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ABSTRACT 

The development of the biodegradable implant drug delivery system (BIDDS) is described in this review, and technical 

details about polymers are highlighted specifically for researchers working in the field. The discovery of biodegradable 

polymers in the beginning of the 1960s was the first step to develop biodegradable implants. The advantages of 

biodegradable implants over non-biodegradable implants motivated further research. A detailed summary on the 

polymers used in BIDDS is provided, as well as their therapeutic applications in chemotherapy, vascular disease, ocular 

drug delivery and the development of vaccinations, among others. Moreover, improvements in the formulation to 

increase efficacy and patient adherence and to minimize adverse effects are reviewed. Finally, the challenges and future 

of BIDDSs are discussed. 
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1. INTRODUCTION 
 
The need for a new dosage form emerged due to the 

limitations of oral and parenteral formulations, including 

their short duration of action, higher dosing frequency, low 

patient adherence and poor therapeutic outcomes. Many 

approaches have been used to address these disadvantages 

and achieve the controlled release of drugs after parenteral 

administration, including the use of suspensions, viscous 

formulations, complex formulations, oil preparations and 

subcutaneous implantation of drug pellets (i.e., implants).1-

3 Implants, in particular, overcame many of the limitations, 

improving patient adherence and resulting in optimal 

pharmaceutical care outcomes.4-6 

An implant is a dosage form that may be inserted 

subcutaneously for a systemic effect, or in certain body 

cavities for a local effect.4,5 For local action, implants are 

administered via intra-cerebrospinal, intraventricular, 

intra-articular, and intraocular routes.4 The advantages of 

implants may be summarized as follows7: 

1- Automatic drug release, which may increase patient 

adherence. 

2- Decreased frequency of dosing. 

3- Decreased incidence of adverse effects by controlled 

drug release and/or by localized drug action. 

4- Decreased amount of drug required due to surpassing 

of drug degradation pathways. 

5- Improved drug bioavailability, especially for drugs that 

undergo extensive first-pass metabolism after oral 

administration. 

6- Decreased need for intravenous drug administration, 

resulting in reduced hospital stays for the treatment of 

chronic diseases.  

7- Immediate cessation of medication release by implant 

removal in response to allergic or adverse effects. 

On the other hand, implants have a number of 

limitations, such as the following7: 

1- Minor surgery required for implant insertion and 
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oftentimes removal, which may decrease patient 

adherence. 

2- Specialized skills required for optimal implantation. 

3- High cost-benefit ratio. 

4- Higher complexity of the fabrication process and 

approval pathway for implant dosage forms, which 

also makes them more expensive to manufacture.  

5- Pain and discomfort, depending on the implantation 

site. 

Additionally, the potential for fibrous encapsulation or 

the foreign body reaction are major disadvantages of 

implants, which may also result in undesirable release of 

drug from the implant.8 However, these problems may be 

minimized by decreasing the diameter of the 

biodegradable fibers to less than 5µm.9 This may cause a 

difference in stress distribution at the tissue-fiber interface 

and in the hydrophobicity of the implant material used.9 

 

BRIEF HISTORY OF IMPLANTS 

 

The 1960s was a revolutionary decade for implantable 

drug delivery systems. During this time, Deanspy and 

Parkes started the concept of and research into implantable 

drug delivery systems. They compressed pellets of 

crystalline estrone, inserted them subcutaneously into 

castrated male chickens and described the effects of these 

implants. They observed the appearance of new feathers as 

they appeared for three months.7 Folkman and Long 

(1964) later used a silicon rubber-based polymeric 

membrane to control the release of drug and prolong 

systemic drug administration.10 

An implant needs to possess the following qualities: 

safety, efficacy, stability, low toxicity, high 

biocompatibility, lack of carcinogenicity, compatibility of 

carrier and drug (to avoid burst release or shutdown), and 

patient and physician acceptance. All of these 

requirements meant that progress on the development of 

implant formulations was initially slow. However, when 

the silicone-based device Norplant® (levonorgestrel 

implant) (Figure 1) was approved by the U.S. Food and 

Drug Administration (FDA) in 1990, the number of 

published articles and commercial products increased.7 

Further research resulted in an increased variety of new 

implantation techniques, sites of administration and 

implant designs that improved the safety, efficiency, and 

relevance of implanted drugs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Norplant (levonorgestrel) implant capsule, the first implant device approved by the U.S. Food and 
Drug Administration (FDA), with actual size shown (source: Population Council, 1990)7 
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TYPES OF IMPLANTS 

 

Drug implants may be divided into two main 

categories: non-biodegradable and biodegradable7. They 

are mainly composed of polymeric material that forms the 

implant skeleton through which the drug material is 

dispersed. Excipients may be added to improve the 

structure of the formed skeleton and to increase the 

biocompatibility and stability of the implant7. The focus of 

this review is on biodegradable implants; however, non-

biodegradable implants will be discussed briefly. 

 

1- Non-biodegradable implants 

The polymers in non-biodegradable implants maintain 

their structure throughout the treatment period, without 

being affected by surrounding biological fluids. After a 

surgical procedure to implant the non-biodegradable 

device, its removal requires a second, minor surgical 

procedure. Polyethylene vinyl acetate (PEVA) is an 

example of a non-biodegradable polymer using a matrix. 

Examples of drugs that have been formulated as non-

biodegradable implants include the following:  

A-Ocusert® (pilocarpine): Ocusert was an implant 

inserted into the conjunctival cul-de-sac of the eye. It 

was used to treat glaucoma by delivering pilocarpine. 

The outer shell was composed of PEVA, which 

controlled the rate of drug release. The drug was 

released within one week.11  

B-(Progesterone): In this formulation, progesterone is 

dispersed in silicon oil which is coated with PEVA as 

a rate-controlling reservoir. Used for contraception, the 

implant continuously releases the drug over the course 

of one year.11 

C-(Levonorgestrel): This is an example of a drug 

formulation for intrauterine administration. The 

implant releases levonorgestrel for more than five 

years.7 

 

2- Biodegradable implants 

Most of the recent research on implants has been 

directed at creating biodegradable implants, especially for 

drugs used for a short period of time. Unlike with non-

biodegradable implants, a second surgery to remove the 

implant is not needed, because the implanted polymer 

degrades in the body by its interaction with body fluids, 

resulting in the normal healing process. The design of 

biodegradable implants is a major challenge. However, 

due to their complexity and the high cost and low 

availability of polymers with desired in vivo degradation 

kinetics, a series of tests should be done prior to approving 

a new biodegradable implant. These include determining 

the mechanism and kinetics of its in vivo degradation and 

the resulting degradation species. The age of the patient 

and changes in the body’s anatomy and physiology due to 

disease may cause variability in the outcomes of 

biodegradable implants.7 

Of note here is that there is specific terminology used 

when discussing biodegradable implants. As terms are 

often used incorrectly and interchangeably, some of them 

are discussed here. “Bio” implies that a process occurs in 

vivo and/or within the biological media of a living 

organism. “Degradation” means that a chemical and/or 

physical reaction is occurring, which leads to the loss of 

the original physical and chemical properties (desirability 

is influenced by the degradation kinetics). “Erosion” 

describes the removal and transport of material which 

leads to the progressive loss of the material. Plenty losses 

in physical property kinetics lead to bulk and surface 

erosion mechanisms. “Corrosion” is an electrochemical 

breakdown of metal or metal alloy. “Resorption” is a 

process of material degradation followed by assimilation. 

Finally, “absorption” is the process in which a material 

permeates through another one. These terms are used to 

describe biodegradable implants and their polymers. 

Polymers used in biodegradable implants should 

possess certain criteria such as the following:  

1- Ability to be metabolized in body fluids and excreted 

by a physiological pathway. 

2- Ease of fabrication. 

3- Ability to break down into nontoxic, non-cytotoxic 

(i.e., not mutagenic) materials.  

4- Not causing any inflammation after application by 

injection or insertion.12-14 

Additionally, the end products after breakdown of the 
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biodegradable polymers should be considered. Carbon 

dioxide, water and/or minerals should be the final products 

of aerobic degradation of biodegradable polymers.15 

Therefore, lactic acid, glycolic acid and their copolymers 

are considered ideal biodegradable polymers.16 They are 

the most commonly used among the aliphatic polyesters. 

Since the early 1970s, much attention has been paid to 

these materials, since after eight years of research; a suture 

was fabricated by melt extrusion of polyglycolic acid.17 

The polymers were later used as excipients, then finally as 

implants. Other well-known biodegradable polymers 

include polyanhydrides, poly (ortho esters), and 

polyphosphoesters.18 

Parenteral biodegradable polymers may be categorized 

as synthetic or natural, depending on their origin. Natural 

polymers are considered biocompatible and 

biodegradable.19 For example, alginate, chitosan, collagen 

and gelatin have been incorporated into parenteral 

controlled-release systems as drug carriers.20,21 

Polyamides and polyamino acids are other materials 

that may be used. Nylon 6 has been investigated in a huge 

biomedical application and found to be recommended in 

fabricating inert implants.22 Poly(alkyl-2-cyanoacrylates) 

are also used to fabricate biodegradable dosage forms. 

“Instant glues” and tissue adhesives are fabricated from 2-

cyanoacrylate monomers.23 

Biodegradable polymers have been incorporated into 

numerous implants for different therapeutic applications, 

such as the treatment of cancer and relief of pain associated 

with cancer.16 Specific biodegradable polymers will be 

discussed in further detail later in this article. 

 

TYPES OF IMPLANT SYSTEMS 

 

1- Implantable pump system 

Implantable pump systems have many advantages, 

including avoidance of the first-pass effect by bypassing 

the gastrointestinal tract (GIT); improving patient 

adherence, especially for drugs that require repeated 

administrations; having release rates that are better than in 

diffusion-limited systems; and having more localized 

action by easily inserting the pump at the desired site of 

action. 

Implantable pump systems may be divided into two 

types: osmotic pumps and infusion pumps. If the pump 

allows the diffusion of water across a semipermeable 

membrane due to a high concentration of solute in the 

opposing side of the membrane, it is called an osmotic 

pump system. It may be inserted subcutaneously or into 

other sites. It may be coated with titanium alloy or a 

biocompatible polymer. The DUROS® is an example of an 

implanted osmotic pump system; it is used to deliver the 

gonadotropin releasing hormone agonist leuprolide for the 

treatment of prostate cancer. 

An infusion pump, on the other hand, is made of two 

parts: the cannula and the pump. Whereas the cannula 

portion of the delivery system is implanted, the pump is 

worn outside the body. It is usually used to deliver minute 

amounts of insulin as a subcutaneous infusion in the 

treatment of diabetes.7 

 

2- Micro- and nano-fabricated implantable drug 

delivery systems 

Microtechnology and nanotechnology (using 

microliter- or nanoliter-sized reservoirs) have attracted the 

attention of researchers over the past decade.25,26 These 

types of systems are still under development. They consist 

of a chip of silicon wafer to which tiny microliter-sized 

reservoirs are attached and filled with a drug or multiple 

drugs. A film of gold or other material is used to cover 

these reservoirs, which are electronically addressable on 

the chip. After implantation of the chip, dissolution of the 

film is induced electrochemically by applying a voltage to 

the foil of an individual reservoir, causing drug release 

from that reservoir. It is possible to have pulsatile, 

patterned, or controlled release of a single or multiple 

drugs.24 

 

3- Insertable drug delivery systems 

Many body sites may be used for placement of 

insertable drug delivery systems. It may cause a local 

effect (e.g., an ocular insert delivering drug into the eye) 

or a systemic effect (e.g., a subcutaneous insert delivering 
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drug into the blood stream). Transurethral, vaginal and 

intrauterine routes are also sites for implantation, using 

these drug delivery systems.16 

 

Models of drug release from insertable drug delivery 

systems 

 The Higuchi model was the first model presented in the 

1960s to describe the kinetics of drug delivery and 

other aspects of system function.27  

 The extended Higuchi model was used by Paul and 

McSpadden.28 

 

Polymers used in biodegradable implants 

1- Polylactic acid (PLA), polyglycolic acid (PGA), 

poly(D,L-lactic-co-glycolic acid) (PLGA) and their 

derivatives: 

Implants fabricated from these polymers do not elicit 

chronic foreign body reactions29 after insertion, and, as 

they are biodegradable, there is no need to remove the 

device after complete drug release.30.31 PLGA is the most 

commonly used polymer to fabricate biodegradable 

implants due to the simplicity of controlling its 

degradation half-life by changing the ratio of lactide to 

glycolide (Figure 2). Its degradation takes weeks to years, 

depending on the lactide to glycolide ratio and the 

composition of the lactide stereoisomeric mixture.32 

PLGA-based polymers are relatively easy to construct into 

various body forms, such as rods, screws, plates and pins. 

Other factors that may affect drug release are molecular 

weight, degree of crystallinity 33, surface area of the 

device, and the loaded drug percentage.34 

In general, drug release from the implant occurs in 

three stages (Figure 3): 

1- During burst release, the drug begins to be released 

from the implant surface, and there is high drug release 

in a short period of time.  

2- Diffusion and chain scission are controlled by the 

solubility of the drug in the surrounding media. The 

hydrolysis-induced cleavage of polymer chains 

increases drug release due to the increased porosity and 

surface area available for drug diffusion.  

3- Eventually, biodegradation and mass loss occurs. Mass 

loss starts at the central core of implant, causing burst 

release in some delivery systems.30,35-37 

The following are examples of biodegradable implants 

using the polymers PLGA, PLA, PGA and/or their 

derivatives: 

A) PLGA copolymers have been used to deliver 

macromolecules (e.g., hydrochlorothiazide, theophylline) 

and macromolecules (e.g. myoglobin, cytochrome C). A 

solution or suspension formula with minor viscosity may 

be injected subcutaneously using a 22- or 23-gauge needle. 

The formula is injected under the skin, and once it comes 

in contact with the aqueous fluid, it is transformed to a gel 

matrix similar to that of an implant, releasing the drug 

gradually over weeks to months. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: The graph illustrates the relationship between the degradation half-life of 

PLGA and lactide/glycolide content (31) 
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Figure (3): A- the graph shows the cumulative release of drug from PLGA implant at each phase and 
biodegradation. B- the plant condition prior implantation, its dry and show porous structure of PLGA. C- burst 

phase. D- diffusion and chain scission. E- biodegradation and mass loss. F- biodegradation continuing lead to 
change the implant shape. G- implant breakdown to reach the end of biodegradation[ (31) 

 
Drug release occurs through a porous network of 

tortuous channels created by the dissolution of drug in 

addition to partitioning and diffusion through the matrix. 

When drug disperses and dissolves, its release rate is faster 

than if it had only dissolved. 

The rate of drug release may be modified as needed by 

changing the ratio of the copolymer components (e.g., a 

50:50 PLGA provides a release over 30 to 40 days). Drug 

release is also affected by other factors, such as drug 

physicochemical properties, the way the drug is 

incorporated into the formulation, and the addition of other 

excipients. 
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Figure (4): Degradation of OzurdexR in the monkey eye (31) 

 

Limitations of these injectable biodegradable implants 

include the complexity of the manufacturing process, the 

instability of drugs caused by heat and the solvents used, 

and the inability of the human body to terminate therapy 

by eliminating these microspheres.38 

 

B) Zoladex® is another example of a biodegradable 

implant drug delivery system. It is used as a treatment for 

prostate cancer and breast cancer. The drug, goserelin 

acetate, is incorporated into a sterile biodegradable 

polymer of PLGA. It is presented as a cylinder, preloaded 

into a single-use syringe, and packed in a light- and 

moisture-resistant, sealed aluminum pouch. Erosion and 

diffusion mechanisms usually control drug release from 

this system. 

 

A 16-G needle is used to inject Zoladex® 3.6mg 

subcutaneously, and continuous release of goserelin 

occurs over a period of 28 days. The Zoladex® 10.8mg 

implant uses a 14-G needle and releases the drug over a 

period of three months.39,40 According to the literature, 

PLGA is biodegraded completely without any potential 

antigenic adverse effects.41 

 

C) Polyglycolide, polylactide, polycaprolactone and 

their copolymers were incorporated into the design of an 
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injectable biodegradable implant for naproxen (Tipton et 

al., 1992) and for doxycycline hyclate (Dunn et al., 1991). 

By changing the mole ratios of the constituent monomers 

and molecular weights, the degradation rates were 

adjusted.38 

 

D) Establishing safe and efficacious ocular treatments 

is challenging due to the specific nature of the eye, poor 

ophthalmic drug uptake, the frequent lack of specificity to 

the target tissue, potential systemic adverse effects, and 

bad adhesion to therapy (Table 1). However, ocular 

implant therapy has solved many of these challenges and 

provided prolonged therapeutic concentrations at the target 

ophthalmic tissue, minimizing the need for frequent drug 

reapplication and improving patient adherence.32 Hence, 

many serious complications have been avoided, such as 

retinal detachment, vitreous hemorrhage, endophthalmitis, 

cataract formation, and intraocular pressure (IOP) 

elevation.42,42 

 
Table (1): Limitations of ocular drug delivery method (31) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

As previously mentioned, synthetic aliphatic 

polyesters, including polylactic acid (PLA), polyglycolic 

acid (PGA) and poly(lactic-co-glycolic acid) (PLGA), are 

the most commonly used for designing biodegradable 

implants. Various studies on the compatibility and safety 

of biodegradable implants consisting of PLA or PLGA 

inserted in various tissues of the eye have found that they 

are well-tolerated.37,44-46 Examples of ocular implants 

utilizing these polymers include the following:  

1-Ozurdex®: This is composed of 7mg of 
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dexamethasone dispersed in a PLGA copolymer (diameter 

of 0.45mm, length of 6.5mm), and is inserted intravitreally 

with a 22-G needle. It is used for the treatment of macular 

edema due to branch retinal vein occlusion (BRVO) or 

central retinal vein occlusion (CRVO).47  

2-Ganciclovir: The drug ganciclovir is incorporated 

into a biodegradable scleral implant to treat 

cytomegalovirus retinitis. The implant is composed of 

25% ganciclovir, and the matrix is composed of the 

biodegradable polymers poly(D, L-lactide) 7000 and 

poly(D, L-lactide) 5000, with a blending ratio of 80:20. 

The implant studied in pigmented rabbit eyes showed 

effective ganciclovir concentrations for 6 months without 

significant burst.48   

3- Triamcinolone: The drug triamcinolone has been 

incorporated into an implant dosage form to treat 

postoperative inflammation. The matrix is composed of 

PLGA (MW: 80,000 Da) loaded with 1,050mg of 

triamcinolone. This biodegradable drug delivery system 

(DDS) combined with an artificial intraocular lens (IOL) 

(Figures 5 and 6) proved to be more effective in relieving 

postoperative inflammation for 84 days and had good 

ocular biocompatibility.49 

 

 

 

 

 
Figure (5): Artificial IOL as implanted during cataract surgery and IOL combined with 

two drug delivery system, threaded onto an IOL haptic (48) 
 

 

 

 

 

 

 

 

 

 

 

Figure (6): Intraocular lens combined with two DDS (48) 
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Figure (7): In-Vivo BFB0261 release profiles after subcutaneous implantation on rat backs. Film dimension was 

10 mm × 25 mm. Films containing 1 mg of BFB0261. Various polymers such as 
PLGA7723, PLAPEG8515H, and PLATMC8416 were used (49) 

 

E) A potent osteogenic compound BFB0261 (3-ethyl-

4-(4-methylisoxazol-5-yl)-5-(methylthio) thiophene-2-

carboxamide) for treating bone disorders has been 

incorporated into a biodegradable implant. Different types 

of polymers were studied, including PLA100 (MW: 251 

kDa), PLAPEG9604H (PLA/PEG ratio: 96:4, MW: 181 

kDa), PLAPEG8515H (PLA/PEG ratio: 85:15, MW: 51.5 

kDa), PLAPEG8020 (PLA/PEG ratio: 80:20, MW: 33.7 

kDa) and PLATMC8416 (PLA/TMC ratio: 84:16, MW: 

170 kDa).When the PLAPEG8515H or PLATMC8416 

copolymer loaded with BFB0261 was inserted 

subcutaneously in rat backs, zero-order sustained release 

and first-order sustained release, respectively, were 

achieved at the site of administration over 12 weeks 

(Figure 7). Film fabricated from PLGA, PLA-PEG, or 

PLA-TMC polymers exhibited tougher and more elastic 

properties than PLA films alone.62 

F) A biodegradable implant for fracture fixation 

fabricated from PLGA was developed to replace the 

conventional metallic implant used in fracture fixation 
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(Figure 8). There was no difference noted in the 

therapeutic effect in rabbits, and the biodegradable implant 

was advantageous because the usual surgical procedure to 

remove the metallic implant was precluded. In addition, 

the long-term stress protection induced by metallic 

fixation was avoided with the biodegradable implant. 

During the therapeutic period, the metallic fixation 

required 62 days for the bone fracture to heal, while the 

biodegradable implant required 57 days.63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (8): The biodegradable rods (1) are placed within the cancellous bone in drill channels across the 
fracture surfaces. The fixation is reinforced by eight polylactide-glycolide sutures (2) (62) 

 

G) An implant for scaphoid nonunions made of poly-

L-lactic acid showed very good results, with the average 

time of bone union being 4.5 months (range of 3.5 to 7 

months) without adverse reactions at the site of 

implantation.63  

F) Amorphous semicrystalline poly-D, L-lactic acid 

(PDLLA) has been used to develop arterial remodeling 

technologies including bioresorbable scaffolds (ART-

BRSs) for drug eluting stents. According to the 

mechanisms of degradation, the terms bioabsorbable and 

bioresorbable were also used as drug-eluting stents 

(DESs). These DESs may be divided into two types: 

completely absorbable (biodegradable) and permanent 

(non-biodegradable), the latter of which contains a 

scaffold coated with a biodegradable polymer called a 

biodegradable system.64-73 A completely biodegradable 
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stent has many advantages over non-biodegradable DESs. 

A drug-eluting bioresorbable vascular scaffold (DEBVS) 

functions as a scaffold, and is then reabsorbed naturally 

and metabolized by the body when no longer needed.  

The advantages to DEBVS therapy have been 

discussed in more recent literature.66,68,74,75 ABSORB was 

a single-arm, prospective, open-label, clinical study in 

humans following safety and imaging end points for a 

bioresorbable implanted drug delivery system. After two 

years of follow-up, a fully bio-resorbed is recorded, lumen 

enlargement (which is associated with minimized plaque 

burden) was noted, and vasomotion was recuperated to the 

coronary artery native state. DESs caused a revolution in 

the treatment of coronary artery disease, with only very 

minor, late adverse effects reported in patients. 

The recuperation of vasomotion and the obscurity of 

the foreign body reaction are evidence of a healthy vessel 

and indicate that the risk of stent thrombosis in the late 

stage has been reduced. More studies are need to confirm 

the last findings,76,77 to choose the material and to design 

the biodegradable scaffold. Using amorphous 

semicrystalline PDLLA polymers to design bioresorbable 

scaffolds, positive remodeling (vessel enlargement) has 

been demonstrated between 3 and 6 months. No anti-

proliferative drug has occurred.78,79 

 

2- Neutralized glass ceramic (GB9N), porous alpha-

tricalcium phosphate (α-TCP) ceramics, 

(polylacid/gycolid/GB9N) composition and solvent-

dehydrated human bone  

An in vitro study was performed to illustrate the release 

and adsorption behavior of a number of growth factors 

dispersed in different biodegradable implant formulations. 

The biodegradable formulations included neutralized glass 

ceramic (GB9N), porous alpha-tricalcium phosphate (α-

TCP) ceramics, (polylacid/gycolid/GB9N) composition, 

and solvent-dehydrated human bone (SDB). The growth 

factors investigated were recombinant human basic 

fibroblast growth factor (rhbFGF), bone morphogenetic 

protein-4 (rxBMP-4), and recombinant human vascular 

endothelial growth factor (rhVEGF).  

Scaffolds had the dimensions of 7 x 7 x 10mm, in 

which 5μg of growth factors were dispersed in 150mL of 

phosphate-buffered saline (PBS). Iodine was used to label 

the growth factor to analyze the amount released and 

adsorbed. The adsorption behavior and the maximum 

amount of growth factors that could be adsorbed (Figure 

9) depended on the nature of the tested materials and the 

growth factor itself.80 The lower limit of the solvent 

dehydrated bone (SDB) adsorption may have been so due 

to the higher porosity and minor overall surface compared 

with the other formulations. In contrast, the main reasons 

for the lower adsorption of rhbFGF on α-TCP and GB9N 

were due to the physical and chemical properties.80 

The release behavior of growth factors from the 

implants (Figure 10) was very rapid during the first hour 

due to elution of the non-adsorbed protein, followed by a 

long-lasting release. The physical and chemical interaction 

of the matrix and growth factors affected the controlled 

release stage.80 The polymers broke down slowly after 

implantation into living tissue or came into contact with 

water by hydrolytic reactions.80 Reabsorption of 

degradation products by the body occurs.81 The in vitro 

study illustrates the importance of using these 

biodegradable implants as carriers for estrogenic growth 

factors. 

 

3- Hyaluronic acid-tyramine conjugates: 

A formula was created to design a biocompatible and 

biodegradable injectable hydrogel delivery system. The 

backbone of that hydrogel was hyaluronic acid, which is a 

glycosaminoglycan made of repeated units of 

disaccharides (b-1,4-D-glucuronic acid and b-1,3-N-

acetyl-D-glucosamine).82 Hyaluronic acid-tyramine (HA-

Tyr) conjugates are synthesized using peroxidase-

catalyzed oxidation reactions (Figure 11) and are used to 

develop biocompatible and very simple in situ gel-forming 

systems.83 
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Figure (9): The growth factors adsorption to alpha-tricalcium phosphate (α-TCP), 
glass ceramic (GB9N), composite (comp) and solvent dehydrated bone (SDB) (79) 

 
 
 
 

 
 

Figure (10): The cumulative release of rxBMP-4, rh-bFGF, and rh-VEGF from alpha tricalcium 
phosphate (a), GB9N (b), composite (c), and solvent-dehydrated human bone (d) versus time (79) 
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Figure (11): HA-Tyr conjugates Synthesis (82) 
 

In vivo, a hydrogel was formed by injecting two 

solutions of HA-Tyr via syringes, the first solution 

consisting of H2O2 as an oxidant of horseradish peroxide 

(HRP), and the second solution consisting of HRP as a 

model catalyst used to stimulate the oxidative coupling of 

the phenol moiety in the body (Figure 12). This yielded a 

hydrogel compatible with the bioactive agent without 

causing any inflammation or any excess reactions83. The 

gel strength and gelation time were modulated by changing 

the concentrations of H2O2 and HRP. With 1.25 unit/mL of 

HRP and 2.4 mmol/L of H2O2, the hydrogels were formed 

within 20 seconds (Figure 13).82 

The biodegradation of hydrogels with a size of 20 x 20 

x 1.2mm was studied in vitro at different concentrations of 

hyaluronidase by recording the weight loss of the implant. 

All the hydrogels degraded completely in the presence of 

hyaluronidase, and no considerable change in the weight 

in the absence of hyaluronidase was observed (Figure 14). 

This linear relationship between time and biodegradation 

may be explained by the degradation (surface erosion 

only), it is expected that this degradation behavior of 

hydrogels may lead to sustained release of bioactive agents 

resembling proteins that would be released only according 

to the degradation of surface.83 

 

4-Poly(ethylene oxide) and poly(L-lactic acid) 

copolymer 

Poly (ethylene oxide) (PEO) and poly (L-lactic acid) 

(PLLA) blocks are used to design a thermosensitive, 

solvent-free (no organic solvent) and injectable 

biodegradable implant. The temperature-dependent, 

reversible sol-gel transition is obtained when forming an 

aqueous solution of these copolymers. The bioactive agent 

may be dispersed in the aqueous phase of the hydrogel. 

The aqueous phase is heated to an elevated temperature 

(around 45 °C), and is then injected subcutaneously. 
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Because body temperature is less than the temperature of 

the aqueous phase by about 8 °C, rapid cooling occurs, and 

the aqueous solution phase transforms into a gel, providing 

a sustained-release matrix for bioactive agents.84 However, 

the high injection temperature (45 °C) may limit the usage 

of this system, particularly for thermolabile biological 

agents and proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (12): The in situ gel forming via HA-Tyr conjugates oxidation by enzyme- catalyzed oxidation reaction (82) 

 

 
Figure (14): In-Vitro enzymatic degradation of HA-Tyr hydrogels in PBS at 37 Co. Hyaluronidase 
concentration: O, 100 unit ml-1 ;□, 50 unit ml-1; ∆, 25 unit ml-1; ▼, 10 unit m-1 ; ●, 0 unit ml-1 (82) 
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Figure (15): Gel–sol transition curves. a, PEO–PLLA diblock copolymers with Mr values as follows: 
diamonds, 5,000–720; circles, 5,000–1,000; triangles, 5,000– 1,730; squares, 5,000–1,960. b, PEO–PLLA–PEO 

triblock copolymers with Mr values as follows: filled circles, 5,000 2,040–5,000; filled triangles, 
5,000–3,000– 5,000; filled squares, 5,000–5,000–5,000 (84) 

 
 

The sol-gel process is a technique used to prepare 

transparent oxide glasses by hydrolysis and 

polycondensation of alkoxide. Little to no heating is 

required and, consequently, the gel may be doped with 

molecules whose poor thermal stability precludes their 

incorporation in traditional inorganic hosts. Such 

molecules become entrapped in the growing covalent gel 

network rather than being chemically bound to the 

inorganic matrix. The process may be divided into the 

following steps: forming a solution, gelation, aging and 

drying, 

The temperature of the sol-gel transition can be 

modulated by changing the concentration and composition 

of the copolymer blocks. Increasing the concentration 

and/or length of block composition may increase 

aggregation tendency in water. Hence, the onset of gel 

formation and the incline of the gel-sol transition curve 

begin at a lower concentration as shown in Figure 15.84 

This system may be used to deliver biological agents 

with high molecular weights (MWs), such as proteins with 
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a limited diffusion coefficient. It may also be used for 

hydrophobic drugs of low molecular weight. The release 

of dextran (MW: 20,000) as a model drug labeled with 

fluorescein isothiocyanate (FITC) was studied in vitro. 

The presence of drug affected the temperature at which 

gel-sol transition occurred. The bioactive drug was 

dispersed in the polymer at 45 °C, resulting in a solution 

phase that was then cooled to 37 °C and administered by 
subcutaneous injection. The solutes released from the gel 

form were detected by fluorescence spectroscopy and 

plotted as a function of time (Figure 16). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (16): In-Vitro release profile of FITC-labelled dextran (Mr 20,000) from PEO– PLLA–PEO 
(Mw 5,000–2,040–5,000) triblock copolymer. FITC-labelled dextran (5.4mg) was mixed with 0.5ml of 

aqueous polymer solution (filled squares, 23wt%; filled circles, 35wt%). The mixture was injected into 
a 3.0-ml cuvette which was incubated in a 37Co water bath and 2.5ml of distilled water was added. The area of 

the gel exposed to the water was 0.4cm2. With stirring, 1.0ml of sample was taken at designated times and the same 
amount of distilled water was added. The amount of FITC-dextran released was calculated measurements of 

fluorescence intensity (excitation wavelength, 495nm; emission wavelength, 515nm) after dilution (84) 
 

Initial loading, molecular weight, concentration of the 

polymer, and the degree of hydrophobicity of the drug are 

all factors that control the release rate of drug from this 

system. Dextran is highly water-soluble. As shown in 

Figure 16, there is an inverse relationship between 

polymer concentration and drug release rate. Over the 

course of 12 days, whereas more than 70% of dextran was 

released from the 23% (wt/wt) gel, only 40% of dextran 

was released from the 35% (wt/wt) gel. It was deduced that 

the protein or hydrophobic drug required one month to be 

completely released.  

At the beginning, the drug is released due to diffusion, 

then diffusion and degradation mechanisms are involved 

in the drug release. PEO, PLLA and their degradation 

products are biocompatible and biologically and 

pharmacologically inactive.85,86 
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This system of PEO and PLLA blocks has many 

advantages, including a simple formula, ability to store the 

matrix in solid or dry form at less than room temperature 

prior to administration, avoidance of organic or toxic 

solvents, and avoidance of surgical procedures to insert the 

implant.84 In addition, the material is quenched to body 

temperature within a few seconds, so no inflammation, 

pain or tissue damage is observed after subcutaneous 

administration.84 

 

5-Chitosan-polyol salt combination  

This system provides a biocompatible and 

biodegradable implant solution of gels in situ with a 

change in medium temperature. Chitosan-polyol salt 

combinations are used to form temperature-sensitive, 

neutral solutions that exhibit the liquid phase below room 

temperature, and in which living cells and therapeutic 

proteins may also be encapsulated. Then, upon 

subcutaneous injection into the target tissue, a monolithic 

gel implant forms in situ at body temperature.  

Chitosan is a pH-dependent cationic polymer, which 

means that it remains a solution at pH values below 6.2, 

but transforms to a hydrated gel-like precipitate at higher 

pH values.87 The addition of polyol salt (glycerol 

phosphate disodium salt) changes chitosan from a pH-

dependent solution into a temperature-controlled, pH-

dependent solution (Figure 17). Therefore, when it is 

below room temperature, the matrix of the implant remains 

in the solution phase even at a physiological pH, but is 

transformed into a gel if injected to the temperature of the 

body.87 

This system has been used to encapsulate biologically 

active growth factors and living chondrocytes for tissue 

engineering. In addition to subcutaneous injection, it may 

be administrated intramuscularly, intra-articularly, in the 

cul-de-sac of the eye, and in bone and cartilage defects.87 

 

 
Figure (17): Sol/gel transition of typical C/GP solutions at the physiological pH (87) 
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6- Poly (methylidene malonate) (PMM2.1.2) 

This synthetic polymer was used to develop a 

biodegradable implant as a scleral disc to release 

triamcinolone acetonide (TA). High molecular weight 

PMM2.1.2 (100,000 to 150,000 Da) associated with 

ethoxylated derivatives of stearic acid (Simulsol®) or 

oligomers of methylidene malonate (as plasticizer) showed 

good mechanical properties for implantation in vivo. After 

insertion, the implant showed good biocompatibility and 

did not cause any abnormal inflammation. Release studies 

of TA showed that the implant maintained the drug 

concentration through the effective level in the vitreous 

and sclera throughout five weeks92. 

 

7- PEG-oligoglycolyl-acrylates and eosin dye 

A photopolymerizable, biodegradable hydrogel was 

fabricated as a tissue contact material and controlled-

release carrier. This formula consists of a macromer with 

at least two free radical-polymerizable regions (PEG-

oligoglycolyl-acrylates) and a photosensitive initiator 

(eosin dye). Visible light or ultraviolet light is used as a 

light source. After the injection of the formula, the light 

source is directed to the mixture of macromer and 

photoinitiator. This exposure leads to rapid cross-linking 

and network formation. This network is useful for 

entrapping hydrophilic drugs and enzymes to deliver them 

in a controlled-release manner.93 The polymerization is 

affected by the light source; polymerization takes less time 

and the physical properties of the polymer is improved 

when using argon laser as a light source.94  

There are many advantages of using this technique, 

including a rapid polymerization rate at physiological 

temperatures, and ability to form the exact shape needed 

since the initial material is liquid solution and moldable 

putties.95 These advantages encourage the use of this 

system for tissue engineering,96 orthopedic application,97 

cell transplantation98 and local drug delivery.99 

 

8- Alginate 

Alginate is a natural polymer. Upon contact with 

divalent cations (e.g., calcium ions), it transforms in situ 

from a liquid phase to a gel phase. A fluid suspension is 

fabricated to consist of thermally sensitive Ca+2 loaded 

vesicles and sodium alginate. Upon subcutaneous 

administration, it is transformed to a gel due to the effect 

of body temperature (37 °C). The slow seeping of calcium 

from liposomes and the large amount of drug release leads 

to a short half-life, which is considered a disadvantage of 

this system.100  

For ocular administration, alginate has been used to 

create an eye gel implant. Ca+2 ions are naturally available 

in the eye fluid at enough concentration (0.008%, w/v) to 

induce gelation of an alginate-pilocarpine solution, 

providing sustained release of pilocarpine.101 The Ca+2-

alginate system is limited due to its potential 

immunogenicity and the longer amount of time needed for 

degradation in vivo.102,103 

 

9-Polyanhydride (Polifeprosan 20®) copolymer 

Polifeprosan 20® is the trade name of a biodegradable 

polyanhydride copolymer. The chemical structure (Figure 

18) consists of poly[bis(p-carboxyphenoxy)propane] and 

sebacic acid in a 20:80 molar ratio. Gliadel® wafers are an 

example of a biodegradable implanted drug delivery 

system of carmustine used for the treatment of brain 

cancer.104 In each Gliadel® wafer, the drug (carmustine 

7.7mg) is distributed uniformly in the matrix of the 

copolymer (Polifeprosan 20® 192.3 mg). The 

biodegradable polyanhydride disks are dime-sized, 1-mm 

thick and 1.45 cm in diameter.  

The implant delivers carmustine directly into the 

surgical cavity generated after the removal of a tumor. Up 

to 8 wafers are inserted along the floor and wall of the 

cavity. Carmustine, carboxyphenoxypropane, and sebacic 

acid are released from the implant. When carmustine is 

released from each wafer, it diffuses to the surrounding 

brain tissue for an exact therapeutic dose.105 Because of the 

compatibility of implants with the aqueous environment of 

the surgical cavity, hydrolysis of anhydride bonds occurs. 

Within three weeks, 70% of the copolymer breaks down to 

its monomers.7 
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Figure (18): Chemical structure of Polifeprosan 20 copolymer (ratio n:m 20:80) (7) 

 

10- Magnesium-based metallic bioresorbable scaffolds 

The angiographic results instantly obtained were 

similar to those of metallic stents. After implantation, a 

few weeks were needed to lose the radial support. It needs 

a high rate of recoil and constrictive remodeling to be 

done. Although the device has certain mechanical 

insufficiencies and does not elute any anti-proliferative 

drug, there were no deaths, myocardial infarctions, or stent 

thromboses observed. This study suggests that the 

magnesium scaffold was safe, but due to the loss of 

mechanical support and uncontrolled neointima 

proliferation, it lacks efficacy.106 

 

11- Desaminotyrosine polycarbonate 

Desaminotyrosine polycarbone is a bioresorbable and 

radiopaque polymer used to design bioresorbable scaffolds 

(e.g., the ReZolve devices). The study showed no vessel 

recoil. However, there was a high rate of in-stent late 

lumen loss.107 

 

12- Polydioxanone (PDS) polymer 

This biodegradable polymer has been studied in vivo, 

illustrating its use in internal orbital wall reconstruction. 

Studies have shown no muscle entrapment within the 

fracture line, and the orbital volume was not reduced. 

However, in some cases, thick scar formation was 

reported. It was shown that this system is not suitable to 

treat internal orbital wall reconstruction.108 

 

13- Trimethylene carbonate (TMC) polymer 

The degradation and tissue response of trimethylene 

carbonate (TMC) after subcutaneous implantation of TMC 

films in rats were investigated. The TMC films showed 

extensive degradation after 3 weeks of implantation, and 

less than one year was required to obtain complete 

resorption. The in vivo study showed that the degradation 

process occurred due to surface erosion, and that this 

polymer is biocompatible. Mixing this polymer with 52% 

(mole/mole) D,L-lactide (DLLA) or 89% (mole/mole) Ɛ-

caprolactone (CL) made the polymer suitable for 

fabrication of short and long biodegradable devices for soft 

tissue engineering.109 

 

14- Poly (ortho ester) (POE) polymer 

Bioabsorbable POEs, based on two diols (trans-

cyclohexane-dimethanol and 1,6-hexanediol) and a 

diketene acetal, 3,9-bis(ethylidene-2,4,8,10-

tetraoxaspiro[5,5]undecane), may be fabricated easily by 

both hot compression molding and solvent casting. 

(Figure 19) illustrates the steps for POE synthesis.  

The POE polymer is hydrophobic. After exposure, it 

maintains its properties longer than the polyester 

polymers. Surface hydrolysis is the main mechanism of its 

degradation. The degradation process leads to non-acidic 

degradation products, and eventually to alcoholic and 

acidic products (Figure 20). Over the course of 31 days, a 

reduction in weight was observed without any change in 

water absorption or molecular weight.110  

 

15- Cholesterol and lecithin (C:L) 

The use of cholesterol and lecithin (C:L) to fabricate 

biodegradable implants may be used to deliver veterinary 

vaccines. For example, they have been used to deliver 

recombinant antigen Dichelobacter Nodosus pili and 

adjuvant Quil A to sheep. Implants with dimensions of 

5.5mm x 1.8mm were inserted subcutaneously and 

compared with a conventional vaccination regimen of two 

injections four weeks apart. 
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Figure (19): Synthesis of polyorthoester polymers (110) 
 

 
Figure (20): Hydrolytic degradation of poly(orth ester) (110) 

 

To deliver a priming dose and a boosting dose of 

antigen, two implanted systems were used at the same 

time: a simple implant and an implant coated with C:L. 

The double implant caused stimulation of antibody 

equivalent to the stimulation obtained by the conventional 

vaccination regimen after six weeks. Then, the antibody 

level dropped significantly. The implants showed evidence 

of degradation over the experimental period. The reactions 

at the site of implantation were less severe and resolved 

faster with the implants compared to the injected 

vaccines.111 In addition, it was found that the presence of 

Quil A increased the amount of antigen released after 24hr 

from 29% to 44%. 
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Table 2. Ophthalmic preparations, brand names, used material, active agents, duration of drug release, 
characteristics, and eye diseases (51)-(61) 

 
Brand 
name 

Materials Active agent Duration 
of drug 
release 

Characteristic Eye diseases 

SurodexTM  

[50]–[56] 
PLGA,HPMC Dexamethasone 

(60Mg) 
7-10 
days 

Biodegradable 
pellet 

Post operative 
inflammation 

following cataract 
surgery (phase 3)  

OzurdexR 

[57], [58] 
PLGA Dexamethasone 

(0.7mg) 
6 months Biodegradable 

rod-shape 
intravitreal 

implant  

Macular edema 
following branch 
RVO or central 

RVOa  
LacrisertR 

[59] 
HPC HPC (mg) 1 day Biodegradable 

translucent, rod-
shaped, water 
soluble insert  

Moderate to severe 
dry eye syndrome 
including keratitis 

sicca 
IBI 20089 

verisomeTM 

[60], [61] 

Proprietary Triamcinolone 
acetate ( 6.9-13.8 

mg ) 

Up to 
one year 

Biodegradable CME associated 
with retinal vain 

occlusion and post 
operative cataract 

surgery 

 

 

16- Non-polymeric technology 

VerisomeTM drug delivery technology is a versatile 

system for controlled, extended-release of therapeutic 

agents, such as small molecules, peptides, proteins and 

monoclonal antibodies for ocular administration. Studies 

on rabbits using a single intravitreal injection of IBI-20089 

(a triamcinolone controlled-release formulation by Icon 

Bioscience), formulated with the VerisomeTM technology 

delivered triamcinolone acetonide (TA) at a mean daily 

dose of 1.1μg/mL for up to one year.112 IBI-20089 was 

studied to evaluate its safety and efficacy in a phase 1 trial 

in 10 patients with cystoid macular edema associated with 

retinal vein occlusion, and the system was well-tolerated 

by the rabbit eye.60,113 

 

 

 

CONCLUSION 

 

The biodegradable implant drug delivery system 

(BIDDS) has many advantages over conventional drug 

delivery systems, such as non-biodegradable implants and 

parenteral dosage forms. Various biological agents and 

proteins that are challenging to fabricate using 

conventional dosage forms have been successfully 

incorporated in BIDDS. BIDDS provides controlled 

release of drugs over the period of treatment. Patient 

adherence may be improved due to decreased dosing 

frequency and avoidance of a second surgery for implant 

removal at the end of therapy. The complexity and high 

cost-to-benefit ratio are the main challenges that limit the 

use of BIDDS. New, synthetic degradable polymers with 

lower cost and better safety profiles are promising for 

current and future clinical applications. 
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  عمليات الغرسفي البوليمرات القابلة للتحلل البيولوجي المستخدمة في  دراسة متمعنه

  القاعودمحمد  ،روضة الشياب ،، مي خنفرالطعانيمعتصم الصمادي، بشار  ،رنا عبيدات، *ةرفيف مساعد
  نيةلأردا العلوم والتكنولوجيا ، الجامعةة، كلية الصيدلالصيدلة التكنولوجيةقسم 

  
  ملخـص

القابلة تم شرحه في هذه الورقة. كان اكتشاف البوليمرات  (BIDDS) إن نظام توصيل الدواء المغروس والقابل للتحلل البيولوجي
للتحلل البيولوجي في مرحلة مبكرة من الستينات الخطوة الأولى لتطوير الغرسات القابلة للتحلل حتى المرحلة الحالية. إن مزايا 
الغرسات القابلة للتحلل الحيوي على الغرسات غير القابلة للتحلل البيولوجي تحفز العلماء على تطوير هذا البحث الميداني. تقدم 

ملخصًا مفصلاً عن البوليمرات المستخدمة في أنظمة توصيل الدواء المزروعة القابلة للتحلل والتي تستخدم في الكثير هذه الورقة 
من التطبيقات العلاجية والمجالات مثل علاج السرطان وعلاج الأمراض الوعائية ومعالجة العين وتسليم اللقاحات. كما أنه يصف 

امتثال المريض للشفاء والحد من الآثار الجانبية. كما تم ذكر تحديات ومستقبل أنظمة تطوير الصيغ من أجل زيادة الكفاءة و 
 .توصيل الدواء المزروعة القابلة للتحلل

 .عمليات الغرس، نظام تقديم الدواء ت،البوليمرا: الدالة الكلمات
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