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ABSTRACT

A sustained-release dosage form is designed to maintain constant levels of a drug in the
patient's bloodstream by releasing the drug over an extended period. Atorvastatin, a selective,
competitive HMG-CoA reductase inhibitor, is used to lower cholesterol and triglycerides in
patients with hypercholesterolemia and mixed dyslipidemia and in the treatment of homozygous
familial hypercholesterolemia. 10mg of the drug was taken and dissolved in ethanol. A mixture of
polymers(HPMC,Guargum, sodium alginate)were taken into a mortar and triturated till a smooth
paste is formed.Drug is added into the polymer solution and make up the volume to 100ml with
distilled water.Prepare 1.5%, 2% and 2.5% calcium chloride solutions. Beads were prepared by
using 1ml insulin syringe. Then curing is done for 15min and filtered air-dried.Further it is taken

for in-vitro dissolution studies.
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INTRODUCTION

A sustained-release dosage form is
designed to maintain constant levels of a
drug in the patient's bloodstream by
releasing the drug over an extended period.
Maintaining constant blood levels of the
drug in the bloodstream increases the
therapeutic effectiveness of the drug. To
achieve successful systems, technical
difficulties ranging from protein denaturing
during formulation process and the course of
prolonged in vivo release, burst release, and
incomplete release, to low encapsulation
efficiency and formulation complexity have
to be simultaneously resolved. Sustained-
release technology offers the promise for
reducing dosing frequency, maximizing the
efficacy—dose relationship, and decreasing
adverse side effects. To achieve in vivo or in
situ sustained-release of drugs, various
polymer-based formulation strategies have

been examined since1970s.

As an alternative, the use of biodegradable
materials, such as polymers, encapsulating
the medicament can be employed as a
sustained delivery system. The use of
biodegradable polymers, for example, in the
form of microparticles or microcarriers, can
provide a sustained release of medicament,
by utilizing the inherent biodegradability of

the polymer to control the release of the

medicament thereby providing a more
consistent, sustained level of medicament

and improved patient compliance.

Hyperlipidemia, hyperlipoproteinemia,
or hyperlipidaemia is the condition of
abnormally elevated levels of any or all
lipids and/or lipoproteins in the blood. It is
the most common form of dyslipidemia
(which also includes any decreased lipid
levels). Hyperlipidemias are divided in
primary and secondary subtypes. Primary
hyperlipidemia is usually due to genetic
causes (such as a mutation in a receptor
protein), while secondary hyperlipidemia
arises due to other underlying causes such as
diabetes. Lipid and lipoprotein abnormalities
are common in the general population, and
are regarded as a modifiable risk factor for
cardiovascular disease due to their influence
on atherosclerosis. In addition, some forms

may predispose to acute pancreatitis.

Atorvastatin, a selective, competitive
HMG-CoA reductase inhibitor, is used to
lower cholesterol and triglycerides in
patients with hypercholesterolemia and
mixed dyslipidemia and in the treatment of
homozygous familial hypercholesterolemia.
Atorvastatin has a unique structure, long
half-life, and hepatic selectivity, explaining
its greater LDL-lowering potency compared

to other HMG-CoA reductase inhibitors.
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Polymeric hydrophilic matrices
are widely used for controlled-release
preparations. The process of drug release is
controlled by matrix swelling or polymer
dissolution. It has been shown that the
swelling of guar gum and Sodium Alginate
is affected by concentration of drug and
viscosity grade of the polymer. This study
examines the mechanism of behavior of guar
gum and Sodium Alginate in a polymer-drug
matrix. The swelling action of guar gum, in
turn, is controlled by the rate of water
uptake into the matrices. An inverse
relationship exists between the drug
concentration in the gel and matrix swelling.
This implies that guar gum and Sodium
Alginate swelling is one of the factors
affecting drug release. The swelling
behavior of guar gum is therefore useful in

predicting drug release.
MATERIALS AND METHODS:

Atorvastatin, Guargum, HPMC,
Sodium alginate, Phosphate buffer PH -7.4,
Ethanol, Distilled water, Calcium chloride,
Scanning electron microscopy, Differential
scanning calorimeter, USP- II Dissolution

apparatus, UV Spectrophotometer
Preparation of Atorvastatin Beads

10mg of the drug was taken and

dissolved in  ethanol.A  mixture of

polymers(HPMC,Guargum, sodium
alginate)were taken into a mortar and
triturated till a smooth paste is formed.Drug
is added into the polymer solution and make
up the volume to 100ml with distilled
water.Prepare 1.5%, 2% and 2.5% calcium
chloride solutions. Beads were prepared by
using 1ml insulin syringe. Then curing is
done for 15min and filtered air-dried.Further

it is taken for in-vitro dissolution studies.
EVALUATION OF BEADS:
Preformulation studies:

FTIR Studies

The FTIR spectral measurements were
taken at ambient temperature using IR
spectrophotometer. Two mg of pure drug,
polymers and drug loaded polymer beads
were selected separately. FTIR was used to

study the drug Polymer Interaction.
Differential scanning calorimetry (DSC)

The DSC measurements were taken at

ambient temperature using IR
spectrophotometer. Two mg of pure drug,
polmers and drug loaded polymer beads
were selected separately. DSC was used to

study the drug Polymer Interaction.
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In vitro evaluation studies
Drug content:

The beads were evaluated for ATR
content. The swollen beads were crushed in
mortar with pestle and the homogenous
solution thus formed was sonicated for 2
min at 60MHZ of frequency. About 20ml of
ethanol was added to precipitate Na-Alg.
ATR was analyzed by uv
spectrophotometer at Amax value of 254 nm.
The percentage entrapment efficiency was

calculated as
Drug Entrapment Efficiency

The drug entrapment efficiency

(DEE) was calculated by the
DEE = (Pc / Tc) x 100

Here, Pc is practical content, Tc is the

theoretical content.
Particle size analysis

The microsphere size distribution was
determined by the optical microscopy
method using a calibrated stage micrometer
(um) and was calculated by using following

equation

Eye piece division= X 10pm

Here y=number of stage micrometer

division
X=number of eye piece divisions
10um= least count

In-vitro drug release

Dissolution experiment were performed
at 37°C wusing a dissolution apparatus
equipped with 8 paddles at a paddle speed of
100 rpm. A 900ml solution of phosphate
buffer solution (7.4) was used as dissolution
medium. Samples (5ml) were withdrawn at
predetermined time intervals for the analysis
of the released drug. The withdrawn volume
was immediately replaced with an
equivalent volume of the fresh medium
maintained at the same temperature. The
absorbance values of the sample were

reported at 254 nm.

Determination of Absorption Maxima

and Calibration Curve

Before the analysis of solutions
containing ATR, the spectrophotometry was
adjusted with phosphate buffer PH 7.4. The
spectrum was recorded from 200-400 nm.
Standard solution (10pg/ml) was scanned
against a solvent (phosphate buffer 7.4) as
blank between 200-400nm. Spectrum

was recorded and the suitable absorption

maximum was selected as 254nm.
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Varioua aliquots of standard stock solution
were taken and diluted to 10ml with
phosphate buffer to give final analyte
concentration of wanted volume (10-
50pg/ml). Then the absorption of these
solutions were measured at 254nm and the

corresponding values were plotted.

Scanning electron microscopy (SEM)

RESULTS AND DISCUSSION

SEM of the drug loaded beads
were taken. The shape and surface features
of beads were observed by optical
microscopy. The beads were hard, free
flowing and discrete and almost spherical in
shape. The color was dark brown. Clumping
was seen in some cases, which could be

easily separated by gentle agitation.

CHSL UV L L

FTIRGRAPHS L ECECE R e E =

In order to observe the compatibility
of drug with the polymers the samples were
subjected to the Fourier Transform Infra Red
spectroscopy (FTIR). The spectrum of pure
drug, polymers HPMC, sodium alginate and
guar gum, drug and the polymers mixture

were obtained. The drug and the polymers

mixture presented the peaks characteristic to
the pure drug. This states that the presence
of polymers did not alter the properties of
the drug atorvastatin. Thus we concluded
that the drug is compatible with the

polymers taken.
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PERCENTAGE DRUG ENTRAPMENT

PERCENTAGE DRUG ENTRAPMENT
EFFICIENCY

YF1 “F2 "F3

The percentage drug content and the drug
entrapment efficiency of the optimised
formulation F, was found to be 85%. On

comparing these two properties with other

PARTICLE SIZE

formulations, F; and F; the optimised
formulation has  better results the
comparision of the three formulations are

given in the following graphs

PARTICLESIZE ()

F1

On determining the particle size of
the beads the mean particle size diameter of
the beads belonging to optimized
formulation was found to be 1.08-1.12 mm

and the comparison of all the three

PARTICLE SIZE

F2

FORMULATIONS

formulations was given in the following
histogram where the formulations are taken
on X axis and the particle size in mm on Y

axis.
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DISSOLUTION STUDIES

PERCENTAGE DRUG RELEASE

The invitro drug release was
determined by conducting the dissolution
studies in the dissolution apparatus for 6 hrs.
the percentage drug release of the
formulations performed test was given in the
following graph. The percentage drug
release of F; formulation for 12 hrs was
found to be 50% . Tthe plasma half life of
Atorvastatin  drug is 14hrs. So after
PERCENTAGE DRUG RELEASE

conducting the invitro drug release test for 6
hrs it is the optimised formulation showed
only 50 % drug release so it can be used for
sustain  release action. The  other
formulations F, and F; showed 74% and
68% respectively which are not suitable for
the sustain release action as the cannot

release the drug for about 6hrs.
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Correlation Coefficient (R?) Values in the Analysis of Release data as per various Kinetics

Zero order First order Higuchi Korsemeyer
R?=0.994 R?=0.977 R*=0.988 R?=0.996
m =2.42 m=-0.016 m =0.029 m=0.027
ZERO ORDER KINETICS
Zero order kinetics was obtained on release on ordinate. The slope and the R*
plotting the graph between time and value was recorded as in the graph given
percentage drug release. Time is taken on below.

abscessa and cumulative percentage drug

ZERO ORDER KINETICS
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On plotting the graph between time was obtained. The slope and the R2 values
and log percentage remain on X and Y axes were recorded as shown in the above graph.

respectively the graph for first order kinetics

HIGUCHI

1.85 y=0.029x+ 1.348
1.8 R = 0.988
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LOG % RELEASE

ROOT (T)
Taking time root on X- axis and log Krose mayer release graph was obtained by
percentage release on Y axis the graph for plotting log time on X axis and log
Higuchi was obtained with R2 and the slope percentage release on Y axis as sown in the
values on the graph. It is shown in the graph. following graph.
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SEM PHOTOGRAPHS
The SEM photographs external surface of the beads and it was
of the Atorvastatin beads revealed the found that their surfaces are smooth.

Athiraju Naveen et al. /IGTPS Jan-March 2012, Vol.3 (1)-576-588

584



SEM photographs of the Atorvastatin beads

CONCLUSION

The emulsion gelation method
was successfully utilized for formulation of
guargum based Atorvastatin beads. The
adopted method for estimation of
Atorvastatin showed good linearity. The

formulated beads showed higher percentage

REFERENCES

of drug entrapment efficiency (85%) and the
optimum particle size. The beads also
showed good swelling behavior. The beads
showed excellent sustaining properties as
compared to conventional beads which were

due to incorporation of HPMC.

1. Daigo, K., Yamada, C., Yamaji, M., Okada, M., Miyazato, T.and Komiya, H.,

Pharmacological studies of sodium alginate: IV. Erythrocyte aggregation by sodium

alginate.Yakugaku Zasshi, 102 (1982) 573-578.

2. Haug, A. and Smidsrod, O., The effect of divalent metals on the properties of alginate
solutions. Acta Chem. Scand., 19 (1965) 341-351

3. Kim, CK. and Lee, E.J., The controlled release of blue dextran from alginate

beads. Int. J. Pharm., 79 (1992) 11-19.

4. Marais, AD; Firth, JC; Bateman, ME; Byrnes, P; Martens, C; Mountney, J (August

1997).  "Atorvastatin:  an

effective

lipid-modifying agent in  familial

hypercholesterolemia". Arterioscler Thromb Vasc Biol 17 (8): 1527-31. PMID 9301631.
http://atvb.ahajournals.org/cgi/content/full/17/8/1527. Retrieved 6 February 2010.

Athiraju Naveen et al. /JGTPS Jan-March 2012, Vol.3 (1)-576-588

585



10.

1.

12.

Rossi S, editor. Australian Medicines Handbook 2006. Adelaide: Australian Medicines
Handbook; 2006. ISBN 0-9757919-2-3

Sever, PS; Dahl6f, B; Poulter, NR; Wedel, H; Beevers, G; Caulfield, M; Collins, R;
Kjeldsen, SE et al. (April 2003). "Prevention of coronary and stroke events with
atorvastatin in hypertensive patients who have average or lower-than-average cholesterol
concentrations, in the Anglo-Scandinavian Cardiac Outcomes Trial--Lipid Lowering Arm
(ASCOT-LLA): a multicentre randomised controlled trial". Lancet 361 (9364): 1149-58.
doi:10.1016/S0140-6736(03)12948-0. PMID 12686036.

Law, MR; Wald, NJ; Rudnicka, AR (June 2003). "Quantifying effect of statins on low
density lipoprotein cholesterol, ischaemic heart disease, and stroke: systematic review
and meta-analysis". BMJ 326 (7404): 1423. doi:10.1136/bmj.326.7404.1423.
PMC 162260. PMID 12829554. http://www.bmj.com/content/326/7404/1423.full.pdf.
Wilson, PW; D'Agostino, RB; Levy, D; Belanger, AM; Silbershatz, H; Kannel, WB
(May 1998). "Prediction of coronary heart disease using risk factor categories".
Circulation 97 (18): 1837—47. PMID 9603539.

Jones, P; Kafonek, S; Laurora, I; Hunninghake, D (March 1998). "Comparative dose
efficacy study of atorvastatin versus simvastatin, pravastatin, lovastatin, and fluvastatin in
patients with hypercholesterolemia (the CURVES study)". Am J Cardiol 81 (5): 582-7.
doi:10.1016/S0002-9149(97)00965-X. PMID 9514454.

Colhoun, HM; Betteridge, DJ; Durrington, PN; Hitman, GA; Wneil, HA; Livingstone,
SJ; Thomason, MJ; MacKness, MI et al. (August 2004). "Primary prevention of
cardiovascular disease with atorvastatin in type 2 diabetes in the Collaborative
Atorvastatin Diabetes Study (CARDS): multicentre randomised placebo-controlled trial".
Lancet 364 (9435): 685-96. doi:10.1016/S0140-6736(04)16895-5. PMID 15325833.
Neil, HA; Demicco, DA; Luo, D; Betteridge, DJ; Colhoun, HM; Durrington, PN;
Livingstone, SJ; Fuller, JH et al. (November 2006). "Analysis of efficacy and safety in
patients aged 65—75 years at randomization: Collaborative Atorvastatin Diabetes Study
(CARDS)". Diabetes Care 29 (11): 2378-84. doi:10.2337/dc06-0872. PMID 17065671.
http://care.diabetesjournals.org/content/29/11/2378.full.pdf.

Gentile, S; Turco, S; Guarino, G; Sasso, CF; Amodio, M; Magliano, P; Salvatore, T;
Corigliano, G et al. (December 2000). "Comparative efficacy study of atorvastatin vs

simvastatin, pravastatin, lovastatin and placebo in type 2 diabetic patients with

586



13.

14.

15.

16.

17.

18.

19.

20.

21

22.
23.

hypercholesterolaemia". Diabetes Obes Metab 2 (6): 355-62. doi:10.1046/j.1463-
1326.2000.00106.x. PMID 11225965.

Hermann, M; Bogsrud, MP; Molden, E; Asberg, A; Mohebi, BU; Ose, L; Retterstol, K
(June 2006). "Exposure of atorvastatin is unchanged but lactone and acid metabolites are
increased several-fold in patients with atorvastatin-induced myopathy". Clin Pharmacol
Ther 79 (6): 532-9. doi:10.1016/].c1pt.2006.02.014. PMID 16765141.Encapsulation of
griseofulvin in wax /fat Microspheres preparation, characterization and release kinetics of
microspheres. Indian drugs 2005;42(7):453-60.

Shovarani KN, Goundalkar AG.Preparation and evaluation of microsphere of diclofenac
sodium.Indian J Pharm Sci1994;56(4) :45-50.

Ghosh A, Nayak UK, Roy P.Development, Evaluation and Method selection for the
Preparation of lamivudine microspheres. The International J Pharmacy 2007;6 :52-7.
Gohel MC, Parik RK, Amin AF, Surati AK. Preparation and formulation optimization of
sugar cross linking gelatin microspheres of diclofenac sodium. Indian J Pharm Sci 2005;
67(8) 575-81.

Morkhade DM, Fulzele SV, Satturwar PM, and Joshi SB. Gum copal and gum dammar:
Novel matrix forming materialfor sustained drug delivery. Indian JPharm. Sci 2006;
68(1):53-58.

Higuchi T. Mechanism of rate of sustained-action medication. J Pharm Sci 1963;52(11)
1145-49.

Wang J, Flanagan DR. General solution for diffusion controlled dissolution of spherical
particle. J Pharm Sci 1999; 88(7):731-38.

Nicolas G, Marc P, Bernard M, Gae LR.Study of release kinetics of small and high
molecular weight substances dispersed into spray-dried Ethyl cellulose microsphere.

Journal of Controlled Release 2002; 84:125-35.

. Bolton S. Analysis of variance. In Pharmaceutical statistics-practical and clinical

application. New York: Marcel Dekker Inc; 1997.
Vyas SP, Khar RK. Targeted and controlled drug delivery, 2004; 1:417-425.
Ofokansi KC, Adikwu MU. Formulation and Evaluation of Microspheres Based on
Gelatin-Mucin Admixtures for Rectal delivery of Cefuroxime Solution. Tropical J Pharm.
2007; 6:825-832.

Athiraju Naveen et al. /JGTPS Jan-March 2012, Vol.3 (1)-576-588

587



24.

25.

26.

27.

28.

Tripathi KD. Essentials of Medical Pharmacology, edition, 2008; 6: 797-300.
Jayaprakash S, Mohamed SH, Mohamed PUF, Kulaturanpiallai, A, Nagarjan M.
Preparation and evaluation of biodegradable microspheres of methotrexate. Asian J
Pharm. 2009; 3:26-29.

Srivastava AK, Ridhurkar DN, Wadhwa CS Floating microspheres of cimetidine:
Formulation, characterization and in-vitro evaluation. Acta Pharm. 2005; 55: 277-285.
Nappinnai M, Kishore VS. Formulation and evaluation of microspheres of Diltiazem
Hydrochloride. Ind J Pharm Sci. 2007;69:511-514.

Abazinge M., Jackson T., Yang Q. (2000), “Comparison of In-vitro and In-vivo Release
Characteristics of Sustained Release Ofloxacin,” Drug Delivery, Vol.7 (2), 77-81.

Athiraju Naveen et al. /JGTPS Jan-March 2012, Vol.3 (1)-576-588

588



