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ABSTRACT

Since the introduction of Soft Capsule Making Machine in the 1970s, formulations have continually become more popular with
rapid developments in recent years. Soft Gelatin Capsules (Softgel) were developed in the 19th century to mask unpleasant
taste and odour of drug substances. After then, many improvements have been made with respect to the production of these
soft capsules. In the pharmaceutical field, the softgel dosage forms are increasingly being preferred. Technologically with
Softgel, content uniformity of low-dose drugs has been achieved and also has consumer preference as is easy to swallow.
Interesting advances have recently been made in the area of developing liquid and semi-solid formulations in a soft gelatin
capsule to address particular bio-performance issues. The Softgel dosage form therefore offers several advantages over other
oral dosage forms, such as delivering a liquid matrix designed to solubilize rapidly. This improves the oral bioavailability of
poorly soluble compounds. Delivery of low and ultra-low doses of a compound using softgel also ensures decreased plasma
variability. However, due to the dynamic nature of the softgel dosage form,

its development and shelf-life stability optimization are fraught with several challenges. This has led to the commercial
pharmaceutical and nutraceutical industries opting for the development of alternative shell forming materials instead of the
traditional capsule shell material gelatin. This review discusses establishment and the on-going development of the
manufacturing technology for liquid fill capsules with focus on progress and challenges of soft gelatin capsules formulation in
oral administration for improved solubility and as an absorption-enhancing technique. This considerations form a basis for
new applications in oral drug delivery.
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INTRODUCTION

The softgel dosage form has been around for many years. The earliest softgels date back to the 19t century. Since then, many improvements have been
made with respect to the production of these soft capsules. Softgel manufacturing still requires special skills and equipment that less than a handful of

companies can offer to pharmaceutical clients.

Notwithstanding the progress that has been made in softgel manufacturing, the softgel as a dosage form has remained largely unchanged over the years.
As a result, patent protection on the technology was lost, which is a disadvantage in the era of pharmaceutical life-cycle management. For that reason,
Banner has developed new softgel variants that not only offer specific benefits over the standard softgel, but also provide additional patent protection

to the compounds they deliver.

Since the introduction of Soft Capsule Making Machine in the 1970s, formulations have continually become more popular with rapid developments in
recent years. This could be illustrated by emergency of a more than 560 sets of Soft Capsule Making Machine with transfer mode having a production
rate of up to 60 billion pills/year (i.e. more than 3600 kinds of drugs) in the world3. Up to now, there are more than 30 manufacturers producing
morethan 40 kinds of soft capsules by using over 60 sets of advanced machines. Softgels’ ability to enhance bioavailability not only makes them the
preferred dosage form for new chemical entities with poor oral bioavailability, they can also be used for reformulation of existing drugs, with the

purpose of life-cycle extension.

SOFTGEL: A BRIEF REVIEW

Soft gelatin capsulesl (referred to as soft elastic gelatin capsules, liquid gels or softgels) are a unique drug delivery system that can provide distinct
advantages over traditional dosage forms such as tablets, hard gelatin capsules and liquids. However due to economic, technical and patent constraints
there are relatively a few manufacturers of softgels in the world. Softgel is a hermetically sealed, one-piece capsule with a liquid or semisolid fill. The
softgel consists of two major components, the gelatin shell and the fill. In the finished product gelatin shell is primarily composed of gelatin, plasticizer
and water. The fill material can include a wide variety of vehicles and can either be a solution or a suspension. Softgels may be coated with suitable
exterior coating agents such as Cellulose acetate phthalate (CAP) to obtain enteric release of encapsulated material. The standard softgel shape of oral

pharmaceutical products is oval, oblong and round, though softgels can be manufactured in many shapes.
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Soft gelatin capsules (softgels) offer the possibility of delivering a liquid in a solid oral dosage form. The softgel can therefore contain the active
ingredient in solution, suspension or emulsion, which will inherently lead to better absorption of the active ingredient as compared with delivery in a
tablet or as a powder. Softgels are therefore the ideal solution —and sometimes the only solution — for delivery of compounds with poor oral
bioavailability. Other properties that make softgels a useful and frequently applied dosage form include their aesthetic properties and ‘swallowability’,
their tamper-resistance, their protection of the active ingredient from light and oxidation, their taste-masking of ingredients and their masking of
unpleasant odours of ingredients.

Soft gelatin capsules generally contain the drug in a non aqueous solution or suspension. The vehicle may be water immiscible liquid, such as PEG, and
non ionic surface active agent, such as Polysorbate 80. Hydrophobic drugs dissolved in a lipophilic solvent such as vegetable oil would generally
demonstrate poor bioavailability compared to the same drug given as a powdered solid, suspension or hard gelatin capsules. However, a drug dissolved

or dispersed in a water miscible solvent may have better bioavailability than a compressed tablet of the same drug.

ADVANTAGE
1. Softgels ability to enhance bioavailability not only makes them the preferred dosage form for new chemical entities with poor oral bioavailability,
they can also be used for reformulation of existing drugs, with the purpose of life-cycle extension. Two of such applications are briefly described here.
2. Pharmaceutical compounds delivered in tablets or regular two-piece hard shell capsules first need to dissolve before they can be absorbed. When
delivered in a softgel, the active ingredient — being solubilised already — will be more readily available for absorption and therefore may reach its target
receptor more quickly. This can result in a more rapid onset of therapeutic effect. This has been demonstrated clearly with ibuprofen softgels, which
give a significantly faster onset of pain relief thananalgesic tablets (see References).
3. Compounds that are currently being delivered in a tablet or a capsule could be reformulated in a softgel so as to improve their bioavailability. The
compound would then exert the same therapeutic effect at a lower dose level. As a result, the reformulated drug can be promoted

» with a new brand-name;

» foranew indication;

» inanew, more appealing dosage form; and

» atadose level that is not easily copied by genericversions of the original dosage form.With this metamorphosis, the chemical entity canstart a

new period of its life-cycle.
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The following new dosage forms have been developed at Banner: enteric softgel, controlledrelease softgel, chewable softgel and gelatin-free softcapsule.
Patent applications have been filed for alldrug delivery systems. Banner’s dosage forms can therefore offer additional market exclusivity to
pharmaceutical and consumer products.

ENTERIC COATED

In contrast to existing enteric dosage forms, Banner'snew enteric softgel is not coated. The enteric features of the dosage form reside in the shell itself.
The result is a clear enteric dosage form with the exact same appeal and patient benefits that the standard softgel offers. Banner’s enteric softgel meets
all Pharmacopoeial (American, European, Japanese and British) standards for enteric delivery. Banner’s enteric softgel technology is unique in that it
offers a one-step process to manufacture enteric softgels. Traditionally, enteric softgels were prepared by coating with enteric polymers using
traditional coating technology. Coating has its own disadvantages such as unsuccessful adhesion of the enteric polymer onto the soft gelatin shell due to
the shell’s inherent flexible nature. This can lead to chipping and peeling of the coat. Enteric coating also results in a hazy and opaque appearance of the

capsule and is an additional step of manufacturing.

Advantages of the enteric softgel over other enteric dosage forms can be summarised as follows:

1. Banner’s enteric softgel technology provides enteric properties more consistently than other products because the enteric system is built into
the gelatin shell, not just as a coating on top;

2. clear, transparent dosage form, as opposed to coated enteric dosage forms;

3. offers the exact same advantages as standard softgels, including improved ‘swallowability'taste-masking and protection against light or oxygen
degradation; and

4. no leaking problems, as opposed to regular twopiece hard shell capsules.

Candidates for enteric delivery include:
» compounds that are unstable in gastric acid, for example proton pump inhibitors, certain antibiotics, triptans and dideoxyinosine (ddl);
» compounds that are irritating or damaging to the gastric mucosa, for example bisphosphonates, non-steroidal anti-inflammatory drugs, certain

antibiotics and carbamazepine;

500
Available on www.ijrrpas.com



REVIEW ARTICLE SHRADHA.S.TIWARI et al, IJRRPAS, 2(3).491-512, ISSN 2249-1236

» compounds targeted at the small intestine, e.g. drugs for the treatment of Crohn’s disease  or otherintestinal disorders, and drugs that are
preferentially being absorbed in the small intestine; and

» compounds that may cause belching,
regurgitation or other gastrogenic discomfort.

Banner has comprehensively designed and optimised the new enteric technology to suit a wide variety of products. We have applied the new
technology on different drugs and have generated accelerated stability data. Banner is currently working on an existing drug for scale-up purposes. For

this compound, the enteric softgel formulation has successfully passed accelerated stability testing as well.

Figure 1: Banner’s enteric softgels are as clear as regular softgels because the enteric properties are incorporated in the shell.

CONTROLLED RELEASE SOFTGEL
Banner’s scientists have developed a controlled release technology that is able to achieve a large variety of release patterns. The controlled release

softgel can be applied to a wide range of active molecules. Banner’s controlled release softgel technology uses a lipid matrix in a standard softgel shell.
Depending on the physicochemical properties of the active molecule, an emulsion or a suspension is chosen as a matrix. By applying these, or
combinations of these,almost any release profile can be engineered simply by varying the formulation. The result is an oral dosage form offering

controlled release of the active moiety, combined with all the benefits that the softgel dosage form offers.
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Its release properties, combined with the advantages of a softgel, make the CR-softgel a preferred form for those insoluble compounds that require

enhanced absorption as well as a prolonged and controlled release.

CHEWABLE SOFTGEL

The chewable gelatin dosage form offers excellent mouth feel and chewing experience as compared with other chewable dosage forms. Chewable soft
gels are particularly suitable for pediatric populations, where swallowing whole tablets or capsules is often a problem, and chewable tablets are often
rejected.

Consumer preference testing with Banner’s new chewable gels showed that three out of four parents would buy this product for their children (Tragon
Research, data on file). In the adult population, chewable gels are convenient because they can be taken easily on the run, without the need for water.
Lipid-coating of the active ingredient has been used and tested as a means to mask the taste of bitter active ingredients. This approach has resulted in a

highly acceptable end-product. Other taste-masking technologies can be combined with the chewable softgel.

Figure 2: Banner’s chewable softgels provide a gel-like mouthfeel and texturevery different from chewable tablets.

Gelatin-free soft capsules:
Gelatin-free soft capsules are made from vegetable ingredients. They have all the advantages of standard softgels, but do not contain gelatin. Gelatin-

free soft capsules are particularly suitable for vegetarians or other populations that prefer non-animal products.
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Some patented capsule technology:

1. Soflet® Gelcaps:

Soflet Gelcaps is a patented technology that enrobes tablets with either a gelatin or non-animal film, resulting in a preferred dosage form that's easy to
swallow. Our unique, patented manufacturing process allows us to create one or two-toned color dosage forms that can be easily printed on, offering
distinctive opportunities to brand and differentiate your product. And since Soflet Gelcaps are tamper-evident in finished form, they deliver increased

consumer safety.

Soflet® Gelcaps represent a patented technology whereby tablets are enrobed with gelatin. Soflet® Gelcaps are a dosage form preferred by consumers
because of the ease of swallowing as well as the taste and odour-masking properties imparted by the gelatin coating. The unique, patented
manufacturing process of Soflet® Gelcaps results in a single or two-toned colour dosage form that can be imprinted upon. These features offer
distinctive opportunities for product branding. Soflet® Gelcap technology is therefore widely used in overthe-counter products, both branded and
private label. In addition, Soflet® Gelcaps are ideal for clinical trial blinding. Banner now also has the capability of manufacturing gelatin-free Soflet®

Gelcaps.

Features of Soflet® Gelcaps:

Improves swallowability, masks unpleasant odors and tastes

Provides a multitude of color combinations; allows surface printing

Patented technology is difficult to mimic, providing easy recognition of tampering or counterfeiting by consumers or pharmacists
Soflet Gelcaps are ideal for clinical trial blinding

Also available in EcoCaps™ non-animal formulation

Technology is widely used in over-the-counter products, both branded and private label

N o g bk~ w DN PR

Three out of four consumers prefer Soflet Gelcaps over tablets — so much so that respondents would purchase Soflet Gelcaps over tablets at

a 10% premium
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BENEFITS
1. Increases patient compliance
2. Enforces your brand identity and ensures recognition
3. Technology design minimizes tampering and counterfeiting
4. Provides life cycle extension possibilities
5. Increases sales and profits

Figure 3: Banner-patented Soflet® Gelcap Technology
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2. Versatrol™:

Versatrol™ is a unique oral controlled release technology for the pharmaceutical market place.When combined with softgels, controlled release
technology provides a consumer-preferred doage form with the ability to tailor release profiles for a wide variety of drugs. Versatrol™ offers controlled
release formulations with the benefits of greater effectiveness in the treatment of chronic conditions by reducing side effects through minimizing peak
plasma concentrations, and greater convenience leading to higher levels of patient compliance due to a simplified dosage schedule. Versatrol™
technology can be applied early on in pharmaceutical product development, leading to the parallel development of immediate release and controlled

release formulations to maximize market exposure.

3. Licaps® Liquid - Filled Capsules®:

Licaps® two-piece gelatin capsules with liquid formulations containing pumpkin seed; pumpkin seed oil or herbal extracts such as saw palmetto or hop
extract. The filled capsules are then sealed using Capsugel's LEMS® automated capsule sealing system and the finished capsules are marketed by GSK as
pharmaceuticals to treat several types of urological conditions or as nutraceuticals .Licaps® Liquid Delivery System doesn't just offer better
bioavailability. It's also fast-acting and gentle on the stomach. The capsule protects against degradation and oxidation to preserve the efficacy of your
formulation. Liquid capsules are also visually appealing, and offering a liquid option sets your brand apart from your competition. Licaps® Liquid
Delivery System is available in liquid-filled gelatin or vegetarian HPMC-based capsules. Every Licaps® capsule is sealed with our proprietary LEMS
sealing process and fused with nitrogen to protect your supplement against oxidation. Innovative multi-phase capsule designs are also available. Like all

of Capsugel’s capsules, Licaps® can be colored and printed to reflect your brand.
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Capsugel is meeting growing demand for liquid filled capsules with Licaps®, a two piece hard capsule specially designed for secure containment of

liquid and semi-solids.

Some of the benefits of using Licaps® capsules include:

1.

N o g bk w N

Visually appealing liquid formulation.

Proprietary Liquid Encapsulation Microspray Sealing (LEMS®) sealing process means no balancing and outstanding product integrity.
Available in both gelatin and non animal capsules and a wide variety of of sizes and colors.

Opportunity for improved absorption and bioavailability over the tablets.

Improved time-to-market versus tablet due to less complex formulation and development processes.

Improved content uniformity over tablets against degradation helps, protects the potency of ingredients.

Helps to mask taste and unpleasant odors better than softgel capsules.

4. Chewels

Chewels are suitable for both adult and pediatric populations and offer a more palatable replacement for gritty, chalky chewable tablets or liquid doses.

The excellent mouth feel and convenience versus similar forms make Chewels chewable gels a favorite among adults and children
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5. EcoCaps:

Finally, the non-animal alternative to gelatin has arrived - EcoCaps non-animal softgels. EcoCaps are made from botanical ingredients, so they have all
the advantages of standard softgels without using gelatin. Thus, they appeal to a wide range of consumers seeking non-animal alternatives for health,

dietary, religious, or animal-rights reasons. Extend your product appeal to new audiences and see more green with EcoCaps non-animal softgels.

Formula is based on plant carbohydrates, manufactured into encapsulating films using patent-pending process
Capsules are compatible with current softgels with several types of fill materials
Delivers the advantages of standard softgels but does not contain gelatin

Manufactured using a unique, patent-pending technology

a > w DN

Technology may be applied to Soflet® Gelcaps as well as softgels
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6. Enteri Care

Our clear EnteriCare enteric softgels provide an advanced alternative to unattractive spray-on coatings that can flake or crack. This unique dosage form

maintains the benefits of a standard softgel while delivering enteric properties within the gelatin shell. As a dosage form preferred by consumers?,

EnteriCare enteric softgels increase the likelihood of compliance with dosing regimens and repeat sales.2

YV V V YV V V

\4

Patent-pending technology

Enteric properties of the dosage form are built into the shell itself; it is not coated

Clear, elegant appearance

Site-specific dosage delivery

Delivers acid labile molecules directly to the small intestine

Two different formulas: one to meet the regulatory standards for pharmaceutical products and another for nutritional supplements using
GRAS ingredients

Hermetic seal masks unpleasant tastes and odors

Consumer-preferred choice - studies indicate consumers prefer softgels - perceived as being easy to swallow, better performing, and
having an attractive appearance

Ideal for reduction of reflux and gastric irritation
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» ldeal for compounds targeted at the small intestine, such as drugs to treat Crohn's disease and other intestinal disorders or compounds
causing belching, regurgitation, or other gastrointestinal discomfort

Softgel formulation allows for efficient/optimized physico-chemical properties of the compound

Shell can be UV-formulated for photosensitive compounds

EnteriCare technology creates a seamless, one-piece design that is uniquely tamper-evident

Uncoated - to remove the risk of flaking or cracking

V V V V V

Encapsulated formulation may enhance bioavailability and absorption

-

EnteriCare clear enteric softgel

7. Solvatrol technology:

Solvatrol technology provides an effective method for enhancing solubility of active pharmaceutical compounds. Poorly water-soluble drugs can be

formulated with Solvatrol, leading to improved absorption following oral administration.

Suitable for lipophilic and hydrophilic formulations
Provides a stable solvent system

Eliminates dissolution rate limitations

YV V V V

Delivered in a softgel dosage form
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» Increases speed of onset
Enhances solubility of compounds
Improves bioavailability

Reduces variability

vV V V V

Delivered in a consumer preferred dosage form

(__’) (\J

REFERENCES

1. Habiba I. Benza*, and Were L.L. Munyendo,A REVIEW OF PROGRESS AND CHALLENGES IN SOFT GELATIN CAPSULES FORMULATIONS FOR
ORAL ADMINISTRATION, International Journal of Pharmaceutical Sciences Review and ResearchVolume 10, Issue 1, September — October
2011; Article-004

2. Nazzal S.and Wang Y. Characterization of soft gelatin capsules by thermal analysis International Journal of Pharmaceutics 2001, 230: 35-45

3. Karim AA and Bhat R. Fish gelatin: properties, challenges, and prospects as an alternative to mammalian gelatins. Food Hydrocolloids 2009,
23:563-576.
4. R.Devi Damayanthi, N. Narayanan, K.Elango Soft Gelatin Capsules - A Review
THE PHARMA REVIEW (FEBRUARY - MARCH, 2008) Drs Erwin Douwes and Emad Hassan.

510
Available on www.ijrrpas.com



REVIEW ARTICLE SHRADHA.S.TIWARI et al, IJRRPAS, 2(3).491-512, ISSN 2249-1236

10.

11.

12.

13.

14.

15.

16.

20. Sima JS, Juna G, Toidab T, Choc SY, Woong D, Seung-Yeup C, Linhardtd RJ and Kima YS. Quantitative analysis of chondroitin sulfate in raw
materials, ophthalmic solutions, soft capsules and liquid preparations. Journal of Chromatography B, 2005, 818: 133-139.

21. Martins GZ, Souza CRF, Shankar TJ and Oliveira WP. Effect of process variables on fluiddynamics and adhesion efficiency during spouted
bed coating of hard gelatine capsules. Chemical Engineering and Processing 2008, 47: 2238-2246.

22.Yang D, Li Y and Nie J. Preparation of gelatin/PVA nanofibers and their potential application in controlled release of drugs. Carbohydrate
Polymers 2007, 69: 538-543.

23. Frutos G, Prior-Cabanillas A, Paris R and Quijada-Garrido I. A novel controlled drug delivery system based on pH-responsive hydrogels
included in soft gelatin capsules. Acta Biomaterialia 2010, 6 (12): 4650-4656

24. Fuccella LM, Tosolini G, Moro E and Tamassia V. Study of physiological availability of temazepam in man, Int. J clin Pharmacol. 1972, 6
(4):303-309.

25. Lucas RA, Bowtle WJ and Ryden R. Disposition of Vancomycin.in healthy volunteers from oral solution and Semi-solid matrix capsules.
Clin.Pharm.ther. 1987, 12: 27-31.

26. Gershanik T and Benita S. Self-dispersing lipid formulations for improving oral absorption of lipophilic drugs. European Journal of
Pharmaceutics and Biopharmaceutics 2000, 50: 179-188

27. Mei X, Etzler FM and Wang Z. Use of texture analysis to study hydrophilic solvent effects on the mechanical properties of hard gelatin
capsules. International Journal of Pharmaceutics. 2006, 324: 128-135.

28. Rossi RC, Dias CL, Donato EM, Martins LA, Bergold AM and Froehlich PE. Development and validation of dissolution test for ritonavir soft
gelatin capsules based on in vivo data. Internationall5. Lissy M, Scallion R and Stiff DD. Pharmacokinetic comparison of an oral diclofenac
potassium liquid-filled Soft gelatin capsules with a diclofenac potassium tablet. Expert opin pharmacother 2010, 11(5):701-8

Scallion R and Moore KA. Effects of Food Intake on the Pharmacokinetics of Diclofenac Potassium Soft Gelatin Capsules: ASingle-Dose,
Randomized, Two-Way Crossover Study, Clinical Therapeutics 2009, 31:10.

Ciper M and Bodmeier R. Preparation and characterization of novel fast disintegrating capsules (Fastcaps) for administration in the oral cavity.
International Journal of Pharmaceutics 2005, 303: 62-71.

Lissy M, Scallion R and Stiff DD. Pharmacokinetic comparison of anoral diclofenac potassium liquid-filled Soft gelatin capsules with a diclofenac

potassium tablet. Expert opin pharmacother. 2010, 11(5):701-8.

511
Available on www.ijrrpas.com



REVIEW ARTICLE SHRADHA.S.TIWARI et al, IJRRPAS, 2(3).491-512, ISSN 2249-1236

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

Vegicaps Softgel Technologies People, facilities and technologies to deliver superior softgel solutions. Copyright 2007 Catalent Pharma
Solutions.

Bussemer T and Bodmeier R. Formulation parameters affecting the performance of coated gelatin capsules with pulsatile release profiles.
International Journal of Pharmaceutics 2003, 267: 59-68.

Softgel Technologies People, facilities and technologies to deliver superior softgel solutions.

http://www .catalent.com/pharma/pdf/Softgel_Technologies Oral _Technologies. Accesed 2010/11/19.

Nazzal S. and Wang Y. Characterization of soft gelatin capsules by thermal analysis International Journal of Pharmaceutics 2001, 230: 35-45
Karim AA and Bhat R. Fish gelatin: properties, challenges, and prospects as an alternative to mammalian gelatins. Food Hydrocolloids 2009, 23:
563-576.

Marques MRC, Cole E, Kruep D, Gray V, Murachanian D, Brown WE and Giancaspro Gl. Liquid-filled Gelatin Capsules. Pharmacopeial Forum
2009 Vol. 35(4).

Pearnchob N, Dashevsky A and Bodmeier R. Improvement in the disintegration of shellac-coated soft gelatin capsules in simulated intestinal
fluid. Journal of Controlled Release 2004, 94: 313- 321

Shanker G and Tabibi E. Water insoluble Drug Formulation, 2nd Edition, CRC Press 2008.

R & D progress of hollow capsules - capsule, new materials, coating materials -the pharmaceutical industrie.
http://news.frbiz.com/pharmaceutical_excipients_ply. Accessed 2010/12/21.

Colea ET, Cadé D, and Benameur H. Challenges and opportunities in the encapsulation of liquid and semi-solid formulations into capsules for

oral administration, Advanced Drug Delivery Reviews 2008, 60: 747-756.

512
Available on www.ijrrpas.com



