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ABSTRACT

The objective of our work is to formulate and clwiesize ramiprilbased proniosomes to improve thal delivery
of ramipril. Ramipril is used to treat hypertensiand efforts are made to use provesicular appraacimprove its
solubilty and bioavailabilty. The drug was loadetntoi maltodextrin-based proniosome powders usingrslu
method. The powder was characterized for particte,article morphology and drug content. To ustend the
solid state properties of powder XRD was perfornidu release rate of formulation was compared wititketed
formulation (Ramihartbmg) using dialysis bag diftus method. It was found that the formulation hadhigh
encapsulation efficiencyandprovided a sustainedasé over 24 h.
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INTRODUCTION

Ramipril is an antihypertensive drug which belortigsthe class of ACE (Angiotensin Converting Enzyme)
inhibitors. As the name suggests, it inhibits Angnsin Converting Enzyme, lowering the productioi
Angiotensin I, causing relaxation of the arteriofamooth muscles, resulting in decrease in thd fmepheral
resistance. Therefore, this drug can convenierdlyuged to control hypertension. Ramipril is a pugdmvhich is
converted to active metabolite, ramiprilat in thest by esterase enzymes [1]. The drug has a mialeaweight of
416.52 g/mol, a partition coefficient is 3.41 ardrisoluble in water. It is available as tabletd aapsules. Ramipril
is highly lipophilic, has poor aqueous solubilitydsits oral bioavailability is ~ 28 %. It is rapyddistributed to all
tissues. Protein binding is 73%. Side effects sagMizziness, headache, weakness, nausea anaairgh are
frequently associated with the use of ramipril [2].

The aim of our study is to formulate and charaseeriamipril-based proniosomes in order to enhahee t
bioavailability of ramipril. Provesicular approachgaining popularity as novel drug delivery systelbecause of
the various advantages they offer. They can be fmsezlistained and targeted release with a mild-sftect profile
and also offers patient compliance by reductiothindose administered. Liposomes are lipid basek wlosomes
are non-ionic surfactant based unilamellar or dautiellar vesicles. Niosomes are preferred overshpees as the
problems associated with liposomes such as high cbhemical instability, variable purity of phospipads are
absent in case of niosomes and also they offetdaigity due to their nonionic nature [3].

The aim, however, is to develop proniosomes instebshiosomes due to stability problems such asofysi
aggregation, sedimentation and leakage of drug fuesicles on storage occurring during the formatatof
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niosomes. Formulation of ramipril-based proniosoiigean effective way to increase the solubility dmehce the
bioavailability of ramipril and thus, lowering tloecurrence of side effects and increasing theaffiof the drug.

MATERIALSAND METHODS

Material:

Ramipril was generously provided by Aarti Industrigd., Mumbai, India. Cholesterol, Span 60, Madtetlin were
obtained from Central Drug House (P) Ltd., Indisethanol (HPLC grade), chloroform, isopropyl alcokiétA)
were obtained from Rankem, India; sodium hydroxigetassium di-hydrogen phosphate, sodium chlorideew
supplied by S.D. Fine Chemicals, India. Milli-Q wafiltered through a 0.22 um membrane filter wasdufor all
set of experiments.

M ethods:

Preparation of Proniosomes:

Proniosome powders were prepared by using slurthade4]. Precisely, ramipril (20mg) and accuratelighed
amounts of lipid mixture (Span 60:Cholesterol) iffadtent ratios (Table 1) were dissolved in 10 miLsolvent
comprising of chloroform and methanol (7:3 ratidhe resultant mixture was transferred to a 100round bottom
flask containing 500 mg maltodextrin powder to fostarry. The flask was attached to a rotary flaghperator
(Heidolph, Germany)and the solvent was evaporatetbiureduced pressure at a temperature of 45°COarmib.
After ensuring complete removal of the solvent,fthek was removed and kept overnight under vactaiobtain a
dry, free flowing product. The product was stoneair tight containers and further evaluated.

Characterisation of Proniosomes:

Formation and morphological evaluation of vesicles:

The formation of niosomes was evaluated usingaligiticroscope (BA 210 Motic, China). The proniosgoosvder
was placed on a glass slide and few microlitresvatier was added drop wise. A cover slip was plaaed the
formation of vesicles was observed using opticalrasicope. For morphological study the proniosomedes was
hydrated with phosphate buffer (pH 7.4) using wontgxer. The dispersion was placed as few dropshenglass
slide and observed under optical microscope. Phictographs were taken.

Table 1: Composition of ramipril loaded maltodextrin based proniosome powders.

Name Surfactant:Cholestrolratio  Surfactant (mg) Cholestrol (mg)

F1 150:100 129 77.2
F2 125:125 107.6 96.4
F3 175:75 150.6 57.8
F4 75:175 64.4 135
F5 100:150 86 115.8
Maltodextrin: 500 mg
Drug: 20 mg

Scanning electron microscopy (SEM):

The surface characteristics of niosomes was fowdguSEM(LEO 235, Carl Zeiss, Germany) at 15 kVeTh
niosomal dispersion was mounted on an aluminiurhb gfith double-sided adhesive carbon tape. The lessigere
then sputter coated with gold using a vacuum exaipoand examined with scanning electron microsaides kV
accelerating voltage [5].

Determination of vesicle size:

The dry, free flowing powder was hydrated with phtueste buffer and shaken for about a minute to pbiiaé
niosomal dispersion. The niosomes were then sauchir 60 seconds in a bath sonicator and wereyzathl
byphoton correlation spectroscopy (PCS)usingZetadiano ZS (Malvern Instruments Ltd., USA) at 25Can
angle of 173°. Each experiment was executed itidaie. The PDI relates with the width of vesicleesdistribution,
as its small value (<0.1) point toward homogeneitlyile a high value (>0.3) indicate high heterogsni].

Entrapment efficiency (%):

The entrapment efficiency of proniosomes was eséichaising centrifugation method (indirect metho@ihe
niosomal dispersion prepared earlier by hydratibrthe proniosome powder is centrifuged at 4000 fpm40
minutes [7]. The supernatant is taken out and eliluvith phosphate buffer. The resultant solutiomdsayed at
207nm using UV spectrophotometer. The entrapméiciency of the vesicles was found out by subtiragtthe
amount of unentrapped drug from the total drug.
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Total drug used — Unentrapped dru
EE = g pp g

Total drug used

Micromeritic properties:
The flow properties of proniosomal powder were dateed by calculating the angle of repose (by funne
method)and Carr’s consolidation index.

X-Ray diffractometry:
The powder XRD patterns of the pure drug, optimif@unulation and maltodextrin were obtained usindgRy
diffractometer. The measuring conditions were Mefed Cu-kKu radiation; 40 KV voltage: 30 mA current, scan

speed 2min in terms of B angle.

Release rate profile:

The dialysis bag diffusion method was used to sttity release rate of ramipril proniosomes. The gmegp
proniosome powder (equivalent to 5 mg of ramipri§s placed in a capsule andenclosed within the/sigabag
with marketed formulation, separately (high-medialy¢is membrane, 10,000-14,000 molecular weigltof).
Bags were then immersed in 0.1N HCI which actshasréceptor compartment. The entire system wasatepi®
C. With continuous magnetic stirring at 100 rpmmpées were withdrawn at specific intervals and aepd
continuously by fresh medium. The withdrawn sammlese assayed using UV spectrophotometer at 20 7Aftar.

2 hours, 0.2M tribasic sodium phosphate solutiors weded to the receptor compartment to make adirska
solution and sampling was continued upto 24 h [8].

RESULTSAND DISCUSSION

Proniosomes were prepared by slurry method. Theposition of different proniosomal powders is degittn
Table 1. Maltodextrin was used as the coating earand Span 60 was the non-ionic surfactant usethen
formulation. Cholesterol was added to increasestiteapment efficiency and stability of the vesiclgslvents used
were chloroform and methanol because the drugligbkoin methanol. The influence of cholesterol wasdied by
changing the span 60 to cholesterol ratio whilepkege the total lipid constant at 250 uM. Span 6Gagsult of
high phase transition temperature facilitates trenftion of stable vesicle and improve the oraiveey of ramipril
from proniosomes [4]. Niosomes formation due torhatidn of proniosome powder was spontaneous. Asthe
formation of vesicular structures over the surfatmaltodextrin was observed, might be due to thelling of span
60 bilayer and with the gentle agitation transfadr@o multilamellar vesicular structures.

EHT = 20.00 k¥ WD =19.5 mm

Fig. 1: Scanning electron micrographs of proniosome powder

As observed through the SEM, surface of the ramipaided proniosome powder (Fig. 1) was irregulae tbthe
coating of surfactant and cholesterol moleculesr die maltodextrin surface. Micromeriticspropertief the
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proniosomal formulation is important parameter éodonsidered as it will affect the dose unifornatyd ease of
filling into capsules. The proniosomal formulatifbow properties were assessed with the help ofeanffeposeand
Carr’s index (Table 2). Results obtained pointed that the formulation has a small angle of rep@sgn),
promising a good flow properties. Also the anglereffoseand Carr's index were in agreement to tbepagble
limits. The size of the optimized formulation was84 20.34nm with anEE of the 83.11 + 19.9 % (Ta&)leSmall
value of polydispersity index (PI) (<0.1) specifizshomogenous population, while a P1 (>0.3) spesifi higher
heterogeneity.

Table2: Micromeriticand carrier related propertiesof ramipril loaded proniosome

Name EE (%) Vesicle Size (nm) | Angleof repose | Compressibility index
F1 23.88+8.1 845 + 25.18 124+28 24+0.8
F2 55.64 + 14.8 993 + 38.83 146 +£4.9 57+12
F3 83.11 +19.9 458 + 20.34 17.8+1.6 9.1+1.8
F4 63.88 + 28.1 756 +64.02 225+4.3 11.6+2.2
F5 43.88 + 18.1 818 + 58.98 284+24 14.8+29

Value represented as Mean +SD

Ramipril showed several characteristic high intgnsiiffraction peaks signifying its crystalline wa¢ (Fig. 2).
However, diffused peaks in the proniosomal formatapoint towards its amorphization. EE% of ranlipepends
on the composition of proniosomes [9].

Lin {Couns)

2-Theta - Scale

Fig. 2: The X-ray diffraction image of pure Ramipril (D), proniosome formulation (F) and maltodextrine (M)
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Fig 3: Dissolution profile of ramipril loaded proniosomal formulation and marketed formulation (Ramihart 5 mg)

With increase in the concentration of cholesterBP&has been increased upto a point however fuitlveease
replaces the drug from the bilayer and this resaoltéecrease in the EE%. Thevitro dissolution study proved that
the optimized proniosomal formulation sustained tbiease of the ramipril over the 24 h in compariso the

96
Scholar Research Library



Meenakshi K. Chauhan et al Der Pharmacia Lettre, 2015, 7 (1):93-97

marketed capsule. The % cumulative drug releasairaat with the proniosomal formulation was 68.76.28 %
after 24 h(Fig. 3).

Superior dissolution profile obtained with the pomomal formulations might be a consequence ofattered
physical state of the ramipril entrapped within Hikayer of niosome and enhanced effective surfaea available
for the dissolution medium [10]. Further these hssarein agreement with XRD studies.

CONCLUSION

Ramipril-based proniosomes were successfully foatedl and were found to have high encapsulatiogiefity.
This approach can be used to improve the efficidieodrug as well as to alleviate the adversectsfef the drug.
The sustained release of the drug further offeversé advantages such as patient compliance, ltowggity and
reduction in dose. We can conclude that the treattroE hypertension using ACE inhibitors such asipaiincan
greatly be advanced and improved using the prouksiapproach.
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