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ABSTRACT
Polylactic acid (PLA) is a biodegradable polymer with special properties that has been studied intensively during
the last decades. PLA is one of the most promising biopolymers used in nowadays and have large number of
applications in food, packaging, medical and pharmaceutical industries. In addition, with the extensive use of
exogenous implementation of different materials in human body for repair of different types of soft and hard tissues
in many surgeries, there was enormous need to apply natural, biodegradable, non-inflammatory and biocompatible
materials. PLA and its co-polymer composites showed superior characters over other materials in tissue
engineering applications. This review is focused on providing comprehensive information about the most recent and
promising applications of PLA in the pharmaceutical and medical fields, such as in tissue engineering,
pharmaceutical, injury management and drugs delivery system.
Keywords: Polylactic acid, PLA, biopolymer, drug delivery, tissue engineering, Nanotechnology.
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INTRODUCTION
For many years, lactic acid have been produced by different kinds of microorganisms and widely applied in food
and chemical industries [1,2] More recently, many new applications have been reported for this acid in both medical
and pharmaceutical field and become one of the main ingredient in wellness industries in general [3,4].However,
lastly the lactic acid polymer (polylactic acid or PLA) received high attention as potential candidate for many
pharmaceutical and medical applications. This due to its mechanical and biological unique properties such as:
biocompatibility, biodegradability, and thermoplastic process ability. Convenience of biopolymers is dictated by its
capability to tune the material properties to fulfill engineering limitations [5]. PLA is aliphatic polyester, having
extraordinary preferences over several polymers, and may be a piece of the arrangement. Since 1970's, PLA have
been approved by the US food and drug administration (FDA) for food and pharmaceutical applications. The prime
benefits of PLA are renewability, biocompatibility, process capability and energy saving [6].In addition, the nontoxic and non-carcinogenic effects on the human body make Polylactic acid and its degradation products like H2O
and CO2aacceptable candidate for biomedical application such as in sutures, clips and drug delivery systems (DDS).
Due to the larger thermal processing ability compared to other biomaterials like polyethylene glycol,
polyhydroxylalkanoates (PHA), and poly α-caprolactone; the processing of PLA can be achieved by film casting,
extrusion, blow molding and fiber spinning [7]. The extension, of utilizing gadgets as a part of human body with
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contamination least and aggravation to allow common medicament has constrained specialists to hunt down
biodegradable and biocompatible choices. Among the biopolymers used in medical and pharmaceuticals industries
these days, PLA is considered as one of the best materials. PLA has gained the attention in many applications due to
its organics source[8,9].The properties and prospects in various recent synthesis techniques as well as the
applications of PLA in biomedical, clinical, injury management and drug delivery system will be highlighted in this
review. Figure 1 show the cycle of PLA in nature.

Fig. 1. The cycle of Polylactic acid in nature[10]

In spite of having colossal properties and being eco-accommodating PLA likewise has a few negative marks in
meeting with the prerequisite of specific applications: (1) it has very low degradation rate which sometimes takes
many years because of hydrolysis of backbone ester group, which obstructs biomedical and food packaging
applications(2) challenging mechanical performance applications based on the PLA’s brittleness (<10% extension at
break) (3)polylactic acid can cause inflammatory response from the tissues of living hosts due to its strong
hydrophobicity, having low affinity with cells when it is used as a tissue engineering material. (4) the limited gas
barrier properties of PLA which avert its complete access to industrial sectors such as packaging [11].
However, PLA has not got the merited consideration considering its aforementioned demerits and cost. In many
case, diverse strategies for mass or surface adjustment of PLA has been analyzed by scientist through presenting
different segments or controlling its surface energy, surface charge and surface roughness, which are subject to the
requirement of specific applications. Past reviews have analyzed distinct parts of the chemistry and engineering of
PLA. For example: one review was focused on the melt-solid polycondensation of lactic acid (LA) and presented an
overview of the production of PLA fibers by various methods, along with correlations between the structure and the
properties of the fibers [12]. Rasal et al.[13] has analyzed PLA’s chemical modification, whereas the previous 5-15
years technologies and modern ideas focusing on fly-high work will be discussed in this study introducing the new
applications with highly promised future in both pharmaceutical and medical fields. Moreover, traditional studies
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involving the synthesis, modification, and applications of PLA in biomedical sector will be introduced
fundamentally to provide a more comprehensive description of PLA.
2-Physical and chemical properties of Polylactic acid
Several distinct forms of polylactide exist due to the chiral nature of lactic acid: poly-L-lactide, for example,(PLLA)
is the product resulting from polymerization of L, L-lactide (also known as L-lactide). PLLA hascrystalline structure
of about 37%, glass transition temperature 60–65 °C, melting temperature 173–178 °C and tensile modulus 2.7–16
GPa. Heat-resistant PLA can withstand temperatures of 110 °C.PLA is soluble in chlorinated solvents; hot benzene,
tetrahydrofuran, and dioxane[14].Polylactic acid has extensively brought down most extreme constant use
temperature regardless of having comparative mechanical properties to PETE polymer. Therefore, polylactic acid
can be converted into fibers and film like thermoplastics.
On the other hand, the melting temperature and heat deflection temperature of PLLA can be raised by 40–50 °C and
60-190 °C, respectively, by physical mixing of polymer with PDLA (poly-D-lactide)[15].Extremely periodic stereo
complex having enhanced crystallinity can be formed by PDLA and PLLA. With the blending ratio of 1:1,
maximum temperature stability is achieved, but also there is a significant improvement even at lower concentrations
of 3–10% of PDLA. In the latter case, there is an increase in the crystallization rate due to PDLA action as a
nucleating agent. However, due to the higher crystallinity of the PLDA it has biodegradation rate slower than for
PLA [16].
Table 1. Chemical and physical properties of polylactic acid derivatives[17]
Properties
Melting temperature (Tm)/ °C
Crystalline structure
Decomposition temperature/°C
Glass transition temperature(Tg)/ °C
Elongation at break/ (%)
Half-life in 37°C normal saline
Breaking strength/ (g/d)

PLLA
180
Hem crystalline
200
55-60
20-30
4-6 months
5.0-6.0

PDLA
180
Crystalline
200
50-60
20-30
4-6 months
4.0-5.0

PDLLA
Variable
Amorphous
180-200
Variable
Variable
2-3 months
Variable

3. Structure of polylactic acid
PLA is usually synthesized using a range of polymerization processes. These include: polycondensation, ring
opening polymerization and azeotopic dehydration condensation reaction. However, the common route for lactic
acid and polylactic acid is summarized in Figure: 1. The different processes applied for the production lactic acid
polymer (PLA) are summarized in table 2. This table discussed in details the advantages and disadvantages of the
five main ways to produce Polylactic acid in industry.
Table 2: The advantages and disadvantages of polylactic acid[19].
Synthesis methods
Ring-opening
polymerization
Biosynthesis
New solutions
(polymerization
Conditions,
catalysts)
Solution
polycondensation

Advantages
High molecular weight Polylactic acid
Efficient, nontoxic, no pollution, low cost, One-step

new

Melt polycondensation

Efficient, non-toxic, no pollution , high molecular
weight Polylactic acid

Disadvantages
Requires strict purity of the
lactide monomer, related high cost
Under development (not fully industrially mature
process)
Under development (not fully industrially mature
process)
side reactions, pollution, Impurities low molecular
weight Polylactic acid
sensitivity to reaction
conditions, high reaction temperature, low molecular
weight Polylactic acid

Economical, easy to control, One-step
One-step, easy to control, economical

Despite being very inexpensive methods, in the polycondensation methods, it was very difficult to get solvent-free
high molecular weight Polylactic acid form polycondensation method involving solution polycondensation and melt
polycondensation. The aqueous solution of commercial lactic acid was distilled under decreased pressures and high
temperatures. Then mixing of the distillation process product was done with the catalyst and solvent before charging
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to the reactor under heating. The resulted polymer was mixed in solvent and precipitated two times with excess
methanol while the byproduct (water) was constantly removed azeotropically.

Figure: 2. Lactic acid and polylactic acid preparation processes[18]

Tin (II) chloride was the most regularly utilized catalyst and could be recouped toward the end of the reaction. The
coupling agents like isocyantes, epoxides or peroxides, could be used for producing a range of molecular weights
due to low to intermediate molecular weight polymer used in the reaction.
In contrast, to get high molecular weight PLA without using chain extenders or adjuvant the azeotropic dehydration,
condensation reaction of lactic acid was used generally. In this process lower molecular weight polymers were
obtained (less than 30 kDa.)[20].
The most frequently used catalyst that can also be attained when reaction completes was tin (II) chloride. The
coupling agents like isocyantes, epoxides or peroxides, can be used for the production of range of molecular weights
because of the low molecular weight polymer used in the reaction. The azeotropic dehydration condensation
reaction of lactic acid can be used to produce high molecular weight PLA utilizing chain extenders. Normally lower
molecular weight polymers (less than 30 kDa) have been produced using this technique. Whereas, many studies
have reported an increase in the molecular weight of PLA polymers using polycondensation method involving
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aqueous solution of lactic acid to producepolylactic acid in the presence of two catalysts (tin (II) chloride and
succinic anhydride) [21].
Lactic acid can be polymerized to produce polylactic acid polymers by direct poly-condensation under controlled
temperatures and pressures without catalyst, solvent or initiators. The effects of the reaction temperature and
pressure on the resulting molecular weights have been studied. The results showed that at 200 °C after about 90 h
under vacuum, high molecular weights of 90 kDa could be attained. In addition, other technique using the organic
solvents was developed by Mitsui Toatsu chemical company to prepare poly-DL-lactic acid (PDLLA) by directs
solution polycondensation[22].In this process the lactic acid, catalysts, and solvents were mixed in a reactor so as to
produce high molecular weights polymer of300 kDa. On the other hand, the most commonly used technique to
produce higher molecular weight PLA was ring-opening polymerization (ROP), occurred by ring opening of the
lactide (cyclic dimmer of lactic acid) in the presence of a catalyst. This method consists of three steps: (1)
polycondensation of LA monomers to low-molecular weight polylactic acid, (2) depolymerization of the PLA into
the lactide and (3) catalytic ring-opening polymerization of the lactide intermediate. This result in PLA with a
controlled molecular weight the whole process is shown is figure 3.
Conversely, the requirement of comparatively complex additional purification for this operation, raise the cost of
PLA production as compared to the one prepared by polycondensation method.

Figure: 3 Polylactic acid production by ring opening depolymerization processes[23]

Residence time, temperature, consternation and catalyst type can be manipulated to control the molecular weight of
PLA produced by ROP. The control over the ratio and sequence of D- and L-lactic acid units in the final polymer
can also be achieved. A novel method to produce high weight PLA polymer from lactide by using a solvent free and
new distillation process and a range of biodegradable polylactic acid copolymers consisting of mesolactide or Dlactide has recently described in details[24].
4- Polylactic acid biomedical and pharmaceutical Applications
The biodegradable polymers have been studied extensively for medical and pharmaceutical applications. Thisbased
on their advantages over nondegradable biomaterials include eliminating the need to remove implants and providing
long term biocompatibility. The most common synthetic biodegradable polymers in medical and pharmaceutical
applications are the poly (α-hydroxyacid)s, including polylactic acid (PLA), poly glycolic acid (PGA) and
polydioxanone (PDS)[25]. Polylactic acid offers unique features of biodegradability, biocompatibility, thermoplastic
process ability and eco-friendliness that offer potential applications as commodity plastics, as in packaging,
agricultural products, disposable materials and medical textile industry. Because of its favorable characteristics,
PLA has been utilized as ecological material as well as surgical implant material and drug delivery systems, and also
as porous scaffolds for the growth of neo-tissue [26,27]. The use of polylactic acid in these applications is not only
based on its biodegradability but also it made from renewable resources. PLA is being used because of its
compatibility and provides excellent properties in addition to its low price [28]. Various devices have been prepared
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from different PLA types including degradable sutures, drug releasing microparticles, nanoparticles, and porous
scaffolds for cellular applications. The diversification of PLA applications is such that a single polymer may prove
useful in many applications by simple modifications of its physical chemical structure. In many cases the polymer
can be blended or copolymerized with other polymeric or nonpolymeric components to achieve the desired
behavior. The surface properties of materials play a critical role in determining their applications, especially for
biomaterials in biocompatibility. Different surface modification strategies, such as physical, chemical, plasma, and
radiation induced methods, have been employed to create desirable surface properties of PLA biomaterials. Because
biodegradable polymer implants temporarily remain in the body and disappear upon degradation, thus it is not
necessary to perform a secondary operation to remove them after the defect site is repaired. Thus, they have an
important application in the medical field. As a fiber the PLLA is not suitable for sutures, due to its low degradation
rate. On the other hand, in applications that require long retention of the strength, such as ligament and tendon
reconstruction, and stents for vascular and urological surgery, PLLA fiberis usually the preferred material[29].
Three dimensional porous scaffolds of PLA have been created for culturing different cell types used in cell based
gene therapy for cardiovascular diseases, muscle tissues, bone and cartilage regeneration [30-32]. One application of
PLLA in the form of injectable microspheres is temporary fillings in facial reconstructive surgery. PLLA
microspheres have also been used as an embolic material in trans-catheter arterial embolization, which is an
effective method to manage arteriovenous fistula and malformations, massive hemorrhage, and tumors [34].
Microspheres and microcapsules have been widely applied in drug delivery systems (DDS) for the prolonged
administration of a wide variety of medical agents such as contraceptives, narcotic antagonists, local anesthetics, and
vaccines. DDS with peptides and proteins have also gathered much attention, since they are specifically effective
with comparatively low doses [35]. Release of drugs from these systems is based on several mechanisms that
include diffusion and polymer degradation (hydrolysis or enzymatic degradation) [36].
4.1 Tissue engineering:
Tissue engineering is a technique whose concept was introduced in 1988 by the reconstruction of the biological
tissues using biomaterials giving a three dimensional scaffold under specific physiological conditions. This
technique has emerged as promising substitute tissue or organ transplantation while attracting enormous attention in
science, engineering and medicine. Scaffolds made from different materials have been tested to fulfill various needs
in tissue engineering[37].Certain metals despite having good mechanical properties are not suitable for scaffold
application due to their non-degradability in the biological environment.
World has seen astonishing accomplishments in human organ reconstruction based on tissue engineering in the last
two decades. During the early days, tissues were harvested from the culturing of cells using biostable materials.
With the passage of time, the disappearance of the support from the plantation site leaving behind a perfect tissue is
a key factor in the recent enormous attraction of biodegradable materials. In this process, surface properties play a
vital role in determining the application of a certain material, especially for biomaterials in biocompatibility[38,39].
Chemical, physical, plasma and radiation induced methods have been employed for modifying the surface of PLA
biomaterials to attain the desired surface properties. The main constraint in the study of mineralized tissue
engineering with good osteoconductive properties involving inorganic materials such as HAP or calcium phosphates
is poor processability into porous material. In contrast, for specific needs an excellent flexibility of design can be
attained by their composition and structure manipulation[40].Being a type of important aliphatic polyester PLA has
many applications in the field of biomedical such as suture, bone fixation material, and tissue engineering due to is
degradability. The utilization of PLA involves as ecological material as well as surgical implant material and drug
delivery systems, and also as porous scaffolds for the growth of neo-tissue [41].Biodegradability and production
from renewable resources are not the sole features making PLA useful for its applications. To obtain all the desired
properties in a single material for an application is difficult. However, due to the diversity in the applications of PLA
a single polymer by simple variations in its Physical-chemical structure may be useful for various applications. For
the applications involving longer retention time such as reconstruction of tendon and ligament and stents for
urological surgery, the preferred material is PLLA. PLA has been produced for culturing different cell types
involving cell based gene therapy for neurological, cardiovascular and orthopedic conditions[42].
Following properties an ideal scaffold must have for its utilize in tissue engineering (1) biocompatibility, for
scaffolds well integrated into host tissues without resulting in any immune response (2) porosity, with appropriate
pore size, size allocation and mechanical function, to permit cell or tissue growth and the abstraction of metabolic
waste (3) mechanical strength, to withstand local stress and protect the pore structure for tissue regeneration (4)
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biodegradability, most significant property of scaffold. Vital components of an efficient tissue engineering approach
are synthetic scaffolds[43].
Temporary filling in facial reconstructive surgery is one of the uses of PLLA in the form of inject able microspheres.
Managing arteriovenous fistula and malformations, massive hemorrhage, and tumors fistula and malformations,
massive hemorrhage, and tumors has been done by the utilization of PLLA microspheres as an embolic material.
Sander et al. did the estimate PLA microfibers for tissue response utilizing rat-subcutaneous implantation. The
capsule width very low for the thin fiber and fiber diameter field from 5- 15 mm was observed [44].
Osteogenic stem cells seeded on scaffolds of this material and implanted in bone defects or subcutaneously can
recapitulate both developmental processes of bone formation: endochondral ossification and intramembranous
ossification [45,46]. Due to the high strength of (PLLA) mesh, it is possible to create 3D structures such as trays and
cages an exciting application, for which the (PLA) offer tremendous potential, is bone fixation devices, since the
metallic fixations have several disadvantages. Recently, biodegradable materials have been replaced the traditionally
used metallic materials for the fixation of fractured bones in the forms of plates, pins, screws, and wires. Since
materials for bone fixation require high strength, similar to that of bone, (PLA) has a large application in this field.
Three dimensional (3D) electro weave fibrous scaffolds is a possibility tissue engineering device for bone renewal.
Using electro spinning process with mechanical amplification process a 3D micro fibrous PLLA has been generated.
1.8-fold more amount osteoblasts amplification than for electro spun 2D nanofibrous membrane has been attained
also the utilization of 3D frameworks for osteoblast expansion has been analyses. In vivo results further
demonstrated that 3D micro fibrous matrices afford a perfect substrate to cell invasion and bone development
following 2 to 4 weeks when utilizing a rabbit calvarias defect model [47].Table 3 provides a comprehensive
overview about the commercially available PLA bone fixation devises commonly used worldwide.
Table 3 the commercially available PLA bone fixation[48].
Manufacturer
Gunze
Centerpulse orthopedics
Takiron
Arthrex
Phusis
Linvatec
Biomet orthopedics
Geistlich biomaterial
Linvatec
Conmed (bionx implants)
J&J (codman, Depuy and Mitec)

Material
Drawn PLLA
PDLLA
Drawn PLLA
Drawn PLLA
P(LLA/DLLA)
Drawn PLLA
Drawn PLLA
P(LLA/DLLA
Drawn PLLA
SR-PLLA
Drawn PLLA
PLLA
Drawn PLLA

product
Pin, Screw, Miniplate, Rod, Interference screw
Interference screw
Pin, Screw, Miniplate, Rod,
Interference screw
Interference screw
Suture anchor
Mini screw
Fixation pins for GTR and GBR membranes
Suture anchor

country
Japan
USA
Japan
USA
France
USA
USA
Switzerland
USA

Pin, Screw, Meniscus arrow

USA

Rivet for skull Suture anchor

USA

4.2Wound handling
Polylactic acid and its copolymers were utilized in a field of wound management, such as surgical sutures, healing
dental extraction wounds. Appreciated the effectiveness and eventuality of PLA stents for the treatment of war
injuries. The stents made of PLA were effective in the treatment of war injuries where PLA stents were degraded so
that they were easily taken off by the human body. Therefore, PLA stents represented a promising aftertime for the
treatment of scratches and injuries [49].
4.3Drug delivery system
For therapeutic potential maximization and side effects minimization there has been a need for the targeted delivery
of the bioactive materials to specific body parts. Various types of particles like liposomes, solid lipid nanoparticles,
and biodegradable polyesters such as PLA and PLGA have been used as delivery tools for biomedical uses[50].Due
to the biocompatibility, biodegradability, better encapsulation, and lower toxicity biodegradable polymers (PLA,
Gelatin, and PCL) have been utilized as drug delivery systems. Erosion, diffusion and swelling are one of the ways
by which polymeric drug release occurs. The degradation initiates after the infiltration of water into the device for
biodegradable polyesters containing monomers connected to each other by ester bonds the erosion of the device
occurs as ester bonds break by hydrolytic ester cleavage. Two methods of erosion for degradable polymers are
homogeneous or bulk and heterogeneous or surface erosion[51].In the encapsulation process of many drugs like
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psychotic, restenosis, hormones, oridonin, dermatotherapy and protein, PLA and their copolymers have been utilized
in nanoparticle form. Solvent evaporation, solvent displacement, salting out and emulsion solvent diffusion are the
various methods utilized for obtaining these nanoparticles [52]. In this process, PLA is first dissolved in acetone, the
solution is then added in an aqueous solution with mild stirring and the solvent is then evaporated under reduced
pressure at room temperature to produce PLA nanoparticles. The fluorescent particles were acquired by the same
process by dissolving fluorescent dye and PLA acetone Polylactic acid nano particles have been tested in human
skin revealing that they can purpose the active sites into hair follicles which makes them a stellar candidate as a drug
delivery layout [53].
Detailed explanation for different types of polymers used in the drug delivery system applications is shown in figure
4.

Figure: 4 Different types of polymer commonly applied in the drug delivery system

4.4 Composites
To improve the quality and reduce the cost of production, lactic acid polymerizes with other monomers or PLA is
usually blended with other polymers. Polylacticglycolic acid, a copolymer, has been approved by (FDA) for the
clinical uses. Other product such as VIRYL (Ethicon, Inc.) is composed of lactic acid and glycolic acid in ration of
2:23. The primary application of this copolymer is in controlled drug release. The ester linkages in PLA are sensitive
to both chemical hydrolysis and enzymatic chain cleavage. Therefore, PLA is often mixed with starch to increase
biodegradability and to reduce its price. Starch concentration in PLA/starch mixture is a key parameter determines
the mechanical properties of the blend. Tensile strength and elongation decreases as starch concentration increases.
Starch is a hydrophilic polymer and sensitive to water and PLA is hydrophobic and water repellent. Water
absorption increases as the starch concentration increases. Nevertheless, the crispness of the starch/PLA blend is a
major drawback in many applications. To overcome this limitation, a number of low molecular weight plasticizers
such as glycerol, sorbitol and triethyl citrate are applied. Blends of (PLA) and starch (10–20) % have been
commercialized as Novon (Ecostar, Germany). One type (PLA) can be formed miscible blend with other isomer
(PLA) and with other various polymers, such as a Poly ethylene oxide[54], polyvinyl acetate [55],and polyethylene
glycol [56].As (PLA) remains relatively costly, it is applied as a matrix in biocomposites combined with natural
fibers. With Jute (PLA) composite tensile strength and tensile modulus increased with a little decrease in the
elongation at maximum stress compared with (PLA).
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The high crystallinity of PLA interferes with controlled degradation, reducing compatibility with soft tissues and
presenting an obstacle to the application as biodegradable soft plastics. Many approaches to overcome these
problems have been applied. For example, stereocopolymer according to enantiomeric composition, block
copolymerization with other polymers, branched (PLLA) or blend with other polymers were carried out to inhibit
the degradation rate by varying the crystallinity [57,58].
Ohya et al., [59]reported a method to achieve graft polymerization of (LA) on polysaccharides using trimethylsilyl
(TMS) protected polysaccharides. By introducing (TMS) protecting groups with trimethylsilanechloride/pyridine,
low molecular weight polysaccharides become soluble in organic solvents and the figure of the initiating groups
(i.e.,The number of grafts chains) can be controlled. PLA grafted polysaccharides with various distances and
numbers of graft chains were synthesized using a trimethylsilyl protection method. The graft-copolymer films
exhibited a lower glass transition temperature (Tg); melting temperature, crystallinity, and higher viscosity
properties compared to PLA films. Moreover, the usefulness of graft copolymer as a plasticizer was investigated
with (1:4) blend films prepared from the graft copolymers and PLA. The blend films showed lower (Tg) and
crystallinity, and higher viscosity properties compared to PLA films [60].
Different types of chemicals such as citrate esters, have been used to plasticize PLA. Recently, plasticizers such as
polyethylene glycol (PEG), glucose monitors and partial fatty acid esters were applied in this process [61].This was
used mainly to improve the flexibility and impact resistance of PLA. Calcium phosphate ceramics such as
hydroxyapatite or β-tricalcium phosphate shows high biological compatibility and safety in living tissues, such that,
currently, they are applied clinically as biomaterials for bone repair. These ceramics, all the same, have
disadvantages in that their stamina is not sufficiently high and that their modulus of elasticity (80–100 GPA) is
much more eminent than that of natural bone. Materials with a high modulus induce a problem of stress shielding
which leads to bone resorption. Since the stress shielding is apt to occur due to use of rigid materials such as
conventional metals or ceramics, bioresorbable materials with modulus of elasticity that is alike to that of natural
bone (5–15 GPA) are requisite for some applications such as bone plates or temporary internal fixation of bones
broken or damaged. PLA bioresorbability make it a great potential candidates for many clinical applications. The
resorption rate is controllable by the degree of polymerization or copolymerizing. The modulus of elasticity of PLA,
however, is much lower (2–3 GPA) than natural bone. Wang et al., [62]prepared the composite of PLA and β-Ca
(PO3)2 fibers for medical applications. Poly L-lactic acid, poly L-lactic acid-co-citric acid, polyethylene glycol
multiblock copolymers (PLLA), (PLCA) and (PEG) were synthesized through a poly condensation reaction and the
properties of scaffolds such as puffing up and degradation behaviors, sound structure and mechanical module were
fully investigated. The mechanical flexibility improves as the content of (PLLA), (PLCA) and (PEG) copolymers in
the scaffolds increases. The survey indicates that the modification of (PLLA) scaffold with (PLLA), (PLCA) and
(PEG) broaden its applications in tissue technology. To use as setting out materials in the medical industry, it
demands a high purity of all compounds and advanced quality systems. Regulatory aspects such as current Good
Manufacturing Practices (cGMP) and drug or device master files have to be brought into account when producing
PLA for medical applications [63].
However, it is interesting to notice that large quantities of stable β-anhydrite II (AII), a specific type of dehydrated
gypsum and a by-product of lactic acid production process, can be melt blended with bio-sourced and biodegradable
PLA to produce economically interesting novel composites with high tensile force and thermal stability [64].
4.5 Nanotechnology
Poly (lactic-co-glycolic acid) is a copolymer synthesized by random ring opening copolymerization of two different
monomers, the cyclic dimers (1,4-dioxane-2,5-diones) of glycolic acid and lactic acid (Figure 5). Nowadays, it is the
best defined biomaterial available for nanotechnology based on the pharmaceutical and biomedical applications with
respect to design and performance. The common catalysts used in the preparation of this copolymer include tin (II)
2-ethylhexanoate, tin (II) alkoxides or aluminum isopropoxide. During polymerization, successive monomeric units
(of glycolic or lactic acid) are linked together in (PLGA) by ester linkages, thus yielding a linear, amorphous
aliphatic polyester product[65]. The forms of (PLGA) are usually identified by the monomers ratio used. The most
frequently used copolymer in the nanotechnology is usually composed of 50% lactic acid and 50% glycolic acid.
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Figure 5: Structure of polylactic-co-glycolic acid (x is the number of lactic acid units and y is number of glycolic acid units)[66]

Polylactic-co-glycolic acid have different physical characteristics such as size, morphology, and size distribution.
Therefore, it can be synthesized by controlling the parameters specific to the synthesis method employed. Zambaux
et al., [65] reported that the most commonly used method for (PLGA) formation is the single or double emulsion
solvent evaporation. Single emulsion process involves oil in water emulsification, while the double emulsion
process is water in oil in water method. The water in oil in water method is best suited to encapsulate water soluble
drugs, such as peptides, proteins and vaccines, while the oil in water method is ideal for water insoluble drugs, such
as steroids [66,67].
In some conditions, solid/oil/water techniques have been exploited with (PLGA) based microspheres, especially for
a higher drug loading of high water soluble peptides, such as insulin. In summary, for the oil in water method,
(PLGA) is first solute in a water immiscible, volatile organic solvent (e.g., dichloromethane); then the drug is added
to the polymer solution to produce a solution of the drug particles. After that the drug solution is emulsified by
appropriate temperature and stirring conditions in a larger volume of water in the presence of an emulsifier such as
poly vinyl alcohol to yield oil in water emulsion. Poly vinyl alcohol (PVA) is used to stabilize the emulsion, since it
forms particles of relatively small sizes and uniform size distribution [66]. Followed by solvent removal by either
evaporation or extraction to harden the oil droplets, the solid nanospheres obtained are then washed and collected by
filtration, sieving or centrifugation. These are then dried under appropriate conditions or are lyophilized to give the
final free flowing injectable nanosphere product. Many researchers have used this method to produce (PLGA)mostly
in size 100 nm. (PLGA) was colloidal in the range of diameter from 10 to 1000 nm, with the therapeutic agent either
entrapped into or adsorbed or chemically coupled onto the polymer matrix. A typical manner for preparation of
(PLGA) containing plasmid DNA or other drugs[68,69].
The polylactic-co-glycolic acid (PLGA) is biodegradable in the body due to they undergo hydrolysis of their ester
linkages in the presence of water to produce the original monomers, lactic acid and glycolic acid Figure 6, which are
byproducts of various metabolic pathways in the body under normal physiological conditions [70]. The degradation
rate of (PLGA) polymers is related to the monomer ratio used in production; the polymer containing a (50:50) ratio
of lactic and glycolic acids is hydrolyzed much faster than those containing higher proportions of either of the two
monomers [67]. The degradation products are easily metabolized in the body via the Krebs cycle and are eliminated
[71]. Thus, there is very minimal systemic toxicity associated with using (PLGA) for drug delivery or biomaterial
applications. Athanasiou et al (1996) documented, during in vivo and in vitro studies testing the toxicity
biocompatibility, the results demonstrated that (PLGA) nanomaterials have satisfactory bio-compatibility and
absence of significant toxicity. The in vivo studies involved applications in bone, articular cartilage and the
meniscus, and a significant number of other studies performed in situ in muscle or other soft tissues. All the previous
studied support the potential in vivo application of(PLGA) biomaterials, although some cases reported inflammatory
responses [70].

Figure 6: hydrolysis of polylactic-co-glycolic acid (PLGA)[66]

The biodistribution studies demonstrate that (PLGA) delivery enhances accumulation of diagnostic or therapeutic
agents by the enhanced permeability and retention effect. For example, when indocyanine green was delivered
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through (PLGA) in healthy mice using a fluorometric assay method, the led to higher indocyanine green deposit in
organs (two to eight times) as well as in blood (five to ten times) compared with free solution, indicating the
enormous potential of (PLGA) as a delivery system for indocyanine green for its use in tumor diagnosis and
photodynamic therapy[72]. This effect is enhanced when the NP is shielding with a poly(ethylene glycol/oxide)
surface modification [61]. Coating the nanoparticle surface with a hydrophilic polymer, such as poly ethylene glycol
(PEG), has been shown to confer long circulation properties to polylacticacid,(PLGA), polycaprolactone and
polyphosphazene nanoparticles. The presence of the hydrophilic polymeric chains on the surface of the
nanoparticles is considered to sterically stabilize them against opsonization and subsequent phagocytocis[74] .
It is necessary to sterilize all medical implants after fabrication and prior to their surgica l placement to reduce the
risk of infection and other complications. Athanasiou et al. [73]well documented the advantages and disadvantages
of the common terminal sterilization methods of dry heat, steam, ethylene oxide gas and ionizing radiations. Among
them, steam and dry heat sterilizations are carried out at high temperatures and can cause severe degradation and
hydrolysis of polymeric microparticles; ethylene oxide is not applicable due to its toxic residues. The γ-irradiation
causes instability, deterioration and cross linking breakage of polymer chains but it is currently the more frequently
used method for terminal sterilization of (PLGA)nanodevices. Many studies are still focused on the development of
a suitable method for sterilizing (PLGA) devices [75, 76]. For instance, Shearer et al.(2006) the effects of
sterilization with ethanol, ultraviolet irradiation, peracetic acid, and antibiotic solution on the structure of (PLGA)
hollow fiber scaffolds and found that none of the sterilization methods are ideal in terms of sterilizing the sample
without causing structural changes [76]. However, they suggested that the antibiotic treatment would provide a
convenient, effective method with which to sterilize (PLGA) hollow fibers for use as Drug delivery is the method or
process of administering a pharmaceutical compound to achieve a therapeutic effect in humans or animals [76].
Medications, such as peptide, protein, antibody, vaccine and gene-based drugs, may not be delivered using routine
delivery methods because they might be susceptible to enzymatic degradation or cannot be absorbed into the
systemic circulation efficiently enough, owing to molecular size and charge issues, to be therapeutically effective.
Therefore, many efforts have been focused on the targeted delivery where the drug is only active in the target area of
the body, such as tumor tissues, and sustained release formulations in which the drug is released over a period of
time in a controlled manner. A wide variety of natural and synthetic biodegradable polymers have been investigated
for drug targeting or prolonged drug release [67, 78].
Polylactic-co-glycolic acid is a polymer approved by the FDA for drug delivery owing to its biodegradability, drug
biocompatibility, suitable biodegradation kinetics and mechanical properties and ease of processing. It has been
widely used to formulate into different biodegradable devices, such as microparticles, (PLGA), implants and
miscellaneous devices, as well as in situ formed devices. Biodegradable (PLGA) have been investigated for
sustained and targeted localized delivery of different agents, including drugs, proteins and peptides, and recently
plasmid DNA, owing to their ability to protect DNA from degradation in endolysosomes[79].Owing to their
subcellular and submicron size, PLA delivery systems have distinct advantages for drug delivery. PLGA can
penetrate deep into tissues through fine capillaries, across the fenestration present in the epithelial lining (e.g., liver)
and, generally, are taken up efficiently by the cells. This allows efficient delivery of therapeutic agents to target sites
(tissue or organ) in the body.PLGA also have the advantage of sustaining the release of the encapsulated therapeutic
agent over a period of days to several weeks compared with natural polymers that have a relatively short duration of
drug release [61]. PLGA has been a common choice in the production of a variety of biomedical devices, such as
grafts, sutures, implants and prosthetic devices [65].
CONCLUSION
According to the previously published work on PLA, it is possible to notice that the bio absorbable and
biodegradable poly acid from the renewable resources for pharmaceutical and biomedical applications have attracted
more attention of many researchers and industries. During last five years, the studies on the PLA drug delivery
manor such as anticancer agents and vaccine immunotherapy have resulted in a significant development in PLA
production and treatment strategies. The polylactic acid composites need to be further improved and to accepted by
the market. However, we think in the next five years mere researches will be focused on the thorough evaluation for
biodistrubutin, toxicity and pharmacokinetics before using polylactic acid materials in the clinical trials such as
cancer. For example, the studies of polylactic-co-glycolic acid as vaccine candidates will more focus on developing
the features to providing the delivery with suitable surface molecules for recognizing the immune system and much
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effective targeting. We believe that PLA will help in improving the treatment of many diseases and play more
important manors in stem cell and tissue engineering research.
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