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Maximum power point tracking (MPPTs) play a vital role in 

photovoltaic (PV) power  systems as it maximize the output power & 

efficiency of PV systems. MPPTs are used to find and maintain 

operation at the maximum power point. Title presents in detail 

implementation of PSO MPPT using buck-boost converter. Some 

results such as current, voltage and output power for various conditions 

can be recorded. The simulation is possible to carried out in 

MATLAB/SIMULINK software. The results  can be obtained and 

compared with  the theoretical operation which  confirm the reliability 
and performance of the proposed model. It is more efficient, accurate, 

used rapid and low cost technique without need for complicated 

mathematical operations.This paper presents Particle Swarm 

Optimization and Perturbation & Observation techniques to find the 

optimum operating parameters of a solar photovoltaic panel under 

varying atmospheric conditions. The terminal voltage, current and 

corresponding duty-cycle, at which the DC/DC converter should be 

switched to obtain maximum power output, are determined. Simulation 

of maximum power point tracking of a solar panel is donein MATLAB. 

It is observed from the results that the particle swarm optimization 

based algorithm can track the maximum power point for the whole 

range of solar data (irradiance and temperature) and has high 
conversion performance. 

 

Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Solar panels collect the sun’s energy and convert it to electrical energy. Unfortunately, the solar output  is not 

consistent throughout the day due to clouds  and the sun’s angle relative to the position of the solar panel. Addition 

to this, the intensity of the sun varies according to season and geographical location. Moreover the characteristic 

curve of a solar cell shows a nonlinear voltage-current relationship [1]. Therefore, a controller i.e. the maximum 

power point tracker (MPPT) is an crucial part of a photovoltaic (PV) system, to find automatically the maximum 

power operating point at all environmental conditions and then  power  the PV system to operate at the point (MPP), 
to ensure the optimum use of the available solar energy [1-2]. This function is realized by suitably controlling the 

power processing circuit that is exactly always used as an interface between the PV generator and the load or the 

Corresponding Author:-MahajanJayesh Ramesh. 

Address:- M.E.(Electrical Power System), Department of Electrical Engineering , SSBTCOET, Jalgaon , 

Maharashtra, India. 

http://www.journalijar.com/


ISSN: 2320-5407                                                                                              Int. J. Adv. Res. 5(3), 1-7 

2 

 

energy accumulator. Peak Power Tracking algorithms provide the theoretical means to achieve the MPP of solar 

panels, these algorithms can be realized in very effective manner. In the last few years, several MPPT techniques 

have been technologically advanced to maintain the PV arrays operating at their MPPs and have been suggested 

various examples such as the Perturb and Observe (P&O) method, the Incremental Conductance (IC) method, the 

Artificial Neural Network method, the Fuzzy Logic method [3-5], etc.... It became clear that perturb and observe 

(P&O) technique was widely used for its ease of implementation and tracking efficiency [6]. This paper present an 
adaptive perturb and observe MPPT for a photovoltaic module connected to the buck-boost converter (DC-DC 

converter). The DC-DC converter is able to draw maximum power from the PV module for a given solar radiation 

level and environment temperature by modifying the duty cycle of DC-DC converter. This paper offers the method 

to track the MPP for a PV module using Perturb & Observe (P&O) and Particle Swarm Optimization Algorithm 

(PSO) technique at varying irradiation and temperature. The PSO is a swarm intelligence-based algorithm used to 

find the global optimum solutions. The reasons why PSO has added the popularity is because it has only a very few 

parameters that need to be modified. Although PSO is still in its early stages, it has been used across a wide range of 

applications. On the other hand P&O method has simple structure and high reliability. The assumed techniques find 

the optimal electrical operating points and corresponding duty cycle at which the maximum power can be 

transferred. The performance of the proposed MPPT methods is tested by simulation at different irradiation and 

temperature using MATLAB. Solar panel specifications are used for simulation. To focus the proposed system 

performance, irradiation and temperature variations were applied in steps. The results are analyzed and compared. 

 

Generalised Block Diagram:- 

A. System Design 

 

 
Fig.1:- System Design 

 

The basic design for the photovoltaic system peak power tracker consists of the solar Panel, DC-DC converter 

(Buck- Boost) connected in a series, the MPPT controller, Voltage and current sensors and the load. This model is 

known to have better accuracy when the irradiance varies slowly that allows for a more accurate prediction of PV 

system performance. The Peak Power Tracker is a controlled DC/DC buck-boost converter used by a photovoltaic 

power system. The microprocessor tries to maximize the output power from the solar panel by controlling the 

conversion ratio of the DC/DC converter to keep the solar panel operating at its MPP [13]. A DC-DC converter acts 

as an interface between the load and the module. The Buck-Boost mode DC/DC converter is the most important  

type  of switching regulator. In this converter, the buck and boost topologies are combined into one. The buck-boost 
converter steps the voltage down when the duty cycle is less than 50% and steps it up when the duty cycle is greater 

than 50%. The Peak Power Tracker uses an iterative approach to finding this constantly changing MPP [13].  

 

Modelling of Solar Cell:- 

In this study the five parameter model (The single diode model for solar cells figure 2) is a very proper choice. 

Firstly, because most times the results have a high degree of uniformity with data, secondly, as they are not too 

complex, it is relatively simple to implement and analyze them [7-8]. The equivalent circuit consists of a 

photocurrent, a diode, a parallel resistor expressing a leakage current, and a series resistor describing an internal 

resistance to the current flow, as shown in Figure 2.  

 



ISSN: 2320-5407                                                                                              Int. J. Adv. Res. 5(3), 1-7 

3 

 

 
Fig. 2:- The equivalent circuit of practical PV cell. 

 
 The characteristic equation I-V is given by: 

𝐼 = 𝐼𝑝ℎ − 𝐼𝑜  exp  
𝑉+𝐼𝑅𝑠

𝐴𝑉
 − 1 −

𝑉+𝐼𝑅𝑠

𝑅𝑝
                (1) 

Where, 

Iph : Photo generated current.  

Io : Saturation current of diode.  

Rs : Cell series resistance.  

Rp : Cell parallel resistance.  

A: Diode quality factor.  

V  : Thermal voltage.  

 

Here, the PV model parameters; 𝐼𝑝ℎ , 𝐼0, 𝑅𝑠 and 𝑅𝑝 are determined based on electrical parameters; 𝐼𝑠𝑐 , 𝐼𝑚𝑝 , 𝑉𝑚𝑝 

, 𝑉𝑜𝑐 and A. The aim is to find the model parameters such that the resulted I-V curve accurately matches the 

experimental curve. These parameters are obtained by solving the fundamental equation (1) for the key points. The 

values for 𝐼𝑝ℎ , 𝐼0, 𝑅𝑠 and 𝑅𝑝 are then determined through an iterative procedure [9-10]. 

 

Characteristics of Solar Cell:- 

Several Cells are connected in series forms a PV panel/module whereas several PV modules are linked together to 

form PV arrays. If panels are in series current through the cell is constant and voltage across it increases while on 

the other hand when panels are in parallel current through the cell increases and voltage remains constant.  

 
The  I-V and P-V curve of a module is shown in the Fig. For a certain value of voltage and current the panel 

provides a maximum output. The output power of the panel increases as the module voltage increases, it reaches to a 

peak (called as peak power or maximum power point (MPP) in the module) and drops as the voltage approaches to 

the open circuit voltage. The peak power or MPP is defined at standard test condition (STC) of irradiation of 1000 

W/m2 and 25 0C module temperature, but these condition does not exist for the most of the time, due to which, 

normally, the module output power will be less than the peak output power.  

 
Fig.3:- Waveforms showing the effect of (a) Radiation and (b) Temperature on I-V characteristics 
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Fig.4:- PV curves at various temperatures and Constant irradiation. 
 

 

In addition to this, the output current and the voltage are affected by the variations in the irradiation and temperature. 

Fig.4 and Fig.5 shows the waveforms for the effect of irradiation and  temperature on I-V characteristics of a solar 

cell.  

 

 
 

Fig.5:- PV curves at various irradiation levels and constant temperature 

 

 

Under different conditions, there is a unique point on the curve, called the maximum power point (MPP), at which 

the photovoltaic cell operates with maximum efficiency and produces maximum output power. 

 

MPPT Using Perturb and Observe Method (P&O):- 

The perturb & observe (P&O) algorithm, also known as the “hill climbing” method, is very popular and the most 
commonly used in practice because of its simplicity in algorithm and the ease of implementation. The concept 

behind the "perturb and observe” (P&O) method is to modify the operating voltage or current of the photovoltaic 

panel until you obtain maximum power from it. For example, if increasing the voltage to a panel increases the power 

output of the panel, the system continues increasing the operating voltage until the power output begins to decrease. 

Once this happen, the voltage is decreased to get back towards the maximum power point.  
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Fig.6:-Flow Chart for P&O MPPT Technique. 

 
This perturbation continues indefinitely. Thus, the output power oscillates around a maximum power point and 

never stabilizes. The P&O technique has been widely used due to the simple feedback structure, reduced number of 

parameters and thus can be implemented quickly. In this algorithm the array terminal voltage and current were 

sensed and processed and power output is calculated. The present PV output power is compared with the power of 

previous perturbation cycle as shown in the flow chart. The PV voltage and current is perturbed periodically after 

comparing. If the PV operating voltage varies and change of power is greater than zero dP/dV>0, the algorithm 

moves the operating point in the same direction, and if the change of power is less than zero dP/dV<0, the algorithm 

moves the operating point in the opposite direction and if the change of power is equal to zero dP/dV=0 that 

represents the condition of maximum power point.  

 

The advantages of P&O algorithm is previous knowledge of the PV array characteristics is not required and its 

simple procedure. But the oscillation of the operating point around MPP under steady state conditions and inability 
to respond for the rapid changing atmospheric conditions are the drawbacks of this system. 

 

Particle Swarm Optimization Application to MPPT Control:- 

Particle Swarm optimization is an optimization method that tries to improve the particle solution with respect to 

given measure of quality. These particles moves around the search space according to position and velocity. Each 

particle is influenced by its own best position and velocity. 

 

In PSO, particles are randomly initialized at different positions followed by position update based on new velocity, 

previous best positions and distance to Pbest to Gbest. Search process is continued till optimum value is obtained. 

As the particles, approach to MPP they get closer to Gbest position. Correspondingly, Pbest factor and Gbest factor 

in velocity term moves towards zero. 
 

Eventually, zero velocity is obtained and duty cycle remains almost unchanged under this condition PV system 

reaches MPP. PSO is useful to track MPP in partial shading conditions. PSO can be used in conjunction with P&O 

MPPT technique to improve the tracking efficiency. PSO method; 

1) Used to find out optimal duty cycle 

2) PSO search starts with random initial guess and it is possible to explore the search region with continuous 

updation of duty cycle. 
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3) Reduction in steady state oscillations around MPP. 

4) PSO alongwith MPPT technique responsible for direct duty cycle control. 

 

Main feature is that absence of steady state oscillations at MPP and ability to track MPP for extreme environmental 

conditions i.e. effective in locating MPP. Drawback is its initial duty cycle selection. If duty cycle values are not 

within well defined limits and algorithm takes more no. of iterations to obtain the global maximum. This causes 
reduction in power output. Therefore it is necessary to specify limits of initial duty cycle. 

A) Algorithm for PSO Implementation: 

Step 1- Set the number of particles and searching parameters along with the limit for position and velocity 

Step 2- Randomly initialize Position and velocity of each particle. 

Step 3- Compute the fitness value of each particle. 

Step 4- The particle having the best fitness value is set as Gbest (Global Best). 

Step 5- Update the position and velocity of each particle with respect to the Gbest. 

Step 6- Repeat Step 3 & 4 till the optimum solution is reached. 

Step 7- Gbest at the end of the last iteration gives the optimized value. 

Step 8- Compute the Duty-cycle using the given formula. 

D=
1

1+ 
𝑅𝑖𝑛

𝑅𝑜𝑢𝑡

 

 

DC-DC Converters:- 

They are power electronic circuits that converts a dc voltage to a different voltage level. Generally switched mode 

DC-DC converters are used i.e. the use of a switch or switches for the purpose of power conversion can be regarded 

as an SMPS. In order to perform power conversion with highest possible efficiency. Converter switches can be 

implemented using power BJT, power MOSFET, GTO thyristor, IGBT. There are different types of DC-DC 

converters such as Buck, Boost, Buck-Boost, Cuk cnverters etc. 

 

One of the basic switched mode converter is the buck-boost converter. The output of the buck-boost converter can 

be either higher or lower than the input voltage. Assumption made about the operation of this circuit are; 

 

Analysis of the boost converter begins by making these assumptions:- 

5) The circuit is operating in the steady state. 
6) The inductor current is continuous (always positive). 

7) The capacitor is very large, and the output voltage is held constant at voltage Vo.  

8) This restriction will be relaxed later to show the effects of finite capacitance. 

9) The switching period is T, the switch is closed for time DT and open for time (1-D)T, The components are 

ideal. 

 
Fig.7:- Schematic of a buck–boost converter 

 

The two operating states of a buck–boost converter: When the switch is turned-on, the input voltage source supplies 

current to the inductor, and the capacitor supplies current to the resistor (output load).When the switch is opened, the 

inductor supplies current to the load via the diode D. 

 

Conclusion:- 
The aim of this work is to propose a design of PV system peak power tracker and to realize a simple digital 

controller capable of optimizing the amount of power recovered from a solar panel over a range of environmental 

conditions. The basic design of the peak power tracker is to read the voltage and current levels at the solar panel 

simulator output, process these values using the P&O algorithm, and then adjust the voltage in order to obtain 
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maximum power. The results can be obtained and compared with  theoretical operation which  confirm the 

effectiveness of peak power tracking technique.  Simulation of Maximum Power Point Tracking of a Solar PV panel 

using Particle Swarm Optimization and Perturbation & Observation techniques is responsible for direct duty cycle 

control.  If Comparison of SPV panel output with and without optimization is carried out then the results show that 

particle swarm optimization technique given better results. Hence PSO technique can be employed for MPPT of 

Solar PV panels. This system is not only able to track MPP for extreme environmental conditions but also it reduces 
steady state oscillations at MPP which results in stability of the system. 
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In the present study, an attempt was made to design and evaluate 

bilayer gastroretentive drug delivery system exhibiting a combination 

of an immediate release layer and a sustained release mucoadhesive 

layer as second layer to prolong residence time in stomach using 

Metformin HCl as a model drug to reduce frequency of administration 

and to overcome bioavailability problems. A total of 5 formulations of 

bilayer tablets containing the drug were prepared by direct compression 

method using 5 different mucoadhesive polymers in 5 different 

formulations (F1-F5) respectively to impart mucoadhesion. Formulated 

bilayer tablets were evaluated by different parameters such as; ex vivo 

mucoadhesion strength, ex vivo mucoadhesion time, In vitro drug 

release study. In vitro drug release data were fitted to various kinetic 

models (Zero order, 1
st
 order, Higuchi model, Korsmeyer- Peppas 

model). Upon R
2
 value analysis it was observed that release from F1, 

F3, F5 followed Higuchi model and F2, F5 followed Korsmeyer- Peppas 

kinetic model. Mechanism of drug release was found to be Fickian 

diffusion (value of n <0.45). F4 with Na CMC was found to be more 

promising in ex vivo mucoadhesion study showing residence time of 

4.08 hrs. This study concludes that formulated bilayer tablets were 

satisfactory in providing prompt release from 1
st
 layer then maintained 

sustained release effect with promising mucoadhesion behavior in 

stomach. 
 

                  Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The new drug delivery system with better efficacy and safety with reduced dosing frequency and improved patient 

compliance is the current area of research by formulation development scientists. Tablet being most preferred 

dosage form for its ease of manufacturing and patient convenience is always a first choice of dosage form. The 

single layer tablets leads to frequent dosing and unpredicted plasma level for drugs with shorter half-lives. Number 

of diseases require immediate release of drug for instant effect and then plasma concentration has to be maintained 

for prolong effect of the drug. So, in order to deliver drugs in a predictable time frame, multilayered oral controlled 

release delivery systems are designed. These systems enhance the efficacy, minimize the adverse effects and 

increase the bioavailability of drugs.  
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Mucoadhesive drug delivery is a topic of interest in the design of drug delivery systems to prolong the residence‏ 

time of the dosage form at the site of application or absorption and thereby to facilitate the intimate contact of 

dosage form, thus to improve and enhance the bioavailability. 

 

Dosage forms designed for mucoadhesive drug delivery should be small and flexible enough to be acceptable for 

patients and should not cause irritation. Other desired characteristics of a mucoadhesive dosage form include high 

drug loading capacity, controlled drug release (preferably unidirectional release), good mucoadhesive properties, 

smooth surface, tastelessness, and convenient application. Erodible formulations can be beneficial because they do 

not require system retrieval at the end of desired dosing interval. A number of relevant mucoadhesive dosage forms 

have been developed for a variety of drugs (Boddupalli et al., 2010). 

 

The mechanism of adhesion of certain macromolecules to the epithelium of a mucous tissue is understood. They are 

characterized with an epithelial level whose surface is protected by mucus. The mucus contains glycoproteins, 

lipids, inorganic salts and 95% water by mass, making it a highly hydrated system. Mucin is the significant 

glycoprotein of mucus and is responsible for its structure. The principal functions of mucus are covering and 

lubricating the epithelium and some other functions based on the epithelium protection. Mucus width can change 

from 50-450 μm in the stomach to less than 1 μm in the oral cavity (Smart, 2005). 

 

The mucous area, majorly used for the drug administration and absorption, is gastrointestinal mucus. The 

mucoadhesion ought to extend over the substrate to initiate the close connection, enhance the surface contact, and in 

turn increase the diffusion of its chains inside the mucus. The mechanism of mucoadhesion is usually separated in 

two stages, the contact stage and the consolidation stage. The first stage is characterized by the contact between the 

mucoadhesion and the mucous membrane, with covering and swelling of the formulation and initiating its deep 

contact with the mucous level (Hägerstrom and Edsman, 2003). 

 

The development of sustain release dosage form can achieve the aim of releasing the drug slowly for a long period 

but this is not sufficient to get sustained therapeutic effect. They may be cleared from the site of absorption before 

emptying the drug content. Instead, the mucoadhesive dosage form will serve both the purposes of sustain release 

and presence of dosage form at the site of absorption. 

 

In the recent times, multi-layer matrix tablets are gaining importance in the design of oral controlled drug delivery 

systems. Bi-layer tablets are novel drug delivery systems where combinations of two or more drugs are given in a 

single unit. They are preferred for the following reasons: To co-administer two different drugs in the same dosage 

form, to minimize physical and chemical incompatibilities, for staged drug release, IR and SR in the same tablet, for 

chronic condition requiring repeated dosing. 

 

In the present research, an attempt was made to develop oral mucoadhesive bilayered tablet of Metformin HCl (MH) 

using Xanthan gum, NaCMC, HPMC 100CPS, HPMC (K-100LV) and Methocel K4M polymers. Metformin HCl, 

chemically N,N-Dimethyl imido dicarbonimidic diamide, is a biguanide anti hyperglycemic agent used for treating 

non-insulin-dependent diabetes mellitus (NIDDM). It improves glycemic control by decreasing hepatic glucose 

production, decreasing glucose absorption and increasing insulin-mediated glucose uptake. Metformin is the only 

oral anti hyperglycemic agent that is not associated with weight gain. Metformin may induce weight loss and is the 

drug of choice for obese NIDDM patients. When used alone, metformin does not cause hypoglycemia; however, it 

may potentiate the hypoglycemic effects of sulfonylurea’s and insulin. The half-life of metformin is 6.2 hrs (Kadhe 

and Arasan, 2002; Desvergne and Wahli, 1999; Berger and Moller, 2002). It is freely soluble in water, slightly 

soluble in alcohol, practically insoluble in acetone and in methylene chloride (Chawla et al., 200; Chinetti et al., 

2000; Willson et al., 2001). 

 

It is a hydrophilic drug and is slowly and incompletely absorbed from the gastrointestinal tract, and the absolute 

bioavailability of a single 500 mg dose is reported to be 50% to 60%. This indicates the need to develop dosage 

forms that can retain the drug in the stomach for better absorption. An obstacle to more successful use of metformin 

therapy is the high incidence of concomitant gastrointestinal symptoms, such as abdominal discomfort, nausea, and 

diarrhea that especially occur during the initial weeks of treatment. The compound also has relatively short plasma 

elimination half- life (1.5 - 4.5hrs). Sustained release formulations may be administered once or twice daily. By 

considering above parameters, mucoadhesive bilayer tablet of metformin may be utilized.  
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This study describes the preparation of bilayer device comprising Metformin HCl as API and mucoadhesive layer of 

polymer to prolong its duration of action and improve patient compliance. 

 

Materials and methods:- 
Materials:-  

Metformin HCl was received as a gift sample from Square Pharmaceutical Ltd, Bangladesh.; Methocel was 

purchased from Colorcon; Hydrochloric acid was obtained from Merck, Germany; and Xanthan gum, NaCMC, 

HPMC 100CPS, HPMC (K-100LV), Lactose, Magnessium stearate, Talc and Aerosil were obtained from local 

market. All other ingredients were of analytical grade. 

 

Methods:- 

Preparation of bilayer tablet:- 

A total of 5 different types of formulations were prepared in 2 stages using a 13 mm- diameter die on an infrared 

hydraulic press with 5N compression force for a total of 1 minute 30 seconds. Initially the mucoadhesive layer was 

prepared according to Formulation plan (Table-1) for 30 seconds by simple thumb pressure then the 2
nd

 layer 

(immediate release layer) was prepared by final compression force of 5N for 1 minute. 

 

Table 1:- Formulation plan: 

Ingredients (mg/ 

tablet) 

Immediate release layer Mucoadhesive sustained release layer 

 (F1 – F5) Composition is same 

for all formulations 

F1 F2 F3 F4 F5 

Metformin HCl 150 250 250 250 250 250 

HPMC100cps - 200 - - - - 

HPMC(K-100LV) - - 200 - - - 

NaCMC - - - 200 - - 

Methocel K4M - - - - 200 - 

Xanthan gum - - - - - 200 

Lactose 100 50 50 50 50 50 

Magnesium stearate 1 1 1 1 1 1 

Talc 1 1 1 1 1 1 

Aerosil 1 1 1 1 1 1 

Total weight 253 503 503 503 503 503 

 

Evaluation of physical and biological parameters of formulated bilayer tablets:- 

In vitro drug release study for mucoadhesive bilayer tablet:- 

In vitro release profile for each formulated bilayer tablet was performed using USP type II dissolution apparatus 

(Electrolab, Mumbai, India). Dissolution studies were carried at rotation speed of 50 RPM, in 900 ml of 0.01 N HCl 

of pH 2.0 at 37 ± 0.5
0 

C. Aliquot of 5 ml was withdrawn upto 8 hrs. The withdrawn volume was replaced with same 

volume of dissolution medium in order to keep the total volume constant. The absorbance of sample was measured 

by an UV spectrophotometer at 233 nm after suitable dilution if necessary. After filtration, the amount of drug 

release was determined from the standard calibration curve of pure drug (Singh et al., 2012). 

 

Kinetic modeling of in vitro drug dissolution profile:- 

In vitro drug release data of all the bilayer tablet formulations of Metformin HCl was subjected to goodness of fit 

test by linear regression analysis according to zero order, first order kinetics and according to Higuchi's and 

Korsmeyer-Peppas models to ascertain mechanism of drug release. 

 

Measurement of ex-vivo mucoadhesive strength:- 

Bioadhesive strength of the tablets was measured on modified physical balance. A piece of goat stomach mucosa 

was pasted to a petri-dish with cyanoacrylate adhesive and the mucus membrane was wetted with 2-3 drops of 0.01 

N HCl media. The tablets were tied with thread and attached with the mucous membrane. Another end of thread tied 

with one side of the physical balance. The weight required to detach the tablet from the mucosal surface was taken 

as the measure of mucoadhesive strength. Force of adhesion was calculated from the mucoadhesive strength as per 

following equation: 
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Force of adhesion (N) = (mucoadhesive strength × 9.81) ÷ 1000: 

Measurement of ex-vivo residence time:- 

The ex-vivo residence time was determined using a locally modified USP disintegration apparatus. A segment of 

goat stomach mucosa was glued to the surface of the beaker, vertically attached to the apparatus. The mucoadhesive 

tablet was then pasted to the mucosal membrane by applying a light force with a finger trip for 30 seconds. Then the 

tablet and mucosa was hydrated by the medium of 800 ml 0.01 N hydrochloric acid of pH 2.0, allowing the 

apparatus to move up and down maintaining 37
0
 C ± 0.5

0 
C; monitoring the tablet adhesion for 8 hours to see 

retention time and correlate with sustaining property of formulation. The time for the tablet to detach from the goat 

stomach mucosa was recorded as the mucoadhesion time (Umarji et al., 2012). 

 

Results and Discussion:- 
The main goal of this work was to develop new mucoadhesive bilayer tablets of metformin HCl; consisting of an 

immediate release and a of sustained release layer. The double layered structure design was expected to provide 

immediate release of metformin HCl from the outer layer to produce a prompt pharmacological action then 

sustained release from second layer to provide a sustained release of enough drug over an extended period of time 

and retain in stomach for an extended period of time. 

 

A total of 5 formulations of mucoadhesive bilayer tablets were prepared and evaluated for biological and physical 

parameters. The composition of final bilayer formulation had been chosen from the previous single sustained release 

layer formulation which gives the best average percent release and best fitted with kinetics model of dissolution 

release pattern. Different amounts (150 mg, 180 mg, 200 mg, 220 mg) of 5 different mucoadhesive polymers 

(HPMC 100 cps, HPMC K-100LV, Xanthun gum, NaCMC, Methocel K4M) were used to prepare single sustained 

release layer. The study indicated that increase of concentration of polymer decreases In vitro drug release and gives 

larger T50% value; which indicates more sustained release effect. Thus the middle amount of polymers (200 mg) was 

selected for the final bilayer formulation. 

 

According to work plan, the formulated bilayer tablets were evaluated for their in vitro drug release profile study, ex  

vivo mucoadhesive strength, ex  vivo residence time, T50%, T25%, T70% determination. 

 

Physical appearance:- 

The appearance of bilayer tabets was smooth and uniform on physical examination. 

 

Kinetic modeling of in vitro drug dissolution profile:- 

In vitro drug release studies were conducted and fitted to different kinetic models. Cumulative percent of drug 

release from the formulations upto 8 hrs is shown in the Figure-1; release rate kinetic constants and R
2 

values 

obtained from different kinetic models are tabulated in the following Table 2. 

 

Table 2:- Interpretation of release rate constants and R
2
 values for different release kinetics of formulated bilayer 

tablets: 

Formulations Zero order First order Higuchi Korsmeyer 

K° R
² 

K1 R
²
 KH R

²
 N R

²
 

F1 5.935 0.873 -0.040 0.940 19.25 0.978 0.426 0.956 

F2 7.084 0.839 -0.059 0.950 23.36 0.971 0.328 0.988 

F3 6.614 0.864 -0.050 0.940 21.48 0.970 0.370 0.962 

F4 6.648 0.883 -0.048 0.953 21.46 0.980 0.414 0.964 

F5 6.851 0.854 -0.054 0.948 22.42 0.974 0.354 0.978 
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Fig 1:- In vitro release profile of formulated bilayer tablets containing different types of polymers. Here, used 

mucoadhesive polymer indicated the formulations. F1 is formulated with HPMC 100 cps, F2 is formulated with 

HPMC (K-100LV), F3 is formulated with Xanthun gum, F4 is formulated with NaCMC, F5 is formulated with 

Methocel K4M. 

 

The in vitro release data are treated with different model of release kinetics in the above Table 2 and the best fitted 

model was explained by the help of R² value in Table 3 given below. Evaluated, T25%, T50%, T70%  were also tabulated 

in the Table 3 and n values were also mentioned for drug transport mechanism explanation. Fig 2 illustrates the 

evaluated values of successive fractional dissolution time of formulated bilayer tablets.  

 

Table 3:- Drug release kinetics and dissolution parameters of formulated bilayer tablets: 

Formulations Best Fit Model R² n KH T25% T50% T70% 

F1 Higuchi 0.978 0.426 19.25 1.18 5.98 18.03 

F2 Korsmeyer 0.988 0.328 - 0.35 2.93 12.27 

F3 Higuchi 0.970 0.370 21.48 0.66 4.32 15.37 

F4 Korsmeyer 0.978 0.414 - 0.88 4.69 14.6 

F5 Higuchi 0.980 0.354 22.42 0.51 3.62 13.67 

 

 
Fig 2:- Successive fractional dissolution time of formulated bilayer tablets. 
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T50% values of formulations manifest the drug release rate of dosage form and the retarding efficacy of polymers. 

Higher T50% value indicates a higher drug retarding ability of polymer and vice versa. Fig - 2 indicates better 

sustained release effect was found in F1 and F3 compared to other formulations. 

 

Diffusional release mechanism of the formulations was interpreted from in vitro drug release data by analyzing the n 

values by fitting in Korsmeyer Peppas kinetic model and results are tabulated in Table 4. 

 

Table 4:- Interpretation of diffusional release mechanism from in vitro drug release data from formulated bilayer 

tablets: 

Formulation n (Release exponent) Drug Transport Mechanism 

F1 0.426 Fickian diffusion 

F2 0.328 Fickian diffusion 

F3 0.370 Fickian diffusion 

F4 0.414 Fickian diffusion 

F5 0.354 Fickian diffusion 

Ex-vivo study for evaluation of mucoadhesive behavior of bilayer tablets:- 

The Ex- vivo mucoadhesive strength of the tablets was determined for different formulations using goat stomach 

mucosa. Ex vivo residence time was evaluated by conducting a study for 8 hrs by recording the time for complete 

detachment of tablet from mucosal surface. The evaluation results are tabulated in Table 5 and illustrated in Fig 3, 

Fig 4. 

 

Table 5:- Ex- vivo evaluation of mucoadhesive behavior of formulated bilayer tablets: 

Formulations  Detachment force (N)  Residence time (hrs) 

F1 0.661 2.22 

F2 0.621 1.4 

F3 0.6 3.07 

F4 0.916 4.08 

F5 0.523 2.02 

 

 
Fig 3:- Detachment force of different formulation containing different mucoadhesive polymer. 

 

 
Fig 4:- Ex vivo residence time of different formulation containing different ratio of mucoadhesive polymer. 
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From the Table 4, Fig 3 and Fig 4; it was observed that the highest mucoadhesive strength was observed with the 

formulation showing highest detachment force. F4 containing NaCMC showed highest mucoadhesive strength. 

Tablet containing an increased concentration of polymer showed higher mucoadhesion with long residence time 

(4.08 hrs). This finding is owing to the hydrophillic nature of NaCMC; it is hydrated easily with less contact time 

and forms a strong interpenetrating network with mucin molecules because of the polymer’s long linear chain 

structure. A linear increase in mucoadhesion was observed with an increase in contact time. 

 

Conclusion:- 
In the present study, 5 different formulations of mucoadhesive bilayer tablet of metformin HCl (F1 – F5) were 

prepared by using 5 different Polymers by direct compression method.  The results of in-vitro drug release profile of 

bilayered tablets were satisfactory. But, F1 and F4 provided better controlled and sustained In vitro drug release 

compared to other three formulations. The T50% values of these five formulations which is an important parameter 

for knowing the retarding ability of drugs were also found satisfactory. Results from ex vivo evaluation of 

mucoadhesive behavior of these five formulations were also good which provides increased residence time of drug 

in GIT and gave clear understanding about the bioadhesion properties of the bilayer tablet. However, an appropriate 

balance between various levels of the five polymers is needed to acquire proper release and mucoadhesion. Finally, 

it can be concluded that by formulating mucoadhesive bilayer tablets of metformin HCl, its complete release can be 

ensured prior to absorption and hence the problem of incomplete drug release and erratic absorption of pure 

metformin HCl can be solved by increasing the retention time of drug in GIT for a longer period with the help of 

mucoadhesive polymers. 
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This paper attempts to analyse the problems and prospects in south 

Asia by using various indicators based on data from secondary sources. 

The study reveals that South Asia a land of natural beauty and also 

known as paradise on Earth, and Switzerland of Asia. But the countries 

of South Asia are not able to evolve co-operative relations and their 

relations are characterizing by numerous conflicts. The type and level 

of conflicts which take place in the sub-continent however vary with 

changing circumstances, both internal and external, which affect the 

region. Of late, of course the countries of South Asia realizethe need of 

cooperation and make some progress in this direction. Indo-china both 

are the most powerful nations of region performing their role in various 

direction for maintaining the peace, cooperation and integration in the 

region. 
 

Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
The term South Asia is used for the countries lying south of Himalayas and surrounded by the Indian Ocean from 

three sides. The countries of this region include India, Pakistan, Bangladesh, Sri Lanka, Nepal, Maldives and 

Bhutan. Apart from Nepal and Bhutan, the rest of the South Asian region has been subject to colonial rule. These 

countries gained independence in 1947; Pakistan came into existence as a result of partition of India in 1947; Sri 

Lanka got independence in 1948. Bangladesh emerged as an independent sovereign state after breaking away from 

Pakistan in 1971. Though the countries differ from each other with regard to climate, race, religion and history, they 

constitute a single region and possess some common features. Firstly, most of the countries are very poor and 

majority of their people live below poverty line. Secondly, religion is a predominant factor in these states. In fact, 

some of the states like Pakistan and Bangladesh were created on religious basis. Thirdly, these countries are faced 

with problems of unemployment, illiteracy, over population, etc. Fourthly, the countries are agriculturally and 

industrially backward. However, India is an exception and has made considerable industrial progress. Fifthly, most 

of the countries are faced with the problem of political instability. Finally, most of the countries (except Pakistan) do 

not have close military links with super powers. In contrast with the external boundaries of the region, the political 

geography within the region does not follow any neat pattern. 1 The three most important rivers-Indus, Ganga and 

Brahmaputra cut across the boundaries of the principal countries in the Indian sub-continent. In spite of differences 

in physical appearance, complexion, stature and other ethnological features, a common cultural and ethnic outlook 

unifies the people of the entire region of South Asia. However, the South Asian countries have sharp differences in 

their perception and approaches on the details of major global and regional issues of peace, security and stability. 

The pattern of these differences has remained somewhat consistent over a long period except for some occasional 

minor shift in their strategies. 
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South Asia has become an area in which India and China have been seeking to gain political and economic influence 

over many years. Therefore, it seems appropriate to analyse their relationship with South Asian countries through 

the lens of the regional power debate. Both countries have claimed regional power status, i.e. a dominant position, 

and have invested in different ways to shape their respective regions according to their political interests. India has 

used different bi- and multilateral strategies to pursue its regional leadership role in South Asia. In contrast, China 

has concentrated on bilateral relations rather than on multilateral structures, in order to expand its traditional 

regional focus from North East and South East Asia to South Asia
1
. 

 

Conflicts in south asia:- 

The harsh geo-political realities point towards greater potential for conflict rather than peace. These may be well 

routed in geo-strategic factors and in the strategies of the leading powers of the world to influence these factors in 

their own interests. Some of the geo-strategic factors are: 

 

Military Stand Off in the Region- Whereas India has tended to find greater convergence in its perceptions with 

Russian position on many issues; however other South Asian states have reflected towards west towards their world 

views. 

 

Emergence of China as a Reckonable Power- China’s growing power and its assertive approach in dealing with 

other nations can only create apprehensions and a sense of insecurity in the countries of South Asia excepting those 

like Pakistan who have sought a quasi-alliance relationship with it. Similarly, China’s growing capabilities of power 

projection could pose a major challenge to peace and security in the days ahead. 

 

Situation in Afghanistan and Middle East- Afghanistan and Middle East are the two conflict areas where local 

indigenous conflictual factors have been entangled in great power strategies and interests. The continuation or 

resolution of the conflict in the two areas will have far-reaching influence on the peace and security in the region. 

 

Growth of Extra Regional Military Forces in the Indian Ocean- There has been a massive growth of extra 

regional military forces in the Indian Ocean in the recent years. The presence of extra regional forces only helps to 

exacerbate conflictual responses and aggravate the problem of peace and security in the region. Strategically too the 

Indian Ocean region is important for global nuclear warfare and thus it has become a victim of US and European 

game plan. The success of US Coalition Strategy to undertake military responses outside NATO areas in conflict 

situation during the second half of 1987 in Persian Gulf Arabian Sea is noteworthy
2
. 

 

Cooperations:- 

Religious and Cultural Interrelation:- 

 South Asian region has uniqueness in shared history, heritage, literature, culture, religion and language. The 

commonality of culture and religion provides a strong motive for regional cooperation as it has similar lifestyle, 

fashion and clothing trends, music, food or even cinema. Even the people have family relations across borders that 

were formed before partition and have sympathy towards them. So this cross-religious, cross-cultural pattern also 

demands cooperation at regional-level to provide better access and opportunity to people for harmony and religious 

beliefs. South Asia develops greater economic and political cooperation it is also possible that the notion of pan-

South Asian identity will emerge at local and global level and trickle down to the people. That is why AmartyaSen 

(2006) gives notion of cultural identity where people could have multiple identities.  

 

Economic Acquisitions:- 

 In regional cooperation processes trade must be a means not an aim per se to increase the productive power of a 

state. A long-term economic strategy of any developing state must have diversion in trade destinations including its 

neighbour destinations, diversity in trade pattern/products including both labour intensive and capital intensive. 

Most states in this region lack skills, research capacity, financial and technical resources for research and education, 

in this context establishment of South Asian University and signing of South Asia Free Trade Area agreement 

(SAFTA) are significant step (Mehta and Kumar 2004; Banik 2006; Ratna and Sidhu 2008; Taneja et al. 2011). 2 

The share of intra-regional trade is very low in South Asia with comparison to intra Association of Southeast Asian 

Nations (ASEAN) or intra-EU trade for intraregional trade of SAARC nations; also for SAARC trade with rest of 

the World. The share of   SAARC trade has remained same ranging from 4-6 percent between 2000 and 2013. This 

low intra-regional trade has been on account of positive list based approach on exchange of tariff preferences, small 

product coverage, narrow margins of preferences and inability to address non-tariff barrier
3
. 
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political integration, for instance the promotion of democratic values, were only used selectively and remained 

contingent on India’s security concerns vis-à-visthe neighbours. In 2009, the South Asian Association for Regional 

Cooperation (SAARC) agreed on a Charter of Democracy to strengthen democratic structures in South Asia. The 

Charter becomes fully operational, it can become an important instrument that allows India to support democratic 

institutions in neighbouring countries. But it is also an ambivalent instrument because this could be seen as 

interference in the internal affairs of countries, which India itself rejects. The Indian Technical & Economic 

Cooperation Programme (ITEC) has trained many bureaucrats from South Asia and has helped New Delhi to 

increase its political clout in the region. In 2013–2014 more than 80 per cent of India’s total loan and aid budget was 

allocated to its South Asian neighbours, especially Bhutan, Bangladesh, and Afghanistan.  

India’s efforts 

 

INDIA seems to be a regional power in South Asia by default. Governments in New Delhi have used a variety of 

instruments to further their interests in the region: wars have India been fought and won (for instance with Pakistan); 

militant groups have been supported in their fight against authoritative regimes (East Pakistan) and democratic 

governments (Sri Lanka); trade sanctions and border blockades have been imposed; secret arrangements have been 

negotiated (Nepal); unilateral economic and political concessions (SAARC) have been made; development aid has 

been provided (Afghanistan, Bhutan, Nepal); and successful (Nepal) and unsuccessful (Sri Lanka) attempts for 

mediation in civil wars have been made 

 

Since its independence in 1947, India has been perceived as a regional power or hegemon in South Asia. Due to the 

asymmetry of its territorial and demographic size, its military dominance, and its economic potential, India seems to 

be a regional power by default. But a closer look reveals that India’s superior economic and military resources have 

hardly resulted in the achievement of its foreign policy goals. 

 

For many years, India perceived its neighbouring countries as a major part of its national security and its strategic 

sphere of influence. India’s policy vis-à-vis the Himalayan states has always been determined by its relations with 

China and it has always aimed to reduce China’s influence on its northern border. The friendship agreements with 

the Himalaya kingdoms Bhutan (1949), Sikkim (1950), and Nepal (1950) gave India a great involvement in the 

internal affairs of its neighbours. Prime Minister Jawaharlal Nehru, who is often blamed for being an ‘idealist’ in 

international affairs, appears to have had a much more ‘realistic’ perspective with regard to India’s neighbours in the 

Himalayas
4
. 

 

Indira Gandhi’s South Asia doctrine saw the region as part of India’s national security. This became the basis for 

various political and military interventions during the 1970s and 1980s. But many of the interventions did not bring 

about the desired long-term results for India. The military victory over Pakistan in 1971 was not followed by a 

permanent solution of the Kashmir issue. India supported Bangladesh after its independence in 1971 but could not 

prevent Bangladesh’s economic and political realignment after the military coup in 1975. India’s attempts to 

mediate in the Sri Lankan civil war in the late 1980s ended in political and military disaster. 

 

After the economic liberalisation in 1991, economic issues became more and more important for India’s foreign 

policy at both the regional and the global levels. In the mid-1990s, the Gujral doctrine highlighted the concept of 

non-reciprocity: India was now willing to make unilateral, political, and economic concessions to weaker 

states. South Asia was no longer seen as a part of India’s national security, but as part of its economic development. 

The new focus on economics gained more importance vis-à-vis the traditional security concerns. Prime Minister 

Manmohan Singh moved economic relations to the centre of India’s foreign policy, promoted economic 

development, gave greater importance to India’s relations with the great powers, and tried to establish friendly 

relations with the neighbouring countries. 

 

China’s efforts:- 

China’s relations with India and South Asia have also undergone several changes. The good relationship it had with 

India in the 1950s was overshadowed by the boundary dispute. After the border war in 1962, China deepened its 

relations with Pakistan. As part of its ideological foreign policy, China supported various militant movements in 

South Asia, as for instance rebel groups in India’s northeast. 
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China’s strong economic and military support for Pakistan since the 1960s and its later efforts to develop its 

economic relations with India’s neighbours have always raised apprehensions in India, that China’s South Asia 

policy was aimed at pressuring India.Following its economic liberalisation in the late 1970s, China has also shifted 

its focus vis-à-vis South Asia. Its security interests vis-à-vis the region are dominated by the domestic challenges in 

Xinjiang and Tibet. China’s South Asia policy has been characterised as ‘multi-layered and complicated and not 

necessarily compatible and complementary’. China’s attempts to create new access to the Indian Ocean as part of its 

‘One Belt, One Road’ (OBOR) initiative by building land corridors through Pakistan and Bangladesh will increase 

the strategic importance of South Asia in the long-term. 

 

In the field of security, China has the upper hand with regard to military hardware and strategic investment, whereas 

India has stronger military-to-military relations with its neighbours. In 2011, India’s National Security Advisor Shiv 

Shankar Menon pointed out that India has to expand its role as security provider for South Asia as well as for the 

Indian Ocean region in order to counter the growing Chinese influence
5
. Prime Minister Modi also emphasised this 

point during his various visits to the SAARC countries and the island states of the Indian Ocean in spring 2015
4
. 

 

Conclusion:- 
It seem that despite its superior material resources, India has hardly ever managed to establish itself as regional 

power in the long-term perspective. Nehru’s and Indira Gandhi’s attempts to portray the region as part of India’s 

national security and to secure the country’s foreign political interests through military, economic, and political 

interventions have proven counterproductive in two ways. First, the process of nation-building in the neighbouring 

countries prevented a close approximation with India. Because of common religious, linguistic, and ethnic ties, 

nation-building was about delimitation of the dominant neighbour. Second, all neighbours have used the strategy of 

internationalising their bilateral disputes with India, sometimes more and sometimes less successfully. Pakistan is 

the most obvious case, but Bangladesh, Nepal, and Sri Lanka have also played the ‘China card’ at various times. 

Since its liberalisation in 1991, India has put its South Asia policy on a new basis with the Gujral and the 

Manmohan doctrines. South Asia is regarded more as a market that can contribute to India’s economic development 

and therefore the focus of bilateral and multilateral initiatives is on regional public goods, like better connectivity as 

well as on unilateral economic concessions, in order to expand intra-regional trade. 

 

In contrast to India, China enjoys a comfortable position. Politically, China is regarded as a ‘neutral’ player in South 

Asia. China has never been part of the discourse on nation-building and its relations with the region are not marred 

by the baggage of history. Economically, China is a more attractive trade and investment partner for South Asian 

countries. In the field of security, China is an important partner for the acquisition of military hardware. However, 

India has also improved its security collaboration with many South Asian countries in recent years. 

 

India seems to be caught in a catch-22 situation in South Asia. On the one hand, religious, linguistic, and ethnic ties 

bind India with the region. On the other hand, those ties do separate India from its neighbours with regard to nation-

building. Hence, India will scarcely be able to overcome its resentments in the neighbouring countries and to counter 

the advantages that China enjoys in South Asia with regard to politics, economics, and security. However, China’s 

growing influence in South Asia does not imply a claim for any regional power status. It pursues its national 

interests and does not seem to be interested in providing regional public goods. It remains arguable whether China’s 

activities within the region serve its own economic development, or how far it pursues a policy of ‘encirclement’ 

against India. It should not be overlooked that India and China are also cooperating in joint regional initiatives like 

the Bangladesh–China–India–Myanmar and that China has also promised to make large-scale infrastructure 

investment in India. Despite its disadvantageous position, India should continue its efforts to provide regional public 

goods through both bilateral and multilateral initiatives. This will foster regional cooperation in South Asia, so that 

the question of ‘who is the regional power’ may even become superfluous in the long time 
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