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ABSTRACT
Polymeric nanoparticles are investigated as drug delivery devices to 
overcome physicochemical and pharmacokinetic (PK) problems. Many 
drugs were found to be drug-like during the pharmacological screening. 
However, all of them cannot make it to the market due to toxicity and poor 
bio-availability. The advent of nanoparticles has opened a new window of 
research where poorly soluble drugs are made useful. Nanoparticles have 
also been developed for favourable pharmacokinetics to avoid toxicity and 
side effects, to target the desired site of action and to provide triggered 
drug release. Poorly soluble drugs can be entrapped, encapsulated, coated 
or chemically bound in nanoparticles to deliver the drugs. Generally, in 
standard drug delivery, devices carry the drug until the gastrointestinal tract 
(GIT) and the drug is released, but the tool never expected to be entering 
the blood. However, in polymeric nanoparticles, sometimes the drug is 
being carried to the blood and the site of action. Polymeric nanoparticles 
release the drug in the gastrointestinal tract (GIT) or enter the GIT through 

various pathways to appear in the bloodstream. In this review, we discuss 
the fate of polymeric nanoparticles made up of biodegradable polymers 
after they are administered through the oral route.
Key words: Nanoparticle, Pharmacokinetics, Drug delivery, Polymer, Oral 
route.
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INTRODUCTION
The classical oral drug delivery system breakdown in the gastrointestinal 
tract (GIT) and release the drug. After the drug release in the GIT, the 
drugs penetrate through biological barriers and reach the site of action. 
But with nanoparticles, the drug goes into the bloodstream, acting as 
drug delivery systems that can improve the bioavailability of the drugs.1 
In drug targeting, nanoparticles are expected to be accumulated in high 
concentrations at the site of action when compared to other tissues.2 After 
accumulation, the drug will be released at the target organ broadening 
the therapeutic window. Due to the broad therapeutic window, the 
drug’s inherent toxicity will be reduced. It helps in the improvement 
of the bioavailability of the drugs that have poor bioavailability (BA). 
There may be various reasons for poor BA, like poor solubility, reduced 
permeability, or poor stability. All these issues can be avoided with the 
nanoparticle approach.
Nanoparticles have been developed for all types of drug molecules, like 
those having excellent physicochemical properties or good BA. This is 
because the nanoparticles can alter the pharmacokinetics of the drugs 
and can result in favourable kinetics of the drugs to avoid toxicity. One 
such example is doxorubicin nanoparticles. Doxorubicin has excellent 
physicochemical properties, but the distribution of doxorubicin to the 
heart had produced cardiac ailments. This is avoided by entrapping 
or encapsulating the doxorubicin in nanoparticles.3 The classical 
pharmacokinetic studies which measure the drug levels in the blood 
might not have taken into consideration of unreleased drug from 
nanoparticles. Many pharmacokinetic studies presume that the drug in 
nanoparticles is released in the bloodstream, which is not the case in 
reality.4

In this review, we collected the information from various studies 
related to the pharmacokinetic concepts like absorption, distribution, 
metabolism and excretion of polymeric nanoparticles. 

ABSORPTION OF NANOPARTICLES
Gastrointestinal Tract (GIT) presents exciting anatomy and physiology 
for absorption, as it is made up of the absorption of nutrients. The 
large surface area of the intestine, varying pH through the GIT and the 
presence of Peyer’s patches made it more attractive for the absorption 
of nutrients and solubilized drugs. While presenting nanoparticles for 
oral intake, all these variations of the GIT might have to be considered. 
The external layer is the mucus layer, which acts as the first barrier for 
nanoparticles that need to be crossed. Nanoparticles also developed for 
targeting the mucus layer for better absorption.5 After the mucus layer, 
appears the real membrane of epithelial cells. Nanoparticles need to be 
absorbed intact and the barrier might not allow this to be happening.6,7 
The understanding so far is not clear and some researchers suggest that 
the nanoparticles are absorbed through M cells of the Peyer’s patches 
and some assume that nanoparticles are taken up from the healthy 
gastric epithelial cells.8-11 The data on the pharmacokinetics of the orally 
delivered nanoparticles is not extensive enough to conclude. Generally, 
in vitro, studies are carried out to see if the nanoparticles can penetrate 
the epithelium of the GIT. Most of the time, in vitro studies, are not able 
to be correlated with the in vivo studies.
Mucus on the lining of gastric epithelium plays an essential role in the 
absorption of nanoparticles or drugs released from the nanoparticles.12 
Nanoparticles that adhere to the mucus for sustained release of the 
drug are known as mucoadhesive nanoparticles.13 Mucoadhesive 
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nanoparticles were meant to be releasing the drug in the GIT, whereas 
mucus penetrating nanoparticles can get through the GIT intact. 
Mucoadhesive nanoparticles were explored extensively for the prolonged 
release of the drug-using various types of polymers.14 Among them and 
thiolated polymers were adhering to the mucus firmly.15 However, later, 
mucoadhesive nanoparticles were understood to be affecting the mucus 
barrier properties.16 Currently, mucus penetrating nanoparticles were 
thought to be suitable carriers of drugs through GIT and other barriers 
where mucus plays an important role.12 PEGylation is the modification 
of polymers or nanoparticles with chemically attaching or coating the 
surface with PEG. PEGylation makes them suitable for various drug 
delivery applications like high circulation, mucus penetration and 
protection from the mononuclear phagocyte system (MPS) of the body. 
In oral delivery, PEGylation helps in the penetration of nanoparticles 
through the mucus barrier.17

Nanoparticles are absorbed intact or can be adsorbed onto mucus to 
release the drug. They can get absorbed by various pathways. In a recent 
study, authors have found out that the nanoparticles absorbed into both 
lymph and blood circulation from the GIT. It can increase the BA of 
the drug-loaded onto them.18 The size of those nanoparticles was around 
170 nm and is positively charged. There were reports of nanoparticles 
absorbed with 250 nm size and negatively charged.19 Particle size 
more than 500 nm, considered to be not absorbable from the GIT.20 
The Surface charge plays a vital role in the absorption of nanoparticles 
and non-ionic nanoparticles showed significant improvements in the 
uptake of nanoparticles.8 Some researchers have developed inert peptide 
sequences using phage display to target M cells and epithelial cells of 
the intestine to increase the absorption.21 The particle geometry also 
influences the absorption and particles with high aspect ratio and rod-
shaped nanoparticles better absorbed than spherical nanoparticles.6 The 
parameters were affecting absorption shown in Table 1.

DISTRIBUTION OF NANOPARTICLES
Distribution patterns of drug-loaded nanoparticles delivered through 
various routes vary for each way.22 Orally given nanoparticles 
distribution is different from intravenously delivered nanoparticles.23 
Most of the distribution or pharmacokinetic studies have been carried 
out after intravenous administration—very few studies conducted for 
orally delivered nanoparticles. And the effect of the size, surface charge, 
percentage drug loading, detection methods have been very different for 
different studies. Thus, making out a conclusion is not that easy. Majority 
of the reviews were done based on the analysis of the drug or a label 
rather than the nanoparticle as a whole or material which is used for the 
preparation of nanoparticles.24

Nanoparticles are known to be captured by the MPS.25 To avoid 
accumulation in organs of MPS, generally, particles are coated with or 
chemically bound with PEG (Polyethylene glycol). This PEGylation 
showed to possess many pros in the case of the nanoparticles. The 
nanoparticles alter the drug’s distribution pattern in many cases. The 
release rate from the nanoparticles and the circulation times of the 
nanoparticles increase the BA. The nanoparticles, if they targeted to be 
released only at the desired site, the therapeutic window rises, making 
the drugs safer. 
The outcome of nanoparticles based on the distribution during the 
targeting, the targeting is known to be two types, i.e., passive targeting and 
active targeting. Passive targeting utilizes the physiology of the diseased 
parts and active targeting utilizes surface coatings or chemically attached 
ligands on nanoparticles. These nanoparticles are tailor-made to suit the 
requirements. The blood circulation and lymphatic circulation both play 
a crucial role in the distribution of nanoparticles. Most of the uncoated 
nanoparticles reach the MPS organs cleared from the circulation. 

Surface coating or chemical attachment with PEG, which is known as 
PEGylation, improves the blood circulation times of nanoparticles, this 
is helpful in the extended-release (ER) of the drugs.24

In a study, researchers have used a physiologically based pharmacokinetic 
(PBPK) model with prepared with PLGA (poly-lactic-co-glycolic acid) 
nanoparticles and modified with PEG. They conclude that PBPK model 
can be utilized to understand the polymeric nanoparticle distribution 
and their relationship with the physicochemical properties.9

The BA is defined as the rate and extent at which the drug reaches 
systemic circulation. In a real sense, the free drug that is available at 
the site of action is BA. However, most of the pharmacokinetics has 
analyzed the drug concentrations in the blood without differentiating 
the free and nanoparticle bound drug. The BA of the drugs carried 
by the nanoparticles shown to be increasing many folds.26-30 The BA 
concept, blood levels will not be corroborated to the effect when the 
nanoparticles are developed for targeting specific organs or tissues 
in the body. In targeted nanoparticles, the drug might not appear in 
reasonable quantities in the blood, but the action would be mightier 
than the free drug. Probably new approaches in pharmacokinetics are 
needed for understanding the kinetics of drug release and reaction from 
nanoparticles.

METABOLISM OF NANOPARTICLES
Drugs that are entrapped in the nanoparticles are protected from 
metabolism for longer durations if they are long-circulating. 
Nanoparticles that are not coated with PEG or any other material that 
can protect nanoparticles from opsonisation are accumulated in the 
organs of MPS. These are found mostly in the spleen, liver and lungs. 
The lymphatic absorption of the nanoparticles avoids the first-pass 
metabolism that is experienced by the naked drugs absorbed through 
GIT epithelium. Nanoparticles, by avoiding the first-pass metabolism, 
supply the drug to the target tissues in more enormous amounts. This 
is more relevant to lipid-based Nano systems like Nano emulsions and 
solid lipid nanoparticles.26

The clearance from the body is delayed in overall with the nanoparticles 
after oral administration.31 Due to this, the drug-exposed for longer 
durations resulting in potency and or lesser dosage frequencies. This 
could be because of the drug in nanoparticles is not free and not available 
for metabolism. 

EXCRETION OF NANOPARTICLES
Nanoparticles that are less than the size of 5 nm are known to be excreted 
from the kidneys.31,32 But most of the time, nanoparticles made up of 
polymers are generally larger and are not discharged directly. This is 
the reason for the increased circulation times and reduced clearance 
of polymeric nanoparticles. Most of the polymeric nanoparticles 
are excreted through faces after metabolism in the liver and other 
tissues.10,33,34 However, the excretion of polymeric nanoparticles still 
needs to be studied and understood. The use of biodegradable materials 

Table 1: Absorption of nanoparticles from the gastrointestinal tract.

Parameter Quality Outcome

Shape High aspect ratio Better lymphatic absorption6

Surface charge Non-ionic Better absorption8

Surface modifications PEGylation Increased absorption17

Size <500 nm Absorbed through GIT20

Surface ligands Inert peptides Increased absorption21

Surface modifications Thiolation Mucoadhesion22
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helps in the clearance of the body. Non-biodegradable materials need to 
be used with caution as they can reside for years in the body.31

CONCLUSION
When analyzing the pharmacokinetics of the drugs entrapped in the 
nanoparticles, generally, the drug in the nanoparticles in the blood is 
also estimated because of the unfortunate separation of nanoparticles 
from the blood. Meaning that the released drugs over estimated to be 
free from the nanoparticles while the drug is still in the nanoparticles. 
The techniques currently used by the researchers generally are not 
considering the drug release from the nanoparticles. The kinetics 
might be well understood when the concentrations of free drug and 
drug entrapped, encapsulated, or coated are analyzed separately. The 
pharmacokinetics of nanoparticles is not well defined and need more 
studies in this area.
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