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Abstract 
 
Hypertension crisis is one of the main health problems and its effective treatment is of high importance. For 
this purpose, fast-disintegrating and sustained release formulations of captopril, as a drug of choice, were 
prepared using conventional mucoadhesive polymers hydroxypropyl methylcellulose (HPMC), sodium 
carboxymethyl cellulose (Na-CMC), hydroxypropyl cellulose (HPC), Carbopol 934 (CP934) and sodium 
alginate (Na-alg). The optimum sustained release formulations were selected based on mean dissolution time 
(MDT). The swellability and mucoadhesive properties of selected formulations were assessed and compared. 
A direct relationship between swelling and release rates/adhesiveness of sustained release formulations was 
observed. The results showed that formulations containing combination of CP934 and cellulose-based 
polymers had the highest swellability, sustainability and adhesion strength. These formulations prolonged 
drug release up to 8 h showing good fitness to Korsemeyer-Peppas model. Moreover, the adopted fast-
disintegrating tablet could release up to 100% of drug within 3 min in oral pH. Finally, a dual fast-
disintegrating/sustained release bucoadhesive bilayer tablet consisting of optimized formulations was 
prepared releasing 30% of the drug initially within 15 min and the remaining up to 8 h which could be 
considered as an appropriate formulation for the treatment of hypertension crises. 
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INTRODUCTION 

 
Modified release drug delivery systems 

have attracted a great deal of interest in recent 
decades. In the field of oral drug delivery, one 
of the main factors determining the extent of 
absorption and duration of effect is the time 
that drug is present in the site of absorption 
(1). Modified release drug delivery systems 
alter the time course of drug release and/or 
retain the system at the site of absorption for a 
longer period of time (2). The former strategy 
has been commonly utilized in the sustained 
release dosage forms while the later can be 
achieved by mucoadhesive or GI-retentive 
formulations. For drugs which have a narrow 
absorption window, it is crucial to retain the 
drug in its absorption site with a sustained 
release manner to achieve maximum extent of 

absorption and also not to saturate the carrier-
mediated transport when the mechanisms other 
than passive diffusion are present (3). 

Captopril is an oral antihypertensive drug 
and a member of angiotensin converting 
enzyme (ACE) inhibitors. ACE inhibitors are 
considered for treating high blood pressure, 
heart failure, and prevention of kidney failure 
due to hypertension and diabetes (4). Short 
biological half-life of 1-2 h is one of the most 
important drawbacks of captopril requiring 
frequent administration of the drug which 
leads to poor patient’s compliance. In addition, 
captopril has narrow absorption window in 
duodenum which limits its absorption from 
other parts of the intestine (5). In order to 
overcome these shortcomings, many attempts 
have been made by researchers to develop  
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have been made by researchers to develop 
systems which are able to prolong drug release 
and/or to retain the system in the upper parts 
of GI tract. These approaches include floating 
tablet (6), floating beads (7), mucoadhesive 
systems (8,9), pulsatile release dosage forms 
(10), sustained release formulations such as 
osmotic pumps (11) and oily semisolid 
matrices (12). Amongst all, bioadhesive GI-
retentive drug delivery systems which localize 
a delivery device within the lumen and 
enhance the bioavailability of drugs have 
attracted more attention (2). 

This approach frequently involves the 
application of bioadhesive and swellable 
polymers such as pectin (13), sodium alginate 
(Na-alg) (14,15), sodium carboxymethyl 
cellulose (Na-CMC) (16), hydroxypropyl 
methylcellulose (HPMC) (17), chitosan 
(18,19), tragacanth (20) and acrylate polymers 
like polyacrylic acid (known as Carbopol) 
(21). Some factors including the medium in 
which the polymer is swelled, physiological 
properties of adhesion site and other 
physiochemical properties such as molecular 
weight of the polymer, chain flexibility, 
hydrogen binding capacity, cross-linking 
density, electrical charge, concentration,               
and hydration capacity of the polymer affect 
mucoadhesion strength of the dosage               
form (22).  

With regard to the drawbacks of captopril 
including short half-life and narrow absorption 
window, a sustained release mucoadhesive 
drug delivery system would be beneficial. 
Besides, captopril is the drug of choice in the 
management of hypertension crises. Also, 
some authors have indicated efficient 
absorption of captopril from buccal cavity 
(23,24) and therefore, captopril conventional 
immediate release tablets are applied to the 
oral cavity by caregivers for urgent control of 
hypertension (4). However, these dosage 
forms may not be able to release the drug 
quickly and completely in oral cavity due to 
formulation limitations. In addition, no orally 
disintegrating or sublingual dosage forms have 
so far been specifically designed for this 
purpose.  

Therefore, the aim of the current study was 
to develop and evaluate a bilayer dual release 

tablet comprising a fast-disintegrating layer for 
quick release of the drug to control hypertension 
crisis and a bucoadhesive sustained release layer 
to adhere to oral cavity and release the drug for a 
longer period of time.  

 
MATERIAL AND METHODS 

 
Materials 

Captopril and crospovidone (CPVP) were 
kindly donated by Exir Pharmaceutical Co. 
(Iran). HPMC (K 100 M) and Avicel® were 
supplied by Darupakhsh Pharmaceutical Co. 
(Iran). Magnesium stearate (MgS), Na-CMC 
and mannitol were purchased from domestic 
suppliers of Merck Co. (Germany). Carbopol 
934 was purchased from domestic suppliers of 
BF Goodrich Co., (USA) and Na-alg was 
purchased from Sigma-Aldrich Co. (USA). All 
other materials were reagent grade and used 
without further modification. 

 
Captopril UV analysis 

Captopril was quantified using 
spectrophotometric method at 205 nm 
(Shimadzu, UV-1650PC, Japan). The 
procedure was repeated in three different days 
and validation parameters including accuracy, 
precision and linearity were determined. In 
order to rule out the excipients interference, a 
blank of each formulation was prepared and 
was scanned in range of measurement               
(200–400 nm). 

 
Preparation of captopril fast disintegrating 
and sustained release tablets  

In this study, two series of sustained release 
tablets were prepared. The first ones were 
prepared using a single polymer at 25, 50 or 
75% w/w, while in the second series CP934 or 
Na-alg along with one cellulosic polymer was 
incorporated in the tablet formulation and 
lactose was used as the filler. Captopril tablets 
were prepared by mixing captopril (50 mg) 
with appropriate quantity of polymer(s), MgS 
(1 % w/w) and lactose. The powder mixtures 
were directly compressed by a single punch 
tableting machine with a 9 mm diameter flat 
plain punch (Erweka, AR400, Germany). The 
weight of tablets was set at 240 mg. The 
hardness of prepared tablets was adjusted 
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between 5 to 6 kg (Erweka hardness tester, 
Germany). The composition of formulations 
prepared is summarized in Table 1. 
Formulations which were able to release more 
than 80% of their drug content within 60 min 
were chosen for preparing the fast dissolving 
layer. To optimize the release behavior, the 
effect of addition of 5% w/w crospovidone on 
drug release rate was studied. In the case of 
sustained release formulations, formulations 
releasing more than 80% of their drug content 
within 4-8 h were selected as sustained release 
layer of the formulations. 

  
In vitro dissolution and release studies 

Captopril release from different 
formulations was determined using USP type I 
dissolution apparatus (basket apparatus, 
Erweka, DT70, Germany) under sink 
condition at 100 ± 2 rpm. The dissolution 
medium was consisted of 500 mL phosphate 
buffer USP pH 6.8 (to simulate oral cavity 
fluids) maintaining at 37 ± 0.5 °C. The 
prepared formulations were subjected to 
dissolution test for 8 h. The samples (5 mL) 
were withdrawn at predetermined time 
intervals of 2.5, 5, 7.5, 10, 15, 30, 60, 90, 120, 

180, 240, 360 and 480 min and replaced by an 
equal volume of the same dissolution medium. 
The amount of drug released from tablets was 
determined by a validated UV-Visible 
spectrophotometric method at 205 nm. 
Captopril conventional tablets, from two 
Iranian companies (Exir and Darupakhsh) 
were used as standard to compare their release 
profile with prepared fast disintegrating 
tablets. All experiments were carried out in 
triplicate and average values and standard 
deviations were calculated. 

 
Release kinetic analysis 

In order to investigate the release 
mechanism of captopril from sustained   
release matrices, various kinetic models 
including zero order, first order, Higuchi, and 
Korsmeyer–Peppas models were considered.  

Mean dissolution time (MDT)                  
was calculated from release data using 
equation 1 (25). 

where, Wd is the cumulative amount of drug 
released at time t.              

 

Table 1. The composition of sustained release and fast-disintegrating tablets of captopril (mg per each tablet). 
Polymeric 
formulations 

Na-alg. CP934 HPMC Na-CMC HPC Mannitol Avicel® Lactose CPVP 

F1 60 - - - - - - 130 - 
F2 120 - - - - - - 70 - 
F3 180 - - - - - - 10 - 
F4 - 60 - - - - - 130 - 
F5 - 120 - - - - - 70 - 
F6 - 180 - - - - - 10 - 
F7 - - 60 - - - - 130 - 
F8 - - 120 - - - - 70 - 
F9 - - 180 - - - - 10 - 
F10 - - - 60 - - - 130 - 
F11 - - - 120 - - - 70 - 
F12 - - - 180 - - - 10 - 
F13 - - - - 60 - - 130 - 
F14 - - - - 120 - - 70 - 
F15 - - - - 180 - - 10 - 
F16 - 60 60 - - - - 70 - 
F17 - 60 - 60 - - - 70 - 
F18 - 60 - - 60 - - 70 - 
F19 60 - 60 - - - - 70 - 
F20 60 - - 60 - - - 70 - 
F21 60 - - - 60 - - 70 - 
F22 - - 60 - - - - 118 12 
F23 - - 60 - - - 118 - 12 
F24 - - - - - - - 190 - 

F25 - - - - - 190 - - - 
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Swelling study 

For this purpose, the formulations which 
released more than 80% of their drug content 
in 4-8 h were analyzed. The tablets were 
immersed in phosphate buffer solution (5 mL) 
and removed at predetermined time intervals 
of 30, 60, 120, 180, 240 and 360 min.                   
The swollen tablets were weighed after 
absorbing their surface water by filter paper 
and swelling percent was calculated usin 
following formula (26). 

Swelling % = [(Wt - W0)/W0] × 100                            (2) 

where, Wt is the weight of tablet at time t and 
W0 is the initial weight of the tablets.  
 
Adhesion study 

There are different methods to measure the 
adhesive properties of a formulation which are 
almost based on the measurement of the force 
required to separate formulation from a 
smooth surface. In the current study an 
apparatus designed in our laboratory was used 
to measure the adhesion strength of the tablets 
(27). Measurements were performed on the 
formulations that showed over 80% drug 
release within 4-8 h. Each measurement was 
repeated four times and average values were 
reported in g/cm2. 

 
Preparation of bilayer dual release tablet 

The optimum fast disintegrating formula-
tion was reformulated to contain one-third of 
total tablet weight containing 12.5 mg 
captopril. The rest of tablet weight (two-third) 
consisted of sustained release layer containing 
37.5 mg captopril. The bilayer tablet was also 
prepared by direct compression as mentioned 
in previous section. 

 

Data analysis method 
One-way ANOVA with Tukey post hoc test 

using SPSS software version 18 was utilized to 
analyze spectrophotometric and adhesion data. 
The confidence limit was set at 95% and                  
80% power was considered for interpretation 
of the results. 
 

RESULTS 
 

Validation of captopril quantification method 
Quantitative determination of captopril in 

dissolution medium was performed using a 

UV-visible spectrophotometer. The calibration 
curve of captopril in phosphate buffer (pH 6.8) 
showed a linear relationship in the range of 5-
25 µg/mL (R2 = 0.999). The accuracy and 
CV% of the method were 98.2% and 0.04%, 
respectively. In addition, the scanning of         
the blank solutions of tablets with no drug 
showed no remarkable interference to drug 
measurements.  

 
Evaluation of drug release  

In the present study, formulations which 
released more than 80% of their drug content 
within 4-8 h were considered as sustained 
release formulations and those showing 
highest release percent in the first 15 min were 
selected as fast disintegrating formulations. 

Captopril conventional tablets are 
immediate release formulations and ones 
studied here released up to 90.2% (for Exir 
pharmaceutical company, Iran) and 83.1% (for 
Darupakhsh pharmaceutical company, Iran) of 
their drug within 15 min meeting the 
dissolution requirements stated in USP for 
immediate-release captopril tablets (Fig. 1). 

 
 

Fig. 1. Drug release profiles of polymeric and polymer-free fast disintegrating formulations (n = 3).  
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The effect of filler on the extent and rate of 
drug release in the absence of polymer was 
investigated. Formulations F24 and F25 
containing lactose and mannitol respectively, 
released up to 95% and 88.3% of their drug 
within 30 min. Release rate from F24 was two 
times higher than F25 in early 15 min (92.1% 
vs. 47.4%) as presented in Fig. 1. Therefore 
lactose was selected as suitable filler (Fig. 1). 

Amongst single polymer-containing 
matrices, F7 showed over 40% drug release 
within 15 min. Therefore F7 formulation was 
selected as fast disintegrating formulation       
(Fig. 1) and the effects of CPVP and Avicel® 
on release profile of captopril from F7 were 
studied. 

When 5% CPVP was added to the F7 
formulation (designated as F22) almost 
complete release of loaded drug (100%) was 
achieved within 5 min (Fig. 1). Although 
Avicel® is an effective disintegrant, 
incorporation of it in formulation F23 had no 
positive effect on release profile (Fig. 1) Hence, 
F22 was selected as fast disintegrating 
formulation for preparation of bilayer dual 
release tablet. Formulations F1 and F2              
(25% and 50% Na-alg), F4 (25% CP934), F9 
(75% HPMC), and all HPC-containing 
formulations (F13, F14 and F15) released their 
captopril content in a sustained manner within 
4-8 h (Fig. 2A). These formulations were 
selected for further investigations. 

Formulations containing combination of 
two mucoadhesive polymers showed more 
sustaining effect. Generally, in comparison 
with Na-alg based combination formulations, 
CP934 incorporated formulations demonstrated 
higher retarding capability. With exception of 
F20 which showed incomplete drug release of 
about 75% in 8 h, the remaining formulations 
were able to release over 80% of their payload 
within 4-8 h (Fig. 2B).  

The time needed for the release of 25% 
(t25%), 50% (t50%), and 75% (t75%) captopril 
from different sustained release formulations 
was determined (Table 2). Formulations 
containing CP934, alone (F4) or in 
combination with other polymers (F16, F17 
and F18) required longer time to release 75% 
of the drug. 

According to the literature, the risk of dose 
dumping is higher in sustained release 
formulations showing over 30% drug release 
in the first hour of dissolution (28). Based on 
the obtained results, the possibility of dose 
dumping for F1, F15 and F16 formulations are 
very low. 

Retarding capability of a polymer to 
prolong drug release from a dosage form is 
characterized by MDT value. As demonstrated 
in Table 2, formulations prepared with 
combination of two polymers showed higher 
MDT values. 

 
  

 

Fig. 2. Captopril release profiles from (A) single polymer, (B) two-polymer containing formulations which released 
over 80% of captopril within 4-8 h (n = 3). 
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Table 2. Time to release specified amount of captopril from sustained release formulations and corresponding MDT 
values*. 

Formulations t 25% (h) t 50% (h) t 75% (h) MDT (h) 
F1 0.72 ± 0.15 1.54 ± 0.11 3.00 ± 0.10 2.00 ± 0.10 
F2 0.54 ± 0.13 1.55 ± 0.12 2.86 ± 0.11 1.95 ± 0.80 
F4 0.47 ± 0.12 1.83 ± 0.16 4.09 ± 0.22 2.31 ± 0.12 
F9 0.41 ± 0.13 1.00 ± 0.09 1.89 ± 0.14 1.57 ± 0.10 
F13 0.25 ± 0.07 0.55 ± 0.08 0.92 ± 0.10 0.74 ± 0.05 
F14 0.50 ± 0.15 1.66 ± 0.12 3.39 ± 0.13 2.35 ± 0.17 
F15 1.00 ± 0.08 2.47 ± 0.18 3.93± 0.26 2.94 ± 0.18 
F16 0.77 ± 0.03 2.57 ± 0.15 5.20 ± 0.22 3.23 ± 0.19 
F17 0.55 ± 0.14 2.57 ± 0.19 5.19 ± 0.31 3.16 ± 0.12 
F18 0.68 ± 0.18 1.91 ± 0.14 4.04 ± 0.25 2.59 ± 0.11 
F19 0.69 ± 0.17 2.06 ± 0.17 3.45 ± 0.18 2.36 ± 0.17 
F21 0.60 ± 0.14 1.50 ± 0.13 2.29 ± 0.19 1.47 ± 0.12 

*All values represent mean ± SD (n = 3). 
 

 
Fig. 3. The swelling profiles of sustained release formulations showing MDT values longer than 2.5 h (n = 5). 

 

 
Fig. 4. The adhesion strength of sustained release formulations having MDT values of longer than 2.5 h (n = 4). 

 

 
Fig. 5. Drug release profile of dual release bilayer tablet containing a fast disintegrating (F22) and a sustained release 
layer (F17) in phosphate buffer pH 6.8 (n = 3). 
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Release kinetics 
Different kinetic models were employed to 

investigate the release mechanism of captopril 
from sustained release matrices. Based on the 
results, more consistency was observed with 
Korsmeyer–Peppas model. Since cylindrical 
geometry is considered the most suitable shape 
explaining release kinetic behavior of matrix 
tablets, the release exponent must be equal or 
below 0.45 for Fickian (case I) transport, 
between 0.45-0.89 for anomalous or non-
Fickian transport, and equal or higher than 
0.89 for super case II type of drug release. 
Generally, while super case II refers to the 
erosion of the polymer, both diffusion and 
erosion play role in anomalous transport (29).  

In all experiments the release exponent 
values laid between 0.45-0.89 indicating both 
diffusion and erosion involved in drug release 
from sustained release tablets. 

 
Swelling study  

Fig. 3 represents the matrix swelling (%) as 
a function of time. As depicted, F16, F17, F18, 
and F21 had positive swelling along time. 
According to the results of the release kinetic, 
in all formulations there is a high agreement 
with Korsmeyer-Peppas model as the 
mechanism of release. Therefore, it is obvious 
that the matrices underwent both swelling and 
erosion at the same time after placement in the 
dissolution media and negative swelling is 
obvious in some formulations (Fig. 3).  

 
Adhesion study 

Fig. 4 illustrates the adhesion strength of 
the sustained release matrices made of single 
or combination of polymers with MDT values 
higher than 2.5 h. As depicted, formulation 
F15 showed the highest adhesion strength (132 
± 5.45 g/cm2). According to the results, the 
adhesion strength for selected two-polymer 
containing formulations can be ranked as 
follow: F18 > F21 > F17 > F19. An intresting 
finding was that the combination of CP934 
and Na-alg with cellulose-based polymers 
resulted in highly adhesive matrices showing 
an inter-chain interaction of polymers. Our 
previous experience about prednisolone 
bucoadhesive tablets showed similar behaviour 
(27). Since F17 showed longer MDT and 

acceptable adhesion strength of 80 g/cm2, it 
was selected as the best formulation for 
preparation of bilayer tablet. 

 
Captopril bilayer dual release tablets 

Drug release profile of the bilayer dual 
release tablet (Fig. 5) demonstrated that 30% 
of captopril (15 mg) released in early 15 min 
and the remaining 70% of drug (35 mg) was 
released up to 8 h.  

 
DISCUSSION 

 
CPVP is a superdisintegrant which has been 

extensively used to formulate fast 
disintegrating or oral disintegrating tablets 
(30). Therefore, in current study, beside water 
soluble polymer (HPMC) and excipients 
(mannitol, lactose and Avicel®), CPVP was 
used as an efficient superdisintegrant polymer 
which significantly increased the rate of drug 
release. This observation can be explained by 
the ability of CPVP for rapid swelling and 
facilitating drug release from matrices with 
lack of sufficient swelling and drug release 
(23). In addition, according to the results, 
lactose replacement with Avicel® reduced the 
rate of drug release. This effect can be 
ascribed to the fact that unlike Avicel® which 
is a water-insoluble cellulose derivative, 
lactose is a water-soluble filler which helps 
fast hydration of drug, dilution of the gel layer, 
faster gel erosion and faster release (31).  

Cellulosic polymers (HPMC, HPC and Na-
CMC), CP934 and Na-alg are vastly available 
which were used in the current study. In 
contrast to hydrophobic matrices, the diffusion 
process is not the only mechanism affecting 
release of the drug from hydrophilic matrices. 
As Bamba et al. (32) and Capan et al. (33) 
proposed, the release pattern of a drug from 
the formulation is fitted to a first-order kinetic 
equation, the underlying rate limiting steps in 
drug release could be water permeation, 
gelation rate and diffusion rate of drug in the 
gel. If the release is governed by porous 
penetration, the Higuchi model should be 
fitted. Moreover, Pappas et al. and Sahlin (34) 
stated that polymer dissolution (erosion) is 
another phenomenon which greatly influences 
drug release from hydrophilic swellable 
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matrices. Therefore, in such systems dual 
release mechanisms exist, polymer erosion 
following polymer relaxation as a result of 
swelling and diffusion of drug through the gel 
layer. These complex mechanisms of release 
can be explained by Korsmeyer-Peppas model. 
The diffusional exponents of the Korsmeyer-
Peppas model were in the range of 0.45-0.89 
which is indicative of anomalous transport and 
the influence of swelling and erosion on drug 
release.  

According to the results, the polymer 
content was the most important factor 
controlling drug release rate. The higher 
polymer content accompanied with the longer 
MDT (F13, F14 and F15) which can be 
attributed to smaller micropores and increased 
tortuosity (25). Sufficient swelling is also a 
prerequisite for mucoadhesion. It has been 
shown that higher mucoadhesion strength is 
associated with the formulations with higher 
swelling properties (35).  

In the present study, matrices with higher 
swelling indices indicated stronger adhesion 
(F17 > F16 > F18). As Peppas and Buri (36) 
have discussed, the bioadhesion mechanism 
can be defined as chemical and physical 
processes.  

The chemical mechanisms describe the 
importance of chemical interaction between 
functional groups on bioadhesives. 
Accordingly, polymers containing hydroxyl 
and carboxyl groups are the best candidates for 
bioadhesive formulations (36). Na-CMC and 
Carbopol are acidic polymers with carboxyl 
groups on their surfaces (pKa 4.3 and 5.5, 
respectively). Therefore, at pH values of 1 unit 
higher than their pKa, they are almost in 
ionized state. Ionization enables them to                
swell more efficiently and form strong                 
ionic or hydrogen binding interactions with 
mucin proteoglycans leading to stronger 
mucoadhesion.  

On the other hand, these matrices showed 
longer MDT values which make them suitable 
as a sustained release dosage form. Higher 
degree of ionization produces larger swollen 
gel-like matrices with more tortuosity and 
longer diffusion path which in turn reduces the 
rate of drug release and increases the MDT 
value.  

From a clinical view point, as Castro del 
Castillo et al. have stated, a sublingual 25 mg 
dose of captopril is the minimum effective 
dose and it is also possible to administer 12.5 
mg as sublingual at 10 to 15 min intervals up 
to a maximum dose of 37.5 mg as an 
alternative treatment in hypertensive crisis 
(37). Therefore, a bilayer tablet comprising a 
fast disintegrating layer and a sustaining layer 
containing 12.5 and 37.5 mg captopril, 
respectively, was prepared. The bilayer tablet 
released 30% (15 mg) captopril within 15 min 
(12.5 mg in early 2.5 min) and remaining 70% 
(35 mg) within 8 h. This release pattern fulfills 
the need to a fast effective initial dose for 
quick reduction of blood pressure and a 
sustained dose maintaining the effect up to 8 h 
to prevent a recurrent hypertension crisis. In 
addition, the mucoadhesive nature of the 
dosage form makes it suitable for sublingual or 
buccal administration. 
  

CONCLUSION 
 

Preparation of a bilayer fast-
disintegrating/sustained release mucoadhesive 
tablet of captopril was performed to preclude 
the limitations and drawbacks of conventional 
formulations in management of both 
hypertension and its crises. The fast 
disintegrating tablet of choice exhibited almost 
complete drug release within 3 min in oral 
gastric pH.  

The optimized sustained release 
formulation showed a drug release up to 8 h 
following Korsemeyer-Peppas kinetic model. 
The dual fast-disintegrating/sustained release 
buccoadhesive bilayer tablet was able to 
release 30% of drug in the first 15 min and 
continued to release the remaining drug within 
8 h which fulfill the requirement for optimized 
management of hypertension crises and 
recurrence prevention. Due to appropriate 
swelling and adhesions properties, the tablet 
could be retained in oral cavity or upper GI 
tract releasing its drug content in a sustained 
manner. Direct compression technique used to 
prepare this bilayer tablet is cost effective 
enabling pharmaceutical industries to 
commercialize the product by available 
facilities. 
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