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A B S T R A C T

This review provides a concise overview of recent advances and future perspectives in co-processed excipients
which is characterized by their synergistic combinations have become pivotal in pharmaceutical formulations.
This review delves in to the latest innovations manufacturing techniques and applications of co-processed ex-
cipients. Emphasis is placed on enhanced functionality, and improved performance and the potential for
addressing formulation challenges. The abstract concludes by highlighting the future prospects and emerging
trends in this dynamic field ,offering valuable insights for researchers and pharmaceutical professionals alike.
1. Introduction

Among the other complicated and hazardous illnesses that are still
largely incurable, cancer is one of the leading causes of mortality.
Nonetheless, there has been significant advancement in this field. To
treat cancer and its effects, a number of techniques have been devised,
including hyperthermia, phototherapy, gas therapy, chemotherapy, and
radiotherapy.1 Additionally, because conventional chemotherapy
frequently fails to distinguish between cancerous and healthy cells, it is
unable to treat cancer in a targeted manner. Most of the medications
employed in this treatment have undesirable side effects instead of
affecting the malignant tissue that is their intended target.2 Controlled
drug delivery systems are therefore strongly advised.3 These new tech-
niques add to existing ones, are more precise and efficient, and solely
identify and target tumour cells. Excipients play a pivotal role in phar-
maceutical formulations, contributing to the stability, bioavailability,
and overall performance of drug products. Co-processed excipients,
which combine two or more excipients to achieve [1-25] synergistic ef-
fects, have gained significant attention in recent years. This review aims
to provide an overview of the advancements in co-processed excipients,
highlighting their unique properties and potential applications in
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pharmaceutical formulations [26-30]. Although many ready-to-use,
multifunctional excipients are already available on the market, the
large number and diversity of APIs require the development of novel
multifunctional excipients. Cop AA-MCC is an excellent excipient created
specifically for direct compression. It is suitable for the majority of
directly compressible actives due to its acceptable bulk density, good
flow, and high compatibility.32

Additionally, it can be manufactured into orodispersible tablets
because of its very fast breakdown, satisfying a variety of patients,
including the elderly and children. From a business standpoint, Cop AA-
MCC was created using only two natural excipients that are safe and
widely accessible at affordable prices: alginic acid and microcrystalline
cellulose. Wet granulation, a traditional technology, was utilised in the
co-processing step to produce Cop AA-MCC, which is less expensive than
spray drying and easy for industrial workers to understand. Additionally,
this industrial technique enabled a high yield.33 The standard method of
dosage modification involves tablet splitting, which frequently results in
undesirable dose fluctuations or tablet coating disturbances.34 Stereo-
lithography (SLA), binder jetting, fused deposition modelling (FDM), and
semi-solid extrusion (SLS) Digital light processing (DLP) is another tool
with potential in this area. Successful production of tablets with different
ces Rama University Mandhana, Bithoor Road, Kanpur, Uttar Pradesh, 209217,
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Fig. 1. Multi targeting approach of Co-processed excipients.
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geometries and infill percentages, orodispersible films, gastroretentive
tablets, modified release tablets, immediate-release caplets, and tablets
with drug-loaded nanocapsules has been achieved using 3D printing.
Other successful applications include the production of drug-loaded
gyroid lattices, modified release tablets, tablets with different geome-
tries, multi-layered polypills, and modified release tablets using DLP
technology. The active polymerization of photosensitive resin used in
SLA and DLP technologies is triggered by UV radiation and requires the
presence of photopolymer and a photoinitiator.35

3. Lipid based Co-PEs used in delivering drug to the targeted site
for the management of cancer

Chemotherapeutic drugs have a limited therapeutic window and a
high potential for toxicity.36 Consequently, reducing chemotherapy's
negative effects by only administering it to tumour locations would boost
its effectiveness and improve patient care. The subject of drug distribu-
tion has undergone a revolution thanks to nanotechnology.37 The crea-
tion of several kinds of nanoparticles (NPs) with sizes ranging from 10 to
1000 nm has enhanced the transport of numerous pharmacological
molecules, particularly chemotherapeutic drugs, and offered creative,
alternative solutions to many of the problems relating to their efficiency
and safety. NPs are ideal medication carriers due to a variety of unique
characteristics they have. Generally, but not always, many different types
of NPs utilised as medication carriers are formed of lipids or polymers.38

Depending on the kind, there are various approaches to generating
structured lipids. Some are made using conventional methods for making
lipids, such as chemical hydrolysis, physical separation, chemical inter-
esterification, or esterification. These techniques cannot be used to syn-
thesise several additional structured lipids, particularly those that call for
particular arrangements of different fatty acids in particular places. In
these situations, enzymes show particular advantages over conventional
approaches. These formulations are made up of lipids, which are natural
or synthetic compounds that are soluble in fats or oils. The main
advantage of NP systems is that they can improve the solubility of poorly
water-soluble drugs, thereby enhancing their absorption and distribution
in the body.39 Targeting needs a molecular recognition method to ach-
ieve "active targeting," another technique.40

3.1. Liposomes

The words "liposome" (fat) and soma (body) are the birth of the
"liposome. The term liposome refers to its structural constituents, the
phospholipids, rather than to its size, and it can be created in a variety of
sizes using either unilamellar or multilamellar construction.41 a micro-
scopic bubble (vesicle) that is constructed from the same substance as a
cell membrane, as illustrated in Fig. 1. Drugs for cancer and other dis-
orders can be delivered using liposomes that have been loaded with
medication. Phospholipids, which are molecules with head and tail
groups, are typically the building blocks of membranes. Water attracts
the head, which is made of hydrocarbons, while repelling the tail, which
is made of long chains of hydrocarbons. When there is water present, the
heads are drawn to it and form a surface that faces the water.42 The tails
align to form a surface distant from the water since water repels them.
One layer of the head faces the exterior of the cell, drawn to the water in
the surroundings. The water inside the cell has drawn a second layer of
heads that are facing the interior. Large multilamellar vesicles are
described in the case of numerous concentric bilayers, whereas tiny or
big unilamellar vesicles are used to describe one bilayer encasing the
aqueous core. The monolayer layers are known as micelles, while the
bilayer ones are known as liposomes.43 Biologically active substances can
be easily delivered via liposomes, which are globular lipid bilayers with a
diameter of 50–1000 nm. To lessen the harmful effects of the pharma-
ceuticals when administered alone or to lengthen the time the drugs are
in circulation and be more effective, topical application of liposomes in
dermatology and the delivery of anticancer agents have a lot of potential.
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By affixing amino acid fragments from proteins, antibodies, or other
relevant pieces that target certain receptor sites, liposomes can be used to
target exact cells. Future uses for liposomes include DNA vaccination and
enhanced gene therapy effectiveness, to name a few.44 Liposomal com-
ponents include both structural and nonstructural elements. The phos-
phatidylcholine (PC) molecule is the most prevalent phospholipid.45 Due
to their insoluble nature in water and aqueous conditions, phosphati-
dylcholine particles arrange themselves tightly. The majority of liposome
formulations contain glycerol, including phospholipids.46 These are
phosphatidic acid derivatives. Some phospholipids include phosphatidyl
ethanolamine (cephalin), phosphotidyl choline (lecithin), phosphotidyl
serine (PS), phosphotidyl inositol (PI), and phosphotidyl glycerol (PG).
Despite the fact that cholesterol does not naturally form a bilayer struc-
ture, it can be incorporated into phospholipid membranes at very high
concentrations—up to a 1:1 or even 2:1 M ratio of cholesterol to phos-
phatidylcholine. Cholesterol occupies a specific location in the mem-
brane, with its hydroxyl group towards the aqueous surface and its
aliphatic chain parallel to the acyl chains in the bilayer's middle.47

3.2. The solid lipid nanoparticles (SLNs)

SLN are an alternative drug carrier system for those seeking drug
carrier formulations that increase bioavailability and contain well-
tolerated excipients, as per Table 1. The particle matrix of SLNs is
made up of solid lipids, unlike emulsions and liposomes. Lipid matrices
have seen tremendous growth in recent years as a method of regulating
medication release.48 The physiological substances they include and the
fact that they can be administered orally, topically, or by IV are all
common characteristics of SLNs. They also have relatively affordable
expenses. Another benefit is the simplicity of large-scale production
using high-pressure homogenization, which is used, for example, to
create parenteral fat emulsions. In addition, sonication, high-speed stir-
ring, and the microemulsion technique can all be used to create SLNs.
SLNs combine the advantages of o/w-type emulsions and polymer
nanoparticles (solid matrix for controlled release). They may be made of
lipids and surfactants that are typically found in pharmaceutical prepa-
rations, such as tablets or pellets, and they may also be made from lipids
obtained from food sources.49

3.3. Nanostructured lipid carriers (NLCs)

NLCs are created by combining LL and SL in a way that prevents the
oil molecules (also known as liquid lipids) from contributing to the
crystalline structure of the latter and prevents the crystals of the latter
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from dissolving in the former.51 Yet, at a temperature below their melting
point, this lipid mixture should be uniform and devoid of phase separa-
tion; in other words, LL should be present as nanoscale compartments
within the solid crystalline matrix. The components chosen for NLCs
acting as carriers for chemotherapeutic drug molecules should be
biocompatible, non-toxic, and appropriate for systemic administration.52

Generally speaking, nanotechnology is utilized to enhance the effec-
tiveness of drug delivery as well as to solve some of the constraints of
cancer targeting. Chemotherapy, radiation, immunotherapy, and surgery
are the only options for treating tumors. Yet, these methods are occa-
sionally prohibited because they can be harmful to healthy cells, the
immune system, or even because they can raise the chance of developing
other malignancies. Hence, one of the primary objectives of therapeutic
research is to find efficient remedies that can replace existing medica-
tions by increasing efficacy and reducing potential negative effects.53

3.4. Magnetic nanoparticles

Magnetic nanoparticles can be heated using an external magnetic
field to induce hyperthermia in cancer cells. These nanoparticles can be
targeted at cancer cells using antibodies or other targeting agents and can
be loaded with anticancer drugs for combined hyperthermia and
chemotherapy. Magnetic nanoparticles have been investigated for the
treatment of a variety of cancers, including breast, prostate, and brain
cancer.54

3.5. Microwave ablation

Microwave ablation is a minimally invasive procedure that uses mi-
crowaves to heat and kill cancer cells. In this procedure, a small probe is
inserted into the tumour, and microwaves are used to heat the tissue to
temperatures above 60 �C, leading to cancer cell death. Microwave
ablation is commonly used to treat liver, lung, and kidney cancers.55

3.6. Photothermal therapy

Photothermal therapy involves the use of light-absorbing nano-
particles that convert light energy into heat, leading to localised hyper-
thermia and cancer cell death. These nanoparticles can be targeted at
cancer cells using antibodies or other targeting agents and can be loaded
with anticancer drugs for combined photothermal and chemotherapy.
Photothermal therapy has been investigated for the treatment of a variety
of cancers, including breast, prostate, and brain cancer.56–60

3.7. pH-sensitive Co-PEs used in cancer management therapy

pH-sensitive liposomes, nanoparticles, hydrogels, and dendrimers
that change their structure and release their contents in response to
changes in pH These liposomes can be loaded with anticancer drugs and
targeted at cancer cells using antibodies or other targeting agents. When
exposed to the acidic pH of the tumour microenvironment, the liposomes
release their contents specifically into the cancer cells, leading to local-
ised drug delivery and cancer cell death.61–65

4. The critical role of Co-PEs through different pathways to the
targeted site for the management of cancer

Co-PEs are inert substances that are added to a drug formulation to
facilitate its administration, stability, and efficacy. Co-PEs plays a tar-
geted role in the targeted delivery of formulations for the management of
cancer. The unique characteristics of the tumour microenvironment can
be exploited for passive targeting of drugs, while ligands or antibodies
can be used for active targeting of tumour cells. Signal transduction
pathways play a critical role in the targeted delivery of drugs for cancer
management using Co-PEs. These pathways are a series of chemical re-
actions that occur inside cells in response to extracellular signals, leading
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to changes in gene expression, protein activity, and cellular behav-
ior.66–70 Co-PEs can exploit different signalling pathways and the unique
characteristics of the tumour microenvironment for targeted drug de-
livery in cancer therapy. These strategies offer the potential to enhance
drug efficacy and reduce toxicity, providing a promising approach for the
development of more effective and less harmful cancer therapies. Co-PEs
can be functionalized with pH-sensitive moieties that enable drug release
in response to the acidic pH of the tumor microenvironment. Alterna-
tively, Co-PEs can be functionalized with thermosensitive moieties that
enable drug release in response to local heating, which can be achieved
using external stimuli such as ultrasound or magnetic fields. A pathway
that has been targeted using Co-PEs is the Notch signalling pathway. One
of the main challenges is the heterogeneity of cancer, which can lead to
variability in the response to therapy among patients. Another challenge
is the potential for off-target effects and toxicity, which can limit the
efficacy and safety of Co-PEs. Aberrant activation of Notch has been
implicated in many types of cancer. Co-PEs, such as liposomes and
polymeric nanoparticles, can be functionalized with inhibitors of Notch
activation to selectively target cancer cells and induce apoptosis. There
are different pathways through which Co-PEs can target the tumour site
for cancer management, and some of these pathways are discussed below
.71–75

4.1. AGEs RAGEs pathways targeted site for the management of cancer

The overexpression of the receptor for advanced glycation end-
products (RAGE) in many types of cancer cells has been linked to cancer
development and progression. RAGE activation can promote cell prolif-
eration, migration, invasion, and angiogenesis, which are essential for
tumour growth and metastasis. Moreover, RAGE can activate signaling
pathways such as PI3K/AKT, MAPK/ERK, and NF– KB, which can pro-
mote tumour growth and survival and contribute to resistance to
chemotherapy and radiation therapy.76–80 Additionally, RAGE activation
has been shown to regulate the tumour microenvironment by promoting
the release of cytokines, chemokines, and growth factors that recruit
immune cells, promote inflammation, angiogenesis, and tissue remod-
elling, ultimately creating a favourable environment for tumour growth
and metastasis. Targeting RAGE using small molecule inhibitors, anti-
bodies, or RAGE decoy receptors has shown promising results in pre-
clinical studies, and clinical trials are currently underway to evaluate
their efficacy in cancer treatment. Therefore, RAGE has emerged as a
potential target for cancer therapy. Co-PEs is the phosphatidylinositol
3-kinase (PI3K)/Akt pathway. This pathway is frequently activated in
cancer and promotes cell survival, growth, andmetastasis. Co-PEs such as
dendrimers and polymeric nanoparticles can be functionalized with in-
hibitors of PI3K or Akt to selectively target cancer cells and induce
apoptosis.81–85 NF– KB is activated in many types of cancer and promotes
cell survival, angiogenesis, and metastasis. Co-PEs such as liposomes and
polymeric nanoparticles can be functionalized with inhibitors of NF-KB
activation, such as curcumin, to selectively target cancer cells and
induce apoptosis.86–100

5. Conclusion

In conclusion, the use of co processed Excipients (Co-PEs) in the field
of cancer management represents a promising avenue for the develop-
ment of more effective and targeted therapies. Co-PEs, such as liposomes,
nanoparticles, and other carrier systems, offer a wide range of possibil-
ities for delivering drugs to the targeted site for cancer treatment. These
excipients can be designed to exploit the unique characteristics of the
tumor microenvironment, including its acidic pH and temperature vari-
ations, to release drugs precisely where they are needed. Additionally,
Co-PEs can be functionalized with various moieties and ligands to
actively target cancer cells and enhance drug delivery and efficacy.
Furthermore, Co-PEs can play a crucial role in targeting specific signaling
pathways involved in cancer development and progression. For example,



Table 1
Types of Co-PEs used in the formulation of lipid based carrier system.50

co-processed Excipients (Co-PEs) Applications

Glyceryl monostearate
(Imwitor�O900)

The glycerol ester of stearic acid is glycerol
monostearate, also referred to as GMS. It is
frequently utilised in food as an emulsifier.

Soy lecithin (Lipoid�O S 75, Lipoid�O
S 100)

Purified soybean phospholipids, which begin
as crude soybean lecithin, serve a variety of
purposes in medical, cosmetic, and food
applications. As wetting agents, solubilizers,
emulsifiers, liposome builders, and technical
aids, these carefully specified products exhibit
remarkable performance. In addition, they
provide choline and vital fatty acids. The
majority of goods are accessible in non-GMO
varieties.

Egg lecithin The highly purified portions that come from
hen egg yolks are called egg phospholipids. Egg
phospholipids are ideal for parenteral
applications because they closely resemble the
makeup of human cells. They are primarily
found in fat emulsions used in drug-containing
formulations or for parenteral feeding.

Poloxamer 188 A nonionic block linear copolymer known as
Poloxamer 188 (P188) has cytoprotective,
antithrombotic. Once licenced by the FDA in
the 1960s as a therapeutic agent to lessen blood
viscosity prior to transfusions, P188 is no
longer contained in any products that have
received Regulatory approval. Owing to its
sufactant qualities, P188 is also present in over-
the-counter (OTC) items like toothpaste, bowel
cleaners, and mouthwash and is employed in a
variety of cosmetic, business, and
pharmaceutical applications.

Phosphatidylcholine
(Epikuron®®170, Epikuron
200)

Wetting and dispersion agent, suspension and
emulsifying agent and dispersion agent, anti-
crystallization agent, for tablets and powders
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the Notch signaling pathway and AGEs RAGEs pathways can be targeted
using Co-PEs to inhibit cancer cell proliferation, survival, and metastasis.
As for future prospects, ongoing research in the field of Co-PEs and cancer
management is likely to yield even more innovative and tailored ap-
proaches. These might include the development of multifunctional Co-
PEs that can simultaneously target multiple pathways or deliver a com-
bination of therapeutic agents. Additionally, advancements in nano-
technology and the use of smart materials may lead to more precise and
controlled drug release systems, reducing off-target effects and
improving the overall safety and efficacy of cancer treatments.
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