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Abstract 
_____________________________________________________________________________________________________________________ 

The conventional routes of drug administration has limited control over drug release and maintaining 
constant plasma therapeutic drug concentrations for longer periods of time. To avoid these problems 
associated with utilization of traditional dosage forms, there was essential need for development of 
new dosage forms which would discharge drugs at controlled rate for local activity. This led to 
improvement of Novel Drug Delivery Systems (NDDS) that offers optimisation of therapeutic 
properties of drugs and makes them safer, productive and dependable over traditional ways of 
administration. Implantable drug delivery system (IDDS) forms a part of novel drug delivery system. 
This route of administering medications allows targeted distribution, location specificity, constant 
release rate, low amount of drug requirements, and minimisation of adverse effects with improved 
efficacy.  It provides possibility of administering drugs once weekly to yearly which otherwise 
previously require frequent daily dosing. Different implantable technologies are currently in use for 
many therapeutic applications such as in dentistry, ophthalmology, contraception and oncology. 
However, the expensiveness of this newly improved drug delivery system is quite high which hinders 
its large scale use.  Moreover, the recently developed devices require further enhancement and hence 
thorough scientific trials are needed before wide implementation in populations.  

Keywords: Implantable drug delivery, implants, drug delivery system, implantable pump, modulated 
drug delivery, novel drug delivery system 

 

INTRODUCTION 

Despite of progression and innovations in novel 
administration of drugs, regulation of constant uniform 
plasma therapeutic index of drugs is still a big concern. The 
potential harm of using periodic oral or IV drug administration 
comprises of elevated concentration of medication (peaks) 
which contribute to adverse effects or inadequate 
concentration of medication (troughs) which can lead to 
failure of therapy. The old way to overcome the issue of the 
variable concentrations of medication includes constant 
intravenous infusion rate dependent on medication 
pharmacokinetic profile. In order to minimise these unwanted 
outcomes, there is a need of modern approach in achieving 
optimised rate of drug discharge.1 

Implantable drug delivery systems have potential superiority 
in regional administration with better pharmacologic 
outcomes at minimum doses. Due to which, they lower 
possible toxicities thereby improving likelihood for 
medication adherence.  This kind of administration enables 
convenient delivering of medications that are ordinarily 
incompatible to be taken by oral way, escapes presystemic 
elimination as well as enzymatic destruction in abdomen, thus, 
remarkably enhancing bioavailability.2 

Implantable devices have ability to minimise the need of 
frequent drug intake as well as authorize medication needs 
with approachable way. At present, these devices are 
commonly employed in many therapeutic areas such as 
contraception, chemotherapy, dentistry etc.  The expanding 
production and market availableness of implants are evident 
of immense growth in this sector (figure 1).3 

 

Figure 1: Illustration of an implantable drug device44 

Implantables are commonly selected for their property of 
extended use with constant release of medicament which will 
eventually promote the patient compliance.4 

IDEAL REQUIREMENTS 

The ideal requirements of an implantable device are- 

 Exhibit zero order or modulated drug release kinetics for 
constant delivery rate to minimise adverse effects. 

 The dosing frequency shall be minimised for enhancing 
patient adherence and must fully discharge the medication 
during duration of therapy. 

 Safe, stable and effective with good mechanical strength. 

http://jddtonline.info/
http://dx.doi.org/10.22270/jddt.v13i5.6069
https://crossmark.crossref.org/dialog/?doi=10.22270/jddt.v13i5.6069&amp;domain=pdf


Amreen et al                                                                                                                                 Journal of Drug Delivery & Therapeutics. 2023; 13(5):98-105 

ISSN: 2250-1177                                                                                            [99]                                                                                            CODEN (USA): JDDTAO 

 Comfortable to extract by medical practitioner to suspend 
treatment in case of need. 

 Easily sterilizable. 

 Free from any complicated process of insertion and hence 
adaptable. 

 No possible serious complications. 

 Relatively inexpensive. 

 Non-toxic and non-carcinogenic.5 

ADVANTAGES 

 Targeted action. 

 Helpful in delivery of drugs exhibiting short in vivo half-
lives. 

 Improved Patient compliance. 

 Reduced wastage of the drug. 

 Improved efficiency. 

 Minimum dose is required. 

 Reduced side effects. 

 Convenient therapy. 

 Provide continuous sustained drug discharge over 
extended duration. 

BENEFITS 

 Convenience 

 Improved drug delivery 

 Compliance 

 Potential for controlled release 

 Flexibility.6 

DISADVANTAGES 

 Interactions between host and implant. 

 Insertion of big size implants requires surgical 
interventions which can be unpleasant. 

  Treatment cannot be abruptly stopped. 

 Possibility of inadequate release of drug.  

 Predicted danger of device failure. 

 Chances of adverse reactions due to the local high 
concentration of drug at site of implantation. 

LIMITATIONS 

 Chances of toxicity. 

 Painful. 

 Dose tapering is not easy in case of need. 

 Need for surgery to insert the device.7 

CLASSIFICATION OF IMPLANTABLE POLYMERIC 
DRUG DELIVERY DEVICE SYSTEMS 

Polymers are the key elements in implantable systems as they 
provide extended and optimised drug release. They act as 
rate-limiting membrane in implant system and the choice of 
which must be done in keeping view of host biocompatibility 
and ease of sterilization.8 

The polymers in implants are mainly categorised into two 
major groups - 

1. Passive polymeric implants: 

They are simple, singular and uniform devices, mainly 
contains simple drug loaded in biocompatible matrix. They do 
not have any mobile part or technique and depend on passive 
diffusion for release of drug load. Passive devices can be 
subcategorised as non-biodegradable and biodegradable.9 

A. Non-Biodegradable polymeric implant systems-  

The most common commercial forms are matrix-controlled or 
polymeric system and membrane enclosed reservoir. 
Polymers like polyurethanes, polyacrylates, silicones or 
heteropolymers like polyethylene vinyl acetate (PEVA) are 
widely used. In the matrix-controlled organisation, a 
medicament is uniformly distributed across the base. Gradual 
dispersion of embedded medicament gives sustained release 
from delivery system. The dynamics of expulsion and release 
rate of medicament is inconstant and relies on amount of 
substance in the base.  A reservoir type system contains 
compact drug protected by non-biodegradable porous layer 
whose diameter as well as penetrability qualities influence 
release kinetics.10, 11 

These devices are durable during their lifespan but need to be 
replaced after the drug load is exhausted to avoid any negative 
impacts like infection, tissue harm and cosmetic imperfections. 
These types of systems are widely utilized in contraception. 
Norplant is one of the earliest, widely developed reservoir 
implant.12 

B. Biodegradable polymeric implant systems-  

These systems offer advantages over non bio-degradable ones 
and hence are more popular. Polymeric substances such as 
polycaprolactone (PCL), polylactic acid (PLA), or polylactic-co-
glycolic acid (PLGA) are typically used for formulation. The 
most desirable property is that it uses inert polymers that split 
into small pieces and further absorption and elimination takes 
place inside body thus do not require any incision to extract 
out the device thereby improving patient acceptance and 
compliance. But these systems require the degeneration of 
base of polymer for release of medicament which is dependent 
on various factors like any change in body pH or temperature 
and therefore extremely variable in individuals. (Table 1) 13, 14 

Their formulation is furthermore intricate than that of non-
biodegradable ones. Numerous factors are taken in view for 
their formulation. Disintegration profile of polymeric base 
inside the body should be stable for keeping continuous drug 
discharge. To obtain more uniform and constant drug release, 
a flattened slab-like design without edge erosion offers zero- 
order profile is preferred.15 

Two types of bio-degradable devices are present. They are 
reservoir system and monolithic types (figure 2). Reservoir 
system is similar in construction and mechanism of drug 
release as described in non-biodegradable systems. However, 
these bio disintegrated systems contain outer membranous 
layer of polymer which disintegrates at moderate pace than 
that of dispersion across membrane. As a result, membrane 
stays unaffected releasing behind the medicament entirely. 
This intact membrane gets deteriorated inside the body which 
is finally excreted out. The other kind is monolithic where 
medicament is disseminated in a polymeric substance and 
shows gradual erosion with a steady release inside the body.16 
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Table 1: Examples of biodegradable polymers 

Class Examples 

Polypeptides Soy protein, Zein, Silk  

Polysaccharides Cellulose, Starch, Xanthan 

Polyesters Polylactic acid, Polyvinyloxyalkonates 

Lipids Surfactants, Waxes 

Polyphenols Lignin, Tannin 

Speciality polymers Natural rubber, Nylon (from castor 
oil), Shellac 

 

2. Active or dynamic polymeric implants:  

This kind of Implantables use definite propulsion in regulating 
discharge of medicine across the aid. Thus it offer advanced 
standard in drug discharging. They use some sorts of energy 
dependent methods for positive impulse to regulate discharge. 
The power origin can range different from osmotic pressure 
gradient to electromechanical forces.17 

 

Figure 2: Types of dynamic or active implantables 45 

IMPLANT PUMPS 

Various drugs need exterior source to control amount and 
expulsion which is not achieved by biodegradable or non-
biodegradable systems except in magnetically modulated 
devices. The presence of sophisticated microsystems have 
made easy in designing pumps as little adequate that it can be 
implanted hypodermally to deliver drugs.  

Pumps discharge medications via pressure difference which is 
obtained by pressing the reserve either osmotically or 
mechanically resulting in flow of drug at optimised way.  The 
pumps should possess desirable properties like non-
inflammatory, non-thrombogenic, nonantigenic, 
noncarcinogenic, convenience, long reserve and battery life, 
easily organisable, and can be inserted using local anaesthesia. 
It should also be simple to check the condition and working of 

the system. Hence, pump systems deliver drugs with ideal 
precision. 18, 19  

Presently five groups of implant pumps are present. These 
pumps are infusion, osmotic, peristaltic, positive displacement 
and modulated discharge microsystems.  

Types of implant pumps: 

Infusion pumps 

Infusion pumps distribute the stored medicament inside the 
body with the help of a fluorinated hydrocarbon as energy 
source. They were earlier used in delivering insulin to diabetic 
people who need more than one dose in a day. This results in 
plasma peaks and troughs of insulin which may lead to 
diabetes induced complications. 

The pump contains disc-like container constructed by 
lightweight bio composite titanium that comprises of foldaway 
that divides the container interiorly in two isolated 
compartments. The former compartment comprises of the 
energy source while the latter stores insulin. A gas forces the 
stored drug to expel via sift and course controller which gives 
optimised drug delivery at a mentioned temperature. It does 
not require external source of energy to drive the pump. A 
load of stored dose is released across a silicone rubber 
membrane that itself seals then moved across a Teflon layer 
when pump stock is refilled. The device is recharged by the 
force of the delivery drive that pressurises the device. Apart 
from application in insulin delivery, it is found useful in field of 
anticoagulation and chemotherapy (figure 3A).20, 21 

Osmotic pumps 

Osmotic pumps are extensively prevalent of all implant types. 
These devices involve medication confined in a selectively 
permeable membrane that permits an inward movement of 
aqueous fluids in the device by simple osmosis. The built 
hydrostatic pressure forces invariable expulsion of medication 
through an orifice in membrane of system and whose 
swiftness in discharge can be altered by modifying the 
structure of semi-permeable membrane. However, the pace of 
discharge remains persistent or zero order till stored load is 
been exhausted (figure 3B).22, 23 

Peristaltic pumps 

Peristaltic pumps work by external source of power mainly by 
batteries and consist of cylindrically rotating apparatus. An 
exterior source modulates the flow of drug from it. This class 
of pumps are made of a rubber membrane of silicone and their 
duration of use is dependent on the battery as energy source 
used. These systems are quite expensive to be used in 
standard practice in market.24 

 

 

Figure 3: (A) An overview of infusion pump 46 (B) Schematic representation of Alzet osmotic pump 47 
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MECHANISM OF DRUG DISCHARGE FROM 
IMPLANT DEVICES 

There are primarily four ways of medication discharge 
through the implant devices – polymer disintegration, 
optimised expansion, osmosis and simple diffusion. Implants 
acting by optimised expansion, water absorption in device 
controls drug discharge which is generally inadequate over 
normal dispersion and thus contributes to a steady proportion 
of release. The disintegration of expanded matrix allows 
diffusion of drug mainly and improving the disintegrating 
capacity of the matrix significantly enhances the efficiency of 
the implant.  

Osmosis mediated release and free diffusion techniques of 
drug release are appropriate for delivering drugs linearly 
where the quantity of liberated drug relies proportionally to 

square root of discharge duration. Osmosis is simple passage 
of aqueous molecules from an area of low concentration to a 
greater concentration via a semipermeable membrane which 
creates a pressure gradient. Diffusion works by process in 
which solute moves voluntary in all areas to saturate chemical 
composition. The mobile substances are called diffusants and 
a membrane through which diffusants travels is known as 
diffusional barrier. The concentration gradient is the 
impulsion for the release of medicament from system.  

However the discharge profile of drugs depends upon 
contents of delivery system which in turn relies on factors like 
imbibition, osmotic pressure, and passive diffusion, and 
molecules stability, diffusion coefficient in polymer, drug 
content, and disintegration rate of polymer in vivo (figure 4).25-

27

 

 

Figure 4: Demonstration of drug release from polymer matrices 48, 49 

 

METHODS OF IMPLANT MANUFACTURE 

The important methods of preparation of implants are 
described below: 

1. Hot melt extrusion:  

The drug is made to dissolve in an appropriate solvent to 
make a solution mixture. Then polymer is slowly incorporated 
and allowed to soak for 15-20 minutes. The swollen product is 
mixed thoroughly till it forms like dough and moved into 
ejection cylinder and elongated rod-like structure is obtained 
with use of showerhead. The product is made to dry overnight 
at ambient temperature and trimmed into required 
dimensions. Finally, it is dehydrated at 41 *c to obtain finished 
product.  Extrusion can be carried out simultaneously which 
allows efficient output (figure 5A). Polymeric substances are 
required to be thermoplastic like poly amide aliphatic 
polyesters like PLA, PGA, and PLGA. It requires nonsolvents. 
However, this may result in degeneration of heat sensitive 
medications.  Zoladex® and Implanon® like devices are 
produced by this technique.28, 29 

2. Compaction:  

The drug with polymer are diffused to make a suspension and 
subjected to lyophilisation to produce a cake. It is further 
exposed to compaction to derive an implant by Carver 
hydraulic machine with a force of a metric ton. It offers 

advantage of no usage of heating and solvents thus ideally 
compatible for designing implants that embody thermo labile 
matter notably proteinaceous content. These implantables 
show a quick release profile which necessitates optimisation 
by layering them. Additionally, implants produced have 
asymmetrical appearance having numerous cavities that can 
further contribute in unsteady discharge. 30, 31 

3. Moulding: 

The polymeric material is subjected to heating then 
incorporated in form of a mould followed by solidification. A 
decrease occurs in relative molecular mass of the polymers 
due to high heat applied. Molecular mass as well as 
dispersability may be lowered using different ways and is 
furthermore amplified by this method.  Due to which, these 
types of implantables disintegrated earlier as compared to 
factory-made mistreatment injections moulding (figure 5B).32 

4. 3D Printing: 

It is an inexpensive, consistent and versatile procedure and 
can be useful in future especially in quick manufacture of 
standard units for investigatory purposes. However, it is not 
used in mass production but its suitability progressed in 2015 
when FDA approved one such material. This technique is 
mainly applied in creating prostheses and implants used in 
dentistry and orthopaedics.33 
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Figure 5: Methods of manufacture of implants- (A) Hot melt extrusion method 50 (B) moulding method 51 

 

EVALUATION PARAMETERS OF IMPLANTS 

Various parameters are implemented in the evaluation of 
implants after manufacture by any appropriate method. These 
are as follows-  

A. Shape and size:  The size of an implant is verified using 
Vernier Callipers under light. 

B. Uniform Thickness: The individual thickness of separate 
implants as well as the variations among them is determined 
by using Vernier Callipers. At least three specimens must be 
determined and average value is found out.34, 35 

C. Uniform Weight: The aim of this test is to calculate the 
uniform weight of each implant. The test is performed by 
random selection of twenty implants and weighing them 
separately.  Mean weight is obtained. From the results, two 
implants must not weigh more than the mean weight and none 
of them must have twofold value of mean.36 

D. Swelling Index:  A specimen is placed in swelling solution 
of phosphate buffer pH 7 for an hour and the weight is 
estimated.  The remaining solution is cautiously removed by 

gently cleaning with dry sheet. 37 The magnitude of swelling 
for every unit at any instant is determined by given formula:  

 X 100 

Where, W2 and W1 represent the specimen’s mass at specified 
instant and in dried form, correspondingly. 

E. In-vitro dissolution profile: In-vitro dissolution profile of 
the implant is crucial in estimation of release and the stability 
of drug. Dissolution medium is taken in a container while 
optimal conditions and RPM are fixed. The implant is placed in 
the vessel and the paddle is rotated. The samples are taken out 
after specific time intervals. The samples are thereafter 
examined by UV visible spectrophotometry at a particular 
wavelength. The procedure is repeated for at least three 
observations and the average value is noted.38 

F. Stability testing: This test is done to detect disparities in 
standard of drug accompanied by time and storage 
characteristics like temperature, moisture, light, shelf life, etc. 
(Table 2). 

 

Table 2:  ICH recommendations for stability tests 

condition observation environment term 

normal Extended 298º K  ± 2º K / 60% ± 5% or 
303º K ± 2º K / 65% ± 5% 

1 year 

 Intermediary 303º K ± 2º K / 65% ± 5% Six months 

 Quick 313º K ± 2º K / 75% ± 5% Six months 

Storage in freezer Extended 279º K ± 5ºK 1 year 

Storage in refrigerator Intermediary 298º K ± 2ºK / 60% ± 5% Six months 

 Extended 278º K ± 3ºK 1 year 

 

G. Interaction analysis between polymer and drug: Implant 
containing drug is analysed using FTIR for finding suitability 
of drug with other formulation components and possibility of 
such interactions 39 

THERAPEUTIC APPLICATIONS OF IDDS 

1. Contraception: 

Implants are widely used in contraceptive purposes. Norplant 
is a type of implant placed sub-dermally intended for 
sustained discharge of levonorgestrel (used in contraception). 
It comprises of 6 silicon membrane units, every one having 36 
microgram of drug. The capsule release 70 mcg daily in initial 
three months and further reduction in release to 30 mcg daily 
for around 800 days and offer constant release rate for five 
years. Another example includes Progestasert which is an 
intrauterine implant made of ethylene vinyl acetate 
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copolymer. This device is used for 3-6 months and can be 
removed for a week in a month at time of menstrual period.40 

2. Ocular use:  

Membrane controlled devices, silicone devices, infusion 
devices and different implantable devices are popularly used 
to deliver drugs for prolonged ocular use. Ocusert is a classic 
example of membrane controlled device containing a 
pilocarpin with alginate inside medication reserve enclosed 
with ethylene vinyl acetate membrane. This device provides 
outburst of drug initially then follows zero order release 
profile of drug at 20-40 milligrams hourly for weekly period. It 
extends good management of intraocular pressure (IOP) with 
insignificant adverse outcomes and is well accepted in adults 
whereas poorly tolerated in elderly people.41 

3. Cancer: 

Silicone rod implants are useful in administration of 
ethinylestradiol and testosterone propionic acid in treatment 

of prostate adenocarcinoma. Lupron depot offers release of 
leuprolide acetate for a month, which is structurally similar to 
gonadotropin-releasing hormone (GnRH). Zoladex depot 
unleashes goserelin acetate from a biodegradable rod for one 
month and is used to treat prostate adenocarcinoma.42 

4. Narcotic antagonism: 

Long term narcotic antagonism is provided by implantable 
device of naltrexone hydrochloride. It liberates its base from 
hydrochloride or palmitic acid salt and is available in different 
polymers and formulations.  

5. Other uses: 

Insulin preparations are widely administered via biofeedback 
operated implantable devices in which drug is released based 
on pharmacological requirements of body at a specified 
instance (Table 3).43 

 

Table 3:  Applications of implants in various conditions 

Brand  Site of placement Substance  Medication  Use  

Norplant® Jadelle® Subcutaneously Silicone Levonorgestrel Contraceptive 

Implanon® 
Nexplanon® 

Subcutaneously PEVA Etonogestrel Contraceptive 

Zoladex® Subcutaneously PLGA Goserelin Prostate 
adenocarcinoma 

Oncogel® Intratumorally PLGA+PEGPLGA Paclitaxel Oesophageal carcinoma 

Retisert® Intraocular MCC, PVA Fluocinolone Non-contagious uveitis 

Vitrasert® Intraocular PVA, PEVA Ganciclovir CMV retinitis in AIDS  

Probuphine® Subcutaneously PEVA Buprenorphine myalgia 

Med Launch Subcutaneously PLGA Risperidone Schizophrenia 

PEVA- Polyethylene vinyl acetate, PLGA- Polylactic coglycolic acid,  PVA- Polyvinyl alcohol , MCC-Microcrystalline cellulose CMV- Cytomegalovirus, 
AIDS- Acquired immunodeficiency syndrome. 

 

CONCLUSION 

Implantable drug delivery system is an innovative approach 
towards rate controlled drug delivery at required therapeutic 
concentrations. This approach has other distinct superiority 
over the traditional administration ways. This is a developing 
area with much advancements and research going on. The 
primary focus required is improvement of biodegradable and 
biocompatible substances, reduction in immunogenicity and 
toxicity of the polymer and its by-products during 
disintegration, discharge profile together with subsequent 
development in the pre-existing devices. In the future, these 
systems can provide excellent zero-order drug release kinetic 
profile in vivo for longer duration of time which makes it 
suitable for prolonged use. These systems have the capability 
to reduce the need of frequent dosing, is overall cost-
effective, improve the efficacy of drugs and increase patient 
compliance which will eventually be patient friendly. Since 
many newer drugs are continuously developing from 
proteinaceous substances that are unsuitable to be 
administered orally, the use of these novel devices will prove 
to be a remarkable approach in capturing the drawbacks 
associated with previous drug delivery systems.  

ACKNOWLEDGEMENT- The authors acknowledge the 
Deccan School of Pharmacy, Hyderabad for providing support 
to complete the work. 

AUTHORS CONTRIBUTION- : study conception and 
design: Soha Amreen, S.M. Shahidulla; data collection: Soha 
Amreen, Aasia Sultana, Nimrah Fatima; analysis and 
interpretation of results: Soha Amreen, S.M. Shahidulla, draft 
manuscript preparation: Soha Amreen, S.M. Shahidulla, Aasia 
Sultana, Nimrah Fatima. 

FUNDING SOURCE - None 

CONFLICTS OF INTEREST- None  

REFERENCES 

1. Danckwerts M, Fassihi A, Implantable Controlled Release Drug 
Delivery Systems: A Review, Drug Development and Industrial 
Pharmacy, 1991; 17(11): 1465-1502. 
https://doi.org/10.3109/03639049109026629. 

2. Ms. Aishwarya Sandip Ankaram, Ms Shubhangi Raosaheb Mali, 
Implantable Polymeric Drug Delivery Devices: Classification, 
Manufacture and Clinical Applications, International Journal of 
Research Publication and Reviews, 2022; 3(6): 3200-3205. 
https://ijrpr.com/uploads/V3ISSUE6/IJRPR5158.pdf. 

3.    Saettone MF, Salminen L, Ocular inserts for topical delivery, 
Advanced Drug Delivery Reviews, 1995; 16(1): 95-106. 
https://doi.org/10.1016/0169-409X(95)00014-X. 

4. Rajgor N, Patel M, bhaskar VH, implantable drug delivery 
systems: An overview, systemic reviews in pharmacy, 2011; 

https://doi.org/10.3109/03639049109026629
https://ijrpr.com/uploads/V3ISSUE6/IJRPR5158.pdf
https://doi.org/10.1016/0169-409X(95)00014-X.
https://doi.org/10.1016/0169-409X(95)00014-X.


Amreen et al                                                                                                                                 Journal of Drug Delivery & Therapeutics. 2023; 13(5):98-105 

ISSN: 2250-1177                                                                                            [104]                                                                                            CODEN (USA): JDDTAO 

2(2):  91-96. 
https://faculty.ksu.edu.sa/sites/default/files/implantable_drug
_delivery_systems_an_overview.pdf.  
https://doi.org/10.1016/0169-409X(95)00014-X 

5. Chien, Y. W., Lin, S, Optimization of treatment by applying 
programmable rate-controlled drug delivery technology, 
Clinical Pharmacokinetics, 2002; 41(15): 1267–1299. 
https://doi.org/10.2165/00003088-200241150-00003. 

6. Bhowmik, D., Pusupoleti, K. R. Duraivel, S. Kumar, K. S., Recent 
approaches in transdermal drug delivery system, The Pharma 
Innovation, 2013; 2(3): 99-108. 
https://www.thepharmajournal.com/vol2Issue3/Issue_may_20
13/3.pdf https://doi.org/10.2165/00003088-200241150-
00003 

7. Mohammad Zaki AJ., Satish K. Patil, Dheeraj T. Baviskar1, 
Dinesh K. Jain, Implantable Drug Delivery System: A Review; 
International Journal of PharmTech Research, 2012; 4(1): 280-
292. https://sphinxsai.com/2012/pharm/PHARM/PT=40(280-
292)JM12.pdf 

8. da Silva, G.R. Fialho, S.L. Siqueira, R.C. Jorge, R. Cunha, A.D, 
Implants as drug delivery devices for the treatment of eye 
diseases, Brazilian Journal of  Pharmaceutical Sciences, 2010; 
46(3): 585-595.  https://doi.org/10.1590/S1984-
82502010000300024  

9. Dr. Aijaz A. Sheikh, Dr. Subhash V. Deshmane, Dr. Md. Rageeb, 
Md. Usman, Dr. Kailash R. Blyani. A Textbook of Novel Drug 
Delivery System. 2019 edition.  Jalandhar: Pee Vee publication; 
2019. P.77. https://doi.org/10.2165/00003088-200241150-
00003 

10. Iaes L., Ignatius A, Development of new biodegradable implants, 
Der Chirurg, 2002; 73:990-996. 
https://doi.org/10.1007/s00104-002-0543-0 

11. Tian W., Mahmoudi M., Lhermusier T., Kiranmijyan S., Chen F., 
Torguson R., Suddath W.O., Satler L.F., Pichard A.D., Waksman 
R., The influence of advancing age on implantation  of drug 
eluting stents, Catheterization and Cardiovascular 
Interventions, 2015; 88 :516-521 
https://doi.org/10.1002/ccd.26333. 

12. Preparation of implants; “Pharma tips”; available at:  
http://www.pharmatips.in/Articles/Pharmaceutics/Preparatio
n-Of-Implants.aspx. Accessed July 4, 2011. 

13. Kumar A., Pillai J. Nanostructures for the Engineering of Cells, 
Tissues and Organs. Elsevier. Implantable drug delivery 
systems, 2018: P. 473–511. https://doi.org/10.1002/ccd.26333 

14. Bourges, J. L., Bloquel, C., Thomas, A.; Froussart, F., Bochot, A., 
Azan, F., Gurny, R.; BenEzra, D., Behar-Cohen, Intraocular 
Implants for Extended Drug Delivery: Therapeutic Applications, 
Advanced Drug Delivery Reviews, 2006; 58: 1182–1202.  
https://doi.org/10.1016/j.addr.2006.07.026 

15. Wang X, Chen T, Yang Z, Wang W, Study on structural optimum 
design of implantable drug delivery micro-system, Simulation 
Modelling Practice and Theory, 2007; 15:47-56. 
https://doi.org/10.1016/j.simpat.2006.09.017 

16. Kimura H, Ogura Y, Hashizoe M, Nishiwaki H, Honda Y, Ikada Y, 
A new vitreal drug delivery system using an implantable 
biodegradable polymeric device, Investigative Ophthalmology 
and Visual Science, 1994; 35:2815-9. 
https://iovs.arvojournals.org/article.aspx?articleid=2179750  
https://doi.org/10.1016/j.simpat.2006.09.017 

17. Santosh Pradip Bhivsane, Shinde Sonal B, Wamne Vikas B., 
Review on implantable drug delivery system, International 
Journal for Research Trends and Innovation , 2022,7(11):380-
390. https://www.ijrti.org/papers/IJRTI2211054.pdf 

18. Cao L, Mentell S, Polla D, Design and simulation of an 
implantable medical drug delivery system using 
microelectromechanical systems technology, Sensors and 
Actuators A: Physical, 2001; 94:117-125. 
https://doi.org/10.1016/S0924-4247(01)00680-X 

19. Renard E, Implantable closed-loop glucose-sensing and insulin 
delivery: the future for insulin pump therapy, Current Opinion 
in Pharmacology, 2002; 2:708-716. 
https://doi.org/10.1016/s1471-4892(02)00216-3 

20. Blackshear PJ, Rhode TH, Artificial devices for insulin infusion in 
the treatment of patients with diabetes mellitus. In: Burk SD, 
editor. Controlled Drug Delivery, Clinical Applications. Boca 
Raton, FL: CRC Press; 1983; 2: 11. 

21. Dash AK, Suryanarayanan R., An implantable dosage form for 
the treatment of bone infections, Pharmaceutical Research, 
1992, 9:993-1002. https://doi.org/10.1023/A:1015842108772 

22. Sefton MV, Implantable pumps, CRC Crit Rev Bioeng, 1987; 
14:201-40. https://pubmed.ncbi.nlm.nih.gov/3297487/ 
https://doi.org/10.1023/A:1015842108772 

23. Wu DQ, Chu CC, biodegradable synthetic hydrophobic-
hydrophilic hybrid hydrogels: swelling behaviour and 
controlled drug release, J Biomater Cci, 2008; 19(4): 411-29. 
https://pubmed.ncbi.nlm.nih.gov/18318955/ 

24. Martin A, Bustamante P, Chun A. Physical pharmacy: Physical 
Chemical Principles in the Pharmaceutical Sciences. 4th ed. 
Philadelphia (Pa.): Lea & Febiger, 1993: P. 534-6. 
https://doi.org/10.1163/156856208783719536 

25. Kutz M. Biomedical Engineering and Design Handbook. Volume 
2. McGraw-Hill: New York, USA, 2009:  

26. Gulati K., Kogawa M., Prideaux M., Findlay D.M., Atkins G.J., Losic 
D, Drug-releasing nano-engineered titanium implants: 
Therapeutic efficacy in 3D cell culture model, controlled release 
and stability, Mater. Sci. Eng. C, 2016; 69:831–840. 
https://pubmed.ncbi.nlm.nih.gov/27612777/ 
https://doi.org/10.1016/j.msec.2016.07.047 

27. Silvia Ligorio Fialho, Armando da silva Cunha, manufacturing 
techniques of biodegradable implants intended for intraocular 
application, drug delivery, 2005; 12(2): 109-116. 
https://pubmed.ncbi.nlm.nih.gov/15824036/  
https://doi.org/10.1080/10717540590921432 

28. Aulton ME, Pharmaceutics: the science of dosage form design. 
2nd ed. Philadelphia, PA: Churchill Livingstone, 2005. 

29. Breitenbach, J., Melt extrusion: from process to drug delivery 
technology, European journal of pharmaceutics and bio 
pharmaceutics, 2002; 54(2):107- 117. 
https://doi.org/10.1016/S0939-6411(02)00061-9 

30. Zhou Q, Armstrong B, Larson I, Stewart PJ, Mortan DA, 
Improving powder flow properties of a cohesive lactose 
monohydrate powder by intensive mechanical dry coating, J 
Pharm Sci, 2010; 99:969-81. 
https://doi.org/10.1002/jps.21885 

31. Jivraj, M., Martini, L.G. and Thomson, C.M., An overview of the 
different excipients useful for the direct compression of tablets, 
Pharmaceutical science & technology today, 2000; 3(2):58-63. 
https://doi.org/10.1016/S1461-5347(99)00237-0 

32. Rothen-Weinhold, A., Besseghir, K., Vuaridel, E., Sublet, E., 
Oudry, N., Kubel, F. and Gurny, R.,  Injection-moulding versus 
extrusion as manufacturing technique for the preparation of 
biodegradable implants, European journal of pharmaceutics and 
bio pharmaceutics,1999; 48(2): 113-121. 
https://pubmed.ncbi.nlm.nih.gov/10469929/ 
https://doi.org/10.1016/S0939-6411(99)00034-X 

33. Norman, J., Madurawe, R.D., Moore, C.M., Khan, M.A. and 
Khairuzzaman, A., A new chapter in pharmaceutical 
manufacturing: 3D-printed drug products, advanced drug 
delivery reviews, 2017; 108: 39-50. 
https://doi.org/10.1016/j.addr.2016.03.001 

34. Patel S Taher, SenguptaMukul, Fast Dissolving Pill Technology – 
A Review. World Journal of Pharmacy and Pharmaceutical 
Sciences, 2013; 2(2):485-508. 

35. Jameela SR, Kumary TV, Lal AV, Jayakrishnan A, Progesterone-
loaded chitosan microspheres: A long acting biodegradable 
controlled delivery system, J Control Release, 1998; 52(1-2):17-

https://faculty.ksu.edu.sa/sites/default/files/implantable_drug_delivery_systems_an_overview.pdf
https://faculty.ksu.edu.sa/sites/default/files/implantable_drug_delivery_systems_an_overview.pdf
https://doi.org/10.1016/0169-409X(95)00014-X
https://doi.org/10.2165/00003088-200241150-00003
https://www.thepharmajournal.com/vol2Issue3/Issue_may_2013/3.pdf
https://www.thepharmajournal.com/vol2Issue3/Issue_may_2013/3.pdf
https://doi.org/10.2165/00003088-200241150-00003
https://doi.org/10.2165/00003088-200241150-00003
https://sphinxsai.com/2012/pharm/PHARM/PT=40(280-292)JM12.pdf
https://sphinxsai.com/2012/pharm/PHARM/PT=40(280-292)JM12.pdf
https://doi.org/10.1590/S1984-82502010000300024
https://doi.org/10.1590/S1984-82502010000300024
https://doi.org/10.2165/00003088-200241150-00003
https://doi.org/10.2165/00003088-200241150-00003
https://doi.org/10.1007/s00104-002-0543-0
https://doi.org/10.1002/ccd.26333
http://www.pharmatips.in/Articles/Pharmaceutics/Preparation-Of-Implants.aspx
http://www.pharmatips.in/Articles/Pharmaceutics/Preparation-Of-Implants.aspx
https://doi.org/10.1002/ccd.26333
https://doi.org/10.1016/j.addr.2006.07.026
https://doi.org/10.1016/j.addr.2006.07.026
https://doi.org/10.1016/j.simpat.2006.09.017
https://doi.org/10.1016/j.simpat.2006.09.017
https://iovs.arvojournals.org/article.aspx?articleid=2179750
https://doi.org/10.1016/j.simpat.2006.09.017
https://www.ijrti.org/papers/IJRTI2211054.pdf
https://doi.org/10.1016/S0924-4247(01)00680-X
https://doi.org/10.1016/S0924-4247(01)00680-X
https://doi.org/10.1016/s1471-4892(02)00216-3
https://doi.org/10.1023/A:1015842108772
https://pubmed.ncbi.nlm.nih.gov/3297487/
https://doi.org/10.1023/A:1015842108772
https://pubmed.ncbi.nlm.nih.gov/18318955/
https://doi.org/10.1163/156856208783719536
.%20https:/pubmed.ncbi.nlm.nih.gov/27612777/
.%20https:/pubmed.ncbi.nlm.nih.gov/27612777/
https://doi.org/10.1016/j.msec.2016.07.047
https://pubmed.ncbi.nlm.nih.gov/15824036/
https://doi.org/10.1080/10717540590921432
https://doi.org/10.1016/S0939-6411(02)00061-9
https://doi.org/10.1016/S0939-6411(02)00061-9
https://doi.org/10.1002/jps.21885
https://doi.org/10.1002/jps.21885
https://doi.org/10.1016/S1461-5347(99)00237-0
https://doi.org/10.1016/S1461-5347(99)00237-0
https://pubmed.ncbi.nlm.nih.gov/10469929/
https://doi.org/10.1016/S0939-6411(99)00034-X
https://doi.org/10.1016/j.addr.2016.03.001
https://doi.org/10.1016/j.addr.2016.03.001


Amreen et al                                                                                                                                 Journal of Drug Delivery & Therapeutics. 2023; 13(5):98-105 

ISSN: 2250-1177                                                                                            [105]                                                                                            CODEN (USA): JDDTAO 

24. https://pubmed.ncbi.nlm.nih.gov/9685932/  
https://doi.org/10.1016/S0168-3659(97)00187-9 

36. Islam S, Islam S, Urmi AB, Observation of the release of aspirin 
from gelatin-sodium alginate polymeric implant, J Chem Pharm 
Res, 2012; 4(12):5149-56. 
https://www.jocpr.com/abstract/observation-of-the-release-
of-aspirin-from-gelatinsodium-alginate-polymeric-implant-
2129.html 

37. Karina CR, Riesta P, Esti H., Preparation and evaluation of 
ciprofloxacin implants using bovine hydroxyapatite-chitosan 
composite and glutaraldehyde for osteomyelitis, Int J Pharm Sci 
,2016; 8(1):45-51. http://repository.unair.ac.id/86303/3/C-
16.pdf 

38. Dharmendra Solanki et al., Ijppr, 2021; 20 (4): 116-132. 
https://ijppr.humanjournals.com/wp-
content/uploads/2020/09/71.Dharmendra-Solanki-Semimul-
Akhtar.pdf 

39. Sindhu et al., Asian J Pharm Clin Res, 2017; 10(11): 239-243. 
https://doi.org/10.22159/ajpcr.2017.v10i11.20070 

40. Colaris MJ, de Boer M, van der Hulst RR, Cohen T JW, Two 
hundreds cases of ASIA syndrome following silicone implants: a 
comparative study of 30 years and a review of current 
literature, Immunologic Research, 2017; 65(1):120-8. 
https://pubmed.ncbi.nlm.nih.gov/27406737/  
https://doi.org/10.1007/s12026-016-8821-y 

41. Siepmann J, Siepmann F, Modeling of diffusion controlled drug 
delivery, Journal of Controlled Release, 2012; 161(2):351-62. 
https://doi.org/10.1016/j.jconrel.2011.10.006 

42. Vyas SP, KharRoop K. Controlled Drug Delivery Concepts and 
Advances. 1st Ed .Delhi: Vallabh Prakashan; 2008. P. 450-459. 

43. Jain NK. Advances in Controlled & Novel Drug Delivery. 1st Ed. 
New Delhi: CBS Publication, & Distributors; 2005. P.219-223. 

44. Implantable drug delivery system, Available Online 
https://nanotechnology-
cis.wikispaces.com/file/view/pic%202.gif/379176650/pic%20
2.gif, accessed 1 May 2016. 

45. Kumar, A.; Pillai, J. Implantable drug delivery systems in 
nanostructures for the engineering of cells, Tissues and Organs, 
Elsevier: Amsterdam, The Netherlands, 2018; P. 473–511.  
https://doi.org/10.1016/B978-0-12-813665-2.00013-2 

46. W.B. Saunders. Robinson’s current therapy in Equine Medicine. 
7th Ed.; 2015. 

47. How does it work? [Internet]. 2020 [cited 2023 May 10]. 
Available from: 
https://www.alzet.com/products/alzet_pumps/how-does-it-
work/  

48. Y. Fu and W. J. Kao, Drug release kinetics and transport 
mechanisms of non-degradable and degradable polymeric 
delivery systems, Expert Opin. Drug De-liv., 2010, 7 (4): P. 429-
444. https://pubmed.ncbi.nlm.nih.gov/20331353/ 
https://doi.org/10.1517/17425241003602259  

49. W. M. Saltzman, Biomedical Engineering: Bridging Medicine and 
Technology, Cambridge University Press, New York, 2009. 
https://doi.org/10.1017/CBO9780511802737 

50. Patil H, Feng X, Ye X, Majumdar S, Repka MA, Continuous 
production of fenofibrate solid lipid nanoparticles by hot-melt 
extrusion technology: a systematic study based on a quality by 
design approach, AAPS J, 2015;17(1):194–205. 
https://pubmed.ncbi.nlm.nih.gov/25344439/  
https://doi.org/10.1208/s12248-014-9674-8 

51. Materials engineering [Internet]. 2012 [cited 2023 May 11]. 
Available from: 
https://www.substech.com/dokuwiki/doku.php?id=metal_inje
ction_molding

 

https://pubmed.ncbi.nlm.nih.gov/9685932/
https://doi.org/10.1016/S0168-3659(97)00187-9
https://www.jocpr.com/abstract/observation-of-the-release-of-aspirin-from-gelatinsodium-alginate-polymeric-implant-2129.html
https://www.jocpr.com/abstract/observation-of-the-release-of-aspirin-from-gelatinsodium-alginate-polymeric-implant-2129.html
https://www.jocpr.com/abstract/observation-of-the-release-of-aspirin-from-gelatinsodium-alginate-polymeric-implant-2129.html
http://repository.unair.ac.id/86303/3/C-16.pdf
http://repository.unair.ac.id/86303/3/C-16.pdf
.%20https:/ijppr.humanjournals.com/wp-content/uploads/2020/09/71.Dharmendra-Solanki-Semimul-Akhtar.pdf
.%20https:/ijppr.humanjournals.com/wp-content/uploads/2020/09/71.Dharmendra-Solanki-Semimul-Akhtar.pdf
.%20https:/ijppr.humanjournals.com/wp-content/uploads/2020/09/71.Dharmendra-Solanki-Semimul-Akhtar.pdf
.%20https:/ijppr.humanjournals.com/wp-content/uploads/2020/09/71.Dharmendra-Solanki-Semimul-Akhtar.pdf
https://doi.org/10.22159/ajpcr.2017.v10i11.20070
https://pubmed.ncbi.nlm.nih.gov/27406737/
https://doi.org/10.1007/s12026-016-8821-y
https://doi.org/10.1016/j.jconrel.2011.10.006
https://doi.org/10.1016/j.jconrel.2011.10.006
https://nanotechnology-cis.wikispaces.com/file/view/pic%202.gif/379176650/pic%202.gif
https://nanotechnology-cis.wikispaces.com/file/view/pic%202.gif/379176650/pic%202.gif
https://nanotechnology-cis.wikispaces.com/file/view/pic%202.gif/379176650/pic%202.gif
https://doi.org/10.1016/B978-0-12-813665-2.00013-2
https://www.alzet.com/products/alzet_pumps/how-does-it-work/
https://www.alzet.com/products/alzet_pumps/how-does-it-work/
https://pubmed.ncbi.nlm.nih.gov/20331353/
https://doi.org/10.1517/17425241003602259
https://doi.org/10.1017/CBO9780511802737
https://pubmed.ncbi.nlm.nih.gov/25344439/
https://doi.org/10.1208/s12248-014-9674-8
https://www.substech.com/dokuwiki/doku.php?id=metal_injection_molding
https://www.substech.com/dokuwiki/doku.php?id=metal_injection_molding

