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Abstract: PEGylation, the addition of poly ethylene glycol (PEG) molecules to variety of molecules, such as
small molecules, peptides, proteins, enzymes, antibodies and their fragments and nanoparticles has become a
widely used methodology to improve the pharmacokinetics of the moiety (by reducing clearance and increasing
half-life) in humans, increasing dosing interval and increasing patient convenience compared to the non-
PEGylated product. Moreover, PEGylation of therapeutic agents is and will continue to be, of significant value
in medicine to reduce immunogenicity, antigenicity and toxicity as well as markedly reduced renal clearance of
drugs while maintaining drug efficacy. In this review, numerous aspects of PEGylation technologies have been
covered. These include PEGylation concept, PEG reagents, their development and novel trends, as well as their
analysis, PEGylation process, advantages, PEGs with various shapes and functionalization agent and the
characterization of the PEG conjugates.
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INTRODUCTION At the outset, PEGylation was developed as a tool to

PEGylation is a novel technique, was first described shortcomings. For example, proteins and peptides can
in the 1970s by Abuchowsky et al. [1, 2] with the have a short plasma half-life, poor stability, poor
PEGylation of albumin  and  catalase.  The  technology formulation properties and they can be immunogenic [9].
was developed from pioneering work carried out in the The first PEG-protein company was Enzon, founded in
1950s and 1960s on the coupling of polymers to proteins 1981 and the first approved PEG-drug product was PEG-
and by the 1970s Frank F. Davis was using PEG for adenosine deaminase, approved in 1990 [10]. Indeed, its
protein modifications [3]. After considerable study, he leading position reflects the fact that a PEGylation is now
concluded that the attachment of an inert and hydrophilic a well-established tool able to address the limitations of
polymer might extend blood life and control proteins, peptides and oligonucleotides and in addition,
immunogenicity of the proteins [4]. A team of Dr. Davis, a number of PEG-drug conjugates have been tested
Dr. Theodorus Van Es and Dr. Nicholas C. Palczuk clinically for both parenteral and oral administration [9,
conducted animal studies using PEG for protein 11], also the majority of conjugates on the market are
modifications and found that PEG attachment greatly PEGylated products and that many others are already in
extended blood life and controlled immunogenicity of the advanced clinical investigation [11] (Table 2). The aim of
proteins, as well as they, reported in two key papers on the present review summarizes the history of PEGylation,
albumin and catalase modification [2, 5, 6] followed by a various high and low molecular weight conjugates present
number of studies and improvements by other groups, as on the market or in clinical trials reported by the different
summarized in Table 1 [7, 8]. researchers, characterization of

improve delivery of protein drugs and rectify their
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Table 1: History of PEGylation [6]
Decade PEGs General observation Applications
1970–80 PEG-chloro triazine Immunogenic or toxic starting material, Research studies, enzyme

PEG-succinimidyl succinate highly polydispersed PEG, lack of selectivity modification for biocatalysis
PEG-tresyl

1980–90 PEG-aldehyde Site-specific conjugation, less Enzyme replacement
PEG-succinimidyl carbonate polydispersed PEG, absence of diols therapy
PEG-pNO2 phenyl carbonate
PEG-AA-NHS
PEG-carbonylimidazole, etc.

1990–2000 Branched PEG Improved selectivity, marketing Cytokines, hormones,
PEG-NHS of PEGylated drug anticancer drugs targeting
PEG-maleimide
PEG-OPSS

2000 onwards Enzymatic coupling Detailed chemical and biological Non-protein drugs
Disulfide coupling characterization of conjugates, PEGylation,
Releasable PEGs combination of genetic engineering and oligonucleotide
Forked PEGs PEGylation in the design and discovery PEGylation, cell
Star PEGs of new drugs, more stringent regulatory PEGylation
Monodisperse PEGs requirements

AA = amino acids; NHS = N-hydroxysuccinimide; OPSS = ortho-pyridyldisulfide; 
PEG = polyethylene glycol.

Table 2: Protein (a), oligonucleotide (a) and non-peptide (b) drugs polymer conjugates present on the market or in clinical trials [11]
Conjugates Indication Year to market or status Company
(a) High molecular weight drugs
SMANCS (Zinostatin, Stimalamer) Hepatocellular carcinoma 1993 Yamanouchi
PEG–adenosine deaminase (Adagens) SCID sindrome 1990 Pharmaceutical

Enzon
PEG–asparaginase (Oncaspars) Acute lymphoblastic leukaemia 1994 Enzon
Linear PEG–interferon a2b (PEG–Introns) Hepatitis C, clinical evaluation on

cancer, multiple sclerosis and HIV/AIDS 2000 Schering Plough/Enzon
Branched PEG–interferon a2a (Pegasyss) Hepatitis C 2002 Roche/Nektar
PEG–growth hormone receptor antagonist Acromegaly 2002 Pfizer (Pharmacia)
(Pegvisomant, Somaverts) 
PEG–G-CSF (Pegfilgrastim, Neulastas) Prevention of neutropenia associated 2002 Amgen

with cancer chemotherapy
Branched PEG–anti-VEGF aptamer Age-related macular degeneration 2004 EyeTech Pharmaceuticals
(Pegaptanib, MacugenTM) (now OSI Pharmaceutical)/

Pfizer
PEG–anti-TNF Fab (CDP870; Certolizumab Rheumatoid arthritis and Crohn’s disease 2008 UCB (formerly Celltech)
pegol, Cimzia)
A PEGylated diFab antibody. Solid tumors Phase II UCB-ImClone System
Targets VEGFR-2 (CDP791)
(b) Low molecular weight drugs
HPMA copolymer–doxorubicin Cancer, in particular lung, breast cancers Phase II Pfizer (CRC/Pharmacia)
(PK1; FCE28068)
HPMA copolymer–doxorubicin–galactosamine hepatocellular carcinoma Phase I/II Pfizer (CRC/Pharmacia)
(PK2; FCE28069) 
HPMA copolymer–camptothecin Clinical evaluation on several solid cancers Phase I Pfizer (Pharmacia)
(MAG–CPT; PNU166148)
HPMA copolymer–paclitaxel (PNU166945) Clinical evaluation on several solid cancers Phase I Pfizer (Pharmacia)
HPMA copolymer–platinate (AP5280) Clinical evaluation on several solid cancers Phase II Access Pharmaceutical
HPMA copolymer–platinate (AP5346) Clinical evaluation on several solid cancers Phase I/II Access Pharmaceutical
Polyglutamate–paclitaxel (XYOTAX; CT-2103) Cancer, in particular lung, Phase II/III Cell Therapeutics

ovarian and esophageal cancers
Polyglutamate–camptothecin (CT-2106) Clinical evaluation on colorectal, Phase I/II Cell Therapeutics

lung, ovarian cancer
PEG–camptothecin (PROTHECAN) Clinical evaluation on several Phase II Enzon

solid cancers
PEG–paclitaxel Clinical evaluation on several Phase I Enzon

solid cancers
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Fig. 1: PEGylated Nanoparticle (polymeric core (yellow) with a surrounding cloud of flexible PEG chains (red). (adopted
from [13])

Fig. 2: Polyethylene glycol

PEG conjugates, pharmaceutical applications of PEG granules, used for thermoplastic granulations, enhance
moieties and their general guide for selecting PEGylation the aqueous solubility or dissolution characteristics of
reagents.  Based   on   the   available  data,  the  PEGylated poorly soluble compounds, film coatings, plasticizers in
nanoparticle makes this drug delivery systems as one of microencapsulated products, lubricants, anti-adherent,
the promising delivery systems. used in insulin-loaded micro particles for the oral delivery

Peglylation Concept: PEGylation is the process of aerosolization [17]. Due to its non-toxic and non-
covalent coupling of non-toxic, non-immunogenic and immunogenic property, it can be added to media and
non-antigenic, hydrophilic polyethylene glycol (PEG) to attached to surfaces and conjugated to molecules without
another molecule or functional groups of biologically interfering with cellular functions or target
active agents including proteins, peptides, antibodies, immunogenicity. The PEG attachment to proteins and
aptamers and small molecules [12] (Fig. 1). Moreover, PEG other biomolecules decreases aggregation and increases
(Fig. 2), a hydrophilic biocompatible polymer, inexpensive, solubility because of its hydrophilic (aqueous-soluble)
versatile, FDA approved for many applications and easy nature. Its highly flexible property used for surface
to obtain in large quantities, was already being used in treatment or bioconjugation without steric hindrance. In
industry for numerous applications including [13, 14] a) an addition, it has high mobility in solution, ready clearance
additive for paper production, controlling the viscosity  of from the body, altered distribution in the body [15]. The
printing ink, b) as a precipitating agent for proteins in characteristics of PEG depend on its molecular weight and
biology, c) as an inducing agent for cell fusion, d) as chain shape. Very low molecular weight PEGs < 400 Da are
excipient in many pharmaceutical or cosmetic formulations oils but at ~1.5–2 kDa PEG has a waxy appearance. PEG is
and e) as a food additive due to its low or non-toxic a solid at the higher molecular weight, provided that it is
properties. maintained dried [5]. The PEG is eliminated from the body

Pharmaceutical Applications of Peg Moieties: PEG has faeces (for PEGs > 20 kDa) [18]. The storage under an inert
several chemical properties that make it especially useful atmosphere is recommended because, although stable
in various biological, chemical and pharmaceutical towards several chemical reagents, PEG is sensitive to
settings [15, 16] for example, as biodegradable polymeric oxidation that may cleave the chain [5]. Pharmaceutical
matrices in controlled-release systems, ointment base, grade PEG should have a polydispersity spanning from
suppository bases, suspending agents, emulsion 1.01 for a product of 5 kDa, up to 1.1 for a product of 50
stabilizers, plasticizer in soft gelatine capsules, enhance kDa. Note that the value for a monodisperse product is
the effectiveness of tablet binders, impart plasticity to 1.00 [6]. The unique ability of PEG to be soluble in both

of insulin, used in inhalation preparations to improve

intact by either the kidneys (for PEGs < 30 kDa) or in the
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Table 3: A general guide for selecting PEGylation reagents [20]
PEG reagents PEGylation
Amine PEGylation and N-terminal PEGylation: PEG reagents react with amine present in biological macromolecules.
PEG-NHS The N-hydroxysuccinimide (NHS) activated ester of PEG carboxylic acid can react with the amino group of lysine.

The coupling requires only mild conditions, pH 7-9, low temperature (5-25ºC) for short period of time. The formed
amide bond is physiologically stable.

PEG-aldehyde Reductive amination with primary amines to produce secondary amines, in the presence of reducing agents such as sodium
borohydride and sodium cyanoborohydride. pH is important for reductive amination.

PEG-isocyanate Reaction with an amine to produce a stable urethane linkage.
PEG epoxide Nucleophilic addition
PEG-isothiocyanate React with an amine to produce a stable thiourea linkage.
PEG-COOH Usually, the acid needs to be activated, such as NHS ester.
PEG-NPC Amine reacts with NPC functionalized PEG under proper conditions.
PEG-acrylate Michael addition of amine and acrylate ester
Carboxyl PEGylation: PEG reagents react with the carboxylic acid in the presence of coupling agents such as DCC (N,N'-dicyclohexylcarbodiimide) and
EDIC (N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide, HCl salt).
PEG-amine Amide formation under DCC or EDIC coupling conditions
PEG-hydrazide After activated by EDIC at mild acidic pH, the carboxyl group of proteins readily react with PEG-hydrazide,

while the amino groups present in all reagents remain inactive in this particular conditions.
Thiol PEGylation: Thiol PEGylation is for free thiols of biological molecules such as cysteine.
PEG-Maleimide Michael addition, thiols react with the C=C bond in the maleimic ring to form a physiological stable linkage.

The best reaction condition is at pH 8.
PEG-OPSS Disulfide S-S bond formation, which can be reversed by reducing agents such as sodium borohydride and thioethanolamine.
PEG-vinylsulfone Michael addition, thiols react with the C=C bond to form a physiological stable linkage.
PEG-thiol Oxidative disulfide S-S bond formation.
Hydroxyl PEGylation:
PEG-isocyanate Hydroxyl groups react with PEG-NCO, however special considerations are required.
PEG-NPC Hydroxyl groups react with NPC to from a carbonate linkage.
PEG-epoxide PEG-epoxide reacts with hydroxyls best at pH 8.5-9.5.

aqueous solutions and organic solvents makes it suitable the drug of choice or target molecules [23]. The
for end group derivatization and chemical conjugation to derivatives are mainly focused on amino coupling
biological molecules under mild physiological conditions because these groups are easily modified and commonly
[19]. PEG derivatives are commonly used for coupling to present in proteins, but reactive polymers towards other
functional groups of biologically active agents. Based on groups have also been prepared, such as towards the
reactive sites in those biologically active entities, thiol group of cysteine (Table 4, 5 & 6) [24].
PEGylation then requires different functionalities of PEG
reagents (Table 3). The careful selection of PEGylation Pegylation: The first-generation pegylation methods were
chemistries and reaction conditions yield PEGylated fraught with difficulties and it was plagued by PEG
products with different therapeutic properties. For impurities, restriction to low molecular weights, unstable
example, PEGylation of granulocyte colony-stimulating linkages and lack of selectivity in modification[19]. With
factor (G-CSF) through an amine linkage increases the the first-generation pegylation, the PEG polymer was
liquid-phase stability of G-CSF five times compared with generally attached to the å amino groups of lysines. This
PEGylation through an amide bond [7]. resulted in the modification of multiple lysines and gave

In general, to maximize the pharmacological benefits mixtures of PEG isomers with different molecular masses
of PEGylation, a stable bond is formed between the PEG [25]. The existence of these isomers makes it difficult to
polymer and drug of choice. On the whole, a PEG polymer reproduce drug batches and can contribute to the
is first chemically activated in order to react with the drug antigenicity of the drug and poor clinical outcomes. First-
of choice or target molecules [21]. A variety of chemical generation chemistries were generally Examples of first-
modifications are used to prepare an active PEG derivative generation PEG derivatives include: (a) PEG
with a functional group [22] — such as active carbonate, dichlorotriazine, (b) PEG tresylate, (c) PEG succinimidyl
active ester, aldehyde, or tresylate, which are suitable for carbonate, (d) PEG benzotriazole carbonate [19], (e) PEG
coupling to a given target molecule. The activated PEG p-nitrophenyl carbonate, (f) PEG trichlorophenyl
derivative is then covalently linked to a reactive group on carbonate,  (g)   PEG   carbonyl    imidazole    and   (h)  PEG
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Table 4: PEG alkylating derivatives reacting with amino groups to yield secondary amines, this preserving the protein charge (Adopted from [5]) 

Table 5: PEG derivatives reacting with thiol groups (Adopted from [5])

succinimidyl succinate [26]. Second- generation immune system and proteolytic enzymes, thereby
PEGylation was designed to overcome the problems reducing its antigenicity and likelihood of destruction.
associated  with    first    generation   chemistry, Additionally, PEG2 permits linking double the mass of the
remarkably diactivated PEG impurities, restriction to low polymer while only modifying one amino acid residue in
molecular weight mPEG, unstable linkages and lack of the protein and leaving it more biologically active [29].
selectivity [27] in substitution. One of the first examples
of second-generation chemistry is mPEG propionaldehyde Advantages [26]:
[28]. The increase in hydrodynamic volume conferred to

Moreover, first-generation methods mainly used conjugated molecules, thus reducing their kidney
linear PEG polymers with molecular masses of 12 kDa or excretion and prolonging in vivo half-life 
less. But in second-generation, the branched structures The protection of amino acid sequences sensitive to
(called PEG2) have more attention in the preparation with chemical degradation
molecular masses of up to 60 kDa or more and also better The masking of critical sites sensitive to metabolic
at cloaking the attached polypeptide drug from the enzyme degradation or to antibody recognition. 
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Table 6: PEG acylating derivatives reacting with amino groups to yield amide or urethane bonds, this decreasing the protein charge by a number equal to
the number of couple PEG chains (Adopted from [5]) 

The possibility to solubilize proteins in organic Moreover, PEGylation, by increasing the molecular weight
solvents allowing new enzyme applications as of a molecule, can impart several significant
biocatalysts, pharmacological advantages over the unmodified form,
The solubilization of water insoluble drugs in a such as: [30, 31]
physiological medium, Improved drug solubility
The reduction of either protein opsonization of Increased bioavailability
liposomes, microparticles or protein adhesion of Optimized pharmacokinetics
surfaces coated with peg, thus increasing their Reduced dosage frequency, without diminished
biocompatibility, efficacy with potentially reduced toxicity
The reduction of protein aggregation. All of these Extended circulating life
properties conferred by pegs may have a role in the Increased drug stability
therapeutic application of proteins and in drug Enhanced   protection    from   proteolytic
discovery and development. degradation
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PEGylated drugs have the following commercial deliver polypeptides in vivo with improved
advantages also: pharmacokinetic   and   pharmacodynamics   properties

Opportunities for new delivery formats and dosing [32, 33].
regimens PEGylation produces alterations in the
Extended patent life of previously approved drugs physiochemical properties including changes in

Since PEGylation is a new delivery technology that These physical and chemical changes increase systemic
differs from the traditional formulation in a number of retention of the therapeutic agent. Also, it can influence
ways. PEGylation has become a well-accepted method for the binding affinity of the therapeutic moiety to the cell
the delivery of biopharmaceuticals - especially peptide receptors and can alter the absorption and distribution
and protein drugs. Because the protein and peptide drugs patterns. The specific effects of PEGylation on protein
hold great promise as therapeutic agents in recent years physical-chemical and biological properties are strictly
due to: (1) discovery of novel peptides and proteins, (2) determined by the protein and polymer properties and by
a better understanding of the mechanism of action in vivo, the adopted PEGylation strategy. Relevant parameters
(3) improvements in expression or synthesis of proteins that must be considered in protein-polymer conjugates
and peptides that closely resemble fully human proteins are: protein structure, molecular weight and composition,
and peptides and (4) improvements in formulation or polymer molecular weight and shape, number of linked
molecule-altering  technologies  that  have  the  ability  to polymer chains and conjugation chemistry (71)

conformation, electrostatic binding, hydrophobicity, etc.

Pegylation Process:

Fig. 3: PEGylation process

Pegs with Various Shapes and Functionalization Agent: Forked Activated PEG 
The commonly available PEGs with various shapes and Heterofunctional PEG
functionalization agents are Homobifunctional PEG Derivatives 

Monofunctional Activated Liner PEG Comb-shaped co-polymers 
Multi-Arm Activated PEG Lysine  Branched   PEG   Releasable Activated

2-arm Branched PEG PEG
3-arm Branched PEG Bio compatible PEG Ancho
4-arm Branched PEG Surface Reactive PEG Derivatives

Branched Activated PEG Fluorescent PEG Derivatives
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Table 7: PEGs with various shapes and functionalization agent
PEGs with various shapes and functionalization agent

Monofunctional Activated Liner PEG 
Linear Monofunctional PEG Derivatives for PEGylation
Linear monofunctional PEG derivatives have a reactive group
at one end of the PEG. The other end is capped with a
methoxy group or a sugar group. (p-Nitrophenyl Carbonate PEGs)
Multi-Arm Activated PEG
 Bi-Functional PEG Series

 4-arm-Functional PEG Series 
PTE Series (Pentaerythritol,
tetra-polyethylene glycol ether)

 8-arm-Functional PEG Series 
HGEO Series (Hexa-glycerine, octa-polyethylene glycol ether)

Branched PEG Derivatives for PEGylation
Branched PEG derivatives, also known as "Y-shaped" PEG derivatives, contain two linear methoxy PEG chain attached to a central core. The sterically bulky
structure of these "Y-shaped" PEG derivatives will facilitate the single point attachment of the modified molecules.

 2-Branched PEG Series (SUNBRIGHT  GL2 series) ®

 C2 MA Type (Maleimide PEGs) 

 C5 MA Type (Maleimide PEG) 



Europ. J. Appl. Sci., 10 (1): 01-14, 2018

9

 Forked Activated PEG

 Heterofunctional PEG
Hetero type activated PEGs can conjugate different molecules.
They are also useful for surface modification.

 Heterobifunctional PEG Derivatives

 Maleimide PEG NHS ester, MW 3400, 5000, 10000

 Boc-protected-Amino-PEG-Carbonate-NHS 

 Homobifunctional PEG Derivatives

 Amine PEG Amine,NH2-PEG-NH2, MW 2000, 3400, 5000, 10000

 Carboxylic PEG Carboxyl, COOH-PEG-COOH, MW 2000, 3400,
5000, 10000

 Surface Reactive PEG Derivatives

 Thiol PEGs, Methoxyl PEG Thiol, mPEG-SH,
MW 1000, 2000, 5000, 10000, 20000

 Thiol Carboxylic PEG, HS-PEG-COOH, MW 3400,5000, 10000

 Comb-shaped co-polymers

When these polymers are used for modification of enzymes,
less binding affinity is required to introduce more PEG chains
onto the enzyme surfaces than that of a single polymeric
PEG modifier. Consequently, the residual activities of the
modified enzymes would become higher.

 Biocompatible PEG anchors for cell membrane <BAM>

NOF supplies a Biocompatible Anchor for cell Membrane (BAM), which would not injure the cells. BAM contains both oleyl groups as a hydrophobic
cell membrane anchor and polyethylene glycol (PEG), which elevates the hydrophilicity, while its chemical structure is so designed as to have various
reactive groups at the terminals of the PEG chain allowing them to bind them to physiologically active substances or surfaces of materials. Employment
of BAM enables researchers to modify the surfaces of cells and tissues with physiologically active substances, such as proteins or drugs without injuring
cells and tissues and also to immobilize live cells and tissues on the surfaces of various kinds of materials. Since BAM exerts excellent functions beyond
conventional concepts, it can be extensively used in the fields of pharmaceuticals and cosmetics.
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 Fluorescent PEG Derivatives
 FITC-PEG, Methoxyl PEG Fluorescein, MW 2000,

5000, 10000. 
 Exictation/Emission wavelength 495 /520 nm.

Characterization of Peg Conjugates: PEG is transparent MALDI mass spectroscopy and Electrospray mass
and non-fluorescent and therefore non-detectable by spectrometry was also proposed for the evaluation of
itself, furthermore it does not release products easy to PEG-protein conjugates. To evaluate the distribution of
quantify upon hydrolysis. The colorimetric reaction of the formed conjugates and the kinetics of the PEGylation
PEG with iodine can be used for its direct evaluation [34] reactions, size exclusion chromatography (SEC) in
but it possesses low sensitivity relative to the high values combination with multi angle light scattering was used.
of the blanks. Various methods of determining polymer Subsequently, ion exchange chromatography (IEC) was
molecular weight are summarized in Table VIII. conducted to quantify the different isoforms of mono-
Characterization using IR spectroscopy often results in PEGylated lysozyme. Capillary electrophoresis has also
the identification of the functional groups and the modes being reported for protein PEG-conjugate characterization.
of their attachment to the polymer backbone and in some This method allows a wonderful separation of PEG-protein
cases the absorption spectrum constitutes a molecular isomers that cannot be easily reached by HPLC or by ion-
fingerprint. The degree of polymer substitution can be exchange chromatography [35]. Finally, Standard SDS-
evaluated by the different retention time in GPC elution, PAGE electrophoresis is routinely used to monitor the
shown the differently modified conjugates. The PEGylation reaction SDS electrophoresis may also be of
colorimetric and fluorimetric methods are used to calculate use but its success is limited to PEGylated peptides or low
the number of PEG-bound chains indirectly from the molecular weight proteins since the great hindrance of the
decrease of unreacted amino groups, with respect to the conjugates interferes with the penetration inside the gel
total  present   before   the   reaction   as   reported  above. [27].

Table 8: Methods for the Determination of Polymer Molecular Weight
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Fig. 4: The Flory radius of the PEG coil increases as a function of the number of monomers (n); see Equation 1 (adopted
from [13]).

(a) (b)
Fig. 5: Gold spherical nanoparticle with two types of polyethylene glycol modifications Polyethylene glycol

orientations on the nanoparticle surface include (a) low-density mushroom configurations and (b) high-density
brush-type arrangements. (adopted from [13])

Characterization of Pegylated Nanoparticle: Dynamic monomers per polymer chain and  is the length of one
light scattering was used to evaluate three important monomer in Angstroms (  = 3.5  for PEG)[13]. The F of
characteristics of the final PEGylated nanoparticle (NP) some typical PEG Mw is plotted in Fig. 4. There are two
(NP size, zeta potential and size distribution) [36]. The zeta main conformations that PEG chains can acquire
descriptor was used to measure the electrostatic potential depending on grafting density. If the surface density is
that exists between the shear plane of a NP and the low (i.e., the distance D, between the attachment points of
solvent and provides information on the colloidal stability polymer to a surface is larger than F), polymer chains will
of the NP [37-39]. The size distribution can be used to acquire a `mushroom' conformation (Fig. 5a). In this
measure the homogeneity of the final product. Although conformation, a polymer chain occupies roughly a half
size increases offer evidence for NP PEGylation and may sphere with a radius comparable to the Flory radius. For
discriminate between brush and mushroom PEG increased grafting densities (D < F), a polymer will acquire
configurations [13], Whereas Raman analysis revealed a `brush' regime, with long, thin bristles of PEG extending
very detailed information on loading and conformation, it from the NP surface (Fig. 5b) [42, 43]. The number of
is beyond the scope of routine laboratories [40]. repeating units required to transition from mushroom to
Thermogravimetric analysis measures change in weight as brush arrangement is highly dependent on the type of
a function of temperature increase (PEG loss) and is PEG and NP [13]. Pastor and coworkers report that
reported for this purpose, but also requires specialized mushroom conformation becomes brush-like when the
equipment [13]. For the routine user, NMR is used to distance between individual PEG molecules on the surface
detect the ethylene protons at 3.65 parts per million, but nears F [44]. NPs with brush PEG generally have longer
is not quantitative [41, 42]. Gas or liquid chromatography circulation times as the denser coatings better shield the
could also be used to not only remove loosely bound NPs from the RES [13].
PEG, but also offer indirect quantitative information on the
NP’s PEG loading [13]. F= n Equation 1

Length & Conformation of PEG Chain: Polymer There are quite a few important reasons for making
conformation can be described in terms of the Flory radius long-circulating drug carriers. The prolonged circulation
(F) according to Equation 1, where n is the number of can  help  to  maintain  a  required  level  of pharmaceutical

3/ 5
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agent in the blood for extended time intervals and to REFERENCES
achieve a better targeting for targeted drug carriers by
providing more time for their interaction with the target
[45]. In nano drug delivery, long-circulating drug-loaded
nanoparticles can slowly accumulate in pathological sites
with affected and leaky vasculature and facilitate drug
delivery in those areas. It was also recognized that the
mass of bound PEG was important for determining the
time it remains in the blood. The required mass can be
reached by adding either several small PEG chains to the
protein, or alternatively one PEG chain of high mass [11].

In fact, the ‘Y’ shaped branched PEG improved the
PEG shielding effect on a protein surface, thus being more
effective in protecting the conjugated protein from
proteolytic enzymes and antibodies. Furthermore, each
oxyethylene PEG unit is able to coordinate 3–5 water
molecules, thus increasing the polymer hydrodynamic
volume by an approximate 5–10 fold greater amount than
that predicted by the nominal molecular weight. In
general, smaller therapeutic materials use larger PEGs [33].
At lower molecular weights of PEG, clearance occurs
primarily by the kidneys; above a molecular weight of
approximately 20 kDa renal filtration decreases in favor of
excretion by the bile and above approximately 50 kD a,
hepato-biliary clearance dominates [46]. Oligos and small
molecules may be coated with PEG 20,000–50,000 to
prevent excretion by the kidneys and maintain a high
blood pool concentration for longer periods of time (by
enhancing recirculation). Larger NPs in the 50–100-nm
range are frequently coated with smaller lengths of PEG
(3400–10,000) because further increases in hydrodynamic
radius could shorten t½ [13, 47].

CONCLUSIONS

From the short overview of drug or protein
PEGylation, one can understand the great potentials of
the technique. Modification of therapeutic proteins,
peptides or other molecule by polyethylene glycol
conjugation is a well-known method to improve the
pharmacological properties and pharmacokinetic
properties of biologicals. A very complex intellectual
property (IP) situation exists covering site-specific
PEGylation and branched PEG reagents, hindering the
wider use of modern PEGylation technologies for new
products. Expiry of these patents will give modern
PEGylation technology freedom to operate in the near
future and may result in the expansion of its use in the
production of new therapeutics.
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