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Abstract 

Processed excipients (PEs) function in creating various dosage forms and need no introduction. 

For instance, recent studies have shown that PEs oleic acid, which is used with the breast cancer 

medicine Herceptin, functions both as a liquid delivery system for drugs and has the ability to 

suppress the breast cancer gene. Gamma-linolenic acid and omega-3 fatty acids, respectively, 

have some positive impacts on anticancer activity and cardiovascular advantages. PEs can 

transport other medications in liquid form, but they can also destabilise APIs. The physical 

interactions between excipients can alter how quickly a solid dosage form dissolves. The aim of 

the study is to investigate the crucial role of processed excipients (PEs) in creating diverse 

dosage forms, with a particular focus on their functions, effects, and interactions. The study also 

aims to explore recent research findings that demonstrate the potential of certain PEs, such as 

oleic acid, gamma-linolenic acid, and omega-3 fatty acids, in drug delivery and their potential 

therapeutic impact, including suppressing breast cancer genes and enhancing anticancer and 

cardiovascular activities. Furthermore, the study aims to delve into the dual nature of PEs, where 

they can both facilitate the delivery of drugs in liquid form and potentially influence the stability 

and dissolution characteristics of active pharmaceutical ingredients (APIs). It seeks to examine 

the intricate interplay between different excipients and their effects on drug bioavailability and 

functionality. The study acknowledges the global health burden posed by cancer and aims to 

highlight the application of traditional and emerging therapies, such as phytochemicals, in cancer 

treatment. It also intends to discuss the challenges associated with conventional chemotherapy, 

including the development of drug resistance. Additionally, the study aims to emphasise the 

continued relevance of PEs in the formulation of biologic medicinal products, particularly in the 

context of injection-based delivery methods. It aims to address the crucial considerations 

surrounding endotoxins and microbiological quality in these products. Overall, the study aims to 

contribute to a deeper understanding of the multifaceted roles and significance of PEs in 

pharmaceutical formulation and their impact on drug delivery, stability, and therapeutic 

outcomes. 

 Keywords: Processed excipients, Cancer, Oleic acid, Biologic medicinal products, 

pharmaceutical ingredients, bio 
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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 techniques add to existing ones, are more precise and efficient, and solely identify 

and target tumour cells. Processed excipients (PEs) are used for the formation of controlled and 

targeted drug delivery systems to target cancerous cells [4]. However, the adoption of PEs has 

been slow due to their classification as "novel" by regulators, even when prepared using 

compendial excipients [5]. Moreover, the use of PEs can provide an optimized product [6-9]. 

Lignin is a naturally occurring PE with many advantageous qualities, such as biodegradability 

and biocompatibility [10]. Lignin is now being used more frequently as a sustainable polymer for 

creating carbon fibres [11]. The PEs market is expected to reach its peak in 2028, according to a 

global study on COVID-19 impact, which analyses the market by type, therapeutic indication, 

functionality, application, and end user [12]. The market is divided into several types, including 

bioresorbable polymers [13]. The analysis includes clinical indications for gene treatments, 

metabolic and infectious disorders, cancer, dental and ophthalmic conditions, and other 

conditions. Functionality is divided into categories such as coating and colouring agents, 

sweeteners and flavours, preservatives, and antioxidants [14]. Parenteral and oral formulations, 

including tablets, capsules, liquids, and injectables, as well as topical applications, nutraceuticals, 

over-the-counter products, and other uses, are among the various applications of pharmaceutical 

excipients [15]. The study examines biopharmaceutical, pharmaceutical, animal health, and other 

end users, provides an in-depth analysis of the market while taking into account the impact of 

COVID-19, and projects market growth through 2028. According to Muley [16], it is ideal for 

the components used to make PEs to also interact in synergistic ways that improve functionality. 

In this way, the PEs not only have a simpler formulation but also deliver better performance [16]. 
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According to Joshi [17], the PEs chosen should be able to be used in widely accessible 

commercial processes such as agglomeration and spray-drying, and they should perform 

consistently under these processing conditions. He also notes that they should have 

complementary and/or synergistic functions. Additionally, Muley [18] states that the ingredients 

used in PEs must be inert and nonreactive to prevent any chemical changes during manufacturing 

[19], depending on the intended use of the product; one or more fillers are typically treated with 

binders, glidants, or disintegrants. Additionally, single PEs may not offer the necessary 

physicochemical characteristics for the correct formulation of a certain API via direct 

compression [20]. In light of this, PEs have come to be regarded as a viable solution for the 

production of formulations and their combinations [21]. PEs are solid particle blends of organic 

or inorganic materials that are produced utilising a variety of methods, including spray drying, 

granulation, melting processes, crystallisation, and milling. Among these methods, spray drying 

is thought to be the most successful at producing PEs of superior quality [22]. In general, PEs 

have better physicochemical characteristics than straightforward physical mixes of components. 

PEs also have a lower sensitivity to lubricants, which can negatively affect the compressibility of 

the resulting mixture. Mannitol-based PEs are commonly used in the pharmaceutical market as 

oral disintegrate tablet (ODT) excipients [23]. These excipients are readily available and have 

similar compositions, but differences in fabrication methods and slight variations in their 

component characteristics can lead to different reactions after ODT formation. The drug release 

process of an ODT does not require patients or carers to drop them [24]. PROSOLV® EASYtab 

SP is an innovative, pre-mixed excipient composite designed to simplify the tablet 

manufacturing process. It consists of four distinct components that retain their unique chemical 

properties, working together synergistically to enhance tablet functionality. Using PROSOLV® 

EASYtab SP to create tablets offers several benefits. The tablets are durable and have excellent 

APIs and PEs compared to traditional blends. Additionally, using this composite can increase 

profitability through cost savings [25]. By using PROSOLV® EASYtab SP, manufacturers can 

also reduce their equipment capital, inventory, and analysis costs. Instead of buying and storing 

four separate excipients, they can purchase and store just one product, simplifying the 

manufacturing process and streamlining the supply chain [26]. 

2. Processed Excipients  
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An increasing number of new APIs have been discovered due to advancements in high-

throughput screening technology. However, approximately 75% of novel drug candidates suffer 

from poor aqueous solubility and inadequate bioavailability, which can be attributed to the 

growing structural complexity of therapeutic prospects [27]. To overcome this challenge, various 

tried-and-tested as well as cutting-edge approaches, such as cyclodextrin inclusion, 

microemulsion, nanocrystals, cocrystals, and amorphous dispersions, are utilised to enhance the 

delivery of class IV pharmaceuticals. Among these approaches, amorphization of 

pharmaceuticals has emerged as one of the most successful methods for increasing solubility and 

dissolution, thereby improving therapeutic bioavailability. Amorphous solids have higher 

internal energy than their crystalline counterparts and lack long-range order in molecular packing 

[28]. PEs used in the DC process must perform various functions, such as facilitating an 

excellent binding capacity, to produce tablets effectively. However, finding a single material 

with all these desirable attributes is a challenging task [29]. To overcome the limitations 

mentioned above and best suit the active ingredients, PEs manufacturers invest a lot of time and 

energy in researching and developing new multifunctional PEs, as per Figure 1. Many studies 

focus on chemically altering excipients to produce PEs, for example, alginate esters and 

cinnamyl-chitosan [30]. On the other hand, co-processing is a commonly utilised technique for 

producing new materials with various capabilities. This procedure involves physically combining 

two or more excipients already on the market using proper manufacturing techniques, such as 

spray drying, wet granulation, or hot melt extrusion. Processed blends typically combine 

disintegrants, binders, and fillers to create a final product with enhanced functional qualities as 

an excipient in direct compression. In the perfect-case scenario, the manufactured tablets would 

have enhanced powder flowability and bulk density [31]. 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 
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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]. Stereolithography (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 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 geometries, 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 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 distribution 

has undergone a revolution thanks to nanotechnology [37]. The creation 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 interesterification, or esterification. These techniques 

cannot be used to synthesise several additional structured lipids, particularly those that call for 
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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 achieve "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 microscopic 

bubble (vesicle) that is constructed from the same substance as a cell membrane, as illustrated in 

Figure 1. Drugs for cancer and other disorders 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 pharmaceuticals 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. 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 components include 

both structural and nonstructural elements. The phosphatidylcholine (PC) molecule is the most 
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prevalent phospholipid [45]. Due to their insoluble nature in water and aqueous conditions, 

phosphatidylcholine 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 structure, it can be incorporated into 

phospholipid membranes at very high concentrations—up to a 1:1 or even 2:1 molar ratio of 

cholesterol to phosphatidylcholine. Cholesterol occupies a specific location in the membrane, 

with its hydroxyl group towards the aqueous surface and its aliphatic chain parallel to the acyl 

chains in the bilayer's middle [47]. 

                              Figure 1. Multi targeting approach of Processed Excipients 

3.2.The Solid Lipid Nanoparticles (SLNs)  
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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 

stirring, 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 

preparations, such as tablets or pellets, and they may also be made from lipids obtained from 

food sources [49].  

Table 1: Types of PEs used in the formulation of lipid based carrier system [50]. 

Processed Excipients (PEs) Applications 

Glyceryl monostearate (ImwitorÒ900) 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 (LipoidÒ S 75, LipoidÒ 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 
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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 

 

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 from dissolving in the former [51]. Yet, at a temperature below their melting 

point, this lipid mixture should be uniform and devoid of phase separation; 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 effectiveness 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 occasionally 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 medications by increasing efficacy and reducing 

potential negative effects [53]. 

Jo
urn

al 
Pre-

pro
of



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 microwaves 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 nanoparticles that convert light energy 

into heat, leading to localised hyperthermia 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 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 localised drug delivery and cancer cell death [61-65]. 

4. The critical role of PEs through different pathways to the targeted site for the 

management of cancer 
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PEs are inert substances that are added to a drug formulation to facilitate its administration, 

stability, and efficacy. PEs plays a targeted 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 PEs. These pathways are a series of chemical 

reactions that occur inside cells in response to extracellular signals, leading to changes in gene 

expression, protein activity, and cellular behavior [66-70]. PEs can exploit different signalling 

pathways and the unique characteristics of the tumour microenvironment for targeted drug 

delivery 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. PEs can be functionalized with pH-sensitive moieties that enable drug 

release in response to the acidic pH of the tumor microenvironment. Alternatively, 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 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 PEs. Aberrant activation of Notch has been implicated in many 

types of cancer. 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 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 endproducts (RAGE) in many types 

of cancer cells has been linked to cancer development and progression. RAGE activation can 

promote cell proliferation, 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 promote tumour growth and survival and contribute to 

resistance to chemotherapy and radiation therapy [76-80]. Additionally, RAGE activation has 
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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 remodelling, ultimately creating a favourable environment for tumour growth and 

metastasis. Targeting RAGE using small molecule inhibitors, antibodies, or RAGE decoy 

receptors has shown promising results in preclinical 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. PEs is the phosphatidylinositol 3-kinase (PI3K)/Akt pathway. 

This pathway is frequently activated in cancer and promotes cell survival, growth, and 

metastasis. PEs such as dendrimers and polymeric nanoparticles can be functionalized with 

inhibitors 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. 

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]. 

 Conclusion 

In conclusion, the use of Processed Excipients (PEs) in the field of cancer management 

represents a promising avenue for the development of more effective and targeted therapies. PEs, 

such as liposomes, nanoparticles, and other carrier systems, offer a wide range of possibilities 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 variations, to release drugs precisely where they are needed. Additionally, PEs can 

be functionalized with various moieties and ligands to actively target cancer cells and enhance 

drug delivery and efficacy. Furthermore, PEs can play a crucial role in targeting specific 

signaling pathways involved in cancer development and progression. For example, the Notch 

signaling pathway and AGEs RAGEs pathways can be targeted using PEs to inhibit cancer cell 

proliferation, survival, and metastasis. As for future prospects, ongoing research in the field of 

PEs and cancer management is likely to yield even more innovative and tailored approaches. 

These might include the development of multifunctional PEs that can simultaneously target 

multiple pathways or deliver a combination of therapeutic agents. Additionally, advancements in 

nanotechnology 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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