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Plasma Glycoprotein Efflux Induced
Resistance: Implications, Mechanism,
Inhibitors, and Novel Strategies to Overcome
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Abstract

This review aims at the drug-resistant factors, its effects, and methods to overcome. P-glycoprotein (P-gp) is an
energy-dependent efflux transporter which plays a leading role in multidrug resistance (MDR) of the majority
of drugs and is involved in the efflux of toxins, xenobiotics, and drugs out of the body. Their unique mechanism
of action put them in the spotlight for the drug discovery process. Modification of drug transporters through
inhibitors, inducers or the methods of genetic polymorphism are being used recently. Uses of specific inhibitors
or blockers with a parent drug have been evolved as a new method to alter MDR. These inhibitors are classified
into various generations based on the properties that they exhibit. MDR is a significant obstacle resulting from
the overexpression of some proteins like P-gp which reduces therapeutic efficacy of various drugs associated with
cancer, tuberculosis, malaria, and human immunodeficiency virus, etc. Inhibitors of P-gp can be regarded as an
explicit remedy for this puzzling condition. Although various chemical inhibitors had been developed, natural
agents are comparatively safer than synthetic or semi-synthetic agents. Novel strategies and formulations are
developed to alter the expression of P-gp is also mentioned in this paper.
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INTRODUCTION

transports and distributes the drug into various sites; where
it disintegrates into smaller segments, and eventually gets
excreted from the body. All these factors influence the

rug resistance is defined as a decline
Din the efficacy of a medicament such

as in antineoplastic or antimicrobial
therapy and its reduction in the curing of a
disease or a condition.!! Drug resistance will
create challenges in therapeutic efficacy of the
drug and in conducting further research to tackle
them. When an organism acquires tolerance to
more than one drug, it is referred to as multidrug
resistance (MDR). Long-term treatment followed
by the repeated use of medicament may cause
reduced pharmacological action in patients.
Increasing the dose also cannot produce any
significant effect in this situation.”” If the human
becomes resistant to a drug, then it is known as
drug tolerance. Two types of drug tolerance are
usually seen: Pharmacokinetic tolerance and
pharmacodynamics drug tolerance.

Pharmacokinetic or metabolic tolerance

The drug that enters into our body is first
absorbed into the bloodstream, which then
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duration of action, potency and side effects of the drug.
Pharmacokinetic tolerance mainly occurs when there is a
substantial decrease in the amount of drug that reaches the
target site. This can be caused by a significant increase in the
secretion of enzymes required for the degradation of drugs,
for example, cytochrome P450 (CYP450) enzymes. This type
of tolerance is mainly noticed in the oral administration of the
drug which causes first pass metabolism. Enzyme induction
is one of the main reasons for drug resistance and various
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other factors and mechanisms also play a key role in drug
resistance which is discussed in detail in this paper.

Pharmacodynamic tolerance

Pharmacodynamic tolerance develops when the cellular
reaction to a substance is reduced eventually. A leading
cause of pharmacodynamic tolerance is an increase in the
concentration of a substrate that binds constantly with a
receptor leading to desensitization of the receptor.’! Other
priorities include a decrease in the receptor density which
mainly occurs in association with receptor agonist or other
possibilities causing an alteration in the action potential
firing rate. In most of the cases, the resistance will occur after
continuous exposure to a drug, but instant tolerance can also
occur in some cases.¥

FACTORS RESPONSIBLE FOR DRUG
RESISTANCE

There are various types of drug resistance such as
antibiotic resistance, anticancerresistance, antitubercular drug
resistance, anti-human immunodeficiency virus(HIV) drug
resistance, antimicrobial resistance, and antimalarial
drug resistance. Most of the drug resistance have been caused
by MDR proteins. P-glycoprotein (P-gp) being one among
those proteins plays a major aspect in decreasing the drug
efficacy in most of the treatments. P-gp is a transmembrane
(TM) glycoprotein physiologically expressed in cell types
such as in liver, kidney, pancreas, jejunum, and colon; it
also shows its expression in brain capillary endothelial cells
also. The main role of P-gp includes protection of cells from
the entry of xenobiotics and toxic substances. Due to its
expression in the diseased cells, its inhibition is needed for
the success of the therapy.

TRANSPORTERS AND ITS FAMILY

P-gp is an efflux system belonging to MDRI1 or ATP
binding cassette (ABC) sub-family B member 1 or cluster
of differentiation 243 which belongs to ABCB (MDR)
superfamily of ABC transporters.[? ABC gene represents the
largest family of TM protein, found mostly in the plasma
membrane or intracellular membrane. The energy-driven
from ATP helps in the transport of these molecules across
the cell membrane. 49 ABC transporters are identified,”
in humans. MDR1A, MDRI1B, and MDR2® are found in
animals. In humans two classes of P-gp gene family-MDR1
and MDR3 exists,” where MDR1 or P-gp is often seen in all
parts of the body and expels a range of drugs over the plasma
membrane, while MDR3 or P-gp is mostly seen in liver in
the canalicular membranes of hepatocytes and is responsible
for the phosphatidylcholine secretion into the bile.'”? Even
though the crisis of MDR3 or P-gp in the transport of the
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drug has been proven recently, they are not involved directly
in drug resistance.

P-gp carries greater pharmacological importance by
preventing the influx of toxic substances and xenobiotics
into placenta, brain, and gonads by elimination through the
intestinal lumen, brain, and urine. It is significantly involved
in many drug interactions.!"'! P-gp efflux the amphipathic
drugs with the help of energy driven from ATP hydrolysis.

P-gp has seen in the body parts such as intestine, kidney,
testis, liver,'”! and brain.!"¥ P-gp is localized in the luminal
membrane of endothelial cells of the blood capillaries where
it prevents the entry of xenobiotics. Overexpression of P-gp
is a major cause of MDR in various treatments and a crucial
factor in the failure of chemotherapy. P-gp overexpression
also causes drug resistance to antidepressants, anti-
epileptics,¥ and anti-HIV medicines. P-gp related studies
are performed in rats,["”! mice, and humans.[") The substrates
that merge with P-gp have an extraneous framework. The
compounds transported by P-gp are treated as substrates,
while compounds that accord the role of transporter are
considered as inhibitors.

P-gp was characterized first in 1976 in Chinese hamster
ovary cells, where it was determined to exhibit resistance
to anticancer drugs.!'”! P-gp was found to be responsible for
conferring resistance to cytotoxic drugs. Researchers had
shown that radioactive verapamil can be used for measuring
P-gp functions using positron emission tomography.l'8 P-gp
is utilized for separating transitional B-cells from native
B-cells. Dyes such as Rhodamine 123 and Mito Tracker Dyes
are used for this purpose."”’

CELLULAR LOCALIZATION

The expression of P-gp is frequently found higher in the cancer
cells, causing MDR by efflux of hydrophobic drugs from the
cell. In human tumors, P-gp is expressed in colon, renal, and
adrenal carcinomas; rarely in lungs and germ cell tumors and
certain gastric carcinomas; and is undetectable in endometrial
carcinomas and breast. In normal cells, the concentration of the
P-gp usually found is low, but certain cell type in the kidney,
colon, liver, pancreas, and jejunum provides an ideal location
for P-gp. In liver, P-gp is broadly distributed on the biliary
canalicular front of hepatocytes and on the apical surface of
epithelial cells in small biliary ductules. When it comes in the
case of pancreas, P-gp is exclusively determined on the apical
surface of epithelial cells of the small ductules. In kidney, it
is mostly found on the apical surface of epithelial cells of the
proximal tubule.! Both colon and jejunum show the identical
level in the apical surface of superficial columnar epithelial
cells. In the adrenal glands highly distributed amount of P-gp
is seen on the surface of both medulla and cortex cells.”” Its
presence is also found in specialized epithelial cells for both
secretory and excretory functions, trophoblast in'*!! placenta,




and in endothelial cells of capillary blood vessels at blood-tissue
barrier sites. It is also found in the epithelium of gastrointestinal
tract and bronchi, salivary gland, prostate gland, and sebaceous
glands of the skin. Evidence showed that the presence of P-gp
in the human fetus is having an importance in the normal
functioning of various organs in the early phases of embryo
development.” Studies which had conducted in humans®! and
rodent!™ tissues shown that explicit level of protein in the normal
tissue is low and found to be much higher at the apical surface
of epithelial cells lining the colon, small intestine, pancreatic
ductules, bile ductules, kidney proximal tubules, and adrenal
glands.?¥ Expression of P-gp is seen higher at the luminal
surface of secretory epithelial cells in the pregnant endothelium
as well as in placental®! where it protects the fetus.

P-GP AND ITS KINETICS

Absorption

The major cause of MDR is due to P-gp. P-gp transports an
ample range of pharmacological and anatomically distinct
cytotoxic compounds from the cell by its membrane-
bound drug efflux pump. Inhibition of P-gp has become a
decisive approach for overcoming MDR in cancer cells.
Coadministration of P-gp inhibitors can alter this issue.
Not only with cancer treatment but also P-gp driven MDR
is observed in other disease conditions.?*® Overexpression
of P-gp by diseased cells other than the normal cells is a
major cause of the resistance of drugs to various diseases.
Researchers have revealed that P-gp plays a crucial part in
the antibiotic resistance. P-gp trims the overall permeability
of drug to the targeted site by reducing the bioavailability.?”

Distribution

When it comes to the distribution of the drugs P-gp is an
integral element of biological barriers such as blood-brain
barrier (BBB) and placental barrier. It can significantly impact
the distribution of various therapeutic agents. P-gp efflux
transporters in the BBB avert various neurotoxic elements
from penetrating the brain thus ultimately limiting the central
distribution of drugs that are used for central nervous system
(CNS) diseases.”® The inhibition of P-gp efflux transporter at
BBB forms a novel approach for overcoming drug resistance
to CNS diseases. P-gp significantly causes drug resistance in
Parkinson’s and Alzheimer’s disease.*>% P-gp restricts the
access of various potentially toxic and foreign bodies from
entering into fetus through the placenta, hence considered as
a game changer in the placental protective mechanism.!

Metabolism

The major reason for the decrease in bioavailability and
therapeutic efficacy of drugs administered through oral route
are P-gp drug efflux and biotransformation by intestinal
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mediated CYP3A4 enzymes. These are the major defense
system in our intestine, protecting from harmful drugs and
xenobiotics which usually serves as the main substrate for
proteins which, in turn, results in a low bioavailability of drugs
absorbed through the oral route. These proteins are mostly
expressed in hepatocytes and enterocytes and contribute
their role in first pass metabolism of drugs and specificity of
binding of drugs with these proteins will overlap to an extent.

For example, piperine is a natural inhibitor of the P-gp
and CYP3A4 enzyme is found in black pepper increases
the plasma concentration of various drugs which acts as
a substrate for these proteins when coadministered.**
Grapefruit juice also acts by this mechanism; it can act as an
inhibitor for these proteins and can increase the therapeutic
efficacy of saquinavir and many other drugs by increasing
the plasma level concentration when the drug is administered
through the oral route.

Elimination

Renal excretion

The mechanism of renal excretion is the function of glomerular
filtration, tubular secretion, and reabsorption.**} P-gp
forms a trans-epithelial pathway for drug transport, where
xenobiotics and drugs get eliminated through the urine from
our body. This is also a major cause of the decrease in plasma
concentration of the drug in our body. When Cyclosporine
A and digoxin is coadministered, cyclosporine will alter the
excretion of digoxin by trans-epithelial pathway by increasing
the plasma concentration of digoxin and decreasing the rate
of glomerular filtration and tubular secretion.*¥ Similar kind
of action is observed when cimetidine and itraconazole are
coadministered.>

Biliary excretion

P-gp mediated biliary excretion and clearance of the drugs
can be reduced to an extent using these inhibitors. Quercetin,
an inhibitor of P-gp alters the therapeutic efficacy of various
drugs when in combination. Drugs such as Azithromycin,
doxorubicin, cyclosporine A, and erythromycin have an
inhibitory effect on biliary excretion of drugs mediated by
P-gp.13¢!

MECHANISM OF DRUG RESISTANCE

The four mechanisms by which microorganisms exhibit
resistance to antimicrobial drugs are as follows:

* Drug modification or inactivation: For example,
production of B-lactamase and the enzymatic deactivation
of penicillin G in some bacteria which are penicillin
resistant.

»  Target site variation: The penicillin-binding site PBP is
shifted in MRSA and other penicillin-resistant bacteria.




*  Modification of metabolic pathway: For example, the
para-aminobenzoic acid pathway is not required for the
sulfonamide resistant bacteria which are the substantial
precursor for the synthesis of nucleic acid and folic acid,
instead of like mammalian cells they utilize preformed
folic acid.

* Reduction in intercellular drug concentration: Drug
accumulation inside the cells is reduced by decreasing
the drug permeability and a decrease in drug influx
across the cell surface.

Role of P-gp in drug resistance

P-gp leads a major role in regulating the distribution and
bioavailability of drugs where P-gp increases the expression
in intestine and reduces the absorption of drug which acts
as a substrate of P-gp. Therefore, bioavailability and
therapeutic plasma concentration of the drug is not attained.
However, when the P-gp expression is reduced, the drug will
reach supratherapeutic plasma concentration causing drug
toxicity.l!

The substrate enters into P-gp through an opening at the
cytoplasmic side of protein or by an opening in the inner
leaflet of the membrane. ATP will bind at the cytoplasmic
side of the protein. Followed by its binding, ATP hydrolysis
alters the substrate which is to be removed from the cell.
When phosphate is released from the native ATP molecule,
the substrate will get excreted. A new molecule of ATP
binds to the secondary ATP binding site when adenosine
diphosphate (ADP) is released. This process will restart
again when the hydrolysis and discharge of ADP and a
phosphate molecule reboot the protein. This mechanism is
been depicted in Figure 1.

P-GP SUBSTRATE

P-gp transports an ample variety of substrate with a distinct
chemical structure. P-gp substrate generally appears to be
hydrophobic and amphipathic.?”*® The drugs which usually
act as P-gp substrate are mentioned in Table 1.

DRUG
EFFLUX Cell membrane

O with

INFFLUX P-gp expression

Figure 1: Mechanism of drug efflux by plasma glycoprotein

Asian Journal of Pharmaceutics * Oct-Dec 2018 ¢ 12 (4) | 264

The inhibition of P-gp can be made possible by two
mechanisms either competition of drug binding sites
without interrupting the ATP hydrolysis or blockage of the
ATP hydrolysis process.*”! Recently, a new mechanism by
inhibition of P-gp mediated drug transport by an allosteric
mechanism is proposed.*” P-gp substrates are usually
lipophilic and connect with the proteins within the membrane
before being either expelled into the extracellular aqueous
phase or moved to the extracellular membrane leaflets. P-gp
substrate involves various drugs that are clinically utilized in
the treatment of diseases in humans, and the protein which is
present in the luminal surface of the intestine shows a leading
role in in vivo drug absorption and distribution. Using potent
inducer of P-gp and CYP450, pharmacokinetic properties of
risperidone can be altered.*"!

P-GP INHIBITION

Evidences proved that P-gp is able to interact with >20
substrate or modulators Substrates that are directly
transported by P-gp include vinca alkaloids, anthracycline,
and fluorescent lipids. The binding of modulators such as
verapamil and cyclosporine which blocks the transporter
activity can be significantly applicable in chemotherapy. The
drug binding pockets of P-gp are highly flexible with low
specificity, hence, can overcome MDR development of more
potent modulators or inhibitors is needed. P-gp inhibitors are
generally categorized based on their toxicity, affinity, and
specificity. Inhibitors or modulators which are capable of
reversing MDR are generally divided into three. Examples of
inhibitors are listed in Table 2.

Table 1: List of P-gp substrates

Category Drugs

Antineoplastic drugs  Cisplatin, daunorubicin,
Actinomycin, doxorubicin,
cyclosporine-A, docetaxel,
etoposide, mitomycin-C,
irinotecan, imatinib mitoxantrone,
paclitaxel, teniposide, vincristine,

and Vinblastine

Quinidine, bunitrolol, diltiazem,
digitoxin, losartan, celiprolol,
digoxin, lovastatin, talinolol, and,
atorvastatin

Cardiovascular drugs

Antiviral drugs Nelfinavir, saquinavir, ritonavir,

indinavir, and amprenavir

GIT drugs Domperidone, loperamide,
Cimetidine, ondansetron, and
risperidone

Others Chloroquine, colchicines,

fexofenadine, morphine,
dexamethasone, tacrolimus,
phenytoin, etc

P-gp: P-glycoprotein, GIT: Gastrointestinal tract




coprotein

Table 2: List of P-gp inhibitors

Generations Examples

First generation
inhibitors

Verapamil, cyclosporine A,
reserpine, quinidine, yohimbine,
tamoxifen, and toremifene

Second generation
inhibitors

Doxverapamil, valspodar, biricodar
citrate, dexniguldipine, and
dofequidar fumerate

Third generation
inhibitors

Tariquidar, zosuquidr, laniquidar,
elacridar, mitotane, annamycin,
biricodar, ONT-093, R10933, and
HM30181

Curcumin, piperine, capsaicin,
and [6]-gingerol, carnosic acid,
limonin, quercetin, B-carotene,
leutiolin, and anthocynine

Natural inhibitors

P-gp: P-glycoprotein

First generation MDR transporter inhibitors

They are pharmacologically active substances; which inhibits
P-gp and also used for specific treatment. These include
verapamil, cyclosporine A, reserpine, quinidine, yohimbine,
tamoxifen, and toremifene. In leukemia cells; drug resistance
could be reversed by verapamil™ for the effective inhibition;
higher doses are given to the patients which, in turn, causes
cardiovascular toxicity.**] These inhibitors are restricted due
to their low therapeutic response; hence, these are replaced
by the second generation inhibitors.

Second generation MDR transporter inhibitors

These are pharmacologically inactive substances but exhibit
their action on P-gp. Second generation MDR transporters are
designed by structurally modifying first generation to obtain
low cell toxicity, high specificity, and potency. Examples
include doxverapamil,*¥ valspodar (PSC 833),* biricodar
citrate (VX710),1 dexniguldipine, and dofequidarfumerate.
Second generation MDR transporters mainly includes non-
immunosuppressive analogs of cyclosporine A and dox
verapamil. However, most frequently used inhibitor is PSC
833 which is 5-10 times more potent than cyclosporine
AT However, these transporters have the greater affinity
and inhibit both CYPA4 enzymes and also other ABC
transporters.

Third generation MDR inhibitors

For overcoming the problems faced by first two generations;
the third generation of MDR transporter inhibitors is
developed. These minimize the demerits of the other two
generation and are highly specific and effective against
P-gp with minimal toxic effects. These inhibitors possess no
pharmacokinetic interactions with other two generation and
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are highly specific and effective against P-gp with minimal
toxicity. They do not exhibit pharmacokinetic interaction
with other chemotherapeutic drugs and compared with
the first and second generation inhibitors; these are more
than 200 fold potent in reversing MDR. Examples include
Tariquidar (XR9576), Zosuquidar (LY335979),* Laniquidar
(R101933),1  Elacridar (F12091),°% Mitotane (NSC-
38721),51 annamycin,®? R10933,53 Biricodar, ONT-093,
and HM30181. QSAR and 3D QSAR studies found that the
structure of these inhibitors is responsible for their modulating
functions. 32 Anthranilamide derivatives of tariquidar study
results have proved that the hydrophobic domain is required
for inhibitory functions, which includes aromatic ring system
and a heteroatom near the Anthranilamide nucleus at the
other end of tetrahydroquinoline group. Recent studies have
shown that tariquidar has both substrate and inhibitory effect
on P-gp.[5455]

NATURAL INHIBITORS

Due to toxicity and limited therapeutic efficacy of synthetic
inhibitors, new research studies have been developed, which
include natural products and dietary supplements. Food
extracts and natural compounds are discovered with an effect
on P-gp which, in turn, reverses MDR.

Spices

From the ancient period onward spices are used as a coloring
agent and also as preservatives. Various research studies
had shown that the phytochemicals present in spices play
a leading role in the inhibition, cure of diseases and P-gp
reversal and management of MDR.F¢!

Curcumin

Curcumin is used as anti-inflammatory, antioxidant,
anti-infection, and anticancer treatment,’”! it also has an
additional use as it reverses MDR caused by P-gp. It inhibits
P-gp by P13K/Akt/NF-kBPF® pathway in MDR leukemia
L1210 cells of the mouse. Choi ef al., in 2008, proved that
when Adriamycin and curcumin are given in combination,
western blotting results clearly show that it can cause the
cleavage of PARP and it can overcome MDR caused by
P-gp.B! Curcumin loaded mucoadhesive microemulsion can
be effectively targeted to the brain through intranasal route.[*”

Piperine

Piperine, a major alkaloid in black pepper, is consumed by
the majority of populations in the world. Later studies proved
that Piperine could inhibit MDR through ABC transporter
inhibitor.’'l mRNA which expresses MDR1, ABCC, and
ABCQG?2 encoding P-gp has been inhibited by piperine.




Capsaicin

Capsaicin which is found in red chili exhibit anticancer
activity, it exhibits inhibition of P-gp and potentiates the
anticancer activity of vinblastine, over P-gp modulation.[*? Tt
inhibits NF-KB and B-catenin pathway.

[6]-Gingerol

[6]-Gingerol is an important phytochemical constituent
present in ginger, which provides its spicy taste. It also
inhibits NF-KB and B-catenine pathway like capsaicin, but
the actual mechanism of action is not well known.’

Carnosic acid

Carnosic acid is a major phenolic derivative present in the
leaves of rosemary, containing 20% of this compound. These
leaves are used as a spice for cooking. Studies had shown that
Carnosic acid might be a P-gp substrate, where it stimulates
the ATP activity of P-gp, by it competitively binds to the ATP
binding site.l*!

Grape seed procyanidine

This polyphenolic compound is highly found in grape seeds
and also in fruits vegetables and tea leaves. It possesses both
antiproliferative and chemopreventive activity.[®! Studies
revealed that it inhibits NF-KB and translocate YB-1 into the
nucleus through dephosphorylation of ERK1/2 and AKT.!¢!

Limonin

Citrus foods are highly rich in this white crystalline compound.
It inhibits P-gp®”! in colon, leukemia, and melanoma cell
lines. It enhances intracellular accumulation of doxorubicin
and Rhodamine 123, which, in turn, in a concentration
of 20 um enhances the anticancer activity of doxorubicin in
CED/ADRS5000 leukemia cells and Caco-2 colon cells.

Quercetin

A flavonoid found abundantly in apple and onion. Using
experimental models, quercetin is found to be a good
chemosensitizer and inhibiting P-gp expression and its
activity. At a very low concentration of 0.7uM itself, it can
increase the anticancer activity of doxorubicin and acts
against MCF-7 breast carcinoma.l®!

0-Carotene

B-Carotene found in vegetables and fruits including pumpkin,
carrot, and sweet potato and is a precursor of Vitamin A.[%]
In Caco-2 cells, it stimulates the efficacy of doxorubicin,
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etoposide, and 5-fluorouracil and it even hampers the P-gp
transport activity.

Fruits and vegetables

Evidence says that increased consumption of fruits and
vegetables will decrease the risk of cancer and other
diseases.’ The mode of action depends on the presence of
the phytochemical constituents found in fruits and vegetables.

APPROACHES FOR OVERCOMING MDR

Various new strategies were developed to overcome the MDR
in cells such as physical, biological, and chemical methods
as well as nanotechnologiest’! ribonucleic acid (RNA)
interference and micro RNA. MicroRNAs are small non-
coding RNAs that bind to the 3’UTR of mRNA and hinder
the delivery of protein at the translational level. Micro RNAs
are typically not regulated in cancer cells, and modification in
miRNA level may lead to the development of MDR. To hamper
the expression of P-gp various sequence of miRNAs such
miR-27a, -296, -298, -451, and -1253 were determined, and
their effects were found in breast cancer cells and esophageal
carcinoma cells. To find out the mechanism of miRNA effect
on drug resistance, miRNAs series of vincristine were carried
out on resistance, and sensitive colon cells in association with
24 miRNA showing significance divergent, 17 of them show
significance in drug resistance cells. These miRNAs can be
utilized as a biomarker for cancer treatment and diagnosis.
Synthetic siRNA is also used for the overcoming the resistance
by inhibiting the outcomes associated with MDR genes.!”" For
example increase in the sensitivity and potent increase in the
cell proliferation of chemotherapeutic drugs in drug-resistant
gastric cancer cells by reducing the expression of ABCC4 with
the use of RNA interference.!™

Monoclonal antibodies to overcome MDR

In the early 1980s, two monoclonal antibodies were discovered
to target the resistance which is developed by P-gp both
in vitro and in vivo.™ MRK-16 inhibited vincristine and
actinomycin-D efflux while the proliferation of MDR cells is
inhibited by MRK-17. Anticancer activity can be enhanced by
conjugating the monoclonal antibodies with p-gp inhibiting
agents. UIC2 a mouse monoclonal antibody was developed
by Echetner Roninson, recognized as an extracellular part to
which P-gp binds. UIC2 increases the influx of P-gp substrates
and eventually increases the cytotoxicity of P-gp substrates,
where no effects are identified with other anti-P-gp antibody.[""!

Development of non-substrate

Since anticancer drugs are showing MDR in cancer cells, then
new anticancer drugs are developed, which are less recognized
by the P-gp or other ABC transporters. For example,




BMS-184476,""! ortataxel, and taxane!”® analogs DJ-927 are
not recognized by P-gp. Pharmacokinetic interaction takes
place between CYP450 enzyme 3A4, P-gp modulators as
most of the first and second generation inhibitors of P-gp acts
as a substrate of CYP450 enzyme 3A4.[+]

Nanotechnology and MDR

Nanoparticles are widely used to deliver anti-inflammation,
anti-infective, and antitumor drugs. These are in the size
range of 1-100 nm. Types of nanoparticles include solid
lipid, metals, liposomes, micelles, dendrimers, polymers, and
quantum dots”#% assembly of nanoparticles are of multi-
layered and the coating of the particles are made to overcome
the problems related to stability, solubility, and specificity.®!
The complications associated with macromolecules such as low
specificity, high dose, cell toxicity, and cellular uptake can be
minimized by loading the nanoparticles with the drug, which can
even overcome the issues related with resistant part of P-gp.[?
Comparing with freely diffusing lipophilic drugs, nanoparticles
loaded with drugs have characteristics to overcome MDR and
enhancement of therapeutic value. In spite of this approach
combination of the drugs are also developed such as anticancer
drugs and P-gp inhibitors to overcome the resistance.

Liposomes

Liposomes are substantially used for the delivery of the drugs
which are impotent of diffusion over membrane layers. These
can form micelle spheres and phospholipid bilayers that can
encapsulate soluble drugs and can retain their natural activity.
Thus, nanoparticles exhibit convincing activity in reversing
MDR. For example, Doxil (PEG-liposomal doxorubicin)
exhibits antitumor in mice with doxorubicin-resistant C26
or colon cancer C26 tumor models.’ In addition with
Doxil, various other drugs in association with liposomal
nanoparticles had discovered to hamper MDR in cancer cells.

Micelles

Polymeric micelles are core-shell nanostructures containing
both lipophilic and lipophobic blocks are used to load
lipophilic drugs in the core.® Lipophobic block allows the
solubilization of lipophilic drugs and even protects the drug
from degradation. Thus, micelle-based delivery system has
long circulation in the blood, also reverses P-gp mediated drug
efflux. Through a self-emulsifying drug delivery system with
the use of the bio-enhancer excipients, the pharmacokinetic
properties of the drug fexofenadine can be increased by
blocking the P-gp and CYP450 mechanisms.

Mesoporous silica nanoparticles

Mesoporous silica materials (MSNPS) have large pore
volume, large pore size, and high surface area and are
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biocompatible in nature. MSNPS can load both siRNA
and antitumor drugs at the same time.® Codelivery of two
antitumor drugs can hamper the resistance caused by P-gp
and can increase the therapeutic efficacy of the drugs.!*®

Polymeric nanoparticles

Polymers used are mostly biodegradable and are natural
or synthetic in nature. Chitosan, gelatine, and albumin
(protein) are natural polymers included and poly {D, L-lactic
acid), poly {e-caprolactone}, and poly {D, L-lactic acid}
are synthetic in nature.’” Techniques which are used for
polymeric nanoparticles are dialysis, salting out, interfacial
polymerization, microemulsion, supercritical fluid technique,
and solvent evaporation. Human albumin nanoparticles of
paclitaxel and abraxane are formed to improve the efficacy for
metastatic pancreatic and breast cancer.®¥ This formulation
is approved by US Food and Drug Administration for its
clinical use. Cisplatin is a platinum-based drug used in the
treatment of various cancers in the trade name of Platinol.
However, its utility is diminished by its adverse effects and
resistance. This problem associated with resistance can be
overcome using PEGylated nanoparticle. Which minimizes
the dose of the cisplatin and effective delivers the drug to the
cancer cell.[®

CONCLUSION

P-gp is important in various aspects such as a protective
biological barrier by excluding toxins, drugs, and xenobiotics
from brain and fetal cells. On the other hand, it is having an
impact on the MDR in various diseased conditions. It’s also
interfering in the pharmacological profile of various drugs in
humans. Overcoming the MDR became a decisive approach to
the drug development. The inhibition of P-gp is also a crucial
step because long-term inhibition leads to ineffectiveness in
pharmacological functioning and retaining its action will be
difficult. P-gp protects from the attack of toxins and foreign
bodies from invading into the body cells. These also act as a
barrier against the drugs and its metabolites from entry into
the cells, hence, provided with its negative feedback. Hence,
the handling with P-gp should be very careful as its inhibition
may also provide a negative impact on the body.
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