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Highlights: 

• Phytoconstituents are new emerging therapeutics against cancer. 

• These molecules can be combined with existing therapeutics for better outcome. 

• Lipidic vesicles are compatible carriers and mimic the biological membrane.  

• Nanoengineering in lipidic carriers enhances its efficacy.  
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Abstract 

Cancer is a leading cause of death in many countries around the world. However, the efficacy 

of current treatments available for variety of cancers is considered to be suboptimal due to the 

pathophysiological challenges associated with the disease which limits the efficacy of the 

anticancer drugs. Moreover, the vulnerability towards off-target effects and high toxicity also 

limits the use of drugs for the treatment of cancers. Besides, the biopharmaceutical challenges 

like poor water solubility and permeability of the drugs, along with the absence of active 

targeting capability further decreases the utility of drugs in cancer therapy. As a result of these 

deficiencies, the current therapeutic strategies face noncompliance to patients for providing 

meaningful benefits after administration. With the advancements in nanotechnology, there has 

been a paradigm shift in the modalities for cancer treatment with the help of phytomedicine-

based nanosized drug delivery systems coupled with variegated surface-engineering strategies 

for targeted drug delivery. Among these delivery systems, lipid-based nanoparticles are 

considered as one of the highly biocompatible, efficient and effective systems extensively 

explored for anticancer drug delivery. These include diverse range of systems including 

liposomes, nanoemulsions, solid lipid nanoparticles, nanostructured lipidic carriers and 

supramolecular carriers, which alters pharmacokinetic and biodistribution of the drugs for 

active targeting to the desired site of action by overcoming the biopharmaceutical challenges 

associated with anticancer drug delivery. The present review endeavours to provide a 

comprehensive account on the recent advances in the application of lipid-based nanostructured 

systems for improving the pharmacotherapeutic performance of phytomedicines for cancer 

targeting application. 

Keywords: Phytomedicines; Nanotechnology; Lipids; Cancer targeting; Surface engineering; 

Pharmacotherapeutics 
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1. Introduction 

Hippocrates explain cancer as finger like projections which mind the crab shape[1,2]. Cancer 

is characterized by abnormal growth of cell with potential to invade other areas or distant part 

of body[3–5]. Different terms are used for explaining the cancers and malignant cells, with all 

depend on its origin whether it is sarcoma (like fat, bones, muscles, cartilages, and blood 

vessels), carcinoma (like skin or any internal tissue), leukemia (like bone marrow) or 

lymphoma (like immune system). As per WHO cancer report of 2018, it is second leading 

cause of death globally, which accounts 9.6 million deaths [6,7]. Cancer cells have six 

prominent features: (i) self-sufficient signals; (ii) no sensitivity to anti-growth signals; (iii) 

apoptosis invasion; (iv) limited repetition in potential; (v) sustaining of angiogenesis; (vi) 

metastasis of tissue and its invasion[8]. Most common cancer includes lung, colorectal, 

prostate, liver, stomach and head-neck carcinomas. Symptoms and signs of cancer specifically 

depend on its size, type, location, extent to the tissues and organs. There are more than 100 

types of cancers which exist till date. In humans, general signs and symptoms due to presence 

of cancer cells are incomprehensible events of pain, night sweats, fever, weight loss, unusual 

bowel movements, prominent events of cough, lumps[9,10].   

Almost 30% of deaths arising due to cancer can be thwarted by slight modification or avoidance 

of risk factors. Various approaches employed for cancer treatment are hormone-based therapy, 

surgical interventions, chemotherapy, photodynamic therapy, immunotherapy, radiation 

therapy and genetic therapy[11–13].Treatment choice depends on the stage and type of tumour 

and organ affected. For example, in case of non metastatic cancer, major goal is to eradicate 

tumour from regional lymph nodes and prevention of metastasis stage. Eradication of cancer 

can be achieved by surgical removal of cancer site and near by lymph nodes along with 

systemic administration of anti cancer moieties (preoperative or postoperative). In case of 
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metastatic cancer, major goal is prolongation of life and decrease of morbidity. Presently, 

metastatic cancer remains incurable and systemic therapy is done to prolong the prognosis of 

disease.As per the WHO guidelines in which new treatment options were adopted with an 

initiative for cancer treatment especially in low- and middle-income nations[14,15]. Treatment 

of cancer is highly herculean task due to various unwanted events like aggression in 

proliferation of tumour and its spreading to multiple organs, therapeutic resistance, 

heterogenous in metastasis, barriers in drug permeation. Most commonly approach practiced 

in case of cancer therapy is chemotherapy but it imparts acute as well as chronic side effects to 

patients and thus overall hinders the quality of life[16]. Recent cancer treatment patterns have 

been changed with targeting to oncogenes and immune oncology-based cancerous ailments 

[17]. However, still there are miles of way existing for overcoming the challenges pertaining 

to cancer therapy. Sequence-based analysis for pre-screening of molecules in clinical research 

is advantageous but it restricts the clinical application owingto large volume of genomic data 

[18]. Also, precision-based oncology treatment is limited due to the heterogeneity as well as 

resistance acquired by cancer cells, while immune check-point inhibitors does not aid in 

success to cancer treatment because of lack of suitable validation process for markers. 

2. Biopharmaceutical challenges for phytomedicines-based drug therapy 

From ancient times, phytomedicinesare used as the crucial source for drugs. Till date almost 

50% of drugs are obtained from natural sources[19,20]. Most of the patients develop their 

interest towards the phytomedicine because of theirlow cost, better efficacy and verylimited 

side-effects[21]. However, phytomedicines have also reported to have compromised in vivo 

activity owing to more than one reasons like poor water solubility, lack of appropriate 

molecular sizing and compromised systemic availability[22]. Most of the phytoconstituents are 

secondary metabolites and generally isolated from the plant materials. Amount of secondary 

metabolites in plants is very low and their amount varies on various factors like species of plant 
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material, anatomical part (like seeds, leaf, flower, roots), storage of material, geographical 

horizon, harvest time [23,24]. Another challenge exists is phytoconstituents screening for 

medicinal property by high-throughput screening but the crude extracts contain the mixture of 

compounds. However,the active constituents identified in crude extracts provide pseudo 

positive results in high-throughput screening. Additionally, proper identification and isolation 

of phytoconstituents in active form requires lots of time and involves cost economy [25–27]. 

Many phytoconstituents and their extracts exhibit biological instability in structure, premature 

loss in drug due to rapid clearance and frequent biotransformation, gastric or enzymatic 

degradation.  

For overcoming these biopharmaceutical issues, nanotechnology is an emerging area which 

paved its way couple of decades back. Nanotechnology has revolutionized the pharmaceutical 

and medical field for addressing the unmet needs. Nano-based herbal development provides an 

add on advantage in enhancing solubility, bioavailability, reducing toxicity, pharmacological 

activity enhancement, stability increment, sustaining the release profile, physical and chemical 

stability for achieving desired safety and efficacy. Furthermore, nanotechnology accomplishes 

the need for: (a) more accumulation at targeted site; (b) targeting of phytoconstituents specific 

to the cell; (c) enhancing large molecule delivery; (d) combinational delivery of two or more 

phytoconstituents[28,29]. 

3. Lipid-based nanostructured drug delivery systems 

Advancement in the field of science have discovered many novels and fulfilled the demand of 

healthcare facilities to great extent. Drug designing have paved the way for discovery of new 

anti-cancer molecules, but limited in clinical setup due to their compromised 

biopharmaceutical properties[30]. Till date micro or nano based phytoconstituents are not 

available in market. Most of the newly identified and isolated phytoconstituents suffers from 

poor solubility and bioavailability. Nano-based approaches are the need of the hour for 
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effective delivery of bioactive. Lipid-based nanocarriers are growing at fast pace and have 

gained significant interest in herbal drug delivery foraddressing the challenges. Various 

categories of lipid-based nanocarriers include liposomes, niosomes, emulsions, solid lipid 

nanoparticles, nanostructured lipid carriers, lipid nanocapsules[31,32]. Self-assembled lipidic 

carriers are thermodynamically stable along with platform available for stimuli-responsive 

carriers that provide tailored release profiles at the desired site.Phytoconstituents can be 

encapsulated in nanocarriers are considered as safe and effective and can easily sort-out the 

biopharmaceutical issues. Figure 1 highlights the mechanistic insight into the application of 

lipid-based herbal systems for targeting cancer. Also, Table 1 summarizes the recent advances 

in the nanovesicular systems for delivery of phytomedicines for cancer treatment.  

3.1 Liposomal therapeutics 

Liposomes derived their nomenclature from Greek word: “lipo” means fat and “soma” means 

body. The spherical shaped nanoscopic vesicles can be formulated using phospholipids, 

cholesterol, and resembles like lipidic bilayer membranes. Indeed, the developed nanocarriers 

have the ability of enhancing biopharmaceutical properties like pharmacokinetics and 

therapeutics of entrapped molecules[33,34]. Incorporation of phytoconstituents in the bilayer 

vesicles potentiates the efficacy and safety, therebyreducingthe side-effects. Some of the 

liposomal systems are available in the marketare based on phytoconstituents like curcumin, 

berberine, quercetin, resveratrol[35] and many more. Encapsulation of phytoconstituents in 

lipid layers enhances numerous physiological properties. Lopes and co-workers formulated pH 

sensitive liposomes of ursolic acid and evaluated in MDA-MB-231 breast cancer cell line. 

Nano-sized liposomes depicted higher anti-cancer activities in comparison to free ursolic 

acid[36]. Similarly, Wang and co-workers prepared PEGylated Resveratrol conjugated 

liposomes with and without glycine for anti-cancer. Results reported show higher drug 

entrapment efficiency for glycine conjugated system (84.50%) in comparison to non-glycine 
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conjugated system (12.50%)[37]. Girish et. al., prepared berberine loaded liposomes where 

release of berberine from liposomes was compared with free berberine for 24 h. From 

liposomal loaded berberine, it was observed that 70% of content was released within 10 h in 

comparison to free berberine that was released in 24 h[38]. Odeh and co-workers formulated 

thymoquinone loaded liposome and evaluation on MCF-7 cells and fibroblast cells. Cell line 

studies revealedthat liposome loaded with thymoquinone suppresses MCF-7 cell 

proliferation[39]. Saengkrit and co-workers developed cationic liposome using dimethyl 

dioctadecyl ammonium bromide (DDAB) as phospholipid and encapsulatedcurcumin. 

Thecurcumin loaded liposomes evaluated for cytotoxicity studies on HeLA and SiHa cell lines 

showed efficient anti-cancer and apoptotic effects[40]. Liposomal curcumin formulation 

inhibits the proliferation, induction of apoptosis by nuclear transcription factor (NF-ƘB) in 

pancreatic cancer cell line[41]. Curcumin (CUR) liposome decorated with 2-hydroxypropyl-γ-

cyclodextrin demonstrated anticancer activity breast and osteo carcinoma[42]. Curcumin 

liposomes were also found to be very promising formulation for dermal applicability for 

enhanced anti-melanoma activity. Mahmud and co-workers reported that PEGylated liposomes 

with low ratio of curcumin to lipid have higher plasma stability and enhanced bioavailability 

as seen in adenocarcinoma-based cell lines[43]. PEGylation of paclitaxel loaded liposomes 

demonstrate higher anticancer and lower toxicity in comparison to plain paclitaxel. 

Furthermore, use of phosphatidylserine-based lipid aids in higher entrapment of paclitaxel. 

Paclitaxel entrapped in liposomes were effective against lung carcinoma[44]. Semi purified 

extract of Job’s tear obtained from Coixlacrymajobi in liposomes have enhancement in 

anticancer potential towards colon cancer and stability[45]. Colchicum autumnale synthesise 

natural toxin as colchicine which loaded in liposome demonstrated higher depolarization of 

microtubules at lower concentration in comparison to plain colchicine [46]. 
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Niosomes are the vesicular system with main composition of nonionic surfactant and 

cholesterol. These vesicular systems act as reservoir for lipophilic and amphiphilic bioactive 

agents. The advantages of these vesicular based drug delivery systemis protection of entrapped 

bioactives from the harsh condition and enhance the overall therapeutic efficiency. Niosomes 

can be tailored depending on the type of surfactant and controls the physicochemical properties 

of novel vesicles. Niosomes loaded with curcumin inhibit the ovarian cancer cell growth. 

Surface modification of niosomes by induction of cationic charge provides more targeting. 

Inhalable CUR loaded cationic niosomes demonstrates enhanced apoptosis and antitumour 

potential in lung carcinoma cell lines[47]. Doxorubicin and curcumin were co-administered in 

PEGylated niosomes by surface coating with cell penetrating peptide (i.e., tLyp-1) and tumour 

homing peptide shows enhanced potential against human mesenchymal cells and U87 human 

glioblastoma cells [48]. Niosome-loaded with lycopene demonstrated higher antiproliferative 

activity with enhanced stability to thermal and photo-degradation.     

3.2 Lipidic nanoemulsions 

Nanoemulsions preparation for phytoconstituents leads to optically transparent, stable, soluble 

formulation and prevention against sedimentation as well as creaming for biological active 

constituents[49]. Nanoemulsion is better option as drug delivery system for phytoconstituents 

delivery. Nanoemulsion-based delivery systems have both aqueous and lipid phases and it can 

solubilizes vast majority of hydrophilic as well as lipophilic molecules [50]. Curcumin is 

reported to have physicochemical and biopharmaceutical issues thus limiting its functional as 

well as biological activities. For enhancing its bio accessibility, nanoemulsion is the best 

approach. In similar fashion quercetin and resveratrol were also formulated in nanoemulsion 

for enhancing the plasma stability and further increment in uptake for anti-cancer 

effects[51,52]. Above stated nanoemulsion formulation demonstrated predicted enhanced anti-

cancer activities in pre-clinical investigation only.  
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3.3 Solid lipid nanoparticles (SLNs) 

SLNs are versatile nanocarriers for drug delivery that overcomes the disadvantages arises due 

to liposomes and polymeric nanoparticles[53]. SLNs are formulated of solid-lipid composites 

like monoglycerides, diglycerides, fatty acids, phospholipids and many more. SLNs provide 

physicochemical and extended compatibility, reduced levels of toxicity, biocompatible and 

biodegradable properties. SLNs solid-lipid core provide protection of inner encapsulated 

agents from chemical environment. SLNs have an advantage of encapsulating both lipophilic 

and hydrophilic anticancer agents[54]. Hu and co-workers loadedCucurbitacin B in SLNs for 

hepatic carcinoma treatment. Cellular uptake studies of formulated SLNs in human hepatic 

carcinoma Hep-G2 cell line shows higher uptake near to ~2-fold times when compared with 

free Cucurbitacin B. In vivo studies of Cucurbitacin B loaded SLNs depicted ~3.5-

foldsimprovement in plasma area under curve as compared to free Cucurbitacin B[55]. 

Similarly, Zhu and co-workers synthesised podophyllotoxin-loaded SLNs. In vitro anticancer 

activity of podophyllotoxin loaded SLNs was compared with free podophyllotoxin on 293T 

human embryonic kidney cells and HeLa human cervical cells. Studies reported enhanced 

anticancer activity for SLNs when compared with free drug [56]. In similar fashion, PEGylated 

noscapine loaded SLNs were formulated and in vitro anticancer activity evaluation of SLNs 

showed2-folds reduced inhibitory concentration as compared to free noscapine in U87 

glioblastoma cells. In vivo pharmacokinetic study of SLNs showed 11-folds higher plasma half-

life in comparison to free noscapine[57]. Wang and co-workers formulated berberine loaded 

SLNs and activity was observed on MCF-7, HepG2 and A549 cells. As per cell line studies, 

sustained release of berberine was observed[58]. Emodin-loaded SLNs were formulated and 

higher cytotoxicity was observed on HepG2 and MCF-7 cells when compared with free 

emodin[59].   

3.4 Nanostructured lipidic carriers (NLCs) 
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NLCs are considered as second generation SLNs with compositions of lipid-lipid, solid-lipid, 

lipid mixture.Advantage with NLCs is that it does not contain surfactants for carrying the 

phytochemical constituent load. Another advantage is its administration via various routes with 

sustained and tailored release from these carriers for cancer therapeutics[60,61]. NLCs 

conjugation with PEG escapes reticuloendothelial system (RES) capturing that provides 

additional advantage than conventional NLCs. NLCs accumulate passively in tumour 

microenvironment and traversing in leaky vasculatures due to enhanced permeability and 

retention (EPR). Modifications of NLCs can be possible with low molecular weight ligands 

and antibodies for active targeting applications. Lin and coworkers formulated curcumin 

loaded NLCs by folic acid (NLCs-CUR-FA) decoration for breast cancer targeting. NLCs 

loaded with curcumin provide initially burst release followed by sustain release for 60 h. In 

vitro MCF-7 breast cancer cell line studies revealed enhanced IC50 values for NLCs-CUR-FA 

in comparison to CUR-NLCs and free CUR, i.e., 3.50- and 10.40-times, respectively[62]. Jyoti 

and coworkers developed 9-bromo noscapine NLCs for lung carcinoma treatment. In vivo 

pharmacokinetic studies exhibited enhanced elimination half-life of 9-bromo noscapine NLCs 

up to1.75-foldsas compared to free 9-bromo noscapine [63]. In similar trends, thymoquinone 

encapsulation was done with NLCs and evaluated for MDAMB-231 anti-proliferative activity 

in SiHa and HeLa cervical cancer cell. In vitro cell line studies predicted promising inhibitory 

concentration in dose dependent fashion. Thymoquinone loaded NLCs depicted cell cycle-

based apoptosis when compared with free thymoquinone [64]. Zhang and co-workers 

fabricates isoliquiritigenin loaded NLCs for hepatocellular carcinoma treatment. Higher anti-

tumour activity of NLCs encapsulated isoliquiritigenin was observed in comparison to free 

isoliquiritigenin[65]. Carbone and co-workers formulated ferulic acid loaded NLCs for 

glioblastoma. In vitro studies on glioblastoma cell lines exhibits sustained anticancer activity 

for ferulic acid loaded NLCs when compared to free ferulic acid[66]. Rahman and co-workers 
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developed Zerumbone (natural based terpenoid against lung, skin, cervical and breast cancer) 

loaded NLCs for lymphoblastic leukemia. IC50 value of Zerumbone loaded NLCs was found 

to be 3.50 mg/mL after 72 h of treatment[67].  

3.5 Lipid-polymer nanohybrid carriers 

First ever nanohybrid carriers were reported in 1984 with formation of polymeric self-

assemblies for solubilizing drug and enhancing their anticancer activity. Nanohybrid carriers 

include lipid-based and polymer-based carrierswith size in nano range and possess ability to 

deliver anticancer moieties at malignant sites through active and passive targeting mechanisms 

[68,69]. Advantage with this system is providing specific targeting to tumour cells; deep 

penetration inside physiological barriers; sustaining the drug release at site; reduction in dose 

and cytotoxicity to normal cells[70]. The promising biomedical applications of nanohybrid 

carriers arise due to its smaller sizes which enables more accumulation of these particles in the 

tumours. Conjugation with lipids enhances the lipophilicity and alteration of physical chemical 

properties of phytomolecules and phytoconstituents[71]. These chemical modifications results 

in bioavailability enhancement of phytoconstituent as well as targeting to tumour cells[72,73]. 

Fucoidan-oleic acid nano assemblies were prepared by incorporating paclitaxel and curcumin 

for cancer therapy. Tailored release profile of curcumin and paclitaxel was observed at pH 4.5 

and 7.5, respectively[74]. Siddiqui and coworkers prepared epigallocatechin gallate 

(EGCG)encapsulated PLA-PEG nanoparticles with 10-folds enhancement in angiogenesis and 

proapoptotic activity observed through in vitro and in vivo cancer models[75]. Chung et al. 

prepared micellar nanocomplex of EGCG oligocomplexed with Herceptin followed by 

complexation of PEGylation demonstrated better tumour selection, reduction in growth and 

enhancing the biological half-life of herceptin in murine model[76]. Bisht and coworkers 

fabricated nanohybrids of curcumin by forming micellar aggregates of N-isopropylacrylamide 

(NIPAAM), with poly(ethyleneglycol)monoacrylate (PEG-A) and N-vinyl-2-pyrrolidone 
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(VP). These nanohybrids were evaluated under in vitro conditions on human pancreatic cell 

lines showed clonogenicity and cellular viability[77]. 

4. Key challenges and critical considerationsin the design and development of 

phytomedicine-based lipidic nanotherapeuticsystems 

As per the literature reports, most of the phytomedicines derived from secondary 

metabolitesexhibit limited bioavailability. Recent COVID-19 crisis has diverged the 

pharmaceutical industry interest towards the designing and development of herbal-based drug 

delivery systemsas new treatment strategies [78,79]. Past studies like development of 

nanoparticles for Cuscuta chinensis,a Chinese traditional herbal medicine with 

pharmacological activity of rejuvenating the liver and kidney with biopharmaceutical 

limitation of poor aqueous solubility have been developed[80]. Various phytomedicine based 

drugs have been encumbered in the polymeric nanoparticles for enhancing the 

biopharmaceutical properties of them. The examples of curcuminoids and cucurbitacin, where 

both anticancer agents from herbal origin when delivered in polylactic acid nanoparticles 

showed significant improvement in solubility and anticancer activity [81,82].Various Chinese 

formularies have also reported working on the nanophytomedicines for overcoming the 

biopharmaceutical challenges of the well-known herbal moieties. Apart from the polymeric 

nanoparticles, other nanotechnology driven drug delivery systems were also developed like 

nanostructured lipidic carriers, solid lipid nanoparticles, dendrimers, polymeric micelles, 

liposomes, nanoemulsion, and many more, for the anticancer delivery via oral route. Apart 

from this, oral route has been blessed with various advantages like self-administration by 

patients, ease of administration and no monitoring required for chemotherapeutic and area of 

interest for the formulation scientist in the oncology area[83,84].  

Recent paradigms in nano-based drug delivery systems for the herbal or plant-based bioactives 

can be boon for enhancing their therapeutic potential to overcome the constraints arising from 

the plant based bioactive. However, the question that haunts the biologists, pharmacist, 
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physiologist is the therapeutic establishment of nanophytomedicine for catering the clinical 

requirements especially in this area[85,86]. Literature reported by various researchers related 

to this area highlights the issues of these nanocarriers interaction with biological systems and 

associated challenges for clinical development in this area. Other challenges related to this area 

are scale up of theseadvanced nanoengineered phytomedicine to market and prosperous 

multifunctional for accomplishment of therapeutic and biological necessities[87].  

Major goal behind designing nanophytomedicineincludes enhancement of pharmacokinetic 

parameters by modifying or tailoring the release behaviour from the novel system at the 

targetsite for enhancing the bioavailability and decreasingthe side-effects associated with 

conventional dosage forms. There are lot of research works being carried out across the globe 

for the development of nanophytomedicines with both preclinical and clinical studies[88]. The 

only challenge faced is the development of the apt dosage form which caters the delivery of 

bioactives at site of action.  

Herbal medicines are used worldwide as a complementary approach along with synthetic drugs 

for the management of cancer [29]. The key challenges associated with phytomedicines include 

identification, and evaluation of safety and efficacy through pharmacological activity. As 

reported in literature,the nano-based phytomedicineshave shown promising results under in 

vitro and in vivo studies. Reasons for failure of reproducibility of these nanophytomedicine is 

due to their poor biopharmaceutical properties like poor aqueous solubility, inappropriate 

molecular size might leadsto low bioavailability and biodistribution potential.Otherhurdles 

associated with herbal-based nanomedicine are identification of chemical markers for specific 

bioactive for which development of analytical method is required.  

5. Surface engineering strategies for nanolipidic systems 

Surface modification of nanocarriers is possible by coating of surface with mucoadhesive 

surfactants, polymers, stabilizers, ligands, etc for impart various characteristics like 
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mucoadhesion, stability, protein adsorption, zeta potential distribution and site-specific 

targeting of the nano-engineered particles. Surface modification also plays an important role in 

the cellular uptake of nanocarriers. Figure 2 provides the overview of the strategies used for 

surface modification of the nanocarriers for active targeting applications in cancer treatment. 

The permeation and membrane passage can be enhanced by surface modulation. Tailoring the 

transit time of lipidic nanoparticles will overcome the issue of poor aqueous solubility by 

enhancing the dissolution transit time of herbal based bioactives in the intestine[89,90]. 

Another advantage of surface modification is improvement of targetability and 

biocompatibility. Chitosan decorated lipidic carriers can be used as better carriers for delivery 

of herbal bioactives through mucosal routes and enhanced intestinal transit time. Advantage of 

chitosan coating provides more mucosal adherence to orally delivered phytoactives with more 

diffusion in the intestine[91]. Chitosan decoration over quercetin loaded SLNs provide less 

cellular uptake on CaCO-2 cell line in comparison to undecorated SLNs[92]. Asiatic acid 

loaded SLNs were formulated using glyceryl monostearate as lipid and Poloxamer 188 as 

surfactant for surface modification by solvent injection method. Optimization of formulation 

was done using Box-Behnken design. Particle size of prepared SLNs was <250 nm and found 

to be spherical under microscopy. SLNs were found to be stable for 1 month at 4°C and stable 

at acidic pH of 1.2. In vitro cellular studies predicted promising antiglioma activity[93,94]. 

Various transfection based surface coating can be done over the lipidic carriers for drug 

targeting and rapid uptake by cells. Some researchers reported surface modification with 

peptide to facilitate internalization of peptide decorated lipidic carriers. These surface 

fabricated ligands on lipidic carriers can be used to target the receptors which are overexpressed 

on the cellular surface of cancer cells and improvement of the binding with the cells thus paving 

the way for selective targeting. Polyethylene glycol coating on lipidic carriers avoid 

reticuloendothelial system uptake and prolongs the circulation time in plasma. PEGylation also 
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provide hydrophilicity to the lipidic carriers thus aids in easy permeation of the nano-

carriers[95]. 

6. Effective tumour targeting by phytomedicines-loaded lipidic nanoparticles and 

mechanistic insights 

Amphiphilic nature of lipidic carriers enables the assemblage of single or combination of 

bilayer concentric structures which are well dispersed in water. Lipidic carriers provide an 

excellent alternative for various biopharmaceutical issues like insolubility, shortened half-life, 

toxicity and many more. Vesicular systems provideexcellententrapment for water insoluble 

drugs and enhance the solubility[96]. Furthermore, vesicular systems tend to delay the 

metabolism of drugs and protectthemfrom certain enzymes ultimately paving the way for 

sustaining the release of bioactive in the physiological system. Lipidic vesicular systems 

provide protection of entrapped bioactive from the body tissues and selectively uptaken by the 

cancer cells. Both hydrophobic and hydrophilic phytoconstituents can be loaded in lipidic 

vesicular systems. Hydrophobic constituents entrap inside the bilayer of liposome and 

hydrophilic constituents are entrapped on the bilayer interface[97]. As per the literature reports, 

various researchers have reported promising anticancer activity of the phytoconstituents 

delivered through vesicular carriers. Various researchers prepared new generation liposomes 

by conjugating them with phytochemical constituents. Polar head of lipids were conjugated 

with herbal bioactives which enhances the pharmacodynamic and pharmacokinetic properties 

of phytoconstituents. The collective term coined for these next generation nanocages are 

“Phytosomes”[98].  

Literature reports have indicated that biocompatible polymers have paved much attention in 

the area of clinical trials for targeting phytomedicine with anticancer activities in a suitable 

carrier system. Polymeric nanocarriers have predicted promising potential for phytomedicine 

delivery. USFDA has approved various biopolymers for biomedical applications. PLGA is one 

of the most acceptable polymers due to its promising biocompatibility nature. Curcumin loaded 
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in PLGA significantly inhibits proliferation in various cell lines like PC3, DU145, LNCaP, 

A2780CP, MDA-MB231, A549,and also in various cancer induced murine models. 

Conjugation of PLGA nanoparticles with receptors (like antibody, epidermal factors, peptides), 

PEGylation, binding with ligands (like 1,2-distearoylglycerol-3-phospho-ethanolamine) helps 

in providing more specificity for targeting to cancer cells [99]. PLGA loadedsilymarin 

nanoparticles inhibited cancer proliferation by induction of apoptosis[100]. Furthermore, grape 

seed extract loaded in PLGA nanoparticles provided enhancement in apoptotic index in 

comparison to free extract[101].  

Chitosan is a positively charged polymer with chains of D-glucosamine and N-acetyl 

glucosamine conjugated via β-(1,4)-glycosidic bonds and has shown immense ability for 

various drug delivery applications. Numerous properties of chitosan like biocompatibility, 

biodegradability and adjuvant pharmacological properties (like anticancer, antifungal, 

antimicrobial) make it for designing more suitable nanocarriers [102]. Chitosan is used as a 

suitable material for synthesis of nanocarriers for the delivery of anticancer bioactives such as 

quercetin, resveratrol[103], epigallocatechin-3 gallate (EGG), curcumin. PLGA and chitosan-

based nanoparticles showed exceptional promise in enhancing the stability and solubility 

propertiesof resveratrol [104]. Further, casinophosphopeptideconjugation on chitosan for 

EGG-loaded nanoparticles showed enhanced antioxidant activity[105]. Metallic nanoparticles 

were also studied for prominent anticancer activities. In a report, EGG surface adsorbed on the 

gold nanoparticles showed significant reduction in the bladder tumour size in a murine 

model[106]. Furthermore, EGG conjugation with gold nanoparticles have shown promising 

potential against murine B16F10 melanoma cells[107].  

It has been observed that the most important perspective of cancer therapy is specific targeting 

of the drug molecules to the cancer cells followed by their destruction without affecting non 

cancerouscells[108]. Longer circulation profile of the nanotherapeutics in plasma with escape 
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from RES uptake have shown great promise in cancer [109]. For passivedrugtargeting to cancer 

cells, EPR effect is very useful when particle size>100 nm isaccessible to the cancer cells[110]. 

Besides, the approach of masking of the nanoparticles with stealth bioprotective coating has 

also shown great success in RES escape regardless of the size. Hydrophilic coating also helps 

in passive targeting of the nanoparticles which repels plasma proteins and inhibit RES uptake. 

Enhanced circulation time masked nanoparticles helps in attaining maximal accumulation in 

the tumour bearing organs. PEGylation is considered as a linker with ligand property which 

reduce the stereo inhibition between ligand and receptor[111]. Generally, plasma proteins with 

size >10 nm can’t pass the filtration barriers (exception to kidney defects and nephritis). For 

designing the nanosystem with effective targeting ability, the sound knowledge on 

pathophysiological perspectives of cancer should be considered. Targeted nanocarriers face 

many checkpoints prior to entry into the cancer system. The key barriers include muscular and 

endothelial, along with high cellular density and interstitial fluid pressure in tumour 

microenvironment. For overcoming these barriers new and alternative approaches are under 

development like targeting with endothelial system, thus aids in better permeation in 

vasculature and circumnavigate high density cellular matrix and interstitial fluid volume. These 

approaches starve the cancerous cells from oxygen and essential nutrients required for their 

survival. These targeted nano systems enable to release the contents deep inside the tumour 

environment. For an effective chemotherapy, there is need to develop a combinational 

approach of targeted ligand and vesicular-based carrier systems for each tumour.  

7. Clinical trials, regulatory status and commercial landscape 

Luteolin (a flavonoid 3',4',5,7-tetrahydroxyflavone) nanoformulation is under Phase I trial for 

lip and oral cavity cancer. Initial in vitro studies were done on squamous cell carcinoma cell 

lines (TSCC, OSCC, HNSCC) which reveal promising results by targeting Caspase 3 gene 

expression and induces apoptosis[112,113].Polyglutamate (a biodegradable polymer) 
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conjugated with paclitaxel to form paclitaxel-poliglumex complex demonstrated more survival 

rate in females in comparison to males. This gender-based response was in correlation with 

cathepsin B activity and estrogen levels. Cathepsin B activity is closely in relation to taxol 

release from the novel conjugated system. Thus, it was summarized as both estradiol levels as 

well as Cathepsin activity are potential biomarkers for prediction of effective treatment[114]. 

The best example known till date is Liposomal doxorubicin and is regarded as reference 

standard for clinical practice. PEGylation of liposomal Doxorubicin (Doxil® by Johnson and 

Johnson; Lipo-Dox® by Taiwan Liposome) had been approved for metastatic breast cancer 

(MBC), multiple myeloma, ovarian cancer, Karposi’s sarcoma with more effectiveness and 

reduced cardiotoxicity. Myocet® is another doxorubicin-loaded liposomal product in 

combination with cyclophosphamide approved by European Union (EU) and Health Canada 

against MBC treatment. These novel systems provide more accumulation at tumour site by 

EPR effect due to the presence of leaky vasculature[115]. Myocet reported very less cutaneous 

reactions like skin related side effects, low cardio toxicity and hemato toxicity. Other liposomal 

formulation Galen (Daunorubicin), DepoCyt (Cytarabine), Marqibo (Vincristine sulfate) had 

been approved for lymphomatous meningitis, Karposi’s sarcoma, children osteosarcoma, acute 

lymphoblastic leukemia with certain restrictions[115]. All the above-mentioned liposomal 

formulations were not found very highly effective in comparison to conventional dosage forms. 

This could leads to the failure of these systems to release drug near tumour site. After the failure 

of these trials, cationic liposomes were developed for better anticancer drug delivery. The 

cationic surface charge initiates binding with the endothelial cells which are negatively charged 

for the enhanced therapeutic activity. However, this remains a myth that such formulations can 

be a potential candidature for the clinical phases.  

There has been a paradigm shift in the drug targeting approaches to the tumour cells using 

receptor-based endocytosis mechanism. The clinical trials have shown that immunoliposomes 
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of doxorubicin surface modified with antigen fragments of cetuximab with specific binding 

ability to EGFR[116]. However, such formulation was failed in clinical trial phase I without 

any promising results. Thermal sensitive liposomal formulation of doxorubicin was developed 

under the commercial name Thermo Dox®. This is the most advanced system developed using 

lysolipid thermally sensitive liposome (LTSL) which undergoes structural transformation at 

40° to 45° C. Such formulation system showed 25-times higher delivery of doxorubicin as 

comparison to that of the intravenous administration of conventional doxorubicin and 5-times 

higher efficacy in comparison to the liposomal doxorubicin at the tumour site. Furthermore, 

Thermo Dox® acts on tumour biology by two ways: first way is that liposomes have more 

permeability in leaky vasculatures and second way is heating provides more permeation to the 

site of tumour. Phase III clinical trials have indicated the efficacy of Thermo Dox® in primary 

liver cancer with an average of 2 year enhancement in life expectancy. Similar clinical trials 

were performed for breast cancer up toPhase II trials, in combination with radiation ablation 

against the liver neoplasms and hepatocellular carcinoma in Phase III[117–119]. 

Development of polymeric conjugates for delivery of anticancer drugsto the target site is also 

considered as a very effective alternative. Irinotecan, a semisynthetic derivative of 

camptothecin, conjugated with PEG (Etirinotecan pegol) showed four times higher plasma 

half-life in preclinical studiesand excellent tolerability and pharmacokinetic profile in phase III 

clinical trials [120]. Micelles are another group of novel formulations which provide 

hydrophilic coating or shells because of their amphiphilic and self assembling properties. 

Hybrid-nanosystem prepared is polymeric micelles that have advantages like small size, better 

hydrophobic drug payload and increase in blood circulation time or retention time. Genexol 

containing Cremophor EL entrapping paclitaxel in a micellar system showed enhanced 

performance against breast cancer and colon cancer in South Korea[121]. Livatag 

(Doxorubicin) and Paclical (PTX) polymeric micelles prepared using polyalkylcyanoacrylate 
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are approved for ovarian and hepatocellular carcinoma by FDA and EU[122]. Abraxane 

contains albumin nanoparticles of PTX was first approved in 2005 by FDA against MBC. 

Advantage for Abraxane over other PTX based nanosystem is the use of solvents like 

Cremophor EL that have some persistence for polyneuropathy. Therapy of Abraxane was also 

extended for other tumours like pancreatic, colon, head and neck cancer[123]. Figure 3 

provides instance of various nanophytomedicines under clinical trials, while Table 2 

summarizes clinical trials in relation to nanophytomedicine-based therapeutics for diverse 

cancer treatment. 

8. Opportunities in lipidic nanotherapeuticsystems for cancer treatment 

8.1 Nanolipid bubbles (NLB) 

NLBs are stabilized nano-sized lipid bubbles with outer covering of lipid and internal void 

structure. Recently, such carriers have attracted wider attraction in drug delivery imaging using 

the ultrasound guided targeting approach. NLBs have advantage of ease of penetration in 

tumour region with high drug loading capacity and drug stability. Till date, NLBs are explored 

for molecular imaging as well as drug and gene delivery applications. For instance, application 

in prostate cancer imaging where PSMA over expression helps in binding A10-3.2 aptamer 

into the NLBs [124]. NLBs also provide synergism in the thermal ablation therapy for breast 

cancer treatment using microbubbles or liquid perfluorocarbon droplets. Apart from NLBs, 

lipidic nanocapsules (LNCs) are vesicular systems filled with core containing active 

constituents are embedded in the reservoir coated with a polymeric layer. LNC enables 

intratumoural distribution, tailored drug release profile and protection of the drugs from 

premature degradation. LNCs loaded with hypericin prevents genesis of aggregation in 

aqueous media thus improves aqueous solubility and production of singlet oxygen species 

using photodynamic therapy in cancer. In vitro cell line studies have shown significant 

reduction in the cell viability in HeLa cells[125].  
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8.2 Nanosponges (NS) 

These are novel hyper-cross linked polymer constituted of cyclodextrins. These are colloidal 

particles in nano range and can encapsulate a large number ofdrug molecules. These porous 

and small sized structures have effortless binding with lipophilic drugs for better solubility and 

bioavailability. NS can be explored for tailoring the release and encapsulate both hydrophobic 

as well as hydrophilic drugs, biosensors, delivery of protein and genes, photothermal 

application[126–128]. 

8.3 Tocosomes 

Tocosomes are another class of novel delivery system. The preparation of tocosomes is done 

using two derivates of vitamin E (i.e., di-α-tocopheryl phosphate and α-tocopheryl 

phosphate)and encapsulating with phospholipids or lipids like stearyl amine, 

phosphatidylcholine and phospholipon (both 100 H and 90 H). These tocosomes have higher 

encapsulation efficiency, narrow distribution of size, high stability even for more than 2 

years[129].  

8.4 Smart delivery systems 

Nanocarrier based drug delivery systems release drug by trigger from the specific physiological 

systems at targeted site and exact time are explained as smart system. Structural composition 

of delivery system changes on application of internal or external stimulation and final releasing 

an encapsulated drugs[130]. These structural changes are in conformational with the tumour 

physiological microenvironment. pH sensitive nanosystems with encapsulation of basic or 

acidic drugs triggers the release of protons from tumour microenvironment. pH of tumour 

microenvironment is from 6.5 to 6.8, while endosome or lysosomes have acidic characteristics 

with pH ranging from 4.0 to 6.3. Temperature or thermo sensitive nanosystems tend to change 

their structural conformation or release the drug pay load when delivered in elevated 

temperature physiological environment. These nanosystems fabrication can be done via 
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biosensitive extracellular vesicles like glucuronidases, proteases, and carboxylesterases. In 

similar fashion light, ultrasound, magnetic based smart nanosystems are involved for 

encapsulation of herbal drugs as green cargos for diffusion. External application for triggering 

the release was done for these smart systems. Furthermore, smart conjugated systems were also 

under development in which cleavage of these bonds were done by enzymatic action before 

the drug diffusion will take place. 

Another system which has paved the way for recent application in cancer therapeutics is 

“Theranostics”. These systems are dual carriers with application of drug delivery and diagnosis 

both. These advanced systems are used for selective targeting to the diseased organ or tissue 

and to curb the menace of disease by upsurging the therapeutic or diagnostic selectivity. These 

theranostics makes the treatment shorten, safe and effective. Recently nanomedicines 

emphasized its concerns to provide specific therapy and diagnosis. Another advancement 

includes tagging nanocarriers with dyes of contrast agents for fluorescent, magnetic, optical 

imaging provides better theranostic ability[131].  

9 Future prospects and conclusions 

Nanophytomedicines have proven to be highly effective in augmenting the biological 

performance and reducing the side-effects of conventional anticancer therapy. There is a 

general notion for nano-based therapeutic system is high cost over the conventional drug 

carriers. However, nano-based therapeutics hasbenefitsof reducing the dose and 

maximizingefficacy. Various factors contributing the success of nanophytomedicinesinclude 

regulatory approval process across the globe, geographical barriers and commercialisation 

opportunities. More efforts need to be given on screening the materials used for the 

development of carriers along with control of the chemistry and manufacturing process to 

produce the nanomedicines with high quality and efficacy. 

Conflict of Interest 

The authors declare no conflict of interest among themselves. 



24 
 

Acknowledgment 

Authors,MH and RS acknowledge Department of Pharmaceuticals,Ministry of Chemical and 

Fertilizers, Government of India, forfinancial support. The NIPER-R communication number 

forthis article is NIPER-R/Communication/. Also, authors, SB and KS acknowledge the 

financial support provided by Academy of Medical Sciences (UK) and Dept. of Biotechnology, 

Ministry of Science & Technology (India) in the form Newton International Fellowship 

(NIFR8\1038). 

References 

[1] C.M. Galmarini, Lessons from Hippocrates: Time to Change the Cancer Paradigm, Int. J. Chronic Dis. 

2020 (2020) 1–14. https://doi.org/10.1155/2020/4715426. 

[2] Q. Zheng, K. Nan, H. Zheng, [Hippocrates’ viewpoint on cancer]., Zhonghua Yi Shi Za Zhi. 40 (2010) 

234–6. http://www.ncbi.nlm.nih.gov/pubmed/21122344. 

[3] A. Sudhakar, History of Cancer, Ancient and Modern Treatment Methods, J. Cancer Sci. Ther. (2009). 

https://doi.org/10.4172/1948-5956.100000e2. 

[4] G.B. Faguet, A brief history of cancer: Age-old milestones underlying our current knowledge database, 

Int. J. Cancer. 136 (2015) 2022–2036. https://doi.org/10.1002/ijc.29134. 

[5] R. Shukla, S. Kakade, M. Handa, K. Kohli, Emergence of Nanophytomedicine in Health Care Setting, 

in: Nanophytomedicine, Springer Singapore, Singapore, 2020: pp. 33–53. https://doi.org/10.1007/978-

981-15-4909-0_3. 

[6] W.H. Organization, WHO | Cancer Factsheet, Who. (2017). 

[7] R. Shukla, M. Handa, V.P. Pardhi, Introduction to Pharmaceutical Product Development, in: Pharm. 

Drug Prod. Dev. Process Optim., Apple Academic Press, Includes bibliographical references and index., 

2020: pp. 1–32. https://doi.org/10.1201/9780367821678-1. 

[8] WHO, WHO report on cancer: setting priorities, investing wisely and providing care for all, World 

Heal. Organ. (2020). 

[9] C. Vancheri, Cancer, in: Idiopathic Pulm. Fibros., European Respiratory Society, 2016: pp. 151–159. 

https://doi.org/10.1183/2312508X.10005715. 

[10] P. Nenclares, K.J. Harrington, The biology of cancer, Med. (United Kingdom). (2020). 

https://doi.org/10.1016/j.mpmed.2019.11.001. 

[11] M. Lavdaniti, E.C. Fradelos, K. Troxoutsou, E. Zioga, D. Mitsi, V. Alikari, S. Zyga, Symptoms in 

Advanced Cancer Patients in a Greek Hospital: a Descriptive Study, Asian Pac. J. Cancer Prev. 19 

(2018) 1047–1052. https://doi.org/10.22034/APJCP.2018.19.4.1047. 

[12] K.L. Kwekkeboom, Cancer Symptom Cluster Management, Semin. Oncol. Nurs. (2016). 

https://doi.org/10.1016/j.soncn.2016.08.004. 

[13] F. Costa, Epigenomics in cancer management, Cancer Manag. Res. (2010) 255. 

https://doi.org/10.2147/CMR.S7280. 

[14] A. Carbone, Cancer Classification at the Crossroads, Cancers (Basel). 12 (2020) 980. 

https://doi.org/10.3390/cancers12040980. 

[15] A. Satija, S. Bhatnagar, Complementary therapies for symptom management in cancer patients, Indian J. 

Palliat. Care. (2017). https://doi.org/10.4103/IJPC.IJPC_100_17. 

[16] S. Wang, A. Prizment, B. Thyagarajan, A. Blaes, Cancer Treatment-Induced Accelerated Aging in 

Cancer Survivors: Biology and Assessment, Cancers (Basel). 13 (2021) 427. 

https://doi.org/10.3390/cancers13030427. 

[17] J.-J. Wang, K.-F. Lei, F. Han, Tumor microenvironment: recent advances in various cancer treatments., 

Eur. Rev. Med. Pharmacol. Sci. 22 (2018) 3855–3864. https://doi.org/10.26355/eurrev_201806_15270. 

[18] M. Handa, A. Sharma, R.K. Verma, R. Shukla, Polycaprolactone based nano-carrier for co-

administration of moxifloxacin and rutin and its In-vitro evaluation for sepsis, J. Drug Deliv. Sci. 

Technol. 54 (2019). https://doi.org/10.1016/j.jddst.2019.101286. 

[19] A. Srivastava, P. Srivastava, A. Pandey, V.K. Khanna, A.B. Pant, Phytomedicine, in: New Look to 



25 
 

Phytomedicine, Elsevier, 2019: pp. 625–655. https://doi.org/10.1016/B978-0-12-814619-4.00025-2. 

[20] M. Handa, S. Tiwari, A.K. Yadav, W.H. Almalki, S. Alghamdi, K.S. Alharbi, R. Shukla, S. Beg, 

Therapeutic potential of nanoemulsions as feasible wagons for targeting Alzheimer’s disease, Drug 

Discov. Today. (2021). https://doi.org/10.1016/j.drudis.2021.07.020. 

[21] S. Hwang, Traditional medicine, modern science and the upgrading of the local pharmaceutical 

industry: endogenous development of the phytomedicine innovation system in Korea, Innov. Dev. 10 

(2020) 413–431. https://doi.org/10.1080/2157930X.2019.1679953. 

[22] H. Wagner, Trends and Challenges in Phytomedicine: Research in the New Millennium, in: Handb. 

Med. Plants, CRC Press, 2005: pp. 3–28. https://doi.org/10.1201/9781482278026-1. 

[23] H. Wagner, Natural products chemistry and phytomedicine research in the new millennium: new 

developments and challenges, Arkivoc. 2004 (2004) 277–284. 

https://doi.org/10.3998/ark.5550190.0005.722. 

[24] The Application of Phytomedicine in Modern Drug Development, Internet J. Herb. Plant Med. 1 (2012). 

https://doi.org/10.5580/2c1f. 

[25] S. Bhardwaj, R. Verma, J. Gupta, Challenges and future prospects of herbal medicine, Int. Res. Med. 

Heal. Sci. (2018). https://doi.org/10.36437/irmhs.2018.1.1.D. 

[26] M.A. Barkat, A. Goyal, H.A. Barkat, M. Salauddin, F.H. Pottoo, E.T. Anwer, Herbal Medicine: Clinical 

Perspective &amp; Regulatory Status, Comb. Chem. High Throughput Screen. 23 (2020). 

https://doi.org/10.2174/1386207323999201110192942. 

[27] D.J. Fonmboh, E.R. Abah, T.E. Fokunang, B. Herve, G.N. Teke, N.M. Rose, N.N. Borgia, L.B. 

Fokunang, B.N. Andrew, N. Kaba, N. Bathelemy, F.C. Ntungwen, An Overview of Methods of 

Extraction, Isolation and Characterization of Natural Medicinal Plant Products in Improved Traditional 

Medicine Research, Asian J. Res. Med. Pharm. Sci. (2020) 31–57. 

https://doi.org/10.9734/ajrimps/2020/v9i230152. 

[28] S. Gopi, A. Amalraj, Introduction of Nanotechnology in Herbal Drugs and Nutraceutical: A Review, J. 

Nanomedine. Biotherapeutic Discov. 6 (2016). https://doi.org/10.4172/2155-983X.1000143. 

[29] B.V. Bonifácio, P.B. da Silva, M.A.D.S. Ramos, K.M.S. Negri, T.M. Bauab, M. Chorilli, 

Nanotechnology-based drug delivery systems and herbal medicines: a review., Int. J. Nanomedicine. 9 

(2014) 1–15. https://doi.org/10.2147/IJN.S52634. 

[30] A. Alexander, Ajazuddin, R.J. Patel, S. Saraf, S. Saraf, Recent expansion of pharmaceutical 

nanotechnologies and targeting strategies in the field of phytopharmaceuticals for the delivery of herbal 

extracts and bioactives, J. Control. Release. 241 (2016) 110–124. 

https://doi.org/10.1016/j.jconrel.2016.09.017. 

[31] P. Salunkhe, P. Bhoyar, A. Gode, S.P. Shewale, Application of Nanotechnology to the Extraction of 

Herbal Components for Medicinal Uses, Curr. Nanomater. 5 (2020) 4–11. 

https://doi.org/10.2174/2405461504666190830094917. 

[32] S. Beg, W.H. Almalki, F. Khatoon, K.S. Alharbi, S. Alghamdi, M.H. Akhter, H. Khalilullah, A.A. 

Baothman, A. Hafeez, M. Rahman, S. Akhter, H. Choudhry, Lipid/polymer-based nanocomplexes in 

nucleic acid delivery as cancer vaccines, Drug Discov. Today. (2021). 

https://doi.org/10.1016/j.drudis.2021.02.013. 

[33] O. Sogut, U. Aydemir Sezer, S. Sezer, Liposomal delivery systems for herbal extracts, J. Drug Deliv. 

Sci. Technol. 61 (2021) 102147. https://doi.org/10.1016/j.jddst.2020.102147. 

[34] J. Zhang, X. Li, L. Huang, Anticancer activities of phytoconstituents and their liposomal targeting 

strategies against tumor cells and the microenvironment, Adv. Drug Deliv. Rev. 154–155 (2020) 245–

273. https://doi.org/10.1016/j.addr.2020.05.006. 

[35] N. Poonia, J. Kaur Narang, V. Lather, S. Beg, T. Sharma, B. Singh, D. Pandita, Resveratrol loaded 

functionalized nanostructured lipid carriers for breast cancer targeting: Systematic development, 

characterization and pharmacokinetic evaluation, Colloids Surfaces B Biointerfaces. (2019). 

https://doi.org/10.1016/j.colsurfb.2019.06.004. 

[36] S. Caldeira de Araújo Lopes, M. Vinícius Melo Novais, C. Salviano Teixeira, K. Honorato-Sampaio, M. 

Tadeu Pereira, L.A.M. Ferreira, F.C. Braga, M. Cristina Oliveira, Preparation, Physicochemical 

Characterization, and Cell Viability Evaluation of Long-Circulating and pH-Sensitive Liposomes 

Containing Ursolic Acid, Biomed Res. Int. 2013 (2013) 1–7. https://doi.org/10.1155/2013/467147. 

[37] W. Wang, L. Zhang, Y. Le, J.-F. Chen, J. Wang, J. Yun, Synergistic effect of PEGylated resveratrol on 

delivery of anticancer drugs, Int. J. Pharm. 498 (2016) 134–141. 

https://doi.org/10.1016/j.ijpharm.2015.12.016. 

[38] G. Sailor, A. Seth, G. Parmar, S. Chauhan, A. Javia, Formulation and in vitro evaluation of berberine 

containing liposome optimized by 32 full factorial designs, J. Appl. Pharm. Sci. (2015) 023–028. 

https://doi.org/10.7324/JAPS.2015.50704. 

[39] F. Odeh, S.I. Ismail, R. Abu-Dahab, I.S. Mahmoud, A. Al Bawab, Thymoquinone in liposomes: A study 



26 
 

of loading efficiency and biological activity towards breast cancer, Drug Deliv. (2012). 

https://doi.org/10.3109/10717544.2012.727500. 

[40] N. Saengkrit, S. Saesoo, W. Srinuanchai, S. Phunpee, U.R. Ruktanonchai, Influence of curcumin-loaded 

cationic liposome on anticancer activity for cervical cancer therapy, Colloids Surfaces B Biointerfaces. 

114 (2014) 349–356. https://doi.org/10.1016/j.colsurfb.2013.10.005. 

[41] A.P. Ranjan, A. Mukerjee, L. Helson, R. Gupta, J.K. Vishwanatha, Efficacy of liposomal curcumin in a 

human pancreatic tumor xenograft model: Inhibition of tumor growth and angiogenesis, Anticancer Res. 

(2013). 

[42] S.S. Dhule, P. Penfornis, T. Frazier, R. Walker, J. Feldman, G. Tan, J. He, A. Alb, V. John, R. 

Pochampally, Curcumin-loaded γ-cyclodextrin liposomal nanoparticles as delivery vehicles for 

osteosarcoma, Nanomedicine Nanotechnology, Biol. Med. 8 (2012) 440–451. 

https://doi.org/10.1016/j.nano.2011.07.011. 

[43] M. Mahmud, A. Piwoni, N. Filiczak, M. Janicka, J. Gubernator, Long-circulating curcumin-loaded 

liposome formulations with high incorporation efficiency, stability and anticancer activity towards 

pancreatic adenocarcinoma cell lines in vitro, PLoS One. (2016). 

https://doi.org/10.1371/journal.pone.0167787. 

[44] T. Yang, F. De Cui, M.K. Choi, J.W. Cho, S.J. Chung, C.K. Shim, D.D. Kim, Enhanced solubility and 

stability of PEGylated liposomal paclitaxel: In vitro and in vivo evaluation, Int. J. Pharm. (2007). 

https://doi.org/10.1016/j.ijpharm.2007.02.011. 

[45] M. Sainakham, A. Manosroi, M. Abe, W. Manosroi, J. Manosroi, Potent in vivo anticancer activity and 

stability of liposomes encapsulated with semi-purified Job’s tear (Coix lacryma-jobi Linn.) extracts on 

human colon adenocarcinoma (HT-29) xenografted mice, Drug Deliv. (2016). 

https://doi.org/10.1080/10717544.2016.1189464. 

[46] N.R. Kuznetsova, E. V. Svirshchevskaya, N.S. Sitnikov, L. Abodo, H. Sutorius, J. Zapke, J. Velder, P. 

Thomopoulou, H. Oschkinat, A. Prokop, H.G. Schmalz, A.Y. Fedorov, E.L. Vodovozova, Lipophilic 

prodrugs of a triazole-containing colchicine analogue in liposomes: Biological effects on human tumor 

cells, Russ. J. Bioorganic Chem. 39 (2013) 543–552. https://doi.org/10.1134/S1068162013050105. 

[47] K. Jyoti, R.S. Pandey, J. Madan, U.K. Jain, Inhalable cationic niosomes of curcumin enhanced drug 

delivery and apoptosis in lung cancer cells, Indian J. Pharm. Educ. Res. (2016). 

https://doi.org/10.5530/ijper.50.2.14. 

[48] V. Sharma, S. Anandhakumar, M. Sasidharan, Self-degrading niosomes for encapsulation of hydrophilic 

and hydrophobic drugs: An efficient carrier for cancer multi-drug delivery, Mater. Sci. Eng. C. 56 

(2015) 393–400. https://doi.org/10.1016/j.msec.2015.06.049. 

[49] M. Handa, R.R. Ujjwal, N. Vasdev, S.J.S. Flora, R. Shukla, Optimization of Surfactant- and 

Cosurfactant-Aided Pine Oil Nanoemulsions by Isothermal Low-Energy Methods for Anticholinesterase 

Activity, ACS Omega. 6 (2021) 559–568. https://doi.org/10.1021/acsomega.0c05033. 

[50] R.K. Harwansh, R. Deshmukh, M.A. Rahman, Nanoemulsion: Promising nanocarrier system for 

delivery of herbal bioactives, J. Drug Deliv. Sci. Technol. 51 (2019) 224–233. 

https://doi.org/10.1016/j.jddst.2019.03.006. 

[51] K. Kaur, R. Kumar, S.K. Mehta, Formulation of saponin stabilized nanoemulsion by ultrasonic method 

and its role to protect the degradation of quercitin from UV light, Ultrason. Sonochem. 31 (2016) 29–38. 

https://doi.org/10.1016/j.ultsonch.2015.11.017. 

[52] S. Pund, R. Thakur, U. More, A. Joshi, Lipid based nanoemulsifying resveratrol for improved 

physicochemical characteristics, in vitro cytotoxicity and in vivo antiangiogenic efficacy, Colloids 

Surfaces B Biointerfaces. 120 (2014) 110–117. https://doi.org/10.1016/j.colsurfb.2014.05.016. 

[53] V. Mathur, Y. Satrawala, M.S. Rajput, P. Kumar, P. Shrivastava, A. Vishvkarma, Solid lipid 

nanoparticles in cancer therapy., Int. J. Drug Deliv. 2 (2010) 192–199. 

https://doi.org/10.5138/ijdd.2010.0975.0215.02029. 

[54] M. Damani, K. Baxi, C. Aranha, S.P. Sawarkar, Recent Advances in Herbal Drug Nanocarriers against 

Cervical Cancer, Crit. Rev. Ther. Drug Carr. Syst. 38 (2021) 37–78. 

https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2020034170. 

[55] H. Hu, D. Liu, X. Zhao, M. Qiao, D. Chen, Preparation, characterization, cellular uptake and evaluation 

in vivo of solid lipid nanoparticles loaded with cucurbitacin B, Drug Dev. Ind. Pharm. 39 (2013) 770–

779. https://doi.org/10.3109/03639045.2012.702348. 

[56] R.R. Zhu, L.L. Qin, M. Wang, S.M. Wu, S.L. Wang, R. Zhang, Z.X. Liu, X.Y. Sun, S.D. Yao, 

Preparation, characterization, and anti-tumor property of podophyllotoxin-loaded solid lipid 

nanoparticles, Nanotechnology. 20 (2009) 055702. https://doi.org/10.1088/0957-4484/20/5/055702. 

[57] J. Madan, R.S. Pandey, V. Jain, O.P. Katare, R. Chandra, A. Katyal, Poly (ethylene)-glycol conjugated 

solid lipid nanoparticles of noscapine improve biological half-life, brain delivery and efficacy in 

glioblastoma cells, Nanomedicine Nanotechnology, Biol. Med. 9 (2013) 492–503. 



27 
 

https://doi.org/10.1016/j.nano.2012.10.003. 

[58] L. Wang, H. Li, S. Wang, R. Liu, Z. Wu, C. Wang, Y. Wang, M. Chen, Enhancing the antitumor 

activity of berberine hydrochloride by solid lipid nanoparticle encapsulation, AAPS PharmSciTech. 

(2014). https://doi.org/10.1208/s12249-014-0112-0. 

[59] S. Wang, T. Chen, R. Chen, Y. Hu, M. Chen, Y. Wang, Emodin loaded solid lipid nanoparticles: 

Preparation, characterization and antitumor activity studies, Int. J. Pharm. 430 (2012) 238–246. 

https://doi.org/10.1016/j.ijpharm.2012.03.027. 

[60] M. Haider, S.M. Abdin, L. Kamal, G. Orive, Nanostructured Lipid Carriers for Delivery of 

Chemotherapeutics: A Review, Pharmaceutics. 12 (2020) 288. 

https://doi.org/10.3390/pharmaceutics12030288. 

[61] P. Jaiswal, B. Gidwani, A. Vyas, Nanostructured lipid carriers and their current application in targeted 

drug delivery, Artif. Cells, Nanomedicine, Biotechnol. 44 (2016) 27–40. 

https://doi.org/10.3109/21691401.2014.909822. 

[62] M. Lin, L. Teng, Y. Wang, J. Zhang, X. Sun, Curcumin-guided nanotherapy: a lipid-based 

nanomedicine for targeted drug delivery in breast cancer therapy, Drug Deliv. 23 (2016) 1420–1425. 

https://doi.org/10.3109/10717544.2015.1066902. 

[63] K. Jyoti, K. Kaur, R.S. Pandey, U.K. Jain, R. Chandra, J. Madan, Inhalable nanostructured lipid 

particles of 9-bromo-noscapine, a tubulin-binding cytotoxic agent: In vitro and in vivo studies, J. 

Colloid Interface Sci. (2015). https://doi.org/10.1016/j.jcis.2014.12.092. 

[64] W.K. Ng, L. Saiful Yazan, L.H. Yap, W.A.G. Wan Nor Hafiza, C.W. How, R. Abdullah, 

Thymoquinone-loaded nanostructured lipid carrier exhibited cytotoxicity towards breast cancer cell 

lines (MDA-MB-231 and MCF-7) and cervical cancer cell lines (HeLa and SiHa), Biomed Res. Int. 

(2015). https://doi.org/10.1155/2015/263131. 

[65] X.Y. Zhang, H. Qiao, J.M. Ni, Y. Bin Shi, Y. Qiang, Preparation of isoliquiritigenin-loaded 

nanostructured lipid carrier and the in vivo evaluation in tumor-bearing mice, Eur. J. Pharm. Sci. 49 

(2013) 411–422. https://doi.org/10.1016/j.ejps.2013.04.020. 

[66] R. Grasso, P. Dell’Albani, C. Carbone, M. Spatuzza, R. Bonfanti, G. Sposito, G. Puglisi, F. Musumeci, 

A. Scordino, A. Campisi, Synergic pro-apoptotic effects of Ferulic Acid and nanostructured lipid carrier 

in glioblastoma cells assessed through molecular and Delayed Luminescence studies, Sci. Rep. (2020). 

https://doi.org/10.1038/s41598-020-61670-3. 

[67] H. Rahman, A. Rasedee, C.W. How, A.B. Abdul, Z.N. Allaudin, H.H. Othman, M. Saeed, S.K. Yeap, 

Zerumbone-loaded nanostructured lipid carriers: preparation, characterization, and antileukemic effect, 

Int. J. Nanomedicine. (2013) 2769. https://doi.org/10.2147/IJN.S45313. 

[68] J. Whitlow, S. Pacelli, A. Paul, Polymeric Nanohybrids as a New Class of Therapeutic Biotransporters, 

Macromol. Chem. Phys. 217 (2016) 1245–1259. https://doi.org/10.1002/macp.201500464. 

[69] M. Rahman, K.S. Alharbi, N.K. Alruwaili, N. Anfinan, W.H. Almalki, I. Padhy, U. Sambamoorthy, S. 

Swain, S. Beg, Nucleic acid-loaded lipid-polymer nanohybrids as novel nanotherapeutics in anticancer 

therapy, Expert Opin. Drug Deliv. (2020). https://doi.org/10.1080/17425247.2020.1757645. 

[70] S. Prakash, M. Malhotra, W. Shao, C. Tomaro-Duchesneau, S. Abbasi, Polymeric nanohybrids and 

functionalized carbon nanotubes as drug delivery carriers for cancer therapy, Adv. Drug Deliv. Rev. 63 

(2011) 1340–1351. https://doi.org/10.1016/j.addr.2011.06.013. 

[71] M. Rahman, M. Alrobaian, W.H. Almalki, M.H. Mahnashi, B.A. Alyami, A.O. Alqarni, Y.S. Alqahtani, 

K.S. Alharbi, S. Alghamdi, S.K. Panda, A. Fransis, A. Hafeez, S. Beg, Superbranched polyglycerol 

nanostructures as drug delivery and theranostics tools for cancer treatment, Drug Discov. Today. (2021). 

https://doi.org/10.1016/j.drudis.2020.11.007. 

[72] M. Zare, Z. Norouzi Roshan, E. Assadpour, S.M. Jafari, Improving the cancer prevention/treatment role 

of carotenoids through various nano-delivery systems, Crit. Rev. Food Sci. Nutr. 61 (2021) 522–534. 

https://doi.org/10.1080/10408398.2020.1738999. 

[73] Z. Shi, M. Alrobaian, I. Kazmi, O. Afzal, A.S.A. Altamimi, F.A. Al-Abbasi, W.H. Almalki, A.A. 

Baothman, H. Choudhry, M. Rahman, T.J. Webster, S. Beg, Cationic self-nanoemulsifying formulations 

of tamoxifen with improved biopharmaceutical attributes and anticancer activity: Systematic 

development and evaluation, J. Mol. Liq. (2020). https://doi.org/10.1016/j.molliq.2020.114534. 

[74] U. T. Phan, K. T. Nguyen, T. V. Vo, W. Duan, P. H.L. Tran, T.D. Tran, Investigation of Fucoidan-Oleic 

Acid Conjugate for Delivery of Curcumin and Paclitaxel, Anticancer. Agents Med. Chem. 16 (2016) 

1281–1287. https://doi.org/10.2174/1567201810666131124140259. 

[75] I.A. Siddiqui, V.M. Adhami, D.J. Bharali, B.B. Hafeez, M. Asim, S.I. Khwaja, N. Ahmad, H. Cui, S.A. 

Mousa, H. Mukhtar, Introducing Nanochemoprevention as a Novel Approach for Cancer Control: Proof 

of Principle with Green Tea Polyphenol Epigallocatechin-3-Gallate, Cancer Res. 69 (2009) 1712–1716. 

https://doi.org/10.1158/0008-5472.CAN-08-3978. 

[76] J.E. Chung, S. Tan, S.J. Gao, N. Yongvongsoontorn, S.H. Kim, J.H. Lee, H.S. Choi, H. Yano, L. Zhuo, 



28 
 

M. Kurisawa, J.Y. Ying, Self-assembled micellar nanocomplexes comprising green tea catechin 

derivatives and protein drugs for cancer therapy, Nat. Nanotechnol. (2014). 

https://doi.org/10.1038/nnano.2014.208. 

[77] S. Bisht, G. Feldmann, S. Soni, R. Ravi, C. Karikar, A. Maitra, A. Maitra, Polymeric nanoparticle-

encapsulated curcumin (“nanocurcumin”): A novel strategy for human cancer therapy, J. 

Nanobiotechnology. (2007). https://doi.org/10.1186/1477-3155-5-3. 

[78] L. Qi, K. Wang, C. Ye, S. Zheng, Special Issues Encountered When Cancer Patients Confront COVID-

19, Front. Oncol. 10 (2020). https://doi.org/10.3389/fonc.2020.01380. 

[79] H. Liu, D. Yang, X. Chen, Z. Sun, Y. Zou, C. Chen, S. Sun, The effect of anticancer treatment on cancer 

patients with COVID‐19: A systematic review and meta‐analysis, Cancer Med. 10 (2021) 1043–1056. 

https://doi.org/10.1002/cam4.3692. 

[80] F.L. Yen, T.H. Wu, L.T. Lin, T.M. Cham, C.C. Lin, Nanoparticles formulation of Cuscuta chinensis 

prevents acetaminophen-induced hepatotoxicity in rats, Food Chem. Toxicol. (2008). 

https://doi.org/10.1016/j.fct.2008.01.021. 

[81] S. Alippilakkotte, L. Sreejith, Pectin mediated synthesis of curcumin loaded poly(lactic acid) 

nanocapsules for cancer treatment, J. Drug Deliv. Sci. Technol. (2018). 

https://doi.org/10.1016/j.jddst.2018.09.001. 

[82] C.T. Sengel-Turk, N. Ozmen, F. Bakar-Ates, Design, characterization and evaluation of cucurbitacin B-

loaded core–shell-type hybrid nano-sized particles using DoE approach, Polym. Bull. (2021). 

https://doi.org/10.1007/s00289-020-03256-7. 

[83] P. Mathur, S. Rawal, B. Patel, M.M. Patel, Oral Delivery of Anticancer Agents Using Nanoparticulate 

Drug Delivery System, Curr. Drug Metab. 20 (2020) 1132–1140. 

https://doi.org/10.2174/1389200220666191007154017. 

[84] L. Kaur, H.S. Sohal, M. Kaur, D.S. Malhi, S. Garg, A Mini-Review on Nano Technology in the Tumour 

Targeting Strategies: Drug Delivery to Cancer Cells, Anticancer. Agents Med. Chem. (2020). 

https://doi.org/10.2174/1871520620666200804103714. 

[85] J. Karbwang, F.P. Crawley, K. Na-Bangchang, C. Maramba-Lazarte, Herbal Medicine Development: 

Methodologies, Challenges, and Issues, Evidence-Based Complement. Altern. Med. (2019). 

https://doi.org/10.1155/2019/4935786. 

[86] J. Zhang, B. Wider, H. Shang, X. Li, E. Ernst, Quality of herbal medicines: Challenges and solutions, 

Complement. Ther. Med. 20 (2012) 100–106. https://doi.org/10.1016/j.ctim.2011.09.004. 

[87] S. Zafar, G.K. Jain, F.J. Ahmad, Nanomedicine approaches for the delivery of herbal anticancer drugs, 

in: Nanomedicine Bioact. Healthc. Appl., 2020. https://doi.org/10.1007/978-981-15-1664-1_7. 

[88] S. Wang, M. Chen, Q.T. Zhou, H.-K. Chan, NOVEL FORMULATIONS AND DRUG DELIVERY 

SYSTEMS FOR PHYTOTHERAPIES, in: Phytotherapies, John Wiley & Sons, Inc., Hoboken, NJ, 

USA, 2015: pp. 89–100. https://doi.org/10.1002/9781119006039.ch5. 

[89] L. Guerrini, R. Alvarez-Puebla, N. Pazos-Perez, Surface Modifications of Nanoparticles for Stability in 

Biological Fluids, Materials (Basel). 11 (2018) 1154. https://doi.org/10.3390/ma11071154. 

[90] G. Moku, V.R. Gopalsamuthiram, T.R. Hoye, J. Panyam, Surface modification of nanoparticles: 

Methods and applications, in: Surf. Modif. Polym. Methods Appl., 2019. 

https://doi.org/10.1002/9783527819249.ch11. 

[91] P.Q. Ng, L.S.C. Ling, J. Chellian, T. Madheswaran, J. Panneerselvam, A.P. Kunnath, G. Gupta, S. 

Satija, M. Mehta, P.M. Hansbro, T. Collet, K. Dua, D.K. Chellappan, Applications of Nanocarriers as 

Drug Delivery Vehicles for Active Phytoconstituents, Curr. Pharm. Des. 26 (2020) 4580–4590. 

https://doi.org/10.2174/1381612826666200610111013. 

[92] A. Vijayakumar, R. Baskaran, Y.S. Jang, S.H. Oh, B.K. Yoo, Quercetin-Loaded Solid Lipid 

Nanoparticle Dispersion with Improved Physicochemical Properties and Cellular Uptake, AAPS 

PharmSciTech. 18 (2017) 875–883. https://doi.org/10.1208/s12249-016-0573-4. 

[93] T. Garanti, M.A. Alhnan, K.-W. Wan, RGD-decorated solid lipid nanoparticles enhance tumor 

targeting, penetration and anticancer effect of asiatic acid, Nanomedicine. 15 (2020) 1567–1583. 

https://doi.org/10.2217/nnm-2020-0035. 

[94] T. Garanti, A. Stasik, A.J. Burrow, M.A. Alhnan, K.W. Wan, Anti-glioma activity and the mechanism 

of cellular uptake of asiatic acid-loaded solid lipid nanoparticles, Int. J. Pharm. (2016). 

https://doi.org/10.1016/j.ijpharm.2016.01.018. 

[95] D. Ling, M.J. Hackett, T. Hyeon, Surface ligands in synthesis, modification, assembly and biomedical 

applications of nanoparticles, Nano Today. (2014). https://doi.org/10.1016/j.nantod.2014.06.005. 

[96] S. Chaturvedi, A. Verma, V.A. Saharan, Lipid Drug Carriers for Cancer Therapeutics: An Insight into 

Lymphatic Targeting, P-gp, CYP3A4 Modulation and Bioavailability Enhancement, Adv. Pharm. Bull. 

10 (2020) 524–541. https://doi.org/10.34172/apb.2020.064. 

[97] P. Sánchez-Moreno, J.L. Ortega-Vinuesa, A. Martín-Rodríguez, H. Boulaiz, J.A. Marchal-Corrales, 



29 
 

J.M. Peula-García, Characterization of different functionalized lipidic nanocapsules as potential drug 

carriers, Int. J. Mol. Sci. (2012). https://doi.org/10.3390/ijms13022405. 

[98] N.A. Azeez, V.S. Deepa, V. Sivapriya, Phytosomes: emergent promising nano vesicular drug delivery 

system for targeted tumor therapy, Adv. Nat. Sci. Nanosci. Nanotechnol. 9 (2018) 033001. 

https://doi.org/10.1088/2043-6254/aadc50. 

[99] Q.-Y. Wei, K.-M. He, J.-L. Chen, Y.-M. Xu, A.T.Y. Lau, Phytofabrication of Nanoparticles as Novel 

Drugs for Anticancer Applications, Molecules. 24 (2019) 4246. 

https://doi.org/10.3390/molecules24234246. 

[100] P. Upadhyay, M. Bhattacharjee, S. Bhattacharya, M. Ahir, A. Adhikary, P. Patra, Silymarin-Loaded, 

Lactobionic Acid-Conjugated Porous PLGA Nanoparticles Induce Apoptosis in Liver Cancer Cells, 

ACS Appl. Bio Mater. 3 (2020) 7178–7192. https://doi.org/10.1021/acsabm.0c00987. 

[101] S. Narayanan, N.S. Binulal, U. Mony, K. Manzoor, S. Nair, D. Menon, Folate targeted polymeric 

“green” nanotherapy for cancer, Nanotechnology. (2010). https://doi.org/10.1088/0957-

4484/21/28/285107. 

[102] P. Kandra, H.P.J. Kalangi, Current understanding of synergistic interplay of chitosan nanoparticles and 

anticancer drugs: merits and challenges, Appl. Microbiol. Biotechnol. 99 (2015) 2055–2064. 

https://doi.org/10.1007/s00253-015-6384-9. 

[103] N. Poonia, V. Lather, J.K. Narang, S. Beg, D. Pandita, Resveratrol-loaded folate targeted lipoprotein-

mimetic nanoparticles with improved cytotoxicity, antioxidant activity and pharmacokinetic profile, 

Mater. Sci. Eng. C. 114 (2020) 111016. https://doi.org/10.1016/j.msec.2020.111016. 

[104] H.M. Aldawsari, N.A. Alhakamy, R. Padder, M. Husain, S. Md, Preparation and characterization of 

chitosan coated plga nanoparticles of resveratrol: Improved stability, antioxidant and apoptotic activities 

in H1299 lung cancer cells, Coatings. (2020). https://doi.org/10.3390/COATINGS10050439. 

[105] N. Tyagi, R. De, J. Begun, A. Popat, Cancer therapeutics with epigallocatechin-3-gallate encapsulated in 

biopolymeric nanoparticles, Int. J. Pharm. (2017). https://doi.org/10.1016/j.ijpharm.2016.12.030. 

[106] D.S. Hsieh, H. Wang, S.W. Tan, Y.H. Huang, C.Y. Tsai, M.K. Yeh, C.J. Wu, The treatment of bladder 

cancer in a mouse model by epigallocatechin-3-gallate-gold nanoparticles, Biomaterials. (2011). 

https://doi.org/10.1016/j.biomaterials.2011.06.073. 

[107] C.C. Chen, D.S. Hsieh, K.J. Huang, Y.L. Chan, P. Da Hong, M.K. Yeh, C.J. Wu, Improving anticancer 

efficacy of (-)-epigallocatechin-3-gallate gold nanoparticles in murine B16F10 melanoma cells, Drug 

Des. Devel. Ther. (2014). https://doi.org/10.2147/DDDT.S58414. 

[108] S. Beg, S.M. Kawish, S.K. Panda, M. Tarique, A. Malik, S. Afaq, A.S. Al-Samghan, J. Iqbal, K. Alam, 

M. Rahman, Nanomedicinal strategies as efficient therapeutic interventions for delivery of cancer 

vaccines, Semin. Cancer Biol. 69 (2021) 43–51. https://doi.org/10.1016/j.semcancer.2019.10.005. 

[109] M. Prieto-Vila, R. Takahashi, W. Usuba, I. Kohama, T. Ochiya, Drug Resistance Driven by Cancer 

Stem Cells and Their Niche, Int. J. Mol. Sci. 18 (2017) 2574. https://doi.org/10.3390/ijms18122574. 

[110] A.D. Miller, Lipid-Based Nanoparticles in Cancer Diagnosis and Therapy, J. Drug Deliv. 2013 (2013) 

1–9. https://doi.org/10.1155/2013/165981. 

[111] G. Pasut, F.M. Veronese, State of the art in PEGylation: The great versatility achieved after forty years 

of research, J. Control. Release. 161 (2012) 461–472. https://doi.org/10.1016/j.jconrel.2011.10.037. 

[112] M. Imran, A. Rauf, T. Abu-Izneid, M. Nadeem, M.A. Shariati, I.A. Khan, A. Imran, I.E. Orhan, M. 

Rizwan, M. Atif, T.A. Gondal, M.S. Mubarak, Luteolin, a flavonoid, as an anticancer agent: A review, 

Biomed. Pharmacother. 112 (2019) 108612. https://doi.org/10.1016/j.biopha.2019.108612. 

[113] S.A. Ganai, F.A. Sheikh, Z.A. Baba, M.A. Mir, M.A. Mantoo, M.A. Yatoo, Anticancer activity of the 

plant flavonoid luteolin against preclinical models of various cancers and insights on different signalling 

mechanisms modulated, Phyther. Res. (2021) ptr.7044. https://doi.org/10.1002/ptr.7044. 

[114] J.W. Singer, Paclitaxel poliglumex (XYOTAXTM, CT-2103): A macromolecular taxane, J. Control. 

Release. 109 (2005) 120–126. https://doi.org/10.1016/j.jconrel.2005.09.033. 

[115] Y. Liu, K.M. Castro Bravo, J. Liu, Targeted liposomal drug delivery: A nanoscience and biophysical 

perspective, Nanoscale Horizons. (2021). https://doi.org/10.1039/d0nh00605j. 

[116] I. Borišev, J. Mrđanovic, D. Petrovic, M. Seke, D. Jović, B. Srđenović, N. Latinovic, A. Djordjevic, 

Nanoformulations of doxorubicin: how far have we come and where do we go from here?, 

Nanotechnology. 29 (2018) 332002. https://doi.org/10.1088/1361-6528/aac7dd. 

[117] P.C. Lyon, L.F. Griffiths, J. Lee, D. Chung, R. Carlisle, F. Wu, M.R. Middleton, F. V. Gleeson, C.C. 

Coussios, Clinical trial protocol for TARDOX: A phase I study to investigate the feasibility of targeted 

release of lyso-thermosensitive liposomal doxorubicin (ThermoDox®) using focused ultrasound in 

patients with liver tumours, J. Ther. Ultrasound. (2017). https://doi.org/10.1186/s40349-017-0104-0. 

[118] Y. Dou, K. Hynynen, C. Allen, To heat or not to heat: Challenges with clinical translation of 

thermosensitive liposomes, J. Control. Release. 249 (2017) 63–73. 

https://doi.org/10.1016/j.jconrel.2017.01.025. 



30 
 

[119] S. Nardecchia, P. Sánchez-Moreno, J. de Vicente, J.A. Marchal, H. Boulaiz, Clinical trials of 

thermosensitive nanomaterials: An overview, Nanomaterials. (2019). 

https://doi.org/10.3390/nano9020191. 

[120] Y.-Q. Huang, J.-D. Yuan, H.-F. Ding, Y.-S. Song, G. Qian, J.-L. Wang, M. Ji, Y. Zhang, Design, 

synthesis and antitumor activity of a novel PEG-A6-conjugated irinotecan derivative, Bioorg. Med. 

Chem. Lett. 30 (2020) 126847. https://doi.org/10.1016/j.bmcl.2019.126847. 

[121] S.S. Kang, Estimation of efficacy and safety of a Cremophor-free, polymeric micelle formulation of 

paclitaxel, in recurrent or metastatic breast cancer patients, Ann. Oncol. 29 (2018) ix17. 

https://doi.org/10.1093/annonc/mdy428.009. 

[122] S. Doppalapudi, A. Jain, A.J. Domb, W. Khan, Biodegradable polymers for targeted delivery of anti-

cancer drugs, Expert Opin. Drug Deliv. (2016). https://doi.org/10.1517/17425247.2016.1156671. 

[123] Q. Chen, C. Liang, C. Wang, Z. Liu, An Imagable and Photothermal “Abraxane-Like” Nanodrug for 

Combination Cancer Therapy to Treat Subcutaneous and Metastatic Breast Tumors, Adv. Mater. 27 

(2015) 903–910. https://doi.org/10.1002/adma.201404308. 

[124] Y. Chen, Y. Deng, C. Zhu, C. Xiang, Anti prostate cancer therapy: Aptamer-functionalized, curcumin 

and cabazitaxel co-delivered, tumor targeted lipid-polymer hybrid nanoparticles, Biomed. 

Pharmacother. (2020). https://doi.org/10.1016/j.biopha.2020.110181. 

[125] N. Plenagl, L. Duse, B.S. Seitz, N. Goergen, S.R. Pinnapireddy, J. Jedelska, J. Brüßler, U. Bakowsky, 

Photodynamic therapy – hypericin tetraether liposome conjugates and their antitumor and 

antiangiogenic activity, Drug Deliv. 26 (2019) 23–33. https://doi.org/10.1080/10717544.2018.1531954. 

[126] F. Trotta, C. Dianzani, F. Caldera, B. Mognetti, R. Cavalli, The application of nanosponges to cancer 

drug delivery, Expert Opin. Drug Deliv. 11 (2014) 931–941. 

https://doi.org/10.1517/17425247.2014.911729. 

[127] A. Rezaei, J. Varshosaz, M. Fesharaki, A. Farhang, S.M. Jafari, Improving the solubility and in vitro 

cytotoxicity (Anticancer activity) of ferulic acid by loading it into cyclodextrin nanosponges, Int. J. 

Nanomedicine. (2019). https://doi.org/10.2147/IJN.S206350. 

[128] M. Daga, I.A.M. de Graaf, M. Argenziano, A.S.M. Barranco, M. Loeck, Y. Al-Adwi, M.A. Cucci, F. 

Caldera, F. Trotta, G. Barrera, A. Casini, R. Cavalli, S. Pizzimenti, Glutathione-responsive cyclodextrin-

nanosponges as drug delivery systems for doxorubicin: Evaluation of toxicity and transport mechanisms 

in the liver, Toxicol. Vitr. (2020). https://doi.org/10.1016/j.tiv.2020.104800. 

[129] M.R. Mozafari, R. Javanmard, M. Raji, Tocosome: Novel drug delivery system containing 

phospholipids and tocopheryl phosphates, Int. J. Pharm. (2017). 

https://doi.org/10.1016/j.ijpharm.2017.06.037. 

[130] Q. Zhou, L. Zhang, T.H. Yang, H. Wu, Stimuli-responsive polymeric micelles for drug delivery and 

cancer therapy, Int. J. Nanomedicine. (2018). https://doi.org/10.2147/IJN.S158696. 

[131] J. Li, J. Van Valkenburgh, X. Hong, P.S. Conti, X. Zhang, K. Chen, Small molecules as theranostic 

agents in cancer immunology, Theranostics. 9 (2019) 7849–7871. https://doi.org/10.7150/thno.37218. 

 

  



31 
 

Table 1: Summarized studies of Nano phytoconstituent done for Cancer 

Phytoconstituent Nanocarrier Type of Cancer Studies done on 

Curcumin 

Nanodisk using 

apolipoprotein scaffold 
Hepatic  

In vitro: Jeko and HepG2 

cells 

Methyl and ethyl 

cellulose nanospheres 

Breast and 

Hepatic  

In vitro: HepG2 and MCF7 

cells 

MethoxyPEG-palmitate 

amphiphilic micelles 
Cervical  In vitro: Hela cells 

Human serum based 

albumin nanoparticles 
Colon In vitro: HCT116 cells 

Fibrinogen 

Breast 

In vitro: PC3 and MCF7 

cells 

PLGA nanospheres In vitro: PC3, LNCaP and 

DU145 cells 

PLGAsulfosuccinimidyl 

nanoparticles 
In vitro: MDA-MB-3 cells 

PEG-5000-PLGA 

nanoparticles 
Breast, colon, 

leukemia, 

oesophageal 

In vitro: MDAMB- 

231, Jurkat, KBM-5, 

DU145, HCT116, and 

SEG-1 cells 

PLGA nanoparticles 

Hepatocellular 

In vivo: N-

Nitrosodiethylamineinduced 

hepatic carcinoma in rats 

PLGA nanoparticles 

(PVA stabilised) 
Ovarian and 

Breast 

In vitro: MDA-MB-3 and 

A2780CP cisplatin resistant 

cells 

Co-administered with 

Doxorubicin PLGA 

nanoparticles 

Myelogenous 

leukemia 

In vitro: K-562 cells 

Chitosan-dextran sulfate 

nanoparticles Breast 

In vitro: PC3 and MCF7 

cells 

Chitosan nanoparticles In vitro: MCF7 cells 

Tricomposite: Chitosan, 

alginate, pluronic 

nanoparticles Cervical 

In vitro: HeLa cells 

Chitosan/PCL 

nanoparticles 

Chitosan coated PBCA 

nanoparticles Hepatocellular 

In vitro and In vivo: HepG2, 

Huh7 and Bel7402 and 

xenografted murine model 

Co-administered with 

Doxorubicin PBCA 

nanoparticles 

Breast 

In vitro: MCF7 cells 

N-isopropylacrylamide, 

N-vinyl-2-pyrrolidinone, 

and 

PEG acrylate micelles 

Pancreatic 

In vitro: BxPC3, AsPC1, 

MiaPaca, 

XPA-1, XPA-2, PL-11, 

PL-12, PL-18, PK-9, and 
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Panc 2.03 cells 

Chitosan-g-poly 

(N-isopropylacrylamide) 

and 

chitosan-g-poly 

(N-vinylcaprolactam) 

nanoparticles 

Breast 

In vitro: MCF 7, PC3, KB 

cells 

β-

cyclodextrinnanosponges 
Prostate 

In vitro: C4-2 and DU145 

cells 

2-hydroxypropyl-γ-

cyclodextrin decorated 

liposomes 

Breast  

In vitro: MCF 7 and KHOS 

cells 

Hybrid nanogels: 

polystyrene 

inner shell and PEG 

outer 

shell with bimetallic 

Ag/Au 

nanoparticle core 

Melanoma 

In vitro: B16F10cells 

Nanogels: chitin Melanoma In vitro: A375 cells 

Chitosan-cholesterol 

micelles 
Breast 

In vitro: MCF 7 cells 

Chitosan nanoparticles Oral In vitro: SCC 9 cells 

Co-administered with 

Chrysin PLGA 

nanoparticles 

Colorectal 

In vitro: Caco-2 cells 

Co-administered with 

metformin PLGA 

nanoparticles 

Breast 

In vitro: T47D cells 

Co-administered with 

docetaxel PLGA 

nanoparticles 

Breast and 

Prostate 

In vitro: MCF 7 and DU145 

cells 

Co-administered with 

Paclitaxel PLGA 

nanoparticles 

Ovarian 

In vitro: A2780 cells 

Co-administered with 5-

fluorouracil PLGA 

nanoparticles 

Breast  

In vitro: MCF cells 

Co-administered with 

aspirin PLGA 

nanoparticles 

Ovarian 

In vitro: SKOV3 cells 

Epigallocatechin 

gallate 

PCL-Carbon nanotube 

based nanofibers  
Hepatocellular 

In vitro: A549 and HepG2 

cells 

Co-administered with 

Caffeic acid based PCL 

nanofibers 

Adenocarcinoma 

In vitro: MKN-28 cells 
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Polysaccharide 

nanoaprticles: 

(maltodextrin-gum 

arabic matrix) 

Prostate 

In vitro: DU145 cells 

Gold nanoparticles 
Bladder 

In vivo: MBT-2 murine 

bladder tumour 

Caseinophosphopeptides 

and chitosan 

Gastric 

carcinoma 

In vitro: Caco-2 cells 

PLA–PEG Breast In vitro: PC 3 cells 

PCL–PLGA–PEG 
Prostate 

In vitro: PSMA-expressing 

LNCaPcells 

Gelatinnanoparticles 

Breast 

In vitro: MDA-MB-3 cells 

Folate-targeted 

BSAnanoparticles 

In vitro: PC 3 cells 

Resveratrol 

Resveratrol-

methoxyPEG-PCL 

nanoparticles 

Glioblastoma  

In vitro: C6 cells 

DQA–PEG2000–DSPE–

liposomes 
Hepatocellular 

In vitro: A549 cells 

Tranferosomes: 

surfactant polysorbate 

80, sodium cholate, and 

sodium 

deossicholate 

Skin 

In vivo: Murine model 

BSA nanoparticles 

Ovarian  

In vivo: SKOV3implanted 

in 

nude mice 

Silymarin PLGA nanoparticles 

Breast  

In vitro: PC-3 cells 

Saponin 

Nanosaponin cross 

linked with sodium 

tripolyphosphate 

In vitro: L929 and PC3 cells 

Grape seed extract PLGA nanoparticles In vitro: MCF 7 cells 

PLGA- Poly(lactic-co-glycolic) acid, PEG-polyethylene glycol,  PVA- Polyvinyl alcohol,  

PCL- Poly(ε-caprolactone),  PBCA- Polybutylcyanoacrylate,  DQA- Dequlinium, DSPE-

Distearoylphosphatidylethanolamine, BSA-Bovine serum albumin 
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Table 2: Phytomedicine-based nanotherapy approved for clinical studies 

Nanocarriers Phytoconstituents Product name Intended for 

Liposomes 

Doxorubicin  

Doxil 

Karposi’s sarcoma, 

Ovarian cancer, 

Multiple myeloma 

Caelyx 

Karposi’s sarcoma, 

multiple myeloma, 

breast andovarian 

cancer 

Lipo-Dox 

Karposi’s sarcoma, 

breast and ovarian 

cancer 

Myocet 

Breast cancer (Co-

administration with 

cyclophosphamide) 

Daunorubicin  DaunoXome Karposi’s sarcoma 

Vincristine Marqibo 
Acute 

lumphocyticleukemia 

Irinotecan MM-398 (PEP02) Pancreatic cancer 

Smart thermo 

sensitive based 

nanosystems 

Doxorubicin ThermoDox 
Hepatocellular 

carcinoma 

Drug-conjugates 

Irinotecan 

NKTR-

102/Etirinotecan 

pegol 

Breast cancer 

Paclitaxel 

Paclitaxel 

poliglumex (PPX) 

Non small cell lung 

cancer 

Micelles 

Genexol-PM Breast cancer 

Paclical Ovarian cancer 

Doxorubicin Livatag 
Hepatocellular 

carcinoma 

Albumin-bound 

nanoparticles 
Paclitaxel Abraxane 

Breast cancer, 

Pancreatic cancer, 

Non small cell lung 

cancer  
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Figure 1:Mechanistic insight on lipidic nanoparticles for tumour targeting application and cascade of physiological events at molecular 

level;[A](i)Passive targeting of lipidic nanoparticles and(ii)Active targeting of nanoparticles to cancer tumours, (B) Uptake of  

lipidic nanoparticles via receptor-mediated endocytosis 

 



36 
 

 

Figure 2: Cellular uptake pathways of different types of multifunctional lipidic carriers 
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Figure 3:Overview of the lipid-based nanoformulations of chemotherapeutic agents in clinics and under clinical trials (Phase I, II, III) 


