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MODULE 3 
 1.  Drug release pattern of controlled drug delivery 


  Zero order release profile 


Description of Module


Subject Name  Pharmaceutical Sciences
 Paper Name  Novel Drug Delivery Systems  I
 Module Name/Title  Types of controlled release systems 
 Module Id 


Pre-requisites 
Objectives 
Keywords 
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  First order release profile 
 2.  Types of controlled release system 


  Oral controlled release system 


  Parenteral controlled release system 


  Transdermal  drug delivery system 


  Ophthalmic drug delivery system 


  Intravaginal and intrauterine drug delivery systems 
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 Drug release pattern of controlled drug delivery 

On  exposure  to  dissolution  medium  or  aqueous  fluid,  the  hydrophilic  matrix  takes  up  water,  and  the 
 polymers start hydrating to make a gel layer. First, the initial burst of soluble drug occurs due to leaching 
 of drug particles from surface. If matrices containing a swellable glassy polymer, which come in contact 
 with the aqueous medium, there will be an abrupt change from glassy appearance to rubbery state that is 
 associated  with  swelling  process  with  time,  thereby  increasing  the  thickness  of  the  gel  layer. 


Concomitantly,  the  outer  surface  becomes  fully  hydrated  and  starts  dissolving  or  eroding  the  drug 
 particles from surface. When water spreads towards the centre of the polymeric system and the amount 
 of drug falls below its solubility, the rate of drug release starts to decrease. At the same time, there will 
 be a time dependent increase in the thickness of barrier layer, which increases the diffusion path distance, 
 thereby reducing the rate of drug release. The release kinetic is associated with the gel-layer dynamic, 
 starting from Fickian to Non-Fickian and then from quasi-Constant to constant. Generally, the release of 
 drug from swelling type of polymeric system depends on two major factors:  


  Rate  of  dissolution  medium  which  is  permeating  into  the  matrix,  consequently  a  relaxation 
 process i.e. hydration/swelling/gelation) 


  Rate of matrix surface erosion  


Two fronts are involved in the above said processes one is a swelling front (polymer gets hydrated), and 
 other is an eroding front. The distance between these two fronts is known as diffusion layer thickness. It 
 depends on the rate of swelling and eroding. When the polymer gets swelled slowly, then the solvent can 
 permeate deep into the glassy matrix which dissolves the drug. The thickness of the gel layer and its 
 stability, both are associated with controlling the release of drug. The swelling of an HPMC matrix tablet 
 depends  on  its  molecular  weight.  This  is  attributed  to  the  hydrodynamic  volume  occupied  by  a  high 
 molecular weight polymer when hydrated. As the chain becomes more hydrated, the gel turns to be more 
 diluted.  


Drug release has been an important area in the field of drug delivery for decades. With advancement in 
the  material  designing  and  engineering,  new  materials  with  increased  complexity  and  much  more 
functions  have  been  introduced  into  the  advancement  of  drug  delivery  systems  and  devices.  Both, 
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naturally occurring and synthetic or semisynthetic macromolecules are widely used in controlled drug 
 release to increase bio-efficacy, facilitate clinical applicability thereby improving the quality of life, etc.  


Factors influencing drug release kinetics 


“Drug release” is a process in which drug solutes migrate from the original position in the polymeric 
 matrix or system to the polymer’s outer surface and then to the dissolution medium. This simple process 
 is  affected  by  multiple  factors  like  physicochemical  properties  of  the  drug/solute,  the  structural 
 characteristics  of  the  polymeric  system,  release  medium  environment,  and  the  possible  interactions 
 among these factors. 


Drug release process from pharmaceutical dosage form 


There are several drug release kinetic models, which explain the overall release pattern of the drug from 
types of dosage forms. As the quantitative and qualitative changes occur in a formulation, which may 
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alter the release of the drug and also in vivo performance of drug; This requires a developing tool which 
 helps in product development by decreasing the necessity of bio-studies. Therefore for the development 
 of CDDS, the use of in vitro drug dissolution/ release data can be used as a rational to predict in vivo 
 bio-performance of a drug formulation. There are different methods to investigate the release kinetics of 
 drug from the controlled release formulations, which can be classified into three groups: 


  Model dependent methods (zero order, first order, Korsmeyer-Peppas, Higuchi, Hixson Crowell 
 models, etc.). 


  Statistical  methods  (repeated  measures  design,  exploratory  data  analysis  method,  and 
 multivariate approach (MANOVA: multivariate analysis of variance). 


  Model independent methods [difference factor (f1) and similarity factor (f2)] 


Zero order release profile  


Zero order process takes place at a constant rate and independent of concentration of drug. The rate of 
 the drug release cannot be increased whether the drug concentration is increased or decreased, which can 
 be represented by the mathematical equation, The zero order drug release is predicted as: 


Qt - Q0 = K0t 
 Where, Qt is the concentration of the dissolved drug in time t 
 Q0 is the initial concentration of drug in solution 


K0 is zero order rate constant 


When  the  data  is  plotted  between  cumulative  %  drug  release  and  time,  then  the  plot  will  be  linear 
 indicating that the data obeys zero order kinetics and the slope will be obtained from straight line i.e. 


equals  to  Ko.  The  present  model  represents  an  ideal  release  profile  so  as  to  achieve  the  prolonged 
therapeutic action. 
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Zero order release kinetics plot between Log cumulative % drug release Vs time 
 Application 


Zero order models can be used to explain the drug dissolution and release kinetics of several types of 
 modified release delivery system, such as some transdermal systems, osmotic systems and also the matrix 
 tablets with low soluble drugs in coated forms, etc. 


First order release profile 


First order release takes place at a constant proportion of drug present at that time, i.e. the release depends 
 on the initial concentration of drug. It is a linear kinetic process in which the release rate increases linearly 
 with  increase  in  the  concentration  of  drug.  First  order  release  kinetics  is  predicted  by  the  following 
 equation: 


Log Qt= Log Q0- K1t/2.303 
 Where, Qt is the concentration of released drug in time t 


Q0 is the initial concentration of drug present in solution 
 K1 is the first order rate constant 


When  data  is  plotted  between  log  cumulative  % drug  remaining  and  time,  it  results  in  a  straight  line 
whose slope will be K1 indicating that the release follows first order.  
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First order release kinetics plot between Log cumulative % drug release Vs time 
 Application 


First order model can be used to explain the dissolution and release kinetics of drug from pharmaceutical 
 dosage made up of porous matrix containing water-soluble drugs. 


CONTROLLED RELEASE SYSTEMS 


The main objective of an ideal dosage form is to provide an optimum amount of drug at regular time 
 interval  and at actual site of action to  maintain plasma drug concentration. Controlled release dosage 
 form is a delivery system, which release one/more drugs in a continuous fashion with pre-determined 
 release  pattern  for a  particular  period of time,  either locally or  systemically to  a  specified  target site. 


Depending upon route of administration, Controlled release systems are classified as: 


1.  Oral controlled release system 
 2.  Parenteral controlled release system 
 3.  Transdermal drug delivery system 
 4.  Ophthalmic drug delivery system 


5.  Intravaginal and intrauterine drug delivery systems 
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 ORAL CONTROLLED RELEASE SYSTEM 

Greater  consideration  is  given  on  formulation  of  oral  controlled  drug  delivery  systems  due  to  an 
 advantage  of  flexibility  in  designing  of  different  types  of  dosage  form.  The  main  challenges  to  oral 
 delivery  systems  includes  variation  in  gastrointestinal  transit  time,  avoidance  of  first  pass 
 metabolism/elimination and the last but important is delivery of a drug at real and optimum rate at desired 
 site of action. The oral CDDS provides improved maintenance of predictable and effective plasma drug 
 level for prolonged period of time with less dose frequencies and reduced adverse effects. The oral CDDS 
 are classified as: 


1.  Controlled release: It controls site and rate of drug release 


  Sustained release: designed to maintain the drug concentration within therapeutic window for 
 maximum period of time. 


  Extended  release:  designed  to  reduce  dose  frequencies  and  maintain  constant  plasma 
 concentration. 


  Prolonged release: designed to increase the duration of action of a drug. 


2.  Delayed  release: The  drug  is  released  after  a  lag  time  followed  by  administration,  which  is 
 achieved by the incorporation of a special coat.  


Advantages of oral controlled release drug delivery system over the conventional dosage form  


  Reduced dosing frequency 


  Dose reduction  


  Increased patient compliance  


  Predetermined and constant plasma drug concentration for prolonged time 


  Reduced toxicity due to overdose 


  Reduction in fluctuation of peak valley concentration  


  Avoidance of night time dosing 
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 Limitation of oral conventional dosage form  

  No patient compliance  


  Unavoidable fluctuations of plasma concentration  


  Typical peak-valley pattern of plasma concentration time profile 
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 PARENTERAL CONTROLLED RELEASE SYSTEM 

(Para means outside and enteric means intestine) Parenteral delivery system includes administration of 
 drug through other than oral route. The parenteral route is the most common and efficient for delivery of 
 specific  drugs  with  low/poor  bioavailability  and/or  narrow  therapeutic  index.  Parenteral  route  has  an 
 advantage of quick onset of action with fast declines of systemic plasma levels. For an effective therapy, 
 it is needed to keep systemic plasma levels within the therapeutic range till the therapy calls for. This 
 system requires numerous injections at regular intervals, which leads to patient discomfort. To overcome 
 this problem, a new drug delivery system is required, which can decrease the total numbers of injections 
 during the course of the treatment thereby improving the patient compliance and also decreasing the cost 
 of the therapy. The parenteral system has some properties like: 


  The intravenous, intramuscular, subcutaneous, intrathecal and intraperitoneal routes are included 
 in parenteral routes of administration. But in case of controlled release parenteral dosage forms, 
 subcutaneous are intramuscular routes are generally used. 


  The  parenterals  are  available  in  the  form  of  oil  solutions,  aqueous  and  oil  suspensions,  and 
 implants. 


  The drug is released in a continuous fashion from the reservoir at a particular depending upon 
 the characteristics of formulation, which results in a prolonged plasma levels. 


  The absorption rate and duration of drug action can be determined by the type of the vehicle. 


  It is the most common and shows effective drug delivery of drugs with narrow therapeutic index 
 and poor bioavailability. 


  Because  of  some  disadvantages  associated  with  parenteral  route  of  administration  controlled 
 delivery system of parenteral dosage forms are introduced.  


Approaches used for Parenteral Controlled Drug Delivery System 


Several approaches are used for designing of parenteral controlled formulations. They can be either of: 


  Water-miscible, viscous vehicles: aqueous solution of gelatin 
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   Water-immiscible  vehicles:  vegetable  oils,  along  with  the  water-repelling  agent  (aluminum 
 monostearate, etc). 


  Thixotropic suspensions 


  Water-soluble derivatives of drug: salts, complexes and esters 


  Dispersion of microcapsules/microspheres of polymers e.g. lactide-glycolide homopolymers or 
 copolymers. 


  Co-administration of drugs like vasoconstrictors 
 Types of injectable in CDDS 


Parenteral depot system: Injectables are formulated as depot preparations. Depot system is a extended 
 acting parenteral formulation, that is intended to deliver slow, sustained, constant, and prolonged action. 


The classification of this system is based on the method used for controlled drug release: 


  Dissolution-Controlled Depot System: Drug absorption rate is controlled by slow dissolution of 
 drug molecules in the formulation. 


  Adsorption-type  Depot  System:  Drug  absorption  is  based  on  the  amount  of  drug  present  as 
 unbounded form. 


  Encapsulation-type Depot System: Drug release rate is controlled by permeation rate across the 
 barrier. 


  Esterification-type depot System: Drug absorption rate is controlled by the interfacial segregation 
 of drug esters from the reservoir. 


Classification of implantable drug delivery system 


The implantable drug delivery is classified into different categories; these approaches are as follows: 


1.  Controlled drug release by diffusion 


  Membrane permeation-controlled system  


  Nonporous membranes 


  Semi porous membranes 
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  Porous membranes 


  Matrix diffusion-controlled system 


  Hydrophilic type of polymers 


  Liphophilic type of polymers 


  Porous type of polymers 


  Microreservoir dissolution-controlled system 


  Liphophilic reservoir in hydrophilic matrix 


  Hydrophilic reservoir in liphophilic matrix 


  Membrane-matrix hybrid-type system 


  Hydrophilic membrane with liphophilic matrix 


  Liphophilic membrane with hydrophilic matrix 
 2.  Controlled drug release by activation 


  Vapour pressure-triggered system 


  Osmotic pressure-triggered system 


  Hydrolysis- triggered system 


  Ultra sound- triggered system 


  Magnetically- triggered system 
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 TRANSDERMAL DRUG DELIVERY SYSTEM  

The transdermal patch is a medicated adhesive patch intended to be placed on the skin to deliver an exact 
 amount of drug through skin which goes to the systemic circulation. 


Main components of transdermal patches 


  Drug- in solution form and in direct contact with liner 


  Liner- for protection during storage and removed prior use 


  Membrane- Controls release of the drug from reservoir  


  Adhesive- for binding the components of patch together and with skin 


  Backing- for protection against environmental conditions 


Transdermal patch showing its components 
 Advantages of Transdermal drug delivery   2 


  TDDS is defined as a device, when applied on skin will deliver the drug into systemic circulation 
 in optimal concentration to ensure therapeutic efficacy. 


  Slow release of drug molecules through skin, maintains constant serum drug level  


  Same  as  i.v.  infusion,  it  also  attains  constant  plasma  drug  levels,  with  an  advantage  of  non-
 invasiveness  


  If toxicity occurs due to a trans-dermally administered drug, the side effects can be diluted by 
 removing a patch.  


  This  system  can  be  used  as  an  alternative  system  of  drug  delivery  for  the  patients  who  can’t 
tolerate oral formulations.  
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  It is the best option for the patients who feel unconscious or nauseated.  


  Drugs, causing GI upsets, are suitable for transdermal system because of avoidance of first pass 
 metabolism.  


  This provides patient compliance due to less dosing frequencies, and a simple dosing regimen.  


  Less side effects due to avoidance of peaks-valleys plasma level  


  Drugs with shorter half-lives can be given with continuous administration   
 Common disadvantages of TDDS 


  Drugs with hydrophilic structures can permeate the skin very slowly and could not achieve the 
 therapeutic level. 


  Drug or excipients of the patch can cause irritation, itching, erythema or local edema.  


  The therapeutic effect may be altered due to barriers present in skin changes from individual to 
 individual 


Types of transdermal patches 
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Types of transdermal patches 
 Transdermal Permeation 


The steps involved in the transportation of drug from transdermal patch to systemic circulation are:  


  Release of drug from reservoir to the rate limiting membrane  


  Diffusion of drug from membrane to Stratum corneum 


  Sorption of drug by Stratum corneum and then penetration across the viable epidermis  


  Uptake of drug by capillary network present in the dermal papillary.  


 Therapeutic effect on target site.


OPHTHALMIC DRUG DELIVERY SYSTEM 


There are several eye disorders which affect the eye and as a result loss of eye sight also.  Therefore, 
 number  of  ophthalmic  drug  delivery  systems  are  existed  either  conventional  or  novel  drug  delivery 
 systems.  The  most  common  conventional  ophthalmic  dosage  forms  are  eye  drops  and  eye  ointments 
 available in the market. But, the conventional preparations have a disadvantage, when instilled in culde-
 sac then it is rapidly drained away from the ocular cavity due to lachrymal nasal drainage and tear flow 
 and leaving only a small amount of drug for its therapeutic effect, which results in frequent dosing. To 
 overcome  such  problems,  controlled  ophthalmic  formulations  were  introduced  like  in-situ  gel, 
 nanosuspension, nanoparticle, liposome, iontophoresis, microemulsion, and ocular inserts as a sustained 
 and controlled system to increase the bioavailability of drug. 


Advantages of ocular drug delivery systems 


  Increase the accuracy in dosing by overcome the side effects of pulsed dosing  


  Maintain the controlled or sustained rate of drug release 


  Increase the ocular bioavailability of the drugs by increasing corneal contact time achieved by 
 adherence to corneal surface for longer time. 


  Provide ocular drug targeting and prevent loss of drug to other ocular tissues 


  Avoid the protective barriers like lacrimation, drainage and conjunctival absorption.  


  Better patient compliance and comfort  
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  Improved therapeutic effect of drug 


  Provide better frame to ocular delivery system 
 Ocular pharmacokinetics 


The drug pharmacokinetics from the eye follows the following paths: 


Permeation: 


  Transcorneal permeation from lacrimal fluid to anterior chamber. 


  Non-corneal drug permeation from conjunctiva and sclera to anterior uvea. 


Distribution: 


  From blood stream via blood-aqueous barrier to anterior chamber. 


Elimination: 


  From anterior chamber to trabecular meshwork and sclemm's canal. 


  Drug elimination from the aqueous humor into the systemic circulation across the blood-aqueous 
 barrier. 


Drug distribution from blood into posterior eye across the blood-retina barrier 
 Intravitreal drug administration:  


  Elimination from vitreous via posterior route to blood-retina barrier. 


  Elimination from vitreous via anterior route to posterior chamber. 


Types of ophthalmic controlled delivery systems 


A  disadvantage  of  using  eye  drops  is  rapid  elimination  of  the  drug  solution  and  their  poor  retention, 
results  in  poor  bioavailability.  The  retention  of  a  drug  solution  in  eye  is  affected  by  hydrogen  ion 
concentration, viscosity, the instilled volume and the osmolality. Extensive research has been done to 
prolong the ocular retention of drugs in the solution state either by enhancing the viscosity of solution or 
by altering the pH of the drug solution.  
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Types of ophthalmic formulations, highlighting the controlled release system in ophthalmic drug 
 delivery  


INTRAVAGINAL AND INTRAUTERIN DRUG DELIVERY SYSTEMS 


The  main  advantages  of  vaginal  and  uterine  delivery  systems  include  gastrointestinal  irritation, 
 avoidance of fast pass metabolism and side effect at GI tract. It is much easier to administer and also to 
 provide a scope of self-administration. Low molecular weight drugs show higher permeability through 
 this drug delivery system. However delivery of drugs through this route have several draw backs like 
 poor bioavailability, gender specificity, , personal hygiene, culture sensitivity, influence of sexual inter 
 course, local irritation, and most importantly changes in physiological condition of individual depending 
 upon the age need to be studied for designing of vaginal formulation. 


Factors Affecting Absorption of Drugs 


The  drug  transport  across  vaginal  membrane  mainly  takes  place  by  three  major  ways,  firstly 
transcellularly via concentration dependent diffusion through the cells, next is paracellularly mediated 
via  tight  junctions  and  last  one  is  vesicular  or  receptor  mediated  transport.  Any  factors  related  to 
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physiology or formulation that affects the above mentioned steps will potentially alter absorption profile 
 from vaginal drug delivery. Some of the factors which influence the drug absorption are discuss here: 


Physiological Factors 


Physiological factors like changes in the thickness of epithelium layer, cyclic changes, changes in the 
 status  of enzyme, hormones,  volume of vaginal  fluid,  alteration  of vaginal  pH and  sexual  arousal,  as 
 describe earlier  can  potentially affect drug  release  from any delivery system and  also  alter its rate  of 
 absorption.  


Physicochemical Factors 


The physicochemical properties of drugs and polymers like lipophilicity, ionization, molecular weight, 
 surface charge and chemical nature can influence the vaginal drug absorption. Further the affinity and 
 bindings of drug with other related component, introduced to prepare a dosages form is an important 
 factor, which can affect both the mass transfer and bio-diffusion of drugs. 


Types of intravaginal controlled release systems 
 Vaginal Ring 


Intravaginal controlled system includes vaginal rings, which are circular ring shaped delivery devices 
intended to release the drug in a controlled/sustained fashion after inserting in the vagina. This device 
has advantage like it can be controlled by the patient, does not interfere with coitus and allows continuous 
drug  delivery  especially  of  microbicidal  compounds.  Generally,  the  diameter  of  ring  is  5.5  cm  and  a 
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circular cross sectional diameter is in the range of 4-9 mm, in which the drug is homogeneously dispersed 
 in the matrix. Drugs at the surface of the ring release faster than the drug in the inner layer.  


The challenge behind the development of this device is finding the optimum dose that delivers the least 
 amount  of drug  needed  to  ensure  protection. To attain  a constant  drug release,  sandwich  or  reservoir 
 types of vaginal rings have been developed.  


Sandwich type of vaginal ring consists of a thin layer containing drug below the surface of ring which 
 is located between the non-medicated outer band and non-medicated central core.  


The reservoir type of vaginal rings consists of dispersed drug in a central core that is encapsulated with 
 a free layer of drug. The materials used to fabricate vaginal ring are polymeric in nature.  


Bioadhesive Delivery System 


The conventional dosage forms are having many disadvantages like leakage and messiness, low retention 
 of  drug  to  the  vaginal  epithelium,  thereby  causing  inappropriate  therapeutic  effect  and  poor  patient 
 compliance.  To  overcome  the  problems,  the  bioadhesive  vaginal  drug  delivery  system  is  being 
 introduced. The polymers  used for bioadhesive vaginal drug delivery include  hydroxypropylcellulose 
 polycarbophil, and polyacrylic acid. The first bioadhesive system for vaginal delivery was in the form 
 of tablet for the delivery of anticancer drug, bleomycin. 


Intrauterine devices (IUD) 
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It is a small entity that is inserted into the cervix and placed in the uterus to prevent pregnancy. A small 
 thread hangs down from the intrauterine device in the upper part of vagina. The IUD is not noticeable 
 during intercourse. The IUDs can show therapeutic efficacy for many years, i.e.1-10 years. It works by 
 changing the lining of uterus and fallopian tubes by affecting the movement of eggs and sperm to block 
 the fertilization process. 


Types of IUDs 


A. Non-  medicated  IUDs: These  IUDs  show  the  contraceptive  action  by  producing  the  sterile 
 inflammatory action in the endometrium by its mechanical interaction. These types of IUDs do 
 not contain therapeutic agent, e.g. ring shaped IUDs, plastic IUDs, Dalkon shield, lippes loop, 
 Saf-T-Coil, etc. 


B.  Medicated IUDs: These IUDs have capability of delivering pharmacologically active drugs like 
 antifertility agents. e.g. progesterone releasing IUD and copper bearing IUD. There are two types 
 of medicated IUDs:- 


  Copper bearing IUDs 


  Hormone releasing IUDs 


Problems associated with IUDs 


  Menstrual problems: Almost 12% of women removed Copper T 380-A IUD because of heavy 
 menstrual bleeding/cramping. 


  Perforation:  One  out  of  every  1,000  women,  the  intrauterine  device  either  gets  stuck  in  or 
 perforates the uterus. Though perforation is rare, but it always occurs during the insertion process.  


  Expulsion: About 2-10% IUDs are expelled out from uterus. This generally happens in first few 
months  of  use.  Expulsion  happens  more  likely  when  the  IUD  is  implanted  right  after  the 
childbirth or in a nulliparous woman. 
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