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 Abstract 

Hepatocellular carcinoma (HCC) is one of the most common 

malignancies and it is the fourth cause of cancer-related mortality. The 

treatment of HCC with traditional chemotherapeutic agents such as 

doxorubicin has been limited due to poor efficacy, acquired resistance of 

the tumors and systemic toxicity. Verapamil as a P-gp inhibitor has 

demonstrated anti-cancer activities both in vitro and in vivo. Natural 

products and plant-derived compounds, such as ginger extract, have been 

investigated as safe and effective anti-cancer agents. Combination 

therapy offers preferable prognosis with less side effects. For example, 

the combination of chemotherapeutics with verapamil or ginger extract 

has been shown to exert beneficial therapeutic effects, overcome 

multidrug resistance and reduce side effects through modulation of 

different signaling pathways in tumor cells. Nano-sized formulations are 

designed to increase accumulation of drugs at the tumor environment 

and to improve solubility/bioavailability, promote retention, specificity, 

efficacy and safety. This review summarizes how to overcome 

cardiotoxicity and multidrug resistance evolved by doxorubicin in HCC 

treatment. 
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1. Epidemiology of HCC 

 More than 80% of HCC cases are in countries with 

limited medical and social care resources, 

especially in Eastern Asia and sub-Saharan Africa.  

 

 HCC accounts for more than 90% of primary liver 

tumors and is responsible for 700 thousands deaths 

per year (Yang et al. 2019). The incidence of HCC 

varies according to exposure to environmental and 

infectious risk factors, availability of healthcare  

 

mailto:hend_elsaid@phrm.menofia.edu.eg


Abo Mansour et. al                                                                                                                                      66 

resources, and ability to detect earlier HCC stage 

(Geh et al. 2019). Higher distribution occurs in 

sub-Saharan Africa and Eastern Asia with 

incidence rates of more than 20 per 100 thousands 

individuals (Johnson 2019). Intermediate incidence 

rates of 10-20 per 100 thousands individuals are in 

Mediterranean countries such as Greece, Italy and 

Spain. While the low incidence rates of less than 5 

per 100 thousands individuals occur in north and 

south America (Yu et al. 2015). Liver cancer is 

highly increased among men in Middle East 

countries, particularly Egypt and Saudi Arabia. 

Recent reports demonstrate that the incidence of 

HCC has increased sharply in Egypt through the 

last 5-10 years (Sharafi and Alavian 2020) 

2. Risk Factors for HCC 

Stimulatory effect of androgen and the protective 

effect of estrogen induce higher incidence of HCC 

in males than females (Tian et al. 2015). Hepatitis B 

virus (HBV) and hepatitis C virus (HCV) infections 

promote cirrhosis, and account for 80-90% of 

patients with HCC (Petruzziello 2018). Cirrhosis is 

one of the primary risk factors for developing HCC. 

It develops after long periods of chronic liver 

disease where liver cells are destroyed and fibrous 

tissues are formed.  Cirrhosis has a remarkable 

effect on liver regenerative capacity and is often an 

essential part of the mortality associated with HCC 

(Zoheiry et al. 2015). 

Alcohol abuse leads to cirrhosis and HCC 

development. Alcohol is mainly metabolized in the 

liver to acetaldehyde and acetic acid by alcohol 

dehydrogenase and aldehyde dehydrogenase, 

respectively.  

Free radical release and lipid peroxidation 

generally contribute to alcoholic liver disease 

(Farzaei et al. 2018). Obesity usually results from 

fat accumulation in the body and elevates the risk 

for HCC. Lipid accumulation in obesity increases 

interleukin-6 (IL-6) and tumor necrosis factor-α 

(TNF-α) expression and creates a status of 

oxidative stress, which can induce DNA damage 

and genomic instability (Chitapanarux and 

Phornphutkul 2015). 

Aflatoxin is produced by the fungal species 

Aspergillus flavus, Aspergillus parasiticus and 

Aspergillus nominus. Aflatoxin induces HCC 

through proto-oncogen activation and tumor 

suppressor gene p53 inactivation, DNA synthesis 

interruption, various chromosomal aberrations, and 

chromosomal strand breaks in human cells 

(Maurya and Trigun 2016). Smoking has a 

carcinogenic potential through metabolism of its 

ingredients in the liver. The association between 

tobacco and HCC depends on many factors as sex, 

genetics, and underlying history of viral hepatitis 

(Boccia et al. 2015). 

Sex hormones usually modulate liver function. 

Prolonged use of oral contraceptives and 

androgenic steroids can induce benign and 

malignant carcinoma (Buettner and Thimme 2019). 

Hereditary hemochromatosis is the condition in 

which iron is overloaded and induces liver cancer. 

HCC develops in 10% of patients with hereditary 

hemochromatosis. The tumorigenic effect of 

excessive iron is mediated through reactive oxygen 

species (ROS) that damage DNA, lipids and  
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proteins resulting in liver cell necrosis (Muto et al. 

2019). 

3. Molecular Pathogenesis of HCC  

3.1. Proliferation pathways 

Like several malignancies, HCC development 

can be considered as an imbalance between the 

programmed cell death process (apoptosis) and 

uncontrolled proliferation (Lei et al. 2015). The cell 

cycle is a series of steps that a cell must progress 

through in order to proliferate. It is tightly 

controlled by many important checkpoints. These 

checkpoints assess DNA damage and extracellular 

growth signals and ensure that damaged DNA is not 

passed on to prospective daughter cells (Mirzayans 

et al. 2016).  

Tumor development and progression is a 

stepwise process involving initiation and promotion. 

Initiation occurs spontaneously or by an 

endogenous ROS or exogenous mutagen (tobacco 

smoke). Initiating agents cause DNA damage, 

activate proto-oncogenes (Ras) and inactivate tumor 

suppressor genes (p53) (Lehmann et al. 2016). 

However, initiation will not give rise to a cancer on 

its own; a promoter is needed. A promoter is a 

compound that can promote tumor growth when 

subsequently applied to an initiating factor 

(Lehmann et al. 2016). 

3.2. Apoptotic pathways 

Apoptosis (programmed cell death) is proposed to 

be death of a cell in any pathological format, when 

mediated by an intracellular program (Tiwari and 

Khan 2016). Two core pathways exist to induce 

apoptosis, the extrinsic death receptor pathway and  

 

 

intrinsic mitochondrial pathway (Figure 1). The 

extrinsic pathway is triggered by binding of fatty 

acid synthase (Fas) with its extracellular ligand 

(Fas-L). Upon exposure to death stimuli, the 

Fas/Fas-L composite recruits death domain-

containing protein and pro-caspase-8, forming the 

death-inducing signaling complex. Consequently, 

pro-caspase-8 and pro-caspase-3 are activated, 

which proceed to trigger cell death (Huang et al. 

2016).  

The intrinsic pathway also leads to apoptosis 

but under the control of mitochondrial pro-enzymes 

(Figure 1). Outer mitochondrial membranes 

become permeable to internal cytochrome c and 

release it into the cytosol. Cytochrome c recruits 

apoptotic peptidase activating factor 1 (Apaf–1) 

and pro-caspase-9 to compose the apoptosome, 

which downstream activates caspase 9/3 signaling 

cascade, resulting in apoptosis. Several evidences 

have shown that abnormal expression of some key 

regulatory factors may lead to cancer, indicating 

the essential relationship between apoptosis and 

cancer (Tiwari and Khan 2016). 

3.3. Oxidative stress  

Oxidative stress is determined by the rates of 

both ROS production and scavenging. Cells are 

normally able to protect themselves against ROS 

damage through the use of specific enzymatic 

(peroxidase, dismutase and catalase) or non-

enzymatic (A, C, and E vitamins and glutathione) 

ROS-reducing mechanisms (Khurana et al. 2018). 

Oxidative stress could be induced via chronic 

hepatic inflammation regardless of etiology. Acute 

liver injury and hepatic inflammation induce  
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Figure (1): The main molecular pathways leading to apoptosis. Apaf-1: apoptotic protease activating 

factor (Favaloro et al. 2012). 

 

ROS via neutrophils and Kupffer cell activation 

(Ramos-Tovar et al. 2018). The ROS in 

mitochondria are by-products of fatty acid beta 

oxidation and can be generated via electron leakage 

from mitochondrial electron transport resulting in 

the oxidative modifications in proteins, lipids and 

DNA and activation of oncogenic pathways 

(Siegenthaler and Sevier 2019). 

4. Multidrug resistance in HCC 

Multidrug resistance (MDR) is the 

protection of cancer cells against numerous drugs 

differing in chemical structure and cellular 

mechanisms of action. MDR is one of the major 

causes of chemotherapy failures in treatment of 

human tumors (Robey et al. 2018). Drug resistance 

may arise from acquired and/or intrinsic factors. 

Acquired drug resistance is influenced by 

environmental or genetic factors that enhance  

 

 development of drug-resistant cancer cells or 

induce mutations of essential enzymes in the 

metabolic pathways (Mansoori et al. 2017). 

On the other hand, intrinsic resistance can be 

attributed to drug breakdown or modified drug 

transport across the cell membrane (Mansoori et al. 

2017).  ATP-dependent transporters are implicated 

in transporting nutrients and other molecules across 

the membrane. ATP binding cassette (ABC) family 

has three members, including P-glycoprotein (P-

gp), multi-drug resistance-associated protein 1 

(MRP1) and breast cancer resistance protein 

(BCRP/ABCG2) (Robey et al. 2018). Multidrug 

resistance protein 1 (MDR1) was identified as the 

first mammalian ABC multidrug transporter when 

the Chinese hamster ovary cells displayed 

pleiotropic cross-resistance to a wide range of 

amphiphilic drugs (Juliano and Ling 1976).  
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This transporter was named P-glycoprotein (P-gp) 

and is also known as ABCB1 (Binkhathlan and 

Lavasanifar 2013). 

 

The expression pattern of P-gp indicates that its 

main function is the protection of the body from 

xenobiotic and toxic substances by excreting them 

into bile, urine, feces and avoiding their entry into 

fetus and brain. P-gp is expressed in the liver, 

kidneys, intestine, brain and testes (Kim and Chen 

2018). Besides this physiological function, P-gp 

inhibits the delivery of many drugs to their targets, 

such as anti-cancer drugs, immunosuppressants, 

cardiac glycosides, statins, anti-hypertensive, 

calcium channel blockers and antibiotics. It 

prevents cellular internalization of 

chemotherapeutic agents and makes the 

chemotherapy ineffective in many cases. Therfore, 

this protein is one of the main barriers in cancer 

treatment by chemotherapy (Marcelletti et al. 2019). 

5. Therapeutic Strategies for HCC 

Chemotherapy (Doxorubicin as an example) 

HCC is advanced disease that is primarily managed 

by surgery, radiotherapy, hormonal therapy or 

chemotherapy. Doxorubicin (DOX) is related to 

broad spectrum antibiotics, called anthracyclines 

(Gnapareddy et al. 2015). DOX has been used to 

treat several types of tumors such as bone sarcomas, 

acute leukaemia, breast carcinoma, neuroblastoma, 

lymphoma, thyroid carcinoma, lung carcinoma, 

liver and ovarian carcinoma (Matvienko et al. 

2019). Oxidative stress, the disruption of 

topoisomerase II-mediated DNA repair and 

intercalation into DNA, are the mechanisms by 

which DOX exerts its anticancer activities 

(Mobaraki et al. 2017) . 

DOX is a hydrophobic molecule that passes 

through cellular membranes independently of 

specific transporters. However, cells can fail to 

accumulate it through active drug efflux via ATP-

dependent efflux transporters. Overexpression of P-

gp in hepatocytes can prevent cell internalization of 

DOX and can induce resistance in HCC (Li et al. 

2015). Cardiotoxicity is related to free radical 

formation caused by DOX metabolism (Giampieri 

et al. 2016). DOX reduction by NADH 

dehydrogenase forms a semiquinone radical that 

can react with molecular oxygen to form the 

superoxide radicals. DOX can form ferric ion–

DOX complexes, which further catalyze the 

conversion of hydrogen peroxide to several ROS 

species (Fenton’s reaction). Cardiac tissues are 

much more sensitive to the oxidative stress caused 

by DOX because of their great dependence on 

oxidative substrate metabolism. ROS subsequently 

cause cell death through apoptotic pathways 

activation (Henninger and Fritz 2017; Reis-Mendes 

et al. 2015) (Figure 2).  

 

The biochemical markers of DOX-induced 

cardiotoxicity include lactate dehydrogenase 

(LDH), creatine kinase isoenzyme MB (CK-MB), 

and troponin I(QuanJun et al. 2017).  The 

multidrug resistance and systemic toxicity of DOX 

can limit its clinical application (Kocahan et al. 

2017). Therefore, there is a great need to use new 

strategies to improve DOX efficacy and reduce its 

cardiotoxicity. These strategies could include using 

P-gp inhibitors, complementary natural therapy and 

new drug delivery systems (Cote et al. 2015; 

González et al. 2017). 
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Figure (2): Model of doxorubicin-mediated generation of ROS by redox cycling and Fenton‘s reaction 

(Henninger and Fritz 2017). 

P-gp inhibitors 

Efflux pump inhibition is mainly done to improve 

the delivery of therapeutic agents. P-gp inhibitors 

are classified into three generations based on their 

specificity, affinity, and toxicity. First generation 

inhibitors are pharmacologically active substances 

which are clinically used for specific treatments but 

have the ability to inhibit P-gp. The use of first 

generation is limited owing to their high serum 

concentrations (at the doses that are required to 

inhibit P-gp) and potential toxicity (Yu et al. 2016). 

Second generation lacks the pharmacological 

activities and possesses higher P-gp affinity which 

includes cyclosporin A and dexverapamil. 

However, these inhibitors lead to pharmacokinetic 

alterations through inhibition of the metabolizing 

CYPA4 enzyme and other ABC transporters. The 

third generation is under clinical development, 

aiming to inhibit P-gp with higher specificity and 

lower toxicity such as tariquidar (Hoosain et al. 

2015).Complementary therapy is widely used as an 

aid for management of several diseases such as 

 Verapamil (VRP), a calcium channel blocker, treats 

cardiac arrhythmias through inhibition of calcium 

ion flux (Zhao et al. 2016). Several studies have 

described the role of VRP in growth inhibition of 

tumor cells including lung and bone cancer cells 

and meningioma (Zhang et al. 2009; Karsy et al. 

2016; Fernandes et al. 2016). VRP can be used as 

an adjuvant in multi-drug chemotherapy through 

inhibition of P-gp and calmodulin activity in cancer 

cells; thus, it can diminish drug resistance (Chen et 

al. 2014; Baek and Cho 2015). However, use of 

VRP is restricted because very high doses are 

needed to inhibit P-gp, and this causes cardiac side 

effects (Abdallah et al. 2015). Fortunately, these 

limitations can be overcome by using nano-carriers 

(Patel et al. 2013). 

Complementary natural therapy 

 The use of complementary and alternative 

medicine (CAM) has been growing alongside 

conventional medical treatments.  
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Figure (3): Anti-cancer mechanisms of ginger and its constituents. Bcl-2: B-cell lymphoma 2, Bax: Bcl-2-

associated x protein,  IFN-γ: interferon-γ, NF-κB: nuclear factor-kappa B, TNF: tumor necrosis factor, VEGF: 

vascular endothelial growth factor (Rahmani et al. 2014). 

cancer (River et al. 2018). Ginger (Zingiber 

officinale), has been widely used as a spice in foods 

and a medication for digestive disorders. Pungent 

components; such as gingerols, shogaols, paradols 

and zingerone; have antioxidant, antidiabetic, anti-

inflammatory and anticancer activities (Mao et al. 

2019). Ginger and its phenolic constituents have 

been shown to inhibit proliferation and induce 

apoptosis in several tumor types in vitro and in vivo 

(Prasad and Tyagi 2015; Rahman et al. 2011; El-

Ashmawy et al. 2018).  

Ginger constituents mediate their anti-cancer 

activity via signaling pathways and molecules 

(Figure 3). Ginger extract (GE) up-regulates 

expression of antioxidant enzymes such as 

glutathione peroxidase (GPx), catalase (CAT) and 

superoxide dismutase (SOD), and  increases their 

activity (Jeena et al. 2013). GE decreases 

expression of the TNF-α, vascular endothelial 

growth factor (VEGF) and nuclear factor-kappa B 

(NF-κB) (Tsuboi et al. 2014). Furthermore, GE 

activates adenosine monophosphate protein kinase, 

down-regulates cyclin D1 and increases tumor 

suppressor gene p53 (El-Ashmawy et al. 2018). 

Nanotechnology 

Nanoparticle (NP)-based targeted drug delivery is a 

rapidly progressing field of cancer research aiming 

to solve many limitations of conventional drug 

delivery systems. Conventional chemotherapy has 

less aqueous solubility, lacks  

 selectivity for the cancer cells and exhibits MDR 

(Chen et al. 2018). Therefore, nanoparticles loaded 

with DOX and VRP can be a useful strategy in 

cancer therapy (Zhang et al. 2017; Zheng et al. 

2018). NP formulations with chemotherapeutics 

and natural products have higher therapeutic index  
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due to enhanced delivery to tumor tissues, thereby 

promoting permeability, retention, pharmacokinetic 

profiles, and reducing side effects. NPs reduce 

permeability across healthy capillaries, which in 

turn decrease bioavailability and toxicity to normal 

tissue (Caster et al. 2015). Several types of 

nanocarriers are used in tumor-targeted delivery 

including micelles, liposomes, carbon nanotubes 

and polymeric nanoparticles (Sebastian 2017). 

Bioabsorbable polymers undergo transformations in 

the biological environment through cellular activity. 

The bioabsorbable materials that are commonly 

used in cancer therapy are polyesters, 

polyanhydrides, polysaccharides (e.g., chitosan, 

dextran, hyaluronic acid), and proteins (e.g., 

albumin, gelatin) (Fonseca et al. 2015). 

 

Chitosan is a polysaccharide of biological origin. 

The marine biopolymer chitin, transforms into 

chitosan by partial deacetylation under strong 

alkaline conditions. Chitosan is composed of (N-

acetyl D-glucosamine) and (D-glucosamine) units, 

and has been used in health care materials, such as 

wound healing preparations and nasal absorption 

enhancers of peptide drugs (Babu and Ramesh 

2017). Chitosan exhibits high biocompatibility, 

biodegradability, and attractive properties for the 

development of active and safe drug delivery tools. 

Chitosan is cationic in nature and its solubility in 

water is weak but it is soluble in acidic solutions 

(Saikia et al. 2015). The cationic charge of chitosan 

has been used for ionic gelation methods using 

materials with anionic charge for nanoparticle 

preparation. This cationic nature has been harnessed 

for electrostatic interaction with nucleic acids, and 

chitosan has been used as a gene delivery carrier for 

cancer treatment (Kumar et al. 2015). 

Nano-formulations of combined treatment with 

DOX and VRP or DOX and GE can overcome 

multi drug resistance, enhance DOX anti-cancer 

activity and reduce its cardiotoxicity. Therefore, 

this therapeutic strategy has great promise in 

clinical application for HCC management. 
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