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Abstract---Captopril is an ACE inhibitor that is used for the treatment 

of high blood pressure. The reason of this examine became to 
encapsulate the drug in unique polymer having mucoadhesive 

belongings and hence combining the benefits of microparticulates with 

mucoadhesive drug transport device. The microcapsules with a coat 

which include alginate and a mucoadhesive polymer including sodium 

carboxymethylcellulose (SCMC), methylcellulose, Carbopol 934P and 

hydroxyl propylmethylceullulose (HPMC) E15V have been organized 
through ionotropic gelation method, in which gelation became finished 

with oppositely charged counter ions to shape microparticles. The 

organized microcapsules have been subjected for diverse evaluations. 

The ensuing microparticles had been discrete, large, round and loose–

flowing. Captopril release from those microcapsules became gradual 
and prolonged over longer duration of time. Drug launch for a few 

formula became diffusion controlled and others exhibited anomalous 

behavior. The organized microcapsules exhibited correct 
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mucoadhesive belongings in the in vitro wash–off test. Among all 

formulations, batch containing sodium alginate and carbopol 934 

confirmed better encapsulation efficiencies, correct float belongings 

and most prolongation of drug launch and correct mucoadhesion 
residences drug release and excellent mucoadhesion residences. 

Method –The center microspheres which include  Captopril powder 

(CAP), Sodium Carboxy methyl cellulose, Sodium alginate ,  hydroxy 

propyl methyl Cellulose , prepared through ionotropic gelation 

technique.   The microspheres had been evaluated for particle length, 

drug loading performance, mucoadhesion, swelling index and drug 
launch. Result – Sodium alginate in SCMC (Sodium carboxy methyl 

cellulose)the microencapsulation performance is 74.79± 1.74, percent 

yield – 93.95, perspective of repose -19.42 ± 0. seventy one and  

particle length – 475.349. Conclusion: It may be concluded that the 

advanced multiparticulate gadget can also additionally show to be an 
powerful aggregate dosage shape to deal with high blood pressure for 

longer duration. 

 

Keywords---captopril, FTIR, microspheres, microencapsulation, 

sodium alginate. 

 
 

Introduction 

 

Captopril, the primary orally active drug to be had on this group, induces a 

sturdy changing enzyme inhibition, reduces plasma angiotensin II and 
Aldosterone levels, will increase plasma renin interest and produces a great lower 

in blood pressure in hypertensive sufferers (Horovitz, 1981). However, the 

correlation among blood pressure decrease and changing enzyme inhibition stays 

controversial (Waeber et al., 1980; Campbell et al., 1982). Furthermore, due to 

the fact dependable plasma assay of captopril has for lengthy now no longer been 

to be had, the viable relationships among the drug’s pharmacokinetics, its 
consequences at the renin-angiotensin-aldosterone gadget and its 

antihypertensive residences have now no longer but been studied simultaneously 

[1] .Therefore, the current introduction of suitable techniques for plasma captopril 

determination (Kawahara et Al., 1981; Jarrott et al., 1981; Duchin et al., 1982) 

led us to analyze those relationships after Administration of a single oral dose of 
captopril to mild hypertensive sufferers and to determine whether or not the 

relative bioavailability of the drug will be predictive of hypertensive sufferers’ 

capability responsiveness to captopril’s blood pressure decreasing consequences. 

Angiotensin I-changing enzyme inhibitors had been proven to be powerful 

antihypertensive drugs, decreasing blood pressure in animals and in sufferers 

with high blood pressure, particularly while renovascular in origin (Horovitz, 
1981) [2,6 ]. 

 

Mucoadhesion is a subject of present day interest withinside the layout of drug 

transport structures to lengthen the residence time of the dosage shape on the 

site of utility or absorption and to facilitate intimate contact of the dosage shape 
with underlying absorption floor to enhance and decorate the bioavailability of 

Drugs [7]. Several tries had been made to formulate sustained release captopril 
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formulations, for instance floating drugs and,bioadhesive structures (Nur and 

Zhang 2000b), sub-lingual drugs (Chetty et al. 2001), biodegradable(Mandal 

1998) and non-biodegradable microcapsules (Singh and Robinson 1988).The goal 
of this examine became to formulate sustained release captopril-alginate 

microspheres the use of HPMC and Sodium CMC. The consequences of polymer 

molecular weights and polymer ratios at the particle length, float residences, 

morphology, floor residences and the  release traits of the organized captopril 

microsphere had been tested [8,9]. 

 
Material and Method  

 

Materials  

 

Captopril powder (CAP), Sodium Carboxy methyl cellulose , Sodium alginate ,  
hydroxy propyl methyl Cellulose.  

 

S.No. Ingredients Quantity (1:1 ratio ) 

1. Captopril 2gm  

2. Sodium alginate 1gm 

3. Sodium CMC 500gm 

4. HPMC 500gm 

Table 1: Drug and polymer ratio for the formulation 

 

Preparation of Microspheres 

 
The ionic gelation approach became used for the instruction of microcapsules. 

Sodium alginate and the polymers  had been dissolved in distilled water (40ml) to 

shape a homogenous polymer solution. Captopril (middle material) became 

delivered to the polymer solution and combined very well to shape a easy viscous 

dispersion. The ensuing dispersion became then introduced dropwise to 250ml 

calcium chloride answer (10percentw/v) via a syringe with needle of length No. 
20. The introduced droplets had been retained withinside the calcium chloride 

solution to finish the curing method and to supply round inflexible microcapsules 

[ 10, 11] .The microcapsules had been accrued through decantation and product 

hence separated became washed with water and dried. The microcapsules 

organized at the side of their coat composition are indexed in table No .water and 
dried. The microcapsules organized at the side of their coat composition are 

indexed in table No. 2 

 
Time: CF1 CF2  CF3 CF4 CF5 CF6 CF7 CF8 

0.25 16.48±1.32 8.25±1.21 10.34±1.99 13.25±1.03 13.48±1.36 12.47±1.29 15.36±1.29 16.16±1.68 

0.5 22.82±1.81 11.26±1.77 16.27±1.31 18.23±1.87 25.15±1.27 20.55±1.29 22.59±1.68 23.46±1.43 

1 31.24±1.45 19.92±1.39 21.10±1.73 25.36±1.94 37.29±1.31 29.34±1.21 36.60±1.77 30.63±1.73 

2 48.58±1.73 28.14±1.90 39.95±1.68 35.11±1.58 49.32±1.68 44.16±1.99 47.33±1.94 41.64±1.21 

3 61.13±1.67 35.17±1.94 48.87±1.96 43.05±1.21 55.49±1.96 51.69±1.77 54.35±1.03 50.18±1.90 

4 81.20±1.94 43.13±1.43 54.78±1.77 61.40±1.39 62.38±1.21 62.78±1.96 63.36±1.58 53.27±1.99 

5 87.34±1.21 59.26±1.96 58.64±1.21 78.28±1.94 66.47±1.94 71.57±1.90 70.67±1.21 64.48±1.31 

6            _ 70.41±1.87 63.08±1.43 81.67±1.96 70.27±1.90 74.16±1.73 74.23±1.39 73.12±1.96 

7            _ 89.37±1.31 72.26±1.90           _ 74.98±1.77 77.85±1.94 80.18±1.87 80.36±1.77 

8            _ 98.42±1.73 73.24±1.58           _ 76.32±1.43 81.22±1.43 80.67±1.90 83.36±1.58 

Table 2: Drug release date of Captopril Formulation 
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Figure 1: Comparison of floating time of various formulation 

 

 
Figure 2: Zero- Order plot of captopril formulation 

 

Characterization of Microcapsules 
 

Particle length determination  

 

Particle length evaluation became carried out through sieving approach the use of  

Standard sieves *8, *10, 20*, 25* and so on [11] . 

Average particle length became calculated the use of the method–  
D avg = Σdn / Σn ----------------- (1)  

Where, n is frequency weight and d is the mean diameter  

 

Angle of repose  

 
Angle of repose became hired to evaluate the flowability [11]. 

Angle of repose, θ, became decided through constant funnel approach and 

calculated as  

Θ = tan – 1 (h/r) ----------------- (2)  
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Surface morphology of microcapsules 

  

The shape and surface morphology of the microcapsules had been tested through 
Scanning electron microscope (SEM). The samples for SEM had been organized 

through gently sprinkling the microcapsules on a double adhesive tape caught to 

an Aluminum stub. The stubs had been then lined with gold and 

Photomicrographs had been excited by a scanning electron microscope (Jeol JSM–

6700F, Tokyo, Japan). Drug content material Captopril content material 

withinside the microcapsules became calculated through UV-spectrophotometric 
approach primarily based totally at the size of absorbance at 212nm in 0.1N HCl 

solution. 10mg of microcapsules had been weighed and  stored in 25ml of 0.1N 

HCl solution in a single day in order that the drug from microcapsules diffuses 

out. After appropriate dilution the absorbance of the microcapsule had been 

measured the use of a Shimadzu UV–1700 double beam spectrophotometer 
(SHIMADZU CORPORATION, Japan). This approach became repeated three 

instances microencapsulation performance became calculated the use of the  

Formula,  

 

MEE ( Microencapsulation Efficiency )  

 = (estimated % drug content material/ Theoretical % drug Content) x 100 ---------
- (three) 

Percentage yield of the organized microcapsule became  

Calculated through the use of the system ,  

% Yield = (quantity of microcapsules acquired / Theoretical quantity) x 100 --------

-- (4)  
 

Drug–polymer interaction 

 

The analytical method Fourier Transform Infrared (FTIR) spectroscopy became 

used to take spectra of person drug, polymers and aggregate of drug with 

polymers. The outcomes had been analyzed to discover any interactions of 
captopril and polymer To decide any interaction among drug and polymer, Fourier 

Transform Infrared (FTIR) examine became carried out. FTIR spectra had been 

recorded on FTIR–8400S (SHIMADZU CORPORATION, Japan). Samples had been 

compressed with Potassium bromide and converted into disk. Disk became 

carried out to the centre of the pattern keeping tool and scanned among 4000– 
400cm–1 at a decision of 4cm–1. The IR scans had been processed the use of 

Shimadzu IR Solution 1.30 and represented as percent Transmittance on a 

common scale [12] . 

 

Stability research 

 
The achievement of an powerful formula became evaluated best through the 

stableness research. The reason of balance trying out became to attain a solid 

product which assures its protection and efficacy as much as the quit of shelf life. 

In this examine, balance examine became carried out for at situations like Room 

temp. (RT), 30ºC & 60 % RH, 40ºC & 75% RH. The samples had been assayed for 
drug content material at everyday periods for 2 weeks.  The formulations 

displaying the first-rate performance, with recognize to in vitro drug launch and 

in vitro mucoadhesion test, had been Kept at 4°C, room temperature and 50°C for 
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a month. Every week samples had been withdrawn and had been assayed 

spectrophotometrically at 212nm the use of 0.1N hydrochloric acid solution as 

blank [13] . 

 
Drug release kinetics  

 

The dissolution records acquired became suited to 0 order . In order to outline a 

model, with the intention to constitute a higher healthy for the formula, 

dissolution records became similarly analyzed through peppas and Korsmeyer 

equation (Power law) [18] 
Mt/M∞ = K . tn            ----------- (6)  

Where, Mt is the quantity of drug launched at time t, M∞ is the quantity of drug 

launched at time ∞. Thus is the fraction of drug launched at time t, K is the 

kinetic steady and ‘n’ is the diffusional exponent, a degree of the number one 

mechanism of drug launch. Mean dissolution time (MDT) became taken into 
consideration as a foundation for evaluation of the dissolution charges and 

became predicted through the Following equation  

MT is the fraction of dose launched in time, tˆI = (tI+ i-i-1)/2  

Where t, Is the sampling time and M∞ corresponds to the quantity of 

microcapsule taken [14] . 

 
Percentage buoyancy 

 

About 50 mg of the floating microcarriers had been positioned in 30 ml of 0.1 N 

HCl in beaker. Floated microcarriers had been accrued at 1, 2, 4, 6, eight and 12 

hr. The percent of floating microparticles became  Calculated through the 
subsequent equation no. % Floating microcarrier = weight of floating 

microcarriers X 100 Initial weight of floating microcarriers. 

 

Results 

 

The microcapsules organized had been observed to be round, (as discovered in 
SEM research ) discrete and loose flowing. However microcapsules organized 

using sodium alginate and methyl cellulose had been observed to be particularly 

flat in nature. The percentage entrapment of Captopril in all formula became 

observed to be correct. The microencapsulation performance of all of the 

formulations became withinside the variety of 72.sixty eight to 87.96% as proven 
in Table 3 . From the experimentally decided conclusion . Floating microcarriers 

of captopril confirmed outstanding yield, Good floatability, correct entrapment 

performance and Prolonged drug launch. Microcarriers of various length and drug 

content material will be acquired through various the formula variables. Diffusion 

became observed to be the primary launch mechanism. Thus, the organized 

floating microcarriers can also additionally show to be capacity applicants for 
multiple-unit transport gadgets adaptable to any intragastric circumstance yields, 

as said in Table 3, it became observed that approximately all of the formulations 

have correct yield. The common particle sizes had been observed to be withinside 

the variety of 414.138 to 887.192µm. The common particle length of various 

formula is said in Table 3. The common particle length of microcapsule will 
increase because the attention of the polymer will increase. Formulation CF1, 

CF2, CF3, CF4, CF5, and CF6 indicates outstanding flowability as expressed in 
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terms of angle of repose (<25) and the method CF2, and CF8 indicates appropriate 

flowability.Fourier Transform Infrared (FTIR) spectra for the natural drug have 

been recorded and in comparison with the FTIR spectra of the formulations. 
Captopril offers feature peaks at wave numbers 1589, 1742,1202, 1192, 1229 

and 1245. The height at 1589 and 1742cm–1 corresponds to C=O structure while 

the peaks 1202,1245, and 1229 corresponds to peaks because of C–N vib and the 

height at 1192 corresponds to C–S structure. When the feature peaks of Captopril 

(Fig 1) have been checked withinside the formulations, it become determined that 

the peaks have been additionally present withinside the method with little 
difference. Thus FTIR research found out that there has been no shift in peaks of 

the formulations containing Captopril, sodium alginate and mucoadhesive 

polymers while in comparison to natural Captopril, indicating there may be no 

interaction among Captopril and different polymers used. 

 
Table 3: Coat composition, microencapsulation efficiency, percent yield, angle of 

repose and particle size of the microcapsules Prepared 

 

Batch 

Code 

Coat:Core 

ratio 

Coat 

Composition 

Microencapsulation  

efficiencies  

± S.D (%) 

Percent  

 

yield 

(%)  

Angle of  

 

repose±S.D  

 
(θ)  

Particle  

 

size ± S.D  

 
(µm) 

CF1 1:1 Na alg : 

SCMC  

74.79 ± 1.74  93.95  19.42 ± 

0.71 

475.349  

CF2 1:1 Na alg : 

HPMC  

72.68 ± 1.59  94.80  23.02 ± 

2.40  

683.567  

CF3 1:1 Na alg : Car 

934P  

85.67 ± 1.50  94.90 20.25 ± 

0.19  

414.138  

CF4 1:1 Na alg : MC  86.19 ± 1.27  84.45  24.99 ± 

1.10  

832.106 

CF5 2:1 Na alg: 
SCMC 

75.73 ± 2.48  91.87 24.27 ± 
0.71 

598.506 

CF6 2:1 Na alg : 

HPMC  

75.49 ± 1.20  92.87 24.06 ± 

0.79 

640.736 

CF7 2:1 Na alg : Car 

934P 

86.76 ± 1.68  89.10 25.04 ± 

2.24  

568.736 

CF8 2:1 Na alg : MC  87.96 ± 1.90 85.93 26.63 ± 

0.29 

887.192 

HPMC = Hydroxypropyl methylcellulose; MC = Methylcellulose; Na alg = Sodium 

al; SCMC = Sodium carboxy methyl cellulose; Car 934P = Carbopol 934P 
 

Discussion 

 

The essential functions of appropriate drug transport machine encompass 

versatility to hold pills with extraordinary physicochemical properties, simplicity 
of technique of instruction and feasibility for mass production. With using natural 

solvents for making ready particulates, there are  foremost problems: toxicity 

because of the residual natural solvents and instability of positive pills in 

particular the ones belonging to the elegance of peptides and proteins [19] . Thus 

the ionotropic gelation technique become selected to avoid the usage of natural 
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solvents. The dispersion of polymer and drug become introduced dropwise to the 

calcium chloride solution. The round particulates have been shaped 

spontaneously as quickly because the sodium alginate drop touched the calcium 

chloride solution. Freshly organized particulates have been round. Multivalent ion 
which include calcium ion, change with sodium ion of sodium alginate way to 

shape calcium alginate gel. On putting the gel in an answer containing 

monovalent cations, the reversible method takes place, ensuing withinside the gel 

to sol transform. Thus, the dried particulates swell in aqueous solution. As a end 

result of this erosion, the encapsulated compound receives launched from the 

particulates[ 20, 21].  
 

Drug stability is a key first-class characteristic to be considered throughout the 

product improvement process. Forced degradation research chemical balance of 

the drug molecule beneathneath diverse pressure situations, and properly 

designed degradation model structures can function a predictive device to probe 
the long–time period drug stability withinside the real formulations [ 22, 23 ] . 

Within the pharmaceutical industry, the overall practices for accomplishing 

compelled degradation research consists of stressing the majority drug lower 

elevated temperature/ humidity situations alone and withinside the presence of 

excipients, in addition to exposing drug method to acid/ base, heat, light, 

hydrogen peroxide and radical symptoms to probe the intrinsic sensitivity of the 
drug molecule to hydrolytic, thermal, photolytic, and oxidative degradation 

reactions [ 24 ] . 

  

Future Prospects 

 
It utilized as an  effective & safe tool for  drugs having short half life, 

bioavailability issues, and their sustained action is required.  
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