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Jan W. Gooch, Biocompatible Polymeric Materials, Springer New York, 2010. 

A biocompatible material (sometimes shortened to biomaterial) is a synthetic or 

natural material used to replace part of a living system or to function in intimate 

contact with living tissue. Biocompatible materials are intended to interface with 

biological systems to evaluate, treat, augment or replace any tissue, organ or function 

of the body. Biomaterials are usually non-viable, but may also be viable.  

Biocompatible material 

A biocompatible material is different from a biological material such as bone that is 

produced by a biological system. Artificial hips, vascular stents, artificial pacemakers, 

and catheters are all made from different biomaterials and comprise different medical 

devices. 
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Properties of Biocompatible materials 

1. The ability of a material to perform with an appropriate host response in a specific 

application. (Williams' definition). 

 

2. The quality of not having toxic or injurious effects on biological systems. 

 

3. Comparison of the tissue response produced through the close association of the 

implanted candidate material to its implant site within the host animal to that tissue 

response recognized and established as suitable with control materials. 

 

4. Refers to the ability of a biomaterial to perform its desired function with respect to a 

medical therapy, without eliciting any undesirable local or systemic effects in the 

recipient or beneficiary of that therapy, but generating the most appropriate beneficial 

cellular or tissue response in that specific situation, and optimizing the clinically relevant 

performance of that therapy. 

 

5. Biocompatibility is the capability of a prosthesis implanted in the body to exist in 

harmony with tissue without causing deleterious changes. 

Jan W. Gooch, Biocompatible Polymeric Materials, Springer New York, 2010. 

https://en.wikipedia.org/wiki/Biocompatibility 



5 Drug Delivery, 9, 19–30, 2002. 

Biodegradable polymers are a specific type of polymer that breaks down after its 

intended purpose to result in natural byproducts such as gases (CO2, N2), water, 

biomass, and inorganic salts. These polymers are found both naturally and 

synthetically made, and largely consist of ester, amide, and ether functional groups. 

Their properties and breakdown mechanism are determined by their exact structure. 

These polymers are often synthesized by condensation reactions, ring opening 

polymerization, and metal catalysts.  

Biodegradable polymer 

The concept of synthetic biodegradable plastics and polymers was first introduced in 

the 1980s. 

In 1992, an international meeting was called where leaders in biodegradable polymers 

met to discuss a definition, standard, and testing protocol for biodegradable polymers. 

As of 2013, 5-10% of the plastic market focused on biodegradable polymer derived 

plastics. 



6 P.C. Hiemenz, Polymer Chemistry: The Basic Concepts,  Wiley, New York, 1984. 

Properties of Biodegradable polymers  

1. All biodegradable polymers should be stable and durable enough for use in their 

particular application, but upon disposal they should easily breakdown. 

2. Biodegradable polymers, have extremely strong carbon backbones that are difficult 

to break, such that degradation often starts from the end-groups. 

3. Biodegradable polymers also tend to have minimal chain branching as this cross 

linking often decreases the number of end groups per unit weight. 

4.  Biodegradable polymers should be hydrophill. 

5.  Non-toxic, capable of maintaining good mechanical integrity until degraded and 

capable of controlled rates of degradation. 



7 Current Pharmaceutical Biotechnology, 4, 331-337, 2003. 

Examples of Biocompatible Polymers 

Poly(methymethacrylate) (PMMA) 

Poly(N‐isopropylacrylamide) (PIPAAM) 
Bone cement, ocular lens 

Poly(ether-urethanes) (PU) 
Tissue engineering 

Vascular grafts, heart  

alves, blood contacting 

devices 

Poly(ethyleneoxide) (PEO, PEG) 

DNA isolation, 

gene therapy, 

elastomeric 

fibers  

Poly(vinylalcohol) (PVA) 

Emulsifier in drug 

encapsulation processes 

and matrix for sustained 

drug delivery 



8 Biomaterials, 25, 5735-5742, 2004. 

Applications of Biocompatible Polymers 
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Regenerative Medicine for the Heart 
Using the right growth factors, stem cells can become any kind of tissue in the 

body! In the patch method, stem cells are placed on flexible scaffold patch 

designed to be absorbed into the body. The fabric patch is placed on the heart and 

the stem cells on the patch grow into heart muscle cells. These cells replace the 

damaged heart cells, allowing the cell to continue to beat. 

Circulation research, 90, 40-48, 2002. 



10 Tissue Engineering, 8, 278-286, 2013. 



11 http://www.popsci.com/science/article/2013-07/how-3-d-printing-body-parts-will-revolutionize-medicine 

In 2000, bioengineer Thomas Boland, the self-described "grandfather of 

bioprinting," eyed an old Lexmark printer in his lab at Clemson University. Boland 

emptied the Lexmark's ink cartridge and filled it with collagen. He then glued a thin, 

black silicon sheet onto blank paper and fed it into the printer. He opened a Word 

document on his PC, typed his initials, and hit print. The paper spooled out with 

"TB" clearly delineated in off-white proteins. 

3-D Printing Body Parts Will Revolutionize Medicine 
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Bioactive polymeric scaffolds 

Bioactive polymeric scaffolds are a prerequisite for the ultimate formation of functional 

tissues. Here, a supramolecular polymers based on quadruple hydrogen bonding ureido-

pyrimidinone (UPy) moieties which are eminently suitable for producing such bioactive 

materials. Particularly, the reversible nature of the hydrogen bonds allows for a modular 

approach to gaining control over cellular behaviour and activity both in vitro and in 
vivo. 

Nature Materials, 4, 568-574, 2005. 



Examples of Biodegradable polymers 
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Polylactic acid (PLA) Poly(lactic-co-glycolic acid) (PLGA) 

Polycaprolactone (PCL) 

Drug delivery Tissue engineering Implants 

Poly(glycolic acid) 

Sutures 

(PGA) 

Bone fixtures 

P.C. Hiemenz, Polymer Chemistry: The Basic Concepts,  Wiley, New York, 1984. 



14 Advanced Drug Delivery Reviews 56, 1453–1466, 2006. 

Degradation Mechanisms 

 Enzymatic degradation 

 Hydrolysis  

(depend on main chain structure) 

 

 

• water sorption       

• reduction of mechanical properties (modulus & strength) 

• reduction of molar mass 

• weight loss 

Steps: 



Suture 

Historically, polyhydroxyester was the first biodegradable polymer utilized in a 

biomedical application as a biodegradable suture material.  

PLA, PGA, PLGA 

As early as 1970, PGA was targeted as a highly biocompatible biogradable polymer 

marketed as Dexon for use as surgical sutures. 

15 Advanced Polymer Reviews 61, 1203–1213, 2009. 



Tissue Adhesive  
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Tissue adhesives are compounds that can be used for hemostasis, wound closure, or 

fistula repair. The main classes of tissue adhesives are cyanoacrylate glues, fibrin glue, 

and thrombin. Cyanoacrylate glues are used primarily for endoscopic control of 

bleeding from gastric varices and less commonly for hemostasis of other bleeding 

lesions. 

Cyanoacrylate tissue adhesives combine cyanoacetate and formaldehyde in a heat 

vacuum along with a base to form a liquid monomer. 

When the monomer comes into contact with moisture on the skin's surface, it chemically 

changes into a polymer that binds to the top epithelial layer. 

This polymer forms a cyanoacrylate bridge, binding the two wound edges together and 

allowing normal healing to occur below. 

Gastrointestinal endoscopy, 78, 209-306, 2013. 



17 https://www.youtube.com/watch?v=5RD2cAERD0c 



18 Ringsdorf, H., in Polymeric Delivery Systems, Kostelnik, Gordon & Breach Publishers, New York,1978. 

Drug Delivery 

Ringsdorf Drug Delivery Model 



19 Journal of  Metal-Based  Drugs,19, 304-309, 2008. 



20 Nature Reviews Cancer, 6, 688-701, 2006. 



21 Nature Reviews Cancer, 6, 688-701, 2006. 

Targeting ligands: sugars, peptides and antibodies. 

PEG and HPMA copolymers are non-biodegradable in the main chain, so larg size was 

chosen to ensure the elimination of the carrier from the body. A lysosomally degradable 

peptidyl linker (Gly-Phe-Leu-Gly) was favoured for drug conjugation, as it is stablein 

the circulation but is cleaved by lysosomal proteases (for example, cathepsin B) once it 

has been internalized by endocytosis. 



Nature Reviews Cancer, 6, 688-701, 2006. 22 



23 Bioorganic & Medicinal Chemistry, 17, 4327–4335, 2009. 



24 Bioorganic & Medicinal Chemistry, 17, 4327–4335, 2009. 
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((ويليام كاينور. ))هر شب، همه چيز و همه كس را مي بخشم  
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Back up 
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The initiative to the three SSF programmes ”Biocompatible Materials” (BM), 

”Molecular Engineering in Polymer Science” (MEPS) and ”Graduate School in 

Materials Science” (GMS) was taken at Chalmers in Göteborg, and in mid 1997 

the programmes could start after comprehensive preparation and planning. 

N-(2-Hydroxypropyl)methacrylamide   HPMA 
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Bioactive polymeric scaffolds are a prerequisite for the ultimate formation of functional 

tissues. Here, a supramolecular polymers based on quadruple hydrogen bonding ureido-

pyrimidinone (UPy) moieties which are eminently suitable for producing such bioactive 

materials. Particularly, the reversible nature of the hydrogen bonds allows for a modular 

approach to gaining control over cellular behaviour and activity both in vitro and in 
vivo. Bioactive materials are obtained by simply mixing UPy-functionalized polymers 

with UPy-modified biomolecules. Low-molecular-weight bis-UPy-oligocaprolactones 

with cell adhesion promoting UPy-Gly-Arg-Gly-Asp-Ser (UPy-GRGDS) and the 

synergistic UPy-Pro-His-Ser-Arg-Asn (UPy-PHSRN) peptide sequences are 

synthesized and studied. The in vitro results indicate strong and specific cell binding of 

fibroblasts to the UPy-functionalized bioactive materials containing both UPy-peptides. 

An even more striking effect is seen in vivo where the formation of single giant cells at 

the interface between bioactive material and tissue is triggered. 
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Cathepsins (Ancient Greek kata- "down" and hepsein "boil"; abbreviated CTS) are 

proteases (enzymes that degrades proteins) found in all animals as well as other 

organisms. There are approximately a dozen members of this family, which are 

distinguished by their structure, catalytic mechanism, and which proteins they cleave. 

Most of the members become activated at the low pH found in lysosomes. Thus, the 

activity of this family lies almost entirely within those organelles. There are, however, 

exceptions such as cathepsin K, which works extracellularly after secretion by 

osteoclasts in bone resorption. 

https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Protease
https://en.wikipedia.org/wiki/Enzymes
https://en.wikipedia.org/wiki/Lysosomes


32 Robert F. Padera, Natalie M. DangInt ,  Int. J. Cancer, 118, 1519,2006 

Methotrexate 



Poly ( L - glutamicacid) 

Poly (N - vinyl pyrrolidone)  

Doxorubicin  (DOX) 

33 

doxorubicin 

Acs Nano, Christopher J. Ochs, Georgina K. Such, VOL. 4 ▪ NO. 3 ▪ 1653–1663 ▪ 2010 



34 Journal of Controlled Release , Yuanpei Li , Kai Xiao, Juntao Luo ,xxx ,2010 
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Xyotax 

Nanotechnology and Drug Delivery, María J. Vicent, 9 , 22, 2007.  
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 مغناطيسي
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 نحوه مخلوط كردن



38 

chitosan 

Acta Biomaterialia, Q. Yuan a, S. Hein b, R.D.K. Misra, xxx (2010) xxx–xxx 
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