHCl formulations, reducing the dosing frequency and improving the patient adherence to
prescription.

Among various oral sustained drug delivery systems, polymericmicroparticles are one of the options. These
have been studied in past few decades for targeted delivery with specificity, better oral bioavailability, reduced
side effects and less dosing frequency [6, 7]. In general, polymericmicrospheres consist of polymericmatrix, in
which active pharmaceutical agents are dispersed, entrapped, or adsorbed that can release entrapped drug
through diffusion [8], providing uniformdistribution of drug throughout theGIT, allowing uniform drug
absorption hence decreased patient to patient variation after oral drug administration [9, 10]. A number of
different polymers both biodegradable and non-biodegradable have been investigated for preparation of
polymericmicroparticles. Among these EC, awater insoluble, hydrophobic, non-biodegradeable,
biocompatible, high pressure resistant and non-toxic cellulose polymer, is extensively used for the formulation
of pharmaceuticals [11]. This polymer is often used as a rate-controllingmembrane tomodulate the drug release
fromdosage formswith organic or aqueous coating techniques [12–14]. Polyethylene glycol (PEG), also known
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as polyoxyethylene and polyethylene oxide is nontoxic and rapidly cleared frombody. It is soluble inwater,
benzene, dichloromethane and insoluble in hexane and diethyl ether. PEGhas been used in combinationwith
other polymers as drug releasemodifier [15, 16].

In present study, a series of EC/PEGmicroparticles with varying polymers ratio, drug to polymer ratio and
stirring speedwere prepared for sustained delivery ofMetforminHCl and the effects of abovementioned
variables on the drug entrapment efficiency, particle size and in-vitro drug release behaviourwere investigated.

2.Materials andmethods

Metforminwas a kind gift fromHamaz PharmaceuticalsMultan. Ethylcellulose (N-10) and Polyethylene glycol
were purchased fromMerck (Germany).Tween 80was obtained fromEngland Labs Chemicals) and
Dichloromethanewas sourced fromBDH.

2.1. Preparation of ethylcellulose andpolyethylene glycolmicrospheres ofmetformin
Microspheres were prepared by emulsification solvent evaporationmethod [17]. Accurately weighed quantities
of ethyl cellulose (EC) and polyethylene glycol (PEG) (Table 1)were dissolved in 20 ml of dichloromethane
(DCM) by hot plate stirring for 30 min at 500 rpm,whilemetformin (500 mg)was dissolved in 10 ml of distilled
water. Aftermixing drug and polymer solution at 800 rpm for 1 hr, the solutionwas added dropwise by using
syringe, at room temperature under constant stirring at 800 rpm, to 100 ml of 0.5% (w/v) tween 80 aqueous
solution. Stirringwas continued over 60 min until complete evaporation ofDCM.After the evaporation of
DCM, the recoveredmicroparticles werewashed repeatedly with distilledwater in order to remove any adhering
particles and to remove the impurities. Themicroparticles were isolated on a filter paper and driedfirst at room
temperature and then in the oven at 37 °C to assuremoisture freemicroparticles. Unloaded (drug-free)
microparticles were

prepared using same experimental conditions but in the absence ofmetforminHCl.

2.2. Estimation of percentage yield
Percentage yieldwas calculatedwith the help of following equation (1):

( )=
+

´percent yield
total amount of recovered microparticles

amount of drug amount of polymer
100 1

2.3. Estimation of drug loading and drug entrapment efficiency
Accurately weighedmicroparticles were dissolved in dicholoromethane and then dilutedwith phosphate buffer.
The solutionwas kept on stirring for 1 hr for the complete evaporation ofDCMand polymerwas separated by
filtration. The amount of drugwas determined by usingUV-Visible spectrophotometer at 232 nm. The percent
drug loadingwas calculated as (equation (2)):

( ) ( )= ´Drug loading
Amount of drug in microspheres

Amount of microspheres
% 100 2

Table 1. Formulation parameters of preparedMetforminHCl-loadedmicroparticles.

Formulation code Polymer to drug ratio EC:PEG MetforminHCl (g)
Polymer (g)

Ethyl cellulose PEG

EP-1 2:1 1:1 0.5 0.5 0.5

EP-2 2:1 1.5:1 0.5 0.6 0.4

EP-3 2:1 2:1 0.5 0.67 0.33

EP-4 2:1 4:1 0.5 0.8 0.2

EP-5 4:1 1:1 0.5 1 1

EP-6 4:1 1.5:1 0.5 1.2 0.8

EP-7 4:1 2:1 0.5 1.4 0.7

EP-8 4:1 4:1 0.5 1.6 0.4

EP-9 6:1 1:1 0.5 1.5 1.5

EP-10 6:1 1.5:1 0.5 1.8 1.2

EP-11 6:1 2:1 0.5 2.1 0.9

EP-12 6:1 4:1 0.5 2.4 0.6
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The drug entrapment efficiency (%) of thesemicrospheres was calculated by the following formula
(equation (3)):

( ) ( )= ´Entrapment efficiency
Actual drug load

Theoratical drug load
% 100 3

2.4. Rheological studies
All prepared formulations were subjected to rheological studies to determine angle of repose, tapped density,
bulk density, Carr’s compressibility index andHausner ratio [18].

Angle of repose of different formulationwas calculated according tofixed funnel standingmethod using
equation (4).

( )q =
h

r
tan 4

Where, θ is angle of repose, r is radius and h is height.
Bulk and tapped densities weremeasured using 10 ml of graduated cylinder. The bulk density of amaterial is

the ratio of themass to the volume (including the interparticulate void volume) of an untapped powder sample
(equation (5)).

( )=bulk density
mass of sample

volume of sample
5

Tapped density was calculated bymeasuring tapped volume after tapping the cylindermechanically for 200
times (equation (6)).

( )= ´tapped density
mass of sample

volume after tapping
100 6

Compressibility Index (Carr’s index)was calculated according to following equation (7):

( ) ( )¢ =
-

´carr s index
tapped density bulk density

tapped density
% 100 7

Hausner’s ratiowas used to calculateflow ability of themicroparticles andwas determined by comparing the
tapped density to the bulk density using equation (8).

( )=Hausner ratio
tapped density

bulk density
8

2.5. Scanning electronmicroscopy (SEM)
SEMwas used to determine the surface topology of themicroparticles andwas examined by scanning electron
microscope (SEM-Jeol Instruments, JSM-6360, Japan).

2.6. Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra ofmetformin, drug-freemicroparticles and drug loadedmicroparticles were recordedwith
Attenuated total reflection fourier-transform infrared (ATR-FTIR) spectrophotometer (Bruker IRAffinity 1
Model, Japan), in the range of 4000 to 400 cm−1.

2.7. Powdered x-rayDiffraction (PXRD)
X-Ray diffraction pattern of pure drug, drug loaded and unloadedmicroparticles were recorded on powder
x-ray diffractometer. X-ray diffractometer (JDX 3532, JEOL, Japan)withCu radiation at 50 mAand at 60 kV.
Samples were irradiatedwithmono achromatized x-rays andXRDpattern observed through scanning rate of 2°
perminute.

2.8. In-vitro drug release studies
In-vitro drug release profile ofmetforminHClmicrospheres was determined by usingUSPdissolution
apparatus II (paddlemethod) connectedwithAuto Sampler (Pharma test PTFC2,Germany). Precisely weighed
microparticles were taken in small dialysis bag (dialysismembrane 800 Da) tiedwith paddle and dipped in
dissolutionflask.Dissolution studies were performed in 0.05 Mphosphate buffer (pH6.8) for 12 h at
35±0.5 °Cunder 100 revolutions perminute. Samples of about 3 mlwerewithdrawn (in triplicate) at various
time intervals i.e. 0.25, 0.5, 1, 2, 4, 6, 8, 10& 12 h frommiddle offlask forUV analysis.Withdrawn amountwere
replacedwith relevant fresh buffer solutions. All samples werefiltered through 0.22 ummembrane and then
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analyzed forMetformin usingUltraviolet Visible Spectrophotometer (UV-1601, Shimadzu) at 232 nmafter
subsequent suitable dilution.

2.9. Release kinetic studies
The drug release kinetics was obtained byfitting the drug release data to zero order, first order, Higuchimodel
andHixsonCrowell [18, 19].

Korsmeyer and Peppas equation (equation (9))was applied to interpret themechanismof drug release from
themicroparticles.;

( )=
M

M
k t 9t n

0
3

where,Mo andMt are the amount of drug released at time zero and the amount of drug released at time t
respectively, k3 represents rate constant and n is the diffusional exponent.

The values of nwere determined from the slopes and intercepts of the straight line. For the spherical
matrices, in case of a Fickian (case-I) drug releasemechanismn is<0.43, for anomalous or non-Fickian
mechanismn is 0.43<n 0 and a case-II (zero order) drug releasemechanismn is>0.85 [20].

3. Results

3.1. Percent yield, drug content,average particle size and size distribution
The results for the percent yield, drug content and average particle size ofmicrospheres (EP-1-EP-12) are
reported in table 2. A perusal to table 2 indicated that percent yield ofmicrospheres was in the range of 46.66%
±2.42 to 81.71±2.08. The drug entrapment efficiencywaswithin the range of 32.89%±2.53 to 82.13%
±1.51and drug loadingwas up to 82.1%±1.83. Themean particle size was in the range of 15.44 μm±2.341 to
178.12 μm±3.24 and the polydispersity indexwas below 0.584.

3.2.Morphological andRheological evaluation
The SEMphotographs (figure 1), revealed that themetforminmicroparticles were spherical in shape.

All preparations were studied for the rheological properties and results are presented in table 3. Angle of
repose formicrospheres was between 20.21ο to 31.33ο, Carr’s index (Ci)was less 20 for all formulations and
Hausner’s ratio was in the range of 1.09–1.23.

3.3. In-vitro dissolution anddrug release kinetics
In vitro drug release pattern ofmetforminHCl loaded EC/PEGmicroparticles was observed at pH6.8 by using
phosphate buffer. All the formulations showed sustained release pattern (figure 2). Infirst three hours of
dissolution studies burst release ofmetforminHClwas observed followed by slow release over next 9 h of the
study. After 12 h of dissolution studiesmaximumdrug release (91.3%±1.68)was observed in formulation
with lowest polymer to dug ratio of 2:1 (EP1), whileminimumdrug release (72.87%±1.86)was observedwith
highest polymer to drug ratio of 6:1 (EP12). In set of formulations EP1-EP4, EP5-EP8 and EP9-EP12; with
increasing content of EC in comparison to PEG and constant polymer drug ratio, cumulative percent release was

Table 2.Effect of drug-polymer ratio and polymers (EC: PEG) ratio on the drug content, percent yield, particle size and size distribution of
theMetformin loaded EC/PEGmicrospheres.

Code

% yield

(mean±S.D)
Drug loading (%)
(mean±S.D)

Entrapment efficiency

(%) (mean±S.D)
Meanparticle

size (μm±SD) Polydispersity index

EP-1 46.66±2.42 30.33±1.21 32.98±2.53 15.44±2.341 0.301±0.04
EP-2 50.66±1.52 33.26±2.15 36.76±1.62 28.00±0.925 0.327±0.37
EP-3 57.33±2.36 38.19±185 39.90±1.94 45.76±1.125 0.338±0.028
EP-4 58.66±2.04 46.09±1.01 44.45±1.75 65.95±2.36 0.31±0.041
EP-5 70.4±0.69 57.89±2.25 53.38±1.38 77.03±1.55 0.368±0.037
EP-6 71.6±2.03 62.09±1.64 57.78±2.98 89.54±2.11 0.369±0.028
EP-7 72.8±2.09 67.98±1.95 61.09±1.63 93.54±0.89 0.371±0.036
EP-8 75.2±2.54 72.05±0.98 66.56±1.12 124.01±2.00 0.399±0.047
EP-9 75.14±1.54 79.21±0.99 71.88±1.42 136.21±1.36 0.408±0.028
EP-10 78.23±2.99 80.25±1.11 76.54±2.43 140.08±2.27 0.518±0.015
EP-11 79.71±1.51 80.08±1.57 79.09±2.55 165.08±0.221 0.537±0.033
EP-12 81.71±2.08 82.1±1.83 82.13±1.51 178.12±3.24 0.584±0.045
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decreased from91.34%±1.6 to 89.65%±2.6; 85.87%±2.4 to 83.87%±2.1 and 77.45%±4.01 to
72.87%±1.86 respectively.

The datawasfitted to several kineticmodels and bestfitmodel was selected on the basis of regression
coefficient (r). Results ofmodelfitting, as presented in table 4, showed that the formulations followedHiguchi
model (0.963–0.987), with Fickian diffusion releasemechanism.

Figure 1. SEMphotograph of drug loadedmicroparticles (a) at 1000 rpm (b) at 800 rpm.

Table 3.Rheological evaluation ofmicroparticles.

Code

Angle of

repose (θ±SD) Bulk density (g/cm3±SD) Tapped density (g/cm3±SD)
Carr’s

index (%±SD)
Hausner’s

ratio (%±SD)

EP-1 20.21±1.68 0.27±2.05 0.32±1.68 18.75±2.13 1.23±1.43
EP-2 21.21±1.12 0.28±2.65 0.33±2.68 18.18±2.35 1.22±2.69
EP-3 24.21±1.43 0.28±1.38 0.34±3.12 17.64±2.42 1.21±1.74
EP-4 23.21±1.05 0.29±2.16 0.35±3.54 17.14±1.33 1.20±1.08
EP-5 27.21±2.65 0.3±2.13 0.35±3.85 14.28±2.65 1.16±1.247
EP-6 28.21±2.65 0.32±1.77 0.36±2.43 11.11±1.37 1.12±1.93
EP-7 29.21±1.08 0.35±2.06 0.39±2.85 10.25±1.85 1.11±1.08
EP-8 31.33±1.33 0.34±2.05 0.38±1.48 10.52±2.65 1.11±1.47
EP-9 30.54±1.47 0.39±2.26 0.43±1.07 9.3±2.33 1.10±2.05
EP-10 27.21±2.26 0.40±1.35 0.45±2.35 11.11±3.01 1.12±1.38
EP-11 24.21±1.18 0.42±0.65 0.46±1.22 8.69±0.65 1.09±2.33
EP-12 25.22±1.34 0.43±2.25 0.47±1.08 8.5±3.24 1.09±1.20

Figure 2. In vitroMetformin release profile at pH 6.8.
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3.4. FTIR Spectroscopy:
FTIR spectra ofmetforminHCl (figure 3(a)) illustrated peaks at 3169 cm−1 , 1063 cm−1 and 1584 cm−1

representingN-H stretching, C-N stretching andN-Hbending respectively. FTIR spectra of empty
microspheres (figure 3(c)) depicted characteristics peaks at 3480 cm−1 representingOH stretching, at
2974 cm−1 representing CH2 stretching, at 1102 cm

−1 for C-O-C stretching and at 949 cm−1 characterizing
C-Hbending. The identical peaks ofN-H stretching, C-N stretching, andN-Hbending vibrationswere also
appeared in the spectra ofmetformin loaded PEG/ECmicrospheres (figure 3b).

3.5. Powder x-ray diffraction
The sharp intense representative peaks of puremetformin (figure 4(a))were notably observed at 17.65ο , 22.35ο,
23.3ο, 24.55°, 26.4°, 27.2°, 28.2ο, 31.3°, 34.35°, 35.45°, 37.2° and 39.4°; indicating crystalline state of pure
metformin. PXRDpattern of loadedmicroparticles and unloadedmicroparticles showed intense peaks at about
21.8° and 23.4° (figures 4(b) and (c)). Peaks corresponding toMetforminwere absent in drug loaded
microparticles, suggesting dispersion of drug inmicroparticles atmolecular level.

Table 4.Results of regression coefficients of themodel fitting ofmetformin release data frommicroparticles.

Formulation
Zero order First order Higuchimodel Hixson-crowell

Korsmeyer-

peppas

k0 r k1 R kH R kHC r kkp n

EP-1 8.783 0.87 0.186 0.963 25.271 0.969 0.050 0.947 32.467 0.364

EP-2 8.514 0.91 0.166 0.984 24.189 0.986 0.046 0.972 27.281 0.435

EP-3 9.22 0.86 0.216 0.966 26.733 0.964 0.057 0.948 36.916 0.324

EP-4 9.182 0.88 0.203 0.970 26.394 0.97 0.054 0.956 34.197 0.359

EP-5 9.60 0.89 0.226 0.981 27.56 0.980 0.060 0.968 34.860 0.373

EP-6 9.757 0.90 0.231 0.985 27.912 0.982 0.062 0.975 34.174 0.390

EP-7 10.25 0.85 0.296 0.972 29.808 0.963 0.078 0.959 43.002 0.300

EP-8 9.68 0.91 0.225 0.980 27.720 0.987 0.060 0.970 35.019 0.373

EP-9 10.65 0.87 0.322 0.974 30.859 0.971 0.083 0.963 43.947 0.307

EP-10 10.16 0.88 0.273 0.958 29.412 0.971 0.070 0.945 42.561 0.298

EP-11 10.11 0.88 0.270 0.957 29.262 0.971 0.069 0.943 42.465 0.296

EP-12 10.80 0.87 0.333 0.974 31.253 0.970 0.083 0.968 43.556 0.319

Figure 3. FTIR spectra of (a)Metformin, (b) drug loadedmicroparticles EP-4 and (c) emptymicroparticles.
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4.Discussion

In present work, emulsification solvent evaporation techniquewas successfully utilized for the fabrication of
EC/PEG loadedmetforminHClmicroparticles. In initial trials different stirring speeds (500 rpm, 800 rpm and
1000 rpm)were applied to observe the effect of speed onmorphology and percent recovery of the product, and
to optimize the reaction conditions. It was observed that the stirring speed below 800 rpm resulted in
aggregation and adherence ofmicroparticles to thewalls of the beaker, whereas stirring speed above 800 rpm
resulted in less percent recovery (data not presented) and de-shapedmicrospheres (figure 1(a)), while stirring
speed of 800 rpm yield uniformly dispersed sphericalmicroparticles (figure 1(b)). Therefore, an optimum
stirring speed of 800 rpmwasfixedwith outcomes of relatively uniformpercent recovery and uniform shaped
microspheres.Moreover, drug loadedmicrospheres had rough surfacesmight be due to surface adhered drug
particles, which are probably responsible for initial burst release of drug during dissolution [21].

From the results of percent yield (table 2), it was observed thatwith increasing ECpolymer content
production yieldwas increased.Moreover, higher drug content (table 2)was observedwith decreasing drug-
polymer ratio (increasing polymer content); while stirring speed, polymers ratio and surfactant concentration
were constant. . The higher the polymer content would probably result in large amount of polymer surrounding
the drug, whichwould act as barrier andmight not allow the drug to diffuse out from themicrospheres into the
external phase [17, 22]. , A considerable amount of drug up to 82% loaded into themicrospheres, a quite
commonphenomenonwith the solvent evaporationmethod.With increasing polymer: drug ratio from2:1 to
6:1, comparatively

largermicrospheres with relatively higher PDI valuewere obtained, requiringmore energy to break the
drug-polymer droplet into smaller particles [23]. These results suggest that formulation variables have
considerable effect on drug content, particle size, PDI and recovery of product, thus by varying these parameters
formulationwith desired features could easily be tailored.

The results of FTIR spectroscopy confirmedOHstretching of PEG, C-O-C stretching, -CH2 stretching in
PEG/ECmicrospheres [24, 25]. TheN-H stretching of primary amine group ofmetformin, bands for C-N
stretching andN-Hbendingwere present in spectra ofmetformin andmetformin loadedmicrospheres [26].
The presence of all the characteristic peaks of drug in the drug loadedmicrospheres confirmed the compatibility
of drugwith the polymers.

Crystalmorphology of drug is an important parameter influencing the dissolution behaviour of the drug.
The results of PXRD confirmed the crystalline nature of the pure drug, whichwasmolecularly dispersed
(amorphous state) into polymermatrix by formulation of themicroparticles. Thismolecularly dispersed drug
and small particle size would enhance the dissolution, thus bioavailability of the drug [27, 28]. Rheological
studies confirmed the free flowing nature of themicrospheres (table 3).

Figure 4.PXRDpattern of (a)Metformin, (b) emptymicroparticles and (c) drug loadedmicroparticles.
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In vitro drug release pattern ofmetforminHCl loaded EC/PEG showed sustained release behaviour
(figure 2). The initial bust release wasmight be due to surface adhered drugmolecules andwould serve to reach
theminimumeffective concentration for pharmacological response. The polymermatrix encapsulating the
drug has greatly influenced the%cumulative drug release. It was found to be decreasedwith increase in drug to
polymer ratio, this effectmight be attributed to increase in the thickness ofmatrix resulting in slow drug
diffusion to the dissolutionmedium [29]. As the proportion of ECwas increased (EP1-EP4, EP5-EP-8 and EP9-
EP12)with constant polymer to drug ratio, the release ofmetforminwas decreased attributed to retarding
nature of the EC.Moreover, the highermetformin release in formulations with higher amount of PEG in
comparison to ECwasmight be duewater soluble nature of PEGwhich has enhanced thematrix permeability
for the drug, thereforemore amount of drug came out of thematrix. These change in pattern of drug release with
changing polymer to drug ratio andEC to PEG ratio suggest that by adjusting these variables formulations with
desiredmetformin controlled release pattern can easily be tailored. Various kineticmodels were applied to
estimate drug release order and in accordance to r values all the formulations followedHiguchimodel suggesting
diffusion process for drug release. The n value varied from0.296 to 0.3, indicating Fickian diffusion release
mechanism for all formulations.

5. Conclusion

The study concludes that the emulsification-solvent evaporation is a simple and reproducible technique for the
fabrication ofmetforminHCl-loaded ethyl cellulose and polyethylene glycolmicroparticles. The drug
entrapment efficiency, particle size, and drug release behaviour of thesemicroparticles were influenced by drug
to polymer ratio and EC to PEG ratios, thus by controlling these formulation parametersmicroparticles with
desired release pattern and size can be prepared. At pH 6.8 sustained release behaviourwas observed indicating
EC/PEGmicroparticles as promisingmetformin carrier for themanagement of noninsulin-dependent diabetes
mellitus. However, authors suggest that selected formulationmight be subjected to in vivo evaluation in order to
further establish the effectiveness, potential benefit and clinical application.
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