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Vision 

To be a model pharmacy institution in dynamic equilibrium with its social, 

ecological and economic environment striving continuously for excellence in 

pharmacy education, research and revolutionizing patient care in college and the 

world. 

Mission 

Malla Reddy college of Pharmacy(MRCP) with the Motto of " Tama Soma 

Jyothirgamaya " exists to provide exemplary student centered undergraduate and 

post graduate education, training and research in time with public health needs and 

extends in constructing team sprit, originality, competence in students as per global 

challenges to make them pioneers of Indian vision of modern society. 

 

 

ABOUT THE COLLEGE  
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 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval 

of AICTE, PCI and affiliated to Osmania University, Hyderabad. Further, the 

college started Pharm D, Pharm D (PB) and M.Pharmacy. The institute has three 

post graduate departments viz., Pharmaceutics, Pharmacology, Pharmaceutical 

analysis and Quality assurance. The college is recognized as research center by 

Osmania University for the award of Ph.D. in Pharmaceutical sciences and B. 

Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the 

necessary knowledge and skills to commence practicing competently in a variety 

of settings including community and hospital pharmacy and the pharmaceutical 

industry. Continuing in the professional development must then be a lifelong 

commitment for every practicing pharmacist. The education, which a pharmacy 

student receives, will affect the knowledge gained, the skills learned and the 

attitudes taken. All of which have an impact on how a pharmacy graduate will 

practice pharmacy in the future. Malla Reddy  College of Pharmacy is an Institute 

where the students are inspired and guided and they are trained with best 

knowledge and all the possible skills. Its savvy infrastructure, the state of-the-art 

laboratories and eminent teaching faculty are the exclusive strengths of the 

institution.  

 

The college is functioning from its campus in a total area of 2.5 acres and has 

spacious laboratories and well ventilated and furnished classrooms. High quality 

equipment for laboratories is also procured very ambitiously. The college 

maintains a very good library with a large collection of books and subscribes a 

good number of standard journals (National and International). The staff members 

of the college are well qualified and sufficiently experienced. The students in the 

college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and 

encouraged to present their knowledge at various seminars/conferences. They are 

also guided to publish their research work in the reputed National and International 

journals.  



PHARMATECH OUTLOOK  

    

 

6 | P a g e  

JAN-MARCH 2018                    VOLUME 5 ISSUE 1 

 

 

 

 

                                                    

 

 



PHARMATECH OUTLOOK  

    

 

7 | P a g e  

JAN-MARCH 2018                    VOLUME 5 ISSUE 1 

A Review Article : Prenatal Factors Contribute to the 

Emergence of Kwashiorkor or Marasmus in Severe 

Undernutrition 

 

 

Abstract 

Background 

Severe acute malnutrition in childhood manifests as oedematous (kwashiorkor, 

marasmic kwashiorkor) and non-oedematous (marasmus) syndromes with very 

different prognoses. Kwashiorkor differs from marasmus in the patterns of protein, 

amino acid and lipid metabolism when patients are acutely ill as well as after 

rehabilitation to ideal weight for height. Metabolic patterns among marasmic 

patients define them as metabolically thrifty, while kwashiorkor patients function 

as metabolically profligate. Such differences might underlie syndromic 

presentation and prognosis. However, no fundamental explanation exists for these 

differences in metabolism, nor clinical pictures, given similar exposures to 

undernutrition. We hypothesized that different developmental trajectories underlie 

these clinical-metabolic phenotypes: if so this would be strong evidence in support 

of predictive adaptation model of developmental plasticity. 
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Methodology/Principal Findings 

We reviewed the records of all children admitted with severe acute malnutrition to 

the Tropical Metabolism Research Unit Ward of the University Hospital of the 

West Indies, Kingston, Jamaica during 1962–1992. We used Wellcome criteria to 

establish the diagnoses of kwashiorkor (n = 391), marasmus (n = 383), and 

marasmic-kwashiorkor (n = 375). We recorded participants' birth weights, as 

determined from maternal recall at the time of admission. Those who developed 

kwashiorkor had 333 g (95% confidence interval 217 to 449, p<0.001) higher 

mean birthweight than those who developed marasmus. 

Conclusions/Significance 

These data are consistent with a model suggesting that plastic mechanisms 

operative in uteroinduce potential marasmics to develop with a metabolic 

physiology more able to adapt to postnatal undernutrition than those of higher 

birthweight. Given the different mortality risks of these different syndromes, this 

observation is supportive of the predictive adaptive response hypothesis and is the 

first empirical demonstration of the advantageous effects of such a response in 

humans. The study has implications for understanding pathways to obesity and its 

cardio-metabolic co-morbidities in poor countries and for famine intervention 

programs. 
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A REVIEW ARTICLE : ON EXACERBATIONS OF CHRONIC 

OBSTRUCTIVE PULMONARY DISEASE 

 

Background 

Patients with chronic obstructive pulmonary disease (COPD) may experience an 

acute worsening of respiratory symptoms that results in additional therapy; this 

event is defined as a COPD exacerbation (AECOPD). Hospitalization for 
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AECOPD is accompanied by a rapid decline in health status with a high risk of 

mortality or other negative outcomes such as need for endotracheal intubation or 

intensive care unit (ICU) admission. Treatments for AECOPD aim to minimize the 

negative impact of the current exacerbation and to prevent subsequent events, such 

as relapse or readmission to hospital. 

Main body 

In this narrative review, we update the scientific evidence about the in-hospital 

pharmacological and non-pharmacological treatments used in the management of a 

severe AECOPD. We review inhaled bronchodilators, steroids, and antibiotics for 

the pharmacological approach, and oxygen, high flow nasal cannulae (HFNC) 

oxygen therapy, non-invasive mechanical ventilation (NIMV) and pulmonary 

rehabilitation (PR) as non-pharmacological treatments. We also review some 

studies of non-conventional drugs that have been proposed for severe AECOPD. 

Conclusion 

Several treatments exist for severe AECOPD patients requiring hospitalization. 

Some treatments such as steroids and NIMV (in patients admitted with a 

hypercapnic acute respiratory failure and respiratory acidosis) are supported by 

strong evidence of their efficacy. HFNC oxygen therapy needs further prospective 

studies. Although antibiotics are preferred in ICU patients, there is a lack of 

evidence regarding the preferred drugs and optimal duration of treatment for non-

ICU patients. Early rehabilitation, if associated with standard treatment of patients, 

is recommended due to its feasibility and safety. There are currently few promising 

new drugs or new applications of existing drugs. 



PHARMATECH OUTLOOK  

    

 

11 | P a g e  

JAN-MARCH 2018                    VOLUME 5 ISSUE 1 

A novel validated RP-HPLC-DAD method for the estimation of 

Eluxadoline in bulk and pharmaceutical dosage form. 

Authors : Uttam Prasad Panigrahy and A.Sunil Kumar Reddy 

Malla Reddy College of Pharmacy 

ABSTRACT 

The present study describes about novel approach to develop and validate a rapid, 

accurate, precise, simple, efficient and reproducible isocratic Reversed Phase-High 

Performance Liquid Chromatographic (RP-HPLCDAD) method for the estimation of 

Eluxadoline in bulk and pharmaceutical dosage form. Eluxadoline were separated 

using Hypersil C18 column (250mm×4.6 mm, 5μm particle size), Waters Alliance 

e2695 HPLC system with 2998 PDA detector and the mobile phase contained a 

mixture of Acetonitrile and Water (70:30, v/v).  

             The flow rate was set to 1ml/min with the responses measured at 260nm. The 

retention time of Eluxadoline was found to be 3.481min.Linearity was established for 

Eluxadoline in the range of 10-125μg/ml with correlation coefficient (r2=0.999). The 

percentage recoveries were between 99.92% to 100.07%. Validation parameters such 

as specificity, linearity, precision, accuracy, robustness, limit of detection (LOD) and 

limit of quantitation (LOQ) were evaluated for the method according to the 

International Conference on Harmonization (ICH) Q2 R1 guidelines. The developed 

method was successfully applied for the quantification and hyphenated 

instrumental analysis. 
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ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval 

of AICTE, PCI and affiliated to Osmania University, Hyderabad. Further, the 

college started Pharm D, Pharm D (PB) and M.Pharmacy. The institute has three 

post graduate departments viz., Pharmaceutics, Pharmacology, Pharmaceutical 

analysis and Quality assurance. The college is recognized as research center by 

Osmania University for the award of Ph.D. in Pharmaceutical sciences and B. 

Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the 

necessary knowledge and skills to commence practicing competently in a variety 

of settings including community and hospital pharmacy and the pharmaceutical 

industry. Continuing in the professional development must then be a lifelong 

commitment for every practicing pharmacist. The education, which a pharmacy 

student receives, will affect the knowledge gained, the skills learned and the 

attitudes taken. All of which have an impact on how a pharmacy graduate will 

practice pharmacy in the future. Malla Reddy  College of Pharmacy is an Institute 

where the students are inspired and guided and they are trained with best 

knowledge and all the possible skills. Its savvy infrastructure, the state of-the-art 

laboratories and eminent teaching faculty are the exclusive strengths of the 

institution.  
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The college is functioning from its campus in a total area of 2.5 acres and has 

spacious laboratories and well ventilated and furnished classrooms. High quality 

equipment for laboratories is also procured very ambitiously. The college 

maintains a very good library with a large collection of books and subscribes a 

good number of standard journals (National and International). The staff members 

of the college are well qualified and sufficiently experienced. The students in the 

college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and 

encouraged to present their knowledge at various seminars/conferences. They are 

also guided to publish their research work in the reputed National and International 

journals.  
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Formulation and evaluation of gastro retentive floating tablets of atorvastatin 

calcium 

Nansri Saha , Pawan Kumar , Satyabrata Bhanja , Soumik Ghosh , Sarita Tiwari  

ABSTRACT  

Atorvastatin calcium is a HMG-CoA reductase inhibitor used in the treatment of 

hyperlipidaemia. Oral bioavailability of atorvastatin calcium is less than 12%. It also undergoes 

high first pass metabolism. It is absorbed more in the upper part of the GIT.10 So oral absorption 

of atorvastatin can be increased by increasing gastric retention time of the drug. Thus it is 

decided to prolong the gastric residence time in terms of making floating gastro retentive drug 

delivery system to increase drug absorption and hence bioavailability. In this study Atorvastatin 

calcium floating tablets were prepared by using two different techniques like Effervescent 

floating tablets and Non Effervescent floating tablets using Ethyl cellulose, Karaya gum and 

HPMC K4 M as polymers and gas generating agents like sodium bicarbonate and citric acid and 

polypropylene foam powder as a selling agent in non effervescent floating tablets. The tablets 

prepared by direct compression technique were evaluated in terms of their pre-compression 

parameters and post compression characteristics such as physical characteristics, total buoyancy, 

buoyancy lag time, swelling index and in vitro release. The best formulation showed no 

significant change in physical appearance, drug content, total buoyancy time, buoyancy lag time 

or in vitro release after storage at 40˚C /75% RH for three months. The in vitro release studies 

confirmed that the formulation (F24) containing 90 mg of karaya gum showed sustained drug 

release (98.81±0.32%) for 12 h and remained buoyant for more than 12 h by using Effervescent 

floating technique. 

INTRODUCTION: 

 The oral route represents the predominant and most preferable route for drug delivery unlike the 

majority of parenteral dosage forms it allows ease of administration by the patient and highly 

convenient way for substances to be introduced in to the human body. Oral drug delivery 

systems are divided in to immediate release and modified release systems[1]. Modified release 

systems have been developed to improve the pharmacokinetic profiles of active pharmaceutical 

ingredients and patient compliance as well as reducing side effects. Oral modified release 

delivery systems commonly include delayed release, extended release programmed release and 

site specific or timed release. Oral extended release dosage forms offer the opportunity to 

provide constant or nearly constant drug plasma levels over an extended period of time following 

administration. Extended release drug delivery systems offer several advantages compared to 

conventional drug delivery system including avoiding drug level fluctuations by maintenance of 

optimum therapeutic plasma and tissue concentrations over prolonged time periods, avoiding sub 
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therapeutic as well as toxic concentrations, thus minimizing the risk of failure of the medical 

treatment and undesirable side effects, reducing the administered dose and reduced frequency of 

administered dose while achieving comparable results, Targeting or timing of the drug action. 

Hence it is highly desirable to develop sustained drug delivery system releasing the drug at 

predetermined rates to achieve optimal plasma drug levels and/or at the site of action[2, 3]. 

Majority of drugs are preferentially absorbed in the upper part of the small intestine. So, Gastro 

retentive drug delivery systems are preferred. The retention of oral dosage forms in the upper 

MATERIALS AND METHODS  

Materials Atorvastatin calcium was procured from Aristo pharmaceuticals Ltd., Ethyl cellulose, 

Karaya gum and HPMC K4 M were purchased from S.D. Fine Chemicals (Mumbai, INDIA), 

sodium bicarbonate and other excipients were procured from spectrum pharma research 

solutions, Hyderabad. Preparationof floating tablets Bydirect compressionmethod[12] All 

ingredients were collected and weighed accurately. Drug with polymers were sifted and passed 

through sieve #60 and then the remaining excipients were rinsed over after pre blending all 

ingredients in mortar for 15minutes. The entire mixture was blended for 5minutes. Then 

magnesium stearate was added and blended again for 5-6 minutes, lubricated powder was 

compressed under 8mm punch of tablet punching machine, (Cadmach model DC16 16-Station 

Tablet Press). The composition of different formulations is shown in the above tables.  

EVALUATION OF FORMULATIONS  

Pre compressaion parameters It includesAngle of repose, Bulk density, Tapped density, Cars 

index,Hausners ratio. Pre compressaion parameters It includesWeight variation, Hardness, 

Friability, Thickness and diameter, Drug content, In-vitro buoyancy studies, Swelling index and 

Invitro dissolution studies.  

RESULTS AND DISCUSSION  

Gastro retentive floating tablets were formulated by Atorvastatin calcium by Effervescent 

technique (i.e., from F1-F9) and by Non effervescent technique (i.e.,F10-F18).The formulated 

tablets have shown the results as given below: UV Spectra of Atorvastatin calcium at 10µg/ml 

concentration. Wavelength of maximum absorption in 0.1N HCL solution was found to be 

243nm, with uvrange of Atorvastatin calcium was found to be 2- 12mcg/ml with a regression 

value of 0.999. Compatability studies by FT-IR From the compatability studies it was concluded 

that the functional groups that were presented in the pure drug were present in the optimized 

formulation with very minute changes, from this we can concluded that the drug and excipients 

have no interactions. In vitro floating buoyancy studies All the formulated tablets were evaluated 

for the buoyancy studies for the determination of Floating Lag Time and Total Floating Time. 

The formulations having higher polymer concentrations exhibits total floating time for more than 

12hours than the other formulations. Swelling Studies From the swelling studies of the folating 
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tablets it was identified that the tablets formulated by effervescent technique have higher 

swelling index than the Non effervescent floating tablets, among them karaya gum having 90mg 

have higher swelling index.  

IN-VITRO DRUG RELEASE STUDIES  

In-vitro drug release data of Atorvastatin calcium floating tablets by effervescent technique From 

the drug release studies of the gastro retentive floating tablets of Atorvastatin calcium formulated 

by effervescent technique the maximum amount of drug release was found in F6 formulation 

containing karaya gum(90mg) as a rate retarding polymer as it has higher efficiency for retarding 

the drug release in the dissolution medium. So the drug release kinetics were studied for the F6 

formulation, and it follows zero order drug release and the drug release mechanism was found to 

be super caseII transport mechanism. In-vitro drug release data of Atorvastatin calcium floating 

tablets by Non-Effervescent technique The in vitro drug release profiles of the formulations F1-

F9 shows maximum drug release in F6 formulation containing karaya gum in higher 

concentration i.e.,90mg. Whereas the formulations F10-F18 formulated by using Non 

Effervescent floating technique the maximum drug release was found in the F12 formulation 

containing carbapol 940(90mg). While comparing the effervescent and Non effervescent floating 

techniques the maximum drug release was found in the F6 formulation when compared with F12 

formulation. The drug release kinetics of the optimized formulation (F6) of the Atorvastatin 

follows zero order drug release with super case transport mechanism.  

CONCLUSION  

Floating drug delivery systems (FDDS) have a bulk density less than gastric fluids and so remain 

buoyant in the stomach without affecting the gastric emptying rate for a prolonged period of 

time. While the system is floating on the gastric contents, the drug is released slowly at the 

desired rate from the system. After release of drug, the residual system is emptied from the 

stomach. This results in an increased GRT and a better control of the fluctuations in plasma drug 

concentration. So for increasing the gastric retention time of the some poorly acidic absorption 

drugs were selected for increasing the gastric retention time for increasing the bioavailability of 

the drug. From the results obtained it was concluded that the in vitro drug release profiles of the 

formulations F1-F18 the maximum drug release was found in the F6 formulation containing 

karaya gum(90mg) as a rate retarding polymer formulated by using Effervescent floating 

technique 
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Abstract 

 

Objective:  

The objective of the study was to develop fast dissolving tablets (FDT) of carvedilol. 

Methods: 

 Wet granulation technique was used for the preparation of FDT using super disintegrants 

crospovidone. The formulated tablets were evaluated for pre compression parameters; post 

compression parameters, wetting time, in vitro dispersion time, in vitro dissolution study. Fourier 

Transform Infrared Spectroscopy (FTIR) study was used to know compatibility studies of 

formulations. 

Results:  

The tablet formulation batch CP4 was considered as the overall best formulation as it showed in 

vitro drug release study of 91.67 % at the end of 40 mins..Short term stability studies (at 

40±2ºC/75±5% RH) on the best formulation indicated that there no significant changes in drug 

content. From the FTIR study indicated that there are no drug excipient interactions. 

Conclusion:  

It can be concluded that dissolution profile of carvedilol is more in CP4 batch as it contains more 

amount of crospovidon. 
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ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval 

of AICTE, PCI and affiliated to Osmania University, Hyderabad. Further, the 

college started Pharm D, Pharm D (PB) and M.Pharmacy. The institute has three 

post graduate departments viz., Pharmaceutics, Pharmacology, Pharmaceutical 

analysis and Quality assurance. The college is recognized as research center by 

Osmania University for the award of Ph.D. in Pharmaceutical sciences and B. 

Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the 

necessary knowledge and skills to commence practicing competently in a variety 

of settings including community and hospital pharmacy and the pharmaceutical 

industry. Continuing in the professional development must then be a lifelong 

commitment for every practicing pharmacist. The education, which a pharmacy 

student receives, will affect the knowledge gained, the skills learned and the 

attitudes taken. All of which have an impact on how a pharmacy graduate will 

practice pharmacy in the future. Malla Reddy  College of Pharmacy is an Institute 

where the students are inspired and guided and they are trained with best 

knowledge and all the possible skills. Its savvy infrastructure, the state of-the-art 

laboratories and eminent teaching faculty are the exclusive strengths of the 

institution.  

 

The college is functioning from its campus in a total area of 2.5 acres and has 

spacious laboratories and well ventilated and furnished classrooms. High quality 

equipment for laboratories is also procured very ambitiously. The college 

maintains a very good library with a large collection of books and subscribes a 

good number of standard journals (National and International). The staff members 

of the college are well qualified and sufficiently experienced. The students in the 

college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and 

encouraged to present their knowledge at various seminars/conferences. They are 
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ABSTRACT 

The current research involves the development of controlled porosity osmotic pump (CPOP) 

tablets of ritonavir for the treatment of HIV infection. Core tablets were prepared by wet 

granulation method using hydroxyl propyl methyl cellulose (HPMCE5LV) polymer, mannitol as 

osmogen, MCC as diluents and other additives. The CPOP tablets were coated with cellulose 

acetate as wall forming material, poly ethylene glycol as flux regulating agent, and sorbitol acts 

as pore forming material in SPM. The prepared tablets were evaluated for FTIR, DSC, pre 

compression parameters, post compression parameters, in vitro drug release study and scanning 

electron microscopy study. The optimized formulation RM5 showed 94.83% at the end of 14 hrs 
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with zero order drug release. The difference factor (f1) and similarity factor (f2) for RM5 were 

observed 14.61 and 75.12 respectively. Optimized formulation did not show any significant 

change on the pH and agitation intensity, but it depends on osmotic pressure of dissolution media 

indicated that mechanism of drug release was due to osmotic pressure. SEM micrographs 

confirmed that no pores were found before dissolution and after dissolution had shown the 

porous nature of the membrane. Short term stability study at 40±2ºC/75±5% RH for three 

months on the RM5 formulation indicated that there was no significant change weight variation, 

% friability, drug content and in vitro drug release. 

  

KEYWORDS: Ritonavir, wet granulation, CPOP, difference factor, in vitro drug release, 

stability study. 

 INTRODUCTION: 

AIDS is the final stage of infection where HIV damages the immune system, the body lacks 

fighting against opportunistic infections. AIDS is spread by unprotected sexual intercourse, 

contaminated blood transfusions, hypodermic needles and from mother to child during 

pregnancy, delivery or breastfeeding and certain body fluids from a person infected with HIV 

such as semen, pre seminal fluid, vaginal fluid and breast milk [1].  

 People living with AIDS experiences CD4+ count of less than 200cells/µL in blood. Without 

treatment people with AIDS can survive about 3 years. There is no cure for HIV infection, but 

medicines can prevent advancing of disease by inhibiting growth of HIV in body and helps 

people with HIV live longer. Ritonavir, a protease inhibitor inhibits the HIV viral proteinase 

enzyme which prevents cleavage of the gag-pol polyprotein [2], resulting in noninfectious, 

immature viral particles. Ritonavir is able to reduce HIV viral load and increase CD4 cell counts 

in the majority of people. It is prescribed 300 mg orally twice a day initially and the 

maintenance dose is increase by 100 mg twice daily every 2 to 3 days to the full dose of 600 mg 

orally twice a day for conventional tablets.Ritonavir belongs to BCS class II and of half life 3-5 

hrs [3]. It has dose related side effects such as nausea, vomiting, stomach pain by taking multiple 

doses. Hence the frequency of doses can be reduced to one time daily in the form of extended 

release [4] dose 600mg once daily. 

 Oral route is the most convenient route for the administration of various drugs. Conventional 

drug delivery system lacks control drug release and effective concentration of drug at the target 

site and mostly affected by physiological conditions of body. To avoid the drawbacks of 

conventional drug delivery system modified release drug products can be designed to control 

release rate of drug and time of drug release. Out of various modified drug release product 

extended release dosage forms allow at least a twofold reduction in frequency in dosage 

frequency as compared to conventional dosage form. Controlled release dosage forms is a part of 

extended release dosage form  cover a wide range of prolonged action which provide continuous 
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release of their active ingredients at predetermined rate and predetermined time. Out of various 

controlled drug delivery systems osmotic controlled drug delivery system (OCDDS) is one of the 

most promising drug delivery technologies that use osmotic pressure for controlled delivery of 

drugs [5].OCDDS deliver the drug in a large extent and the delivery nature is independent of 

physiological factors of gastrointestinal tract ,independent of pH , hydrodynamic condition of the 

body and agitation intensity 

 CPOP tablet preparation is a novel drug delivery system with eternally drug delivery rate as 

characteristic and controlled with the osmotic pressure difference between inside and outside of 

SPM as drug delivery power. In CPOP delivery orifice is formed by the incorporation of water 

leachable component in the coating. Once the tablet comes in contact with aqueous environment, 

the water soluble additives dissolves and osmotic pumping results. Hence water diffuses into the 

core through the micro porous membrane setting up an osmotic gradient and followed by 

controlling the release [6] of drug. The present study is to develop controlled porosity osmotic 

pump tablets. The rate of drug delivery depends upon the factors such as water permeability of 

the semi permeable membrane, osmotic pressure of core formulation, thickness and total area of 

coating. 

 MATERIALS AND METHODS: 

Materials: 

Ritonavir was obtained from Hetero Drugs Pvt. Ltd. India. Mannitol (Qualigens Fine 

Chemicals,India) and Cellulose acetate (CA) was obtained from Eastman Chemical Inc, 

Kingsport, TN. Sorbitol, HPMC E5LV,polyethylene glycol (PEG) 400, 600, 1500, 4000, 6000, 

Magnesium stearate and talc were purchased from S.D. Fine Chemicals Ltd, Mumbai, 

India.Microcrystaline cellulose(MCC), PVPK30 were purchased from Signet 

Pharma,Mumbai,India.All other solvents and reagents used were of analytical grade. 

 Calculation of dose in sustained release tablets containing single drug: 

For a sustained release matrix tablet formulation containing single drug, the dose required for 

loading dose and sustained release layer was estimated by using following four equations. The 

equations that were given by Robison and Erikson [7] are based on the available 

pharmacokinetic data following one compartment model with simultaneous release of loading 

dose and maintenance dose with a zero order release kinetic. The equations are presented as 

follows: 

 DI=Initial dose;  

T = time for sustained action;  

Tmax = Time to reach peak plasma concentration;  
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Elimination half-life (t1/2) of ritonavir is 3 to 5 hour (average 4); time to reach peak plasma 

concentration (Tmax) = 4.2 hour; initial dose (DI) = 300 mg. 

 Elimination rate constant (5) 

                                                 = 0.693/4 

   = 0.1732 h-1 

Zero-order release constant K0 = DI × KE                        (6) 

                                                = 300 mg × 0.1732 h-1 

                                                = 51.975 mg/h 

Loading dose DL = DI − (K0 × Tmax)                                  (7) 

                                                = 300 – (51.975 × 4.2 h) 

                                                = 300 – 218.295 

                                                = 81.705 mg 

So, maintenance dose = Total dose – loading dose      (8) 

                                                 = 600 mg – 81.705 mg 

                                                = 518.295 mg. 

 Hence, the CPOP tablet should contain a total dose of 600 mg for 14 hours in dosage form and it 

should release 300 − 218.295 = 81.705 (13.61%) mg in the 1st hour like conventional dosage 

form and the remaining dose (600 − 81.705) in remaining 13 hour, i.e. 518.295 (86.382%) mg or 

39.868 (6.644%) mg per hour up to 14 hours. 

  

Table 1: Theoretical profile of ritonavir 

Time(h) Amount of drug 

release(mg) 

%Drug 

release 

1 81.705 13.617 
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2 121.573 20.262 

3 161.441 26.907 

4 201.309 33.552 

5 241.177 40.196 

6 281.045 46.841 

7 320.913 53.486 

8 360.781 60.13 

9 400.649 66.775 

10 440.517 73.42 

11 480.385 80.064 

12 520.253 86.709 

13 560.121 93.354 

14 600 100 

  

Compatibility studies: 

Fourier Transform Infrared Spectroscopy (FTIR): 

Infrared spectrum of individual samples, drug and drug with mixture of optimized formulation 

was observed using Bruker FTIR spectrophotometer. The scanning range [8] of pellet was 4000 

to 400 cm-1 and the IR spectra of samples were observed using KBr pellet method. The sample 

with KBr in the ratio 1:100 were triturated thoroughly for 3-5mins in mortar compressed into 

disc by applying 10kg/cm to form a transparent pellet in hydraulic press.  

 Differential Scanning Calorimetry (DSC): 

Physical mixtures of drug and individual excipients in the ratio of 1:1 were taken and 

investigated by DSC (Shimadzu DSC-50, Japan).Individual samples as well as physical mixture 

[9] of drug and excipients were weighed to about 5mg in DSC pan. The sample pan was crimped 

for effective heat conduction and scanned [9] in the temperature range of 50-3000C.The rate of 

heating was 200C min-1 and the thermo gram observed was reviewed for evidence of any 

interactions 

 Methods: 

Preparation of osmotic pump tablets: 

The tablets were prepared by wet granulation technique. Accurately weighed quantities of 

ingredients mentioned in Table 2 were passed through sieve No. 30. Lubricant (magnesium 

stearate), glidant (talc) were passed through sieve No. 80. All the ingredients except lubricant, 
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and glidant were manually blended homogenously in a mortar by way of geometric dilution. The 

mixture was moistened with aqueous solution and granulated through sieve No.30 and dried in a 

hot air oven at 60ºC for sufficient time (3-4 h). The dried granules were passed through sieve 

No.30 and blended with talc and magnesium stearate. The homogenous blend was then 

compressed into round tablets with standard concave punches using 10 station rotary 

compression machine (Minipress, Karnavati, India). 

 Table 2: Composition of CPOP ritonavir tablets 

Ingredients 

(mg) 

 RM1 RM2 RM3 RM4 RM5 

RV 600 600 600 600 600 

MCC 170 150 130 110 90 

PVP K30 50 50 50 50 50 

HPMC 

E5LV 

100 100 100 100 100 

Mannitol 20 40 60 80 100 

Magnesium 

stearate 

5 5 5 5 5 

Talc 5 5 5 5 5 

Total 

weight(mg) 

950 950 950 950 950 

 Coating of core tablets: 

The composition of coating solution is given in table 3.The CA was passed through sieve No.80 

then mixed with PEG of various grades and acetone was added quantity sufficient maintaining 

proper viscosity of solution. The coatings of tablets were performed by spray pan coating in a 

perforated pan (GAC-205, Gansons Ltd, Mumbai, India). Initially tablets were pre heated by 

passing hot air through the tablet bed and by rotating at a lower speed of 5-8 rpm. Coating 

process was started with rotation speed of 10-12 rpm. The spray rate and atomizing air pressure 

were 4-6 ml/min and 1.75 kg/cm2 respectively. Inlet and outlet air temperature were 50ºC and 

40ºC respectively. Coated tablets were dried at 50ºC for 12 hrs. 

Table 3: Coating composition for CPOP tablets 

Formulation 

code 

CA 

(g) 

PEG 

400 (g) 

PEG 

600 (g) 

PEG 

1500(g) 

PEG 

4000 (g) 

PEG 

6000 (g) 

Sorbitol 

(g) 

Acetone 

(ml) 

RM1 6 2 0 0 0 0 0.4 300 

RM2 6 0 2 0 0 0 0.8 300 

RM3 6 0 0 2 0 0 1.2 300 

RM4 6 0 0 0 2 0 1.6 300 
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RM5 6 2 0 0 0 2 2 300 

Evaluation of tablets: 

Pre compression parameters of osmotic pump tablets: 

The prepared granules were evaluated for pre compression parameters [10] such as angle of 

repose, bulk density, tapped density and compressibility index (Carr’s index).Fixed funnel 

method was used to determine angle of repose. The bulk density and tapped density were 

determined by bulk density apparatus (Sisco, India). The Carr’s index can be calculated by the 

following formula. 

                           et - eb 

% Carr’s index= --------   X 100(9) 

 Where, et is the tapped density of granules and eb is bulk density of granules.  

The Hausner’s ratio can be calculated by the taking the ratio of tapped density to the ratio of bulk 

density.  

 Evaluation of controlled porosity osmotic pump tablets [11]: 

Thickness: 

The thickness of individual tablets is measured by using vernier caliper (Absolute digimatic, 

Mitutoyo Corp. Japan). The limit of the thickness deviation of each tablet is ± 5%. 

 Measurement of coat thickness: 

After dissolution the film was isolated from the tablets and dried at 400C for 1hr.Thickness was 

measured by using electronic digital calipers (Absolute digimatic, Mitutoyo Corp. Japan). 

 Hardness: 

The hardness of tablets can be determined by using Monsanto hardness tester (Sisco, India). 

 Friability: 

Friability [12] of tablets was performed in a Roche friabilator (SISCO, India).After weighing (W 

initial) 20 tablets from each batch were de-dusted in plastic chamber of friabilator for a fixed 

time of 25 rpm for 4 minutes and weighed again of weight (Wfinal).The percentage loss of weight 

in terms of friability was calculated using the following equation 
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                    W intial - W final 

% Friability =  ----------------  X  100               (10) 

                            W intial 

 Weight variation test: 

Twenty tablets were randomly [13] selected from each batch and weighed individually. The 

average weight and standard deviations of 20 tablets was calculated and compared with USP 

specifications. 

 Uniformity of drug content test: 

Ten tablets from [14] each batch of CPOP formulations were taken and triturated to form 

powder. The powder weight equivalent to one tablet was dissolved in a 100ml volumetric flask 

filled with 0.1N HCl using magnetic stirrer for 24hr.Solution was filtered through Whatman 

filter paper No.1 diluted suitably and analyzed spectrophotometrically 

 Diameter of tablet: 

The diameter [15] of individual tablets is measured by using vernier caliper (Absolute digimatic, 

Mitutoyo Corp. Japan).   

 In vitro dissolution studies: 

In vitro dissolution test [16] was carried out by using USP type II (paddle) apparatus. The tablet 

is kept in 900ml of dissolution fluid of 0.1N HCl (pH1.2) and stirrer rotating with 75 rpm and 

maintaining the temperature 37±0.50C of dissolution media for first 2 hours then dissolution fluid 

is changed to phosphate buffer pH 6.8 maintaining same condition for next 14 h. In specified 

time intervals an aliquot of 5ml samples of the solution were withdrawn through 0.45-μm 

cellulose acetate filter from the dissolution apparatus and with replacement of fresh fluid to 

dissolution medium. Absorbance of these solutions was measured at specific λmax using a 

UV/Visible Spectrophotometer (Shimadzu UV-1800, Japan). The drug release was plotted 

against time to determine the release profile of various batches. 

 Statistical data analysis by model independent approach [17]: 

The difference factor (f1) calculates the percent error between the drug release profiles of two 

formulations usually one is test and other is standard over predetermined time points. It is 

expressed as  
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 f1 = 100                                              (11) 

 Where n is the sampling number,Rj and Tj are the percent dissolved of the reference and test 

products at each time point j. Dissolution profile of test formulations are usually said to be 

satisfactory if f1 values lie below 15. 

 The similarity factor (f2) is a logarithmic transformation of the sum squared error of differences 

between the test Tj and reference products Rj over all time points. 

 f2 = 50 log [1+]-0.5 100         (12) 

 Where wj is an optional weight factor. The similarity factor fits the result between 0 and 100. 

Generally if f2˃50, the release profiles are deliberated to be similar.For the calculation of 

similarity and difference factors of all the mentioned formulations in present studies three time 

points were taken i.e. Ist, 2nd and 3rd hours and dissolution profiles of theoretical 

release(reference) and test formulations at same time point were used. 

 In vitro drug release kinetic studies:  

In order to investigate the mode of release from tablets, the release data of formulation was 

analyzed zero order kinetics, first order kinetics, Higuchi model, Korsmeyer and Peppas 

equations and Hixson Crowell model [18]. The kinetic model used were zero order as cumulative 

amount of drug release versus time, first order as log cumulative percentage of drug remaining 

versus time,Higuchi model as cumulative percentage of drug release versus square root of time, 

Korsmeyer-Peppas model (KP Model) as log cumulative percentage drug release versus log time 

and Hixson and Crowell model as cube root of drug percentage remaining in matrix versus 

time[19]. 

 Effect of osmogen concentration:  

To assess the effect of osmogen concentration [20, 21] on drug release formulations were 

developed with different concentrations of osmotic agent keeping all other parameters of tablet 

constant. The drug release was compared with the different osmogen concentration of formulated 

batches by using USP-II dissolution apparatus. 

 Effect of pore former concentration:  

Different concentrations of pore [22, 23] former were used in semi permeable membrane 

formation. To know drug release characteristics and surface morphology in SPM in vitro drug 

release data as well as number of formation of micropores were compared. 

 Effect of membrane thickness [24, 25]: 
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Tablets with varying coating thicknesses were prepared to determine the effect of coating 

thickness on drug release. The drug release rate was measured using 0.1NHCl for 2hrs and 

phosphate buffer pH 6.8 for rest 14 hrs as a dissolution medium and compared with coating 

thickness variation of various dosage forms. 

 Effect of osmotic pressure [26, 27]: 

To confirm the mechanism of drug release the optimized formulation was observed in release 

media of different osmotic pressures.Mannitol was added to increase osmotic pressure of release 

media to produce 30 atm, 60 atm and 90 atm respectively at 370C±1°C.The drug release rate was 

tested and compared. 

 Effect of pH [28, 29]: 

In order to evaluate the effect of pH of release medium in the drug release of optimized 

formulation, the in vitro release study was carried in dissolution media having different pH 

media 0.1N HCl (pH 1.2), phosphate buffer pH 6.8 and phosphate buffer pH 7.4 in USP type II 

dissolution apparatus at 75rpm of maintained temperature at 37±0.5°C.. 

 Effect of agitation intensity [30, 31]: 

To demonstrate the effect of agitation intensity on drug release profiles three different agitation 

intensities such as 50,100 and 150 rpm were selected for optimized batch.Dissolution was carried 

out in USP-II (Paddle) in suitable dissolution media of maintained temperature at 37±0.5°C. The 

samples were withdrawn at predetermined intervals and analyzed by UV-Visible 

spectrophotometer and the drug release for various batches was compared. 

Scanning Electron Microscopy (SEM) [32, 33]: 

In order to observe the mechanism of drug release and surface morphology from the developed 

optimized formulation surface coated tablets before and after dissolution studies was examined 

using scanning electron microscope. The specimens were fixed on a brass stub using double 

sided tape and then gold coated in vacuum by a sputter coater. Scans were taken at an excitation 

voltage in SEM fitted with ion sputtering device.  

 Accelerated stability studies [34, 35]: 

The optimized formulation was subjected to accelerated stability studies as per ICH (The 

International Conference of Harmonization) guidelines by packing in air tight bottles that can 

withstand stressed conditions. The packed tablets in air tight container were placed in stability 

chambers(Thermo lab Scientific equipment Pvt.Ltd.,Mumbai,India) maintained at 40 ± 2 ºC/75 ± 

5% RH for 3 months. Tablets were periodically removed and evaluated for physical 

characteristics, weight variation,%friability,drug content, in‐vitro drug release etc. 
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 RESULTS ANS DISCUSSION: 

FTIR studies: 

In the optimized formulation RM5 668.60 cm-1.Peaks at 2040.45, 1394.30 and 1014.43 cm-1 

were due to presence of the drug ritonavir (Figure 1A), peaks present due to mannitol were 

2900.96, 1647.50, 1409.35 cm-1(Figure 1B) and peak at 2332.24, 1522.25, 927.62, and 741.05 

cm-1 were due to presence of the polymer HPMCE5LV(Figure 2). So from the study it was 

observed that the major peaks of drug 2040.45, 1394.30 and 1014.43 cm-1 remain intact and no 

interaction was found between the drug, polymer and osmogen. Hence drug-excipient mixture 

reveals that here is no incompatibility was observed between ritonavir. 

A) ritonavir 

 Figure 1: FTIR spectroscopy study of A) ritonavir, and B) RM5 DSC thermo grams 

From the figure 2A it was found that the endothermic peak of ritonavir was at 122.50C.The 

endothermic peak of RM5 formulation (Figure 2B) was observed at121.30C.No significant 

change in the endotherm was observed between drug and formulation. Hence it was clear that 

there was no specific interaction between the drug and excipients. 

A) Ritonavir 

B)RM5 

Pre compression parameters: 

Powder blends for 5 formulations were assessed for rheological properties such as angle of 

repose, bulk density, tapped density, Carr’s index and Hausner’s Ratio. The angle of repose was 

found in the ranges from 24.76± 0.08 to 28.27±0.11degrees, bulk density of pre-compression 

blends was found to be in the range of 0.516±0.08 to 0.523±0.06 gm/ml, tapped density in the 

range of 0.548±0.06 to 0.565±0.04 gm/ml, the Carr’s index values were in the range of 

5.26±0.06 to 7.78±0.04%, and the Hausner’s ratio was in the range between 1.05±0.08 to 

1.08±0.06. It is mentioned in Table 4. 

Table 4: Pre compression parameters of CPOP granules 

Formulation 

code 

Angle of 

repose 

(degree)a± 

S.D 

Bulk 

density 

(gm/ml)a± 

S.D 

Tapped 

density 

(gm/ml)a± 

S.D 

Carr’s Index 

(%)a± S.D  

Hausner’s 

Ratioa± S.D 

RM1 28.27±0.11 0.516±0.08 0.548±0.06 5.83±0.06 1.06±0.04 
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RM2 27.12±0.12 0.523±0.06 0.559±0.08 6.44±0.06 1.06±0.03 

RM3 26.13±0.08 0.518±0.08 0.556±0.06 7.33±0.05 1.07±0.06 

RM4 25.32±0.06 0.521±0.06 0.565±0.04 7.78±0.04 1.08±0.06 

RM5 24.76±0.08 0.522±0.08 0.551±0.06 5.26±0.06 1.05±0.08 

N.B. - All values are expressed as mean± S.D, a n = 3 

 Post compression parameters: 

Tablets were evaluated for different post compression parameters. The thickness of the tablet 

formulations was found to be in the range of 4.51±0.02 to 4.62±0.06 mm,coat thickness in the 

range of 101.2±3.3 to 501.1±3.5 µm, the hardness values were in the range of 6.0±0.16 to 

6.7±0.14 kg/cm2,the friability values were in range of 0.18±0.05 to 0.31±0.06, average weight of 

tablet was in the range of  950.3±1.06 to 952.2±1.15 mg, drug content of tablet was in the range 

of 99.03±1.09 to 101.28±1.11 and diameter of tablets values were ranges of 11.98±0.09 to 

12.06±0.03 mm.It is mentioned in Table 5.  

Table 5: Post compression parameters of CPOP tablets 

Formulati

on code 

Thickne

ss of 

tablet 

(mm)a± 

S.D 

Coat 

thicknes

s 

( m)a±S.

D 

Hardne

ss 

(kg/cm2

)a ±S.D 

%Friabili

ty (%)b  ± 

S.D 

Average 

wt.of 

1tablet(m

g)b ± S.D 

%Drug 

content 

(%)a ± 

S.D 

Diamete

r (mm)a 

± S.D 

RM1 4.54±0.0

6 

501.1±3.

5 

6.3±0.12 0.29±0.08 951.1±1.14 101.28±1.

11 

12.06±0.

03 

RM2 4.58±0.0

9 

402.12±4

.5 

6.6±0.14 0.24±0.06 952.2±1.15 99.68±1.1

4 

11.98±0.

09 

RM3 4.62±0.0

6 

301.08±2

.9 

6.1±0.15 0.23±0.08 950.9±1.16 100.32±1.

12 

11.99±0.

11 

RM4 4.53±0.0

4 

200.4±3.

1 

6.0±0.16 0.31±0.06 951.2±1.14 99.35±1.0

4 

12.05±0.

13 

RM5 4.51±0.0

2 

101.2±3.

3 

6.7±0.14 0.18±0.05 950.3±1.06 99.03±1.0

9 

12.02±0.

08 

 In vitro drug dissolution study: 

The in vitro drug release characteristics were studied in 900ml of 0.1N HCl (pH1.2) for a period 

of first 2 h, and 3 to 14 h in phosphate buffer pH 6.8 using USP type II dissolution apparatus 

(Paddle type).The cumulative percentage drug release (% CDR) for RM1, RM2, RM3, RM4 and 

RM5 were 82.46, 83.95, 85.36, 86.71 and 94.83 respectively of ritonavir at the end of 14 h. It is 
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shown in figure 3. Similarity (f2) and difference (f1) factors of ritonavir for various batches were 

calculated comparing with theoretical release. It is depicted in          table 6. 

 Table 6: Similarity (f2) and difference (f1) factor with dissolution profile of all formulations 

(RM1 to RM5) 

F.No. Difference 

factor (f1) 

Similarity 

factor(f2) 

Dissolution 

profiles 

RM1 40.82 53.93 Dissimilar 

RM2 29.22 60.98 Dissimilar 

RM3 24.34 64.81 Dissimilar 

RM4 14.61 75.12 Similar 

RM5 6.19 89.65 Similar 

 Kinetic model: 

From the kinetic it was observed that all formulations following Fickian diffusion mechanism. 

The optimized formulation RM5 follows zero order kinetics. It is shown in table 7. 

 Figure 3: In vitro dissolution study showing ritonavir release from various fabricated 

formulations RM1-RM5 

 

Table 7: Fitting of IVDR data in various mathematical models 

Models Zero order First order Higuchi Korsmeyer-Peppas Hixson-

Crowell 

Batche

s 

R2 K0 R1
2 K1 RH

2 KH  RK
2 Kkp n R2 Ks 

RM1 0.99

9 

6.00

2 

0.95

4 

0.119

7 

0.92

8 

24.4

1 

0.99

9 

5.874 1.01

1 

0.98

1 

0.14

4 

RM2 0.99

9 

5.98

0 

0.94

6 

0.122

0 

0.93

3 

24.3

9 

0.99

8 

7.655 0.90

1 

0.97

7 

0.14

7 

RM3 0.99

8 

6.01

9 

0.94

2 

0.126

6 

0.93

6 

24.6 0.99

6 

8.472 0.86

3 

0.97

6 

0.15

0 

RM4 0.99

7 

6.02

6 

0.93

9 

0.131

2 

0.94

2 

24.7

3 

0.99

4 

9.749 0.81

3 

0.97

5 

0.15

3 

RM5 0.99

6 

6.73

8 

0.89

4 

0.191

1 

0.94

9 

27.7

7 

0.99

6 

11.09

1 

0.81

1 

0.96

0 

0.2 

 Effect of osmogen concentration: 
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The CPOP formulations were prepared with various concentrations of osmogens. The drug 

release profile is shown in figure 3.It is observed that osmogent enhances the drug release of drg 

and thus had a direct effect on drug release. 

 Effect of pH: 

The optimized formulation was subjected to in vitro drug release studies in buffers with different 

buffers like HCl buffer pH 1.2, phosphate buffer pH 6.8, and phosphate buffer pH 7.4. It is 

observed that there is no significant difference in the release profile, demonstrating that the 

developed formulation shows pH independent release. It is shown in figure 5. 

Effect of rpm: 

The optimized formulation was carried out in USP dissolution apparatus type-II at varying 

rotational speed (50,100 and 150rpm).It shows that the release from CPOP is independent of 

agitation intensity. Hence it can be expected that the release from the developed formulation will 

be independent of the hydrodynamic conditions of the absorption site. It is shown in figure 6. 

 SEM analysis: 

Figure 7a confirms that there was no evidence of development of pores in the membrane before 

dissolution study of optimized formulation. On the other hand figure 7b showed that more pores 

were formed after dissolution. From the comparison study it was observed that the membrane 

that contained a higher level of porogen became more porous after dissolution studies. 

 Stability studies: 

From short term stability studies of optimized formulation, it was confirmed that there was no 

significance changes in physical appearance, thickness, hardness, friability, weight variation drug 

content and diameter. It is shown in table 8. 

Table 8: Comparative physicochemical characterization of RM5 at accelerated conditions 

Sl.no. Parameters Initial After 30 

days 

After 60 

days 

After 90 

days 

1. Physical 

appearance 

Pale white, circular, 

concave smooth 

surface without any 

cracks 

No change No change No change 

2. Thickness(mm)a ± 

S.D 

4.51±0.02 4.51± 0.02 4.50±0.05 4.50±0.08 

3. Hardness(kg/cm2)a 

± S.D 

6.7 ±0.14 6.7± 0.14 6.6±0.11 6.5±0.12 
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4. Friability(%)a ± 

S.D 

0.18± 0.05 0.18± 0.05 0.17±0.06 0.16±0.05 

5. Weight 

variation(mg)b ± 

S.D 

950.3±1.06 950.3± 1.06 949.8±1.06 949.5±1.06 

6. Drug content(%)a ± 

S.D 

99.03±1.09 99.03± 1.09 98.01±1.09 97.99±1.09 

7. Diameter(mm)a ± 

S.D 

12.02± 0.08 12.02± 0.08 12.01±0.07 12.01±0.07 

N.B.-All values are expressed as mean± S.D, a n = 10, b n = 20 

  

 CONCLUSION: 

From the developed CPOP formulations it was evident that increase in concentration of osmogen 

the drug release from the system was found to be increased. The optimized formulation was 

independent of pH and agitation intensity. Finally it was concluded that the release of optimized 

formulation is significantly controlled from the controlled porosity osmotic delivery system and 

thus it is a promising approach for the treatment of AIDS. 
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To be a model pharmacy institution in dynamic equilibrium with its social, 

ecological and economic environment striving continuously for excellence in 

pharmacy education, research and revolutionizing patient care in college and the 

world. 

Mission 

Malla Reddy college of Pharmacy(MRCP) with the Motto of " Tama Soma 

Jyothirgamaya " exists to provide exemplary student centered undergraduate and 

post graduate education, training and research in time with public health needs and 

extends in constructing team sprit, originality, competence in students as per global 

challenges to make them pioneers of Indian vision of modern society. 
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ABOUT THE COLLEGE  

 Malla Reddy College of Pharmacy started B. Pharmacy in 2004 with the approval 

of AICTE, PCI and affiliated to Osmania University, Hyderabad. Further, the 

college started Pharm D, Pharm D (PB) and M.Pharmacy. The institute has three 

post graduate departments viz., Pharmaceutics, Pharmacology, Pharmaceutical 

analysis and Quality assurance. The college is recognized as research center by 

Osmania University for the award of Ph.D. in Pharmaceutical sciences and B. 

Pharm course offered by the college is accredited by NBA.. The Pharmacy 

education is designed to ensure that the newly qualified pharmacist has the 

necessary knowledge and skills to commence practicing competently in a variety 

of settings including community and hospital pharmacy and the pharmaceutical 

industry. Continuing in the professional development must then be a lifelong 

commitment for every practicing pharmacist. The education, which a pharmacy 

student receives, will affect the knowledge gained, the skills learned and the 

attitudes taken. All of which have an impact on how a pharmacy graduate will 

practice pharmacy in the future. Malla Reddy  College of Pharmacy is an Institute 

where the students are inspired and guided and they are trained with best 

knowledge and all the possible skills. Its savvy infrastructure, the state of-the-art 

laboratories and eminent teaching faculty are the exclusive strengths of the 

institution.  

 

The college is functioning from its campus in a total area of 2.5 acres and has 

spacious laboratories and well ventilated and furnished classrooms. High quality 

equipment for laboratories is also procured very ambitiously. The college 

maintains a very good library with a large collection of books and subscribes a 

good number of standard journals (National and International). The staff members 

of the college are well qualified and sufficiently experienced. The students in the 

college are greatly monitored and motivated by the highly qualified and 

experienced faculty. The students with the extraordinary skills are identified and 

encouraged to present their knowledge at various seminars/conferences. They are 
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also guided to publish their research work in the reputed National and International 

journals.  
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ABSTRACT:  

The present study was undertaken to develop controlled porosity osmotic pump tablets of 

zidovudine-lamivudine combination. The tablets were prepared by wet granulation method using 

HPMC E5LV, and osmogen was prinicipal ingredients a dose of 300mg zidovudine-150 mg 

lamivudine twice daily. The coating solution of core tablets were prepared by using cellulose 

acetate, poly ethylene glycol of different grades, sorbitol and acetone to quantity sufficient for 

different batches. The prepared tablets were evaluated for pre-compression parameters, post 

compression parameters, in vitro drug release study and scanning electron microscopy study. 

Among developed formulations CS4 batch show 96.31% drug release in 8 h for zidovudine and 

97.83% for lamivudine in 8 h. The in vitro release kinetics were analyzed for different batches by 

different pharmacokinetic models such as zero order, first order, Higuchi, Korsmeyer Peppas and 

Hixon-Crowell model. The result of optimized formulation was independent of the pH and 

agitation intensity. Short term stability study (at 40±2ºC / 75±5% RH for three months) on the 

best formulation indicated that there were no significant changes in thickness, friability, weight 

variation, drug content and in vitro drug release. 
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KEYWORDS: AIDS, Wet granulation, In vitro drug release, Stability study. 

INTRODUCTION: 

The discovery of HIV as the causative agent of AIDS by Sinoussi et al. in 1983 [1]. HIV/AIDS is 

a major theat to population health in the world. Over the past 35 years AIDS is spreading like a 

pandemic disease and creating major global health problem in world. WHO estimate in 2015 

showed that 36.7 million people globally [2] were living with HIV, AIDS killed 1.1 million 

people died from AIDS related illnesses and 35 million people have died from AIDS related 

illness since start from epidemic. 

 Current highly active antiretroviral therapy (HAART) allows controlling viral replication [3] of 

HIV-1. Combination therapy is considered to be the standard of care of HIV infected patients. 

These therapeutic regimens result however in a great number of daily doses of tablets/capsules. 

The current formulation containing 150 mg of lamivudine and 300 mg zidovudine has been 

developed as an oral therapy (tablet) for the treatment of HIV-1 infection in adults. The 

development of this fixed dose combination [4] aims to reduce the number of daily tablets, and 

therefore enhance the compliance therapy and thereby minimizing the risk of emergence of 

resistance. The present study is to develop controlled porosity osmotic pump (CPOP) tablets of 

zidovudine-lamivudine combination. The delivery system of drug comprises a core with the drug 

surrounded by semi permeable membrane which is accomplished with different channeling 

agents of water soluble additives [5] in the coating membrane. The core is coated with cellulose 

acetate containing in situ micro pore former sorbitol. When controlled porosity osmotic pump 

tablets placed in biological system of fluid low levels of water soluble additives are leached from 

polymer materials which form sponge like structure in the controlled porosity walls. The rate of 

drug delivery depends upon the factors [6] such as water permeability of the semi permeable 

membrane, osmotic pressure of core formulation, thickness and total area of coating. The main 

objective of the present study was to develop controlled porosity-based osmotically controlled 

release tablets of zidoudine-lamivudine combination. 

 MATERIALS AND METHODS: 

Materials: 

Zidovudine and lamivudine were obtained from Hetero Drugs Pvt. Ltd. India. Sodium chloride 

and mannitol was purchased from Qualigens Fine Chemicals, India. Cellulose acetate (CA) was 

obtained from Eastman Chemical Inc, Kingsport, TN. Sorbitol, HPMC E5M LV, magnesium 

stearate, talc and polyethylene glycol (PEG) 400, 600, 4000, 6000 were purchased from S. D. 

Fine Chemicals Ltd, Mumbai, India. Microcrystaline cellulose (MCC), starch all are purchased 

from Signet Pharma, Mumbai, India. All other solvents and reagents used were of analytical 

grade. 
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 COMPATIBILITY STUDIES: 

Fourier Transform Infrared Spectroscopy (FTIR): 

In this method individual samples [7] as well as the mixture of drug and excipients were ground 

mixed thoroughly with potassium bromide (1:100) for 3-5 minutes in a mortar and compressed 

into disc by applying pressure of 10kg/cm to form a transparent pellet in hydraulic press. The 

pellet was kept in the sample holder and scanned from 4000 to 400 cm-1 in FTIR 

spectrophotometer (Bruker, Germany). 

 Differential Scanning Calorimetry (DSC): 

Physical mixtures of drug and individual excipients in the ratio of 1:1 were taken and examined 

in DSC (Shimadzu DSC-50, Japan). Individual samples as well as physical mixture of drug and 

excipients were weighed to about 5mg in DSC pan. The sample pan was crimped for effective 

heat conduction and scanned [8] in the temperature range of 50-3000C.Heating rate of 200C min-

1was used and the thermogram obtained was reviewed for evidence of any interactions.  

 METHODS: 

Preparation of Osmotic Pump Tablets: 

Wet granulation technique was used to develop CPOP core tablets. Accurately weighed 

quantities of ingredients mentioned in Table 1 were sifted though sieve No. 30. Lubricant 

(magnesium stearate) and glidant (talc) were sifted though sieve No. 80. The ingredients were 

manually blended homogenously in a mortar by way of geometric dilution except lubricant and 

glidant. The mixture was moistened with aqueous solution and granulated though sieve No.30 

and dried in a hot air oven at 60ºC for sufficient time (3-4 h). The dried granules were passed 

though sieve No.30 and blended with talc and magnesium stearate. The homogenous blend was 

then compressed into round tablets with standard concave punches (diameter 10 mm) using 10 

station rotary compression machine (Mini press, Karnavati, India). 

 Table 1: Composition of CPOP Tablets  

Ingredients 

(mg) 

 CS1 CS2 CS3 CS4 CZ5 

ZD 300 300 300 300 300 

LD 150 150 150 150 150 

MCC 150 120 90 60 180 

Starch 50 50 50 50 50 

HPMC 

E5LV 

60 60 60 60 60 

Sodium 30 60 90 120 0 
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chloride 

Magnesium 

stearate 

5 5 5 5 5 

Talc 5 5 5 5 5 

Total 

weight(mg) 

750 750 750 750 750 

 Coating of Core Tablets: 

The coating solution was prepared taking required ingredients from table 2 and acetone was 

added quantity sufficient maintaining proper viscosity of solution. The coatings of tablets were 

performed by spray pan coating in a perforated pan (GAC-205, Gansons Ltd, Mumbai, India). 

Hot air is supplied to tablet bed by rotating lower speed 5-8 rpm initially. The coating of tablets 

was carried out with the rotation speed of 10-12 rpm. The spray rate and atomizing air pressure 

were 4-6 ml/min and 1.75 kg/cm2 respectively. Inlet and outlet air temperature were 50ºC and 

40ºC respectively. Coated tablets were dried at 50ºC for 12 h. 

 Table 2: Coating Composition for CPOP Tablets 

 

Formulation 

code 

CA 

(g) 

PEG 

400 (g) 

PEG 600 

(g) 

PEG 

4000(g) 

PEG 

6000 (g) 

Sorbitol 

(g) 

Acetone 

(mL) 

CS1 6 2 0 0 0 0 300 

CS2 6 0 2 0 0 0.6 300 

CS3 6 0 0 2 0 1.2 300 

CS4 6 0 0 0 2 1.8 300 

CZ5 6 0 0 0 0 1.8 300 

 

EVALUATION OF GRANULES: 

The prepared granules were evaluated for pre-compression parameters [9] such as angle of 

repose, bulk density, tapped density and compressibility index (Carr’s index). Fixed funnel 

method was used to determine angle of repose. The bulk density and tapped density were 

determined by bulk density apparatus (Sisco, India). 

  

The Carr’s index [10] was calculated by the following formula. 

                             et - eb 
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% Carr’s index = ----------- X 100                               (1) 

                                 Eb 

Where et is the tapped density of granules and eb is bulk density of granules.  

 Hausner’s ratio was calculated by the taking the ratio of tapped density to the ratio of bulk 

density.  

 Evaluation of Tablets [11]: 

Thickness: The thickness of individual tablets is measured by using vernier caliper (Absolute 

digimatic, Mitutoyo Corp. Japan). The limit of the thickness deviation of each tablet is ±5%. 

Measurement of Coat Thickness: 

Film was isolated from the tablets after dissolution and dried at 400C for 1 h. Thickness was 

measured by using electronic digital calipers (Absolute digimatic, Mitutoyo Corp. Japan)  

 Hardness: 

The hardness of tablets can be determined by using Monsanto hardness tester (Sisco, India).  

 Friability Test: 

Friability test of tablets was performed in a Roche friabilator (Sisco, India). Twenty tablets of 

known weight (W1) were de-dusted in plastic chamber of friabilator for a fixed time of 25 rpm 

for 4 minutes and weighed again of weight (W2). The percentage of friability was calculated 

using the following equation. 

  

                                            W2 

% Friability =   F=   ( 1 -     ------) x 100                     (2) 

                                             W1 

 Where, W1 and W2 are the weight of the tablets before and after the test respectively.  

 Weight Variation Test:  
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The weight variation test is performed by weighing 20 tablets individually calculating the 

average weight and comparing the individual tablet weights to the average. The percentage 

weight deviation was calculated and then compared with USP specifications.  

Uniformity of Drug Content Test:  

Powder is made after triturating 10 CPOP tablets from each batch with mortar and pestle. The 

powder weight equivalent to one tablet was dissolved in a 100ml volumetric flask filled with 

0.1N HCl using magnetic stirrer for 24h.Solution was filtered though Whatman filter paper No.1 

diluted suitably and analyzed spectro photometrically 

 Diameter of Tablet: 

The diameter of individual tablets is measured by using vernier caliper (Absolute digimatic, 

Mitutoyo Corp. Japan). 

 In Vitro Dissolution Studies:  

The in vitro dissolution studies were carried out using USP apparatus type II (Lab India 8000) at 

75 rpm. For the first 2 h the dissolution medium was 0.1N HCl (pH1.2) and phosphate buffer pH 

6.8 from 3-8 h (900 ml), maintained at 37±0.50C. At each time point 5 ml of sample was 

withdrawn and it was replaced with 5 ml of fresh medium. The drug release at different time 

interval was measured by UV-visible spectrophotometer (UV-1800, Shimadzu, Japan) 

 In Vitro Drug Release Kinetic Studies [12, 13]: 

In order to investigate the mode of release from tablets, the release data of formulation was 

analyzed zero order kinetics, first order kinetics, Higuchi model, Korsmeyer-Peppas and Hixson-

Crowell equations.  

 Effect of Osmogen Concentration: 

Keeping all the parameters for tablet constant different osmogen [14] concentrations were used 

to prepare tablets. The drug release was compared with the different osmogen concentration of 

formulated batches by using USP-II dissolution apparatus. 

 Effect of Pore Former Concentration:  

SPM for various batches were prepared by taking different concentrations of pore former [15]. 

The effect of pore former on in vitro release profile is compared as well as number of formation 

of micropores were observed. 

 Effect of Membrane Thickness:  
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Tablets with varying coating thicknesses were developed to demonstrate the effect of coating 

thickness on drug release. The drug release rate was measured using 0.1N HCl and phosphate 

buffer pH 6.8 as a dissolution medium.  

 Effect of Flux Regulating Agents: 

To assess the effect of flux regulating agents on drug release, formulations were developed with 

different flux regulating agents keeping all other parameters of tablet constant. The drug release 

was compared with the different flux regulating agents of formulated batches by using USP-II 

dissolution apparatus. 

 Effect of Osmotic Pressure:  

The effect of osmotic pressure [16] was demonstrated by adding different amount of mannitol of 

an osmotic agent to produce 30 atm,60atm and 90atm respectively in dissolution media 0.1N 

HCl for 2 h and phosphate buffer pH 6.8 for remaining hour. The drug release rate was carried 

out in USP type II (Paddle) apparatus at 75 rpm maintained at 37±0.50C and compared for 

various dosage forms. 

 Effect of pH:  

The effect of pH for developed formulations were observed by performing the release studies of 

optimized formulation in different media 0.1 N HCl (pH 1.2), pH 6.8 phosphate buffer and pH 

7.4 phosphate buffer in USP type II dissolution apparatus at 75 rpm. The temperature was 

maintained at 37±0.5°C. The release was studied at predetermined time intervals. 

 Effect of Agitation Intensity:  

The effect of agitation intensity was observed by performing the release studies of optimized 

formulation in USP Type II (Paddle) dissolution apparatus containing 0.1NHCl for first 2 h and 

phosphate buffer pH 6.8 for remaining hours at different rotational speeds of 50,100 and 150 rpm 

with maintaining temperature at 37±0.5°C. The samples were withdrawn at predetermined 

intervals and analyzed by UV spectrophotometer. 

 Scanning Electron Microscopy (SEM):  

Coating membranes [17] of formulation were collected before and after complete dissolution of 

core contents and examined for their porous morphology as well as mechanism of drug release 

by scanning electron microscope (Leica, Bensheim, Switzerland). Scans were taken at an 

excitation voltage in SEM fitted with ion sputtering device.  

 Accelerated Stability Studies:  
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The packed tablets [18] in air tight container were placed in stability chambers (Thermo lab 

Scientific equipment Pvt. Ltd., Mumbai, India) maintained at 40±2oC/75±5% RH conditions for 

accelerated testing) for 3 months. Tablets were periodically removed and evaluated for physical 

characteristics, drug content, in‐vitro drug release etc. 

 RESULTS AND DISCUSSION:  

FTIR Studies: 

FTIR spectra (Figure 1) of zidovudine shows the characteristic absorption peaks for the carbonyl 

group at 1638.76 cm-1, N=N+=N stretching (azido group) at 2114.50 cm-1, C-O stretching at 

1063.08 cm-1 and amine group stretching at 3317.86 cm-1. Figure 2 shows characteristic 

absorption peaks of lamivudine for the C-H stretching at 2843.83 cm-1, N-H bending at 1640.32 

cm-1, C-N stretching at 1010.71 cm-1,O-H in plane bending at 1054.55 cm-1 and amine group 

stretching at 3326.6 cm-1.  

 The major peaks of HPMCE5LV were found at 3880.71, 3810.87, 3713.83, 3669.20, 3601.84, 

3566.74, 3557.95 ,3473.68, 3222.79, 3117.03, 3066.96, 2982.59, 2887.86, 2847.2, 2803.12, 

2710.75, 2618.99, 2444.13, 2335.14, 2068.70, 1661.47, 1536.52, 1500.67, 1424.62, 1071.87, 

781.05 and 584.97 cm-1. 

 The major peaks of sodium chloride were found at 3398.38, 2133.90, 2062.19, 1787.75, 

1187.17, 906.53, 709.01, 668.53 and 634.66 cm-1. In the optimized formulation CS4 peak at 

1450.51, and 1251.44 cm-1 were due to presence of the polymer HPMCE5LV.In the formulation 

the peaks present due to sodium chloride were 700.76 and 670.31 cm-1. Peak at 1055.39cm-1 

were due to presence of the drug zidovudine in the optimized formulation and peaks at 1649.05 

and 2901.21 cm-1 were due to presence of the drug lamivudine. So, from the study it can be 

concluded that the major peaks of drug 2901.21, 1649.05, and 1055.39 cm-1 remain intact and no 

interaction was found between the drug, polymer and osmogen. 

DSC STUDY: 

Figure 4 indicates that the endothermic peak of zidovudine is at 114.50C. For lamivudine the 

endothermic peak was found at 162.20C (Figure 5).The optimized formulation CS4 shows 

endothermic peak for zidovudine at 112.50C and the endothermic peak for lamivudine at 171.30C 

(Figure 6).There is no significant changes in the endotherm peak between drug and formulation.   

Pre-compression Parameters: 

All the compressible excipients for various batches were evaluated for angle of repose, bulk 

density, tapped density, Carr’s index and Hausner’s ratio. All the values were within acceptable 

limits. It is given in Table 3.  
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Post Compression Parameters 

Tablets were evaluated for different post compression parameters such as thickness, coat 

thickness, hardness, %friability, drug content and diameter. All evaluated values were in 

acceptable limits. It is mentioned in Table 4. 

Table 3: Pre-compression parameters of powder blend 

 

Formulation 

code 

Angle of 

repose 

(degree)a± S.D 

Bulk density  

(g/ml)a± S.D 

Tapped 

density 

(g/ml)a± 

S.D 

Carr’s 

Index  

(%)a± S.D 

Hausner’s 

Ratioa 

± S.D 

CS1 27.36 ±0.12 0.493±0.09 0.537±0.11 8.19±0.08 1.08±0.11 

CS2 26.06±0.08 0.497±0.08 0.546±0.09 8.97±0.09 1.09±0.08 

CS3 24.98±0.06 0.496±0.12 0.553±0.06 10.30±0.06 1.11±0.07 

CS4 24.11±.07 0.491±0.13 0.529±0.06 7.18±0.04 1.07±0.06 

CZ5 27.36 ±0.12 0.493±0.09 0.537±0.11 8.19±0.08 1.08±0.11 

 

N.B. All values are expressed as mean±S.D, a n = 3 

Table 4: Post Compression Parameters of Cpop Tablets 

Formulat

ion code 

Thickn

ess 

(mm)a± 

S.D 

Coat 

thickn

ess 

(µm)a± 

S.D 

Hardn

ess 

(kg/cm
2)a 

±S.D 

%Friabi

lity (%)b 

± S.D 

%Wei

ght 

variati

on 

(%)b 

%Drug 

content 

(%)a± 

S.D(ZD

) 

%Drug 

content 

(%)a± 

S.D 

(LM) 

Diamet

er 

(mm)a± 

S.D 

CS1 4.04±0.

12 

250.9±

3.4 

6.7±0.1

2 

0.16±0.1

1 

1.04±0.

13 

99.44±0

.44 

98.42±0

.44 

10.08±0

.09 

CS2 4.05±0.

11 

200.3±

3.5 

6.8±0.1

1 

0.21±0.1

2 

1.08±0.

21 

98.33±0

.86 

98.51±0

.86 

10.08±0

.03 

CS3 4.09±0.

12 

150.4±

2.8 

6.9±0.1

4 

0.14±0.0

9 

1.01±0.

25 

99.16±0

.67 

99.28±0

.67 

10.19±0

.04 

CS4 4.01±0.

13 

100.2±

2.6 

7.0±0.1

6 

0.10±0.0

8 

0.98±0.

16 

99.72±0

.68 

99.62±0

.68 

10.1±0.

03 

CZ5 4.08±0.

12 

251.3±

3.1 

6.9±0.1

2 

0.15±0.0

4 

1.16±0.

12 

98.88±0

.62 

98.08±0

.62 

10.11±0

.04 

N.B.-All values are expressed as mean  S.D, a n = 10, b n = 20 
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 In Vitro Dissolution Study:  

The in vitro drug release characteristics were studied in 900 ml of 0.1N HCl (pH1.2) for a period 

of first 2 h and 3 to 8 h in phosphate buffer pH 6.8 using USP type II dissolution apparatus 

(Paddle type). The cumulative percentage drug release of zidovudine for CS1, CS2, CS3, CS4 

and CZ5 were 84.46 1.04, 87.88 1.55, 91.96 1.01, 96.31 0.99 and 80.03 0.45 respectively at 

the end of 8 h. It is shown in figure 7. Similarly the cumulative percentage drug release of 

lamivudine for CS1, CS2, CS3, CS4 and CZ5 were 92.01 0.91, 93.46 0.97, 95.82 1.05, 97.83

1.64 and 80.01 1.26 respectively at the end of 8 h. It is shown in figure 8.  

Kinetic model: 

From the kinetic it is observed that CS1, CS2, CS3, CS4 and CZ5 follow non-Fickian transport 

mechanism for zidovudine .It is shown in table 5.Similarly for lamivudine the kinetic study was 

observed showing CS1 non-Fickian transport mechanism and CS2, CS3, CS4, and CZ5 follow 

Fickian diffusion mechanism for lamivudine. It is shown in table 6. 

 Table 5: Fitting of Ivdr Data for Zidovudine from Combination in Various Mathematical 

Models 

Models(Z

) 

Zero order First order Higuchi Korsmeyer-Peppas Hixson-

Crowell 

Batches R2 K0 R1
2 K1 RH

2 KH  RK
2 Kkp n R2 Ks 

CS1 0.96

1 

10.0

0 

0.98

8 

0.22

5 

0.98

5 

30.8

5 

0.98

8 

23.9

8 

0.60

5 

0.99

4 

0.26

1 

CS2 0.94

8 

10.3

3 

0.98

9 

0.25

5 

0.98

8 

32.1

5 

0.98

1 

26.6

6 

0.57

6 

0.99

4 

0.28

5 

CS3 0.93

7 

10.6

9 

0.97

8 

0.30

6 

0.98

8 

33.4

6 

0.97

1 

30.4

7 

0.53

2 

0.99

0 

0.32

1 

CS4 0.88

3 

10.8

6 

0.98

6 

0.40

3 

0.99

3 

35.1

2 

0.99

0 

37.9

3 

0.46

6 

0.99

1 

0.37

7 

CZ5 0.96

4 

9.77

9 

0.98

9 

0.20

4 

0.97

3 

29.9

4 

0.98

0 

21.1

3 

0.64

9 

0.99

1 

0.24

3 

 

 Table 6: Fitting of IVDR data for lamivudine from combination in various mathematical 

models  

Models 

(L) 

Zero order First order Higuchi Korsmeyer-Peppas Hixson-

Crowell 

Batches R2 K0 R1
2 K1 RH

2 KH  RK
2 Kkp n R2 Ks 
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CS1 0.903 10.49 0.988 0.310 0.993 33.52 0.987 34.27 0.488 0.985 0.322 

CS2 0.871 10.36 0.990 0.336 0.990 33.69 0.988 38.99 0.434 0.980 0.335 

CS3 0.866 10.55 0.987 0.382 0.989 34.38 0.985 40.73 0.423 0.985 0.363 

CS4 0.838 10.46 0.975 0.442 0.983 34.57 0.989 44.87 0.385 0.985 0.389 

CZ5 0.850 8.896 0.963 0.198 0.985 29.18 0.985 34.11 0.435 0.936 0.231 

 Effect of Osmogen Concentration: 

The various batches of stavudine were developed with various concentration of osmogens. It was 

observed that osmogent enhances the drug release of drug and thus had a direct effect on drug 

release. The drug release profile was shown in figure 7 for zidovudine and figure 8 for 

lamivudine. 

 Effect of Pore Former Concentration: 

The core formulations were coated with various concentration of sorbitol with compared to CA. 

It confirms that as the level of pore former increases the membrane becomes more porous after 

coming contact with aqueous environment resulting in faster drug release. The drug release 

profile was shown in figure 7 for zidovudine and figure 8 for lamivudine. 

Effect of Membrane Thickness: 

Release profiles of stavudine from various batches varying the coating thickness were evaluated. 

It was clearly evident that drug release was inversely proportional to coating thickness of the 

semi permeable membrane. The drug release profile was shown in figure 7 for zidovudine and 

figure 8 for lamivudine. 

 Effect of Flux Regulating Agents:  

The concentrations of flux regulating agents (PEG400, PEG600, PEG4000, and PEG6000) were 

33.3% w/w of CA in coating solution in CS1, CS2, CS3, and CS4 respectively, and CZ5 does not 

contain any flux regulating agent. The cumulative drug release was in order CS4 CS3 CS2

CS1 . It is observed that type of flux regulating agents have pronounced effect on drug 

release. Hence the type of flux regulating agents on drug release is written as PEG6000

 PEG4000 PEG600 PEG400. The drug release profile was shown in figure 7 for zidovudine 

and figure 8 for lamivudine. 

 Effect of Osmotic Pressure on Optimized Formulation: 

The results of release studies of optimized formulation in media of different osmotic pressure 

indicated that the drug release is highly dependent on the osmotic pressure of the release media. 

The release was inversely related to the osmotic pressure of release media. This finding confirms 

that the mechanism of drug release is by osmotic pressure. The drug release of zidovudine for 
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CS4 was found to be 92.45 1.26% for 30atm, 88.96 1.29% for 60atm and 85.68 1.25% for 

90atm respectively. It is shown in figure 9. Similarly, the drug release of lamivudine for CS4 was 

found to be 94.09 1.32% for 30atm, 89.72 1.36% for 60atm and 85.34 1.38% for 90atm 

respectively. It is shown in figure 10. 

Stability Studies; 

From short term stability studies of optimized formulation CS4, it was confirmed that there was 

no changes in physical appearance, thickness, hardness, friability, weight variation, and drug 

content. It is shown in table 7. 

  

Table 7: Comparative physicochemical characterization of CS4 at accelerated conditions: 

Sl.no. Parameters Initial After 30 

days 

After 60 

days 

After 90 

days 

1. Physical 

appearance 

Pale white, circular, 

concave smooth surface 

without any cracks 

No change No change No change 

2. Thickness(mm)a ± 

S.D 

4.01±0.13 4.01±0.13 4.01±0.13 4.02±0.14 

3 Hardness(kg/cm2)a 

± S.D 

7.0±0.16 7.0±0.16 6.9±0.12 6.9±0.14 

4. Friability (%)a ± 

S.D 

0.10±0.08 0.10±0.08 0.11±0.06 0.12±0.05 

5 Weight 

variation(mg)b ± 

S.D 

0.98±0.16 0.98±0.16 0.98±0.16 0.99±0.18 

6. Drug content (%)a 

± S.D(ZD) 

99.72±0.68 99.72±0.68 99.54±0.16 99.02±0.26 

7. Drug content (%)a 

± S.D(LM) 

99.62±0.68 99.62±0.68 99.55±0.62 99.51±0.66 

N.B.-All values are expressed as mean  S.D, a n = 10, b n = 20 

 CONCLUSION: 

The controlled release of optimized formulation from CPOP was gained though careful 

optimizing of the selected formulation variables. It was evident that increase in concentration of 

osmogen the drug release from the system was found to be increased. The optimized formulation 

CS4 releases drug from core is independent of pH, agitation intensity. Hence it was observed that 
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the release of present formulation can be significantly controlled from the controlled porosity 

osmotic delivery system. 
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