
 

Abstract— To improve effectiveness while using very low doses to 

avoid side effects on one hand and maintain affordability, we are 

proposing a therapeutic system that can target cancerous cells with 

more precision and deliver the drug upon induction by the doctor. The 

concept is to use magnetised polymer-based nanocapsules of cancer 

drugs, which can be magnetically direct to the targets and respond to 

magnetic stimulus and hyperthermia as well as magnify the drug 

potency. Hence, we have developed: (a) an affordable self-assembly 

method of synthesizing lignin hollowed nanoparticles with high 

loading capacity for the encapsulation of doxorubicin drug molecules; 

and (b) a method of magnetising the lignin polymer and surface 

functionalised on the nanocapsule with a thermosensitive agent. Upon 

exposure to an external magnetic field, the cancer cells will be 

selectively targeted, and the generation of heat will induce the release 

of the drug molecules from the capsule and amplify the potency of 

doxorubicin drug that even low doses become effective. 
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polymeric nanoparticles, tumour 

I. INTRODUCTION 

Cancer is unarguably the most vicious affliction that destroys 

millions of lives worldwide and is characterised by a group of 

defective cells known as tumours arising from several gene 

mutations[1]-[2]. These abnormal cells have introduced a 

complex and acidic microenvironment (pH range 6.0 – 6.8) to 

protect and support their activities and tend to develop survival 

mechanisms against any unusual intervention to hinder their 

co-existence. The buffering, alkalinization or anti-acidic 

treatment of the cancer cells will selectively change its 

microenvironment by destroying their metabolic machinery 
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and starving the cells to death[3]-[4]. Clinically, chemotherapy 

is the most reliable treatment option used over the last decades 

to provide great hope for cancer patients. Chemotherapeutic 

agents such as Doxorubicin(Dox) is the most affordable 

medication approved by the Food and Drug Administration 

(FDA) as a frontline treatment for cancer therapy. Despite its 

potential to induce tumour cell apoptosis, it is far from being 

perfect[5]-[7].
 
Long-term use of Dox can dose-relatedly cause 

cardiotoxicity in a patient and the risk of cardiotoxicity 

intensify in elderly people[8]. Eventually, an elderly cancer 

patient with a weak heart is excluded from using Dox[9]. Dox 

also lacks the selectivity towards cancerous cells, and therefore, 

the drug accumulation at tumour sites is usually low. 

Consequently, higher drug doses are required for treatment 

which may accumulate in healthy cells producing undesirable 

side effects such as infertility, hepatotoxicity, nephrotoxicity 

impacting the patient quality of life[10]-[12]. The resulting side 

effects also incurred additional costs besides compromising 

with the patient’s quality of life. For instance, young cancer 

patients reproductive cells are often collected and 

well-preserved before inducing them with Dox for later fertility 

treatment[9].To overcome Dox’s impediment, it is imperative 

to minimize its toxicity and increase its therapeutic effect 

against cancer cells that even low doses become effective. 

Several research studies have been conducted to enhance the 

chemosensitivity of Dox to reduce its sides effects. To name a 

few, Li et al reported the combination of a cardioprotective 

agent Tanshinone IIA(Tan IIA) with Dox as an innovative 

agent for breast cancer therapy[13]. Tan IIA not only enhances 

the chemotherapeutic effect of Dox against breast cancer but 

protects against cardiotoxicity. In another study, Chen and 

co-workers combine Dox with Dioscin and the results showed 

that dioscin significantly ameliorate Dox-induced cell injury, 

reduced reactive oxygen species (ROS) level, and suppressed 

cell apoptosis in alpha mouse liver cells. However, these 

studies did not guarantee that the in vivo application of the 

combination therapy will be able to accumulate Dox on the 

disease sites, and to blind the body’s defence mechanism and 

the reticuloendothelial system not to recognize the therapeutic 

agent as foreign material and remove it from the bloodstream 

before reaching the targeted site. An advance approach to 

improving doxorubicin’s efficiency is to modify its 

pharmacokinetics and tissue distribution using a targeted drug 

delivery system to effectively transport and discharge the 

Thermosensitive Hollowed Magnetic Lignin 

Nanocarrier Laden with Doxorubicin for 

Responsive Delivery and Hyperthermia 

Treatment of Cancer 

Anyik John Leo, Frans B Waanders, Martin Mkandawire and Elvis Fosso-Kankeu 

18th JOHANNESBURG Int'l Conference on Science, Engineering, Technology & Waste Management (SETWM-20) Nov. 16-17, 2020 Johannesburg (SA)

https://doi.org/10.17758/EARES10.EAP1120245 162



medication at the disease sites[14]. The emergence of advanced 

nanotechnology has revolutionized the biomedical field and 

eventually, unwrapped possibilities for creating nanocapsules 

as targeted drug delivery systems to give new life to drugs with 

a low therapeutic index. Such technological innovation has 

yielded the potential to incorporate customized therapeutic 

agents, controlled-release mechanisms, and targeting strategies 

within a single nano-scaled architecture for disease 

therapy[12],[15].
 
The combined functionality within a single 

nanosystem for cancer therapy is efficient circumventing 

single-drug systemic administration limitations such as poor 

bioavailability of drug at tumour sites, drug resistance and rapid 

renal clearance[16].
 
Amazing studies have been conducted to 

ensure Dox’s safe delivery at the tumour sites using the various 

customized delivery systems, and details of this will be 

discussed below. However, these customized systems also face 

some limitations which must encourage us to develop a 

therapeutic system that can target cancerous cells with more 

precision and deliver the drug upon induction by the doctor.  

This mini-review highlights a systematic approach to 

developing a highly effective hybrid thermo-chemotherapeutic 

system for tackling cancerous tissue. 

II. TYPES OF NANOCARRIERS USED FOR DOXORUBICIN 

DELIVERY AND THEIR LIMITATIONS 

Over the last decade,many research efforts have been invested 

in developing targeted drug delivery in the nanoscale to deliver 

medication to tumours or cancerous cells. Despite some 

advancements, targeting the medication to the tumour or 

cancerous cells has not yielded much success, partly due to 

reasons including body response to the drug-delivery system, 

the untimely release of the drug, and cytotoxicity of the 

drug-carrying system. Various nanocarriers(scheme 1) have 

been laden with chemotherapeutic drugs by chemical 

conjugation or physical entrapment and explored for cancer 

therapy. Although most of them have reached the clinical stage, 

they still have shortcomings that diminish their efficiency. 

 

 
Scheme 1. Types of nanocarrier platforms used for drug delivery 

 

A. Liposomes nanocarrier  

Liposomes are phospholipid vesicles in nature that have been 

clinically approved as a nanocarrier for their unique ability to 

entrap both lipophilic and hydrophilic compounds within their 

network and channel them to the required diseased 

site[17]-[18]. Liposomes laden with doxorubicin have been 

effectively used for cancer therapy to improve the 

pharmacokinetic-profile and pharmacological properties of 

doxorubicin drug[19]. For example, liposomes loaded with 

Dox and surface functionalized with a pegylated agent( 

Doxil®) was approved in 2005 for ovarian cancer. However, 

this delivery system still faces some limitations which 

compromise their effectiveness. Since liposomes are 

phospholipids in nature and, when administered intravenously, 

the body’s defence mechanism, including the 

reticuloendothelial system (RES), recognises it as foreign 

material and eventually, it is being cleared and removed from 

the system before reaching the targeted sites[20]. This is 

attributed to the fact that lipid-based nanocarriers such as 

liposomes resemble the size and shape of pathogenic 

microorganisms of which the innate immune system happens to 

target[21]. 

B. Micelles and Dendrimers nanocarrier for drug delivery 

Polymeric nanocarriers such as micelles and dendrimers have 

also been loaded with Dox and surface functionalized with 

targeting moiety for clinical trials.  Micelles are self-assembled 

colloidal particles consisting of a hydrophilic head and a 

hydrophobic tail capable of enhancing the solubility, 

permeability and bioavailability of drugs due to their unique 

features reaching higher concentration in the biological 

system[22]. While dendrimers are highly symmetrical 

hyperbranched polymers with tree-like structures consisting of 

a central core and more than two branches with terminal 

functional groups[23]. They have the potential to omit 

biological problems and to reach the right targets such as the 

first-pass effect, immune clearance, cell penetration, and 

off-target interactions[24]. Despite the potential advantages of 

these polymeric systems as nanocarriers, they still face some 

limitations such as the low loading capacity of drug molecules 

which compromise their efficiency. 

C. Mesoporous Silica Nanoparticles 

Inorganic mesoporous silica nanoparticles (MSNs) have 

attracted much attention for diagnostic and therapeutic 

applications due to their large surface area and pore volumes 

which offer high loading capacity to absorb and carry other 

therapeutic compounds via encapsulation or surface 

attachment[25]-[28]. MSNs also have good chemical stability, 

good biocompatibility, and low toxicity which are easy to 

obtain and cheap to produce. Additionally, their high specific 

surface area with abundant Si−OH active groups on the pore 

walls will ensure the effective bonding of other organic 

functionalities that will act as a gatekeeper to prevent the 

premature release of loaded drugs and targeting 

ligands[15],[26]. However, MSNs also have their shortcomings 

which limit their application in the biomedical field. For 

instance, MSNs are rapidly cleared from the blood circulation 

system  as the phagocytic cells in the liver and spleen recognize 

them as foreign materials[29]. 
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Scheme 2. Schematic representation of magnetised lignin hollowed 

nanoparticles for drug delivery and hyperthermia treatment of for cancer 

III. TARGETED DRUG DELIVERY SYSTEM 

The efficiency of chemotherapy can be improved if the drug 

only targets the disease cells and avoids the uncontrolled 

distribution into healthy tissues, causing most of the undesired 

sides effect. Incorporating magnetization into nanoparticles 

with high loading capacity that responds to a strong external 

magnetic field is emerging as an innovative drug delivery 

strategy. In this regard, magnetic nanoparticles embedded in 

polymer material are being investigated as a potential system to 

directly transport drug molecules into disease cells to 

concentrate this chemotherapeutic to the affected region under 

the influence of an external magnetic field[30]. The induction 

of an external magnetic field will also cause the system to 

generate heat in a hyperthermia process, which further assists in 

killing the disease cells[31]. The heat generated can increase 

the cell's temperature from 39 to 45oC, which stimulates cell 

stress, which denatures the cell protein leading to death[32]. 

The co-delivery of drug molecules and heat in the disease cells 

will synergistically exhibit high therapeutic effects with a very 

low dosage of the drug molecule. Magnetic drug delivery 

system (MDDSs) is revolutionising the field of drug delivery 

because of its biocompatibility and its potential use as a 

tracking, targeting and drug-delivery system for cancer 

diagnosis and therapy[33]. ]. As such, several research studies 

have been conducted on the development of these systems. In a 

recent study, incorporating superparamagnetic iron oxide 

nanoparticles with polyaspartamide (PA) biopolymer laden can 

reduce the growth of cancerous cells by three times compared 

to that of uninjected controls[34]. In another attempt to test for 

anticancer activity, Jahanban-Esfahlan and co-workers were 

able to develop a magnetic natural hydrogel delivery system 

and laden with doxorubicin in which the system was able to 

induce cytotoxicity on  Hela cells. Ayyanaar et al. also made 

contributing progress where they reported the synthesis of 

magnetised chitosan nanoparticles loaded with 5-fluorouracil, 

an anticancer agent[35]. The magnetised delivery system 

induced cytotoxicity and inhibited the formation of colonies for 

A549 and HeLa S3 cancer cells. The positive outcome of these 

developed magnetized drug delivery systems suggested its use 

to overcome chemotherapy's dilemma, but the shortcoming is 

the availability, loading efficiencies, and affordability of the 

delivery system. Therefore, our research group is developing a 

magnetized delivery system with a cost-effective polymer with 

a high loading capacity. This is a novel study that has not been 

reported, and the envisaged technology will be based on two 

well-established techniques, namely (1) fabrication of 

biopolymeric hollowed nanoparticles and (2) magnetization of 

the nanocarrier and surface functionalization. 

 

1. Fabrication of polymeric hollowed nanocarrier 

 

Polymeric nanocarriers such as liposomes, dendrimers or 

micelles represent an amazing avenue for the encapsulation or 

delivery of drugs in cancer therapy as these systems are 

biodegradable, biocompatible, non-toxic with a high loading 

capacity for therapeutic agents[36]. As aforementioned, these 

polymeric nanocarriers have some limitations which 

compromised their applications in cancer therapy. Lignin is an 

exceptional polymeric material with unique properties and is 

the second-most abundant organic polymer after cellulose[37]. 

Lignin is non-toxic and structurally. It contains phenolic and 

aliphatic hydroxyl groups that can be modified through diverse 

chemical reactions into lignin hollowed nanoparticles (LHNPs) 

for drug delivery[38]. Lignin nanoparticles have been 

previously synthesized through sonication and precipitation 

methods, but the limitations of these methods are toxic 

reagents, limiting their applications in the biomedical field. 

Recently, Xiong et al. reported a straightforward self-assembly 

method for synthesizing lignin hollowed nanoparticle by 

dissolving enzymatic hydrolysis lignin in tetrahydrofuran while 

dropping deionized water to the lignin/tetrahydrofuran 

mixture[39]. Tetrahydrofuran is used as a surfactant/template 

and is being removed in the process, making this method a safe 

and clean process for obtaining lignin hollowed nanoparticle. 

 

2. The magnetization of nanocarrier for cancer therapy 

and surface coating 

The targeting of disease sites using a  magnetic delivery system 

is an effective approach in nanomedicine, and materials used 

for inducing the magnetic behaviour are usually colloidal iron 

oxides nanoparticles with a superparamagnetic property[40].
 

The application of Iron oxides nanoparticles has been approved 

by the Food and Drug Administration(FDA) and in clinical use 

for decades because of its safety[41]. Therefore, incorporating 

iron oxides nanoparticles with polymeric nanocapsules will 

present a novel drug delivery system with excellent biological 

features for enhanced and targeted drug delivery for cancer 

therapy. Upon loading doxorubicin into the magnetic 

nanocarrier, the delivery system’s surfaces are coated with 

materials such as hydrogel to avoid premature release when 

injected into the vascular system. The hydrogel material will 

respond to physicochemical properties such as pH, light or 

temperature to enable the drug’s release at the targeted sites. 
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IV. CONCLUSION 

Polymeric magnetic nanoparticles loaded with 

chemotherapeutics such as doxorubicin is a novel avenue for 

cancer therapy. Once present in the respective cancer cells' 

supplying vascular system and exposed to an external magnetic 

field, the cancer cells will be selectively targeted, and higher 

doses of the chemotherapeutic agent will be concentrated at the 

disease sites. The heat generated due to the hyperthermia effect 

in the process and with the drug molecules will synergetically 

kill the cancer cells. Eventually, healthy cells will not be 

affected and will improve patient health after successful 

therapy. 
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