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Liver cancer, often hepatocellular carcinoma (HCC), is a leading cause of cancer-
related deaths worldwide. conventional therapies, such as surgical treatment, 
radiation, and chemotherapy, regularly fall short because of systemic toxicity, drug 
resistance, and limited efficacy. Artemisinin, a well-known antimalarial drug, has 
validated huge anticancer homes. latest advancements in nanotechnology have 
facilitated the improvement of lipid nanoparticles as efficient drug transport 
systems, improving the therapeutic capability of artemisinin in liver cancer remedy. 
This review ambitions to provide a comprehensive evaluate of the advancements 
in liver cancer remedy, focusing on the position of artemisinin-loaded lipid 
nanoparticles. It explores the mechanisms of motion of artemisinin, the advantages 
of lipid nanoparticles in drug delivery, and the synergistic consequences observed in 
preclinical and medical studies. The review also discusses the modern challenges and 
future perspectives in leveraging this innovative approach for effective liver cancer 
therapy. This paper highlights Artemisinin-loaded lipid nanoparticles constitute a 
promising method for liver cancer treatment. by exploiting the particular properties 
of each artemisinin and lipid nanoparticles, this approach offers superior tumor 
targeting, improved drug bioavailability, and reduced systemic toxicity. persisted 
studies and medical validation are critical to absolutely understand the ability of 
this novel healing strategy, doubtlessly remodeling the panorama of liver cancer 
treatment and enhancing patient effects.
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INTRODUCTION
Liver cancers, especially hepatocellular 

carcinoma (HCC), stays one of the most 
formidable worldwide fitness demanding 
situations, contributing extensively to cancer-
related mortality. according to the (WHO), liver 
cancer accounted for nearly 830,000 deaths 
global in 2020, emphasizing the urgent need for 
effective therapeutic strategies [1]. conventional 
treatments for liver cancer include surgical 
resection, liver transplantation, nearby ablative 
therapies, chemotherapy, and radiation remedy. 
while these strategies can be effective in positive 
situations, they regularly fall short because of 
numerous limitations, which includes systemic 
toxicity, development of drug resistance, and 
limited efficacy in advanced levels of the disorder 
[2]. Chemotherapy, a cornerstone in the control of 
systemic malignancies, relies heavily on cytotoxic 
agents that indiscriminately target hastily dividing 
cells. although this method can be powerful 
towards cancer cells, it also influences healthful 
tissues, leading to huge adverse results including 
myelosuppression, mucositis, and nephrotoxicity 
[3]. In recent years, nanotechnology has emerged 
as a promising field for enhancing cancer 
treatment through enhancing the delivery and 
specificity of therapeutic agents. Nanoparticles, 
because of their small length and modifiable 
surface residences, can be engineered to enhance 
drug solubility, balance, and bioavailability [4]. A 
few of the numerous sorts of nanoparticles, lipid 
nanoparticles have garnered significant interest 
because of their biocompatibility and capability 
to encapsulate each hydrophobic and hydrophilic 
drugs. these lipid-based carriers can facilitate the 

targeted delivery of chemotherapeutic agents to 
tumor sites, thereby reducing systemic toxicity 
and improving therapeutic consequences [5]. 
One innovative technique includes the usage of 
artemisinin, a drug traditionally used to treat 
malaria, which has established amazing anticancer 
properties. Artemisinin and its derivatives had been 
shown to exert cytotoxic outcomes on cancer cells 
through numerous mechanisms, which includes 
the technology of reactive oxygen species (ROS) 
and the induction of apoptosis [6]. However, the 
clinical application of artemisinin in most cancers 
remedy has been limited by its poor solubility and 
stability. to overcome these challenges, researchers 
have explored the encapsulation of artemisinin in 
lipid nanoparticles, aiming to enhance its delivery 
and efficacy in cancer treatment [7]. Artemisinin-
loaded lipid nanoparticles (ALNs) represent a 
promising approach for liver cancer remedy, 
leveraging the benefits of each artemisinin 
and lipid nanoparticle-primarily based delivery 
systems [8]. These nanoparticles are designed to 
take advantage of the precise characteristics of the 
tumor microenvironment (TME), inclusive of the 
marginally acidic extracellular pH (6.5–7.0) or even 
decrease pH degrees within intracellular cubicles 
(45–5.5), to achieve controlled drug release [9]. 
The dual pH-sensitive nature of these structures 
ensures that artemisinin is released primarily at 
the tumor site, thereby sparing healthful tissues 
and minimizing systemic side effects. moreover, 
using concentrated on ligands on the surface of 
the nanoparticles can enhance the specificity 
and uptake of artemisinin by using cancer cells, in 
addition enhancing therapeutic effects [10]. 

The goal of this review is to provide a 

Fig. 1. Chemical structure of Artimisinin
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comprehensive overview of the improvements in 
liver cancer remedy, with a specific recognition at 
the role of artemisinin-loaded lipid nanoparticles. 
This review will explore the mechanisms of action 
of artemisinin, the benefits of lipid nanoparticles 
in drug shipping, and the synergistic outcomes 
observed in preclinical and clinical studies. 
additionally, it will discuss the current challenges 
and future perspectives in leveraging this modern 
approach for effective liver cancer remedy. the 
novelty of this review lies in its comprehensive 
evaluation of the twin benefits of artemisinin and 
lipid nanoparticles, highlighting their capability 
to transform liver cancer treatment by improving 
drug delivery, improving therapeutic outcomes, 
and reducing systemic toxicity.

ARTEMISININ: A POTENTIAL ANTICANCER AGENT
Historical Background

Artemisinin, is known with C15H22O5 molecular 
formula that is a sesquiterpene lactone derived 
from Artemisia annua (sweet wormwood), has 
its origins in traditional Chinese medicine (Fig. 1 
show the chemical structure of ART). Its discovery 
for malaria treatment was propelled by the Project 
523 initiative during the 1970s in China, aimed at 
addressing chloroquine-resistant malaria [11]. 
Tu Youyou’s groundbreaking work on isolating 
artemisinin earned her the 2015 Nobel Prize in 
Physiology or Medicine, marking the compound 
as a globally recognized therapeutic agent [12]. 
Beyond its antimalarial efficacy, artemisinin’s 
potential as an anticancer agent began gaining 
attention in the late 1990s [13]. This interest was 
initially spurred by its ability to generate reactive 
oxygen species (ROS) in the presence of high 
intracellular iron concentrations. Cancer cells 
often exhibit dysregulated iron metabolism due 
to overexpression of transferrin receptors, making 
them particularly vulnerable to artemisinin’s 
iron-dependent cytotoxic effects [14]. Further 
investigations revealed artemisinin’s broad-
spectrum anticancer activity against various 
malignancies, including liver cancer. Hepatocellular 
carcinoma (HCC), one of the most prevalent and 
lethal liver cancers worldwide, is characterized by 
high oxidative stress and metabolic dysregulation 
[15]. These characteristics align with artemisinin’s 
mechanisms of action, positioning it as a 
promising therapeutic candidate. However, 
challenges such as poor water solubility, limited 
bioavailability, and rapid metabolism in vivo 

have spurred the development of artemisinin-
loaded lipid nanoparticles (ALNs) to enhance its 
pharmacokinetic and pharmacodynamic profiles 
[16]. The incorporation of artemisinin into lipid-
based delivery systems has shown significant 
potential to overcome these limitations [17]. Lipid 
nanoparticles not only improve drug solubility 
but also enable targeted delivery, sustained 
release, and reduced systemic toxicity. These 
advancements represent a critical step toward 
translating artemisinin-based therapies into 
clinical applications for liver cancer treatment [18].

Mechanisms of Action
Artemisinin’s anticancer properties are rooted 

in its unique chemical structure, particularly 
the endoperoxide bridge, which is critical for its 
bioactivity. The mechanism of action primarily 
involves the generation of reactive oxygen species 
(ROS) upon interaction with intracellular iron [19]. 
Cancer cells, including those in hepatocellular 
carcinoma (HCC), demonstrate aberrant iron 
metabolism characterized by elevated transferrin 
receptor expression and iron accumulation. This 
dependency renders them more susceptible 
to ROS-induced oxidative damage [20]. Upon 
activation by iron, artemisinin generates cytotoxic 
free radicals that target cellular macromolecules, 
leading to apoptosis and ferroptosis [21]. Studies 
in HCC have demonstrated that artemisinin 
induces mitochondrial dysfunction, disrupting 
cellular respiration and energy production. 
This is further compounded by its ability to 
modulate key signaling pathways, including 
the PI3K/AKT/mTOR axis, thereby inhibiting 
cell proliferation and enhancing apoptosis 
[22]. Another critical mechanism involves the 
modulation of angiogenesis. Artemisinin has 
been shown to suppress vascular endothelial 
growth factor (VEGF) signaling, a pathway pivotal 
for tumor angiogenesis and metastasis [23]. This 
is particularly significant in liver cancer, which 
relies heavily on neo-angiogenesis for growth 
and dissemination. Additionally, artemisinin 
enhances the efficacy of conventional therapies 
by sensitizing cancer cells to chemotherapeutic 
agents and radiotherapy, potentially reducing 
resistance [24]. Emerging evidence highlights 
the role of artemisinin in modulating the tumor 
microenvironment (TME) [25]. It reduces 
inflammatory cytokine production and reprograms 
immune cells, such as macrophages, toward an 
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antitumor phenotype. These immune-modulatory 
effects, combined with its direct cytotoxicity, 
amplify its anticancer potential [26]. To address 
limitations in its pharmacokinetics, artemisinin-
loaded lipid nanoparticles (ALNs) have been 
developed to enhance its therapeutic efficacy [27]. 
These nanoparticles improve drug stability, allow 
controlled release, and facilitate targeted delivery 
to the liver, maximizing artemisinin’s anticancer 
activity while minimizing off-target effects. 
Preliminary studies have shown that ALNs exhibit 
superior ROS generation, tumor penetration, and 
therapeutic outcomes in HCC models compared to 
free artemisinin [17].

LIPID NANOPARTICLES AS DRUG DELIVERY 
SYSTEMS
Basics of Lipid Nanoparticles

Lipid nanoparticles (LNPs) are a class of 
nanoscale drug delivery systems engineered from 
lipids that are biocompatible and biodegradable. 
These systems include two principal types, solid 
lipid nanoparticles (SLNs), composed entirely 
of solid lipids, and nanostructured lipid carriers 
(NLCs), which are hybrids of solid and liquid 
lipids [28]. The inclusion of liquid lipids in NLCs 
reduces crystallinity, resulting in higher drug 
loading efficiency and controlled drug release 
profiles [29]. LNPs are typically manufactured 
using advanced methods such as high-pressure 
homogenization, microemulsion techniques, or 
solvent evaporation [30]. These processes produce 
particles within the nanometer range (50–300 
nm), which is crucial for enhancing drug solubility, 
stability, and bioavailability. This nanoscale size 
ensures efficient tissue penetration and uptake by 
cells through endocytosis, enabling LNPs to target 
specific sites, such as the liver, with high precision 
[31]. The functional architecture of LNPs includes a 
hydrophobic lipid core, which serves as a reservoir 
for poorly water-soluble drugs, surrounded by a 
stabilizing monolayer of surfactants or polymers 
[27]. The outer surface can also be functionalized 
with ligands, antibodies, or peptides to target 
specific cellular receptors, enhancing selectivity 
for cancerous tissues [8]. LNPs are particularly 
effective for delivering artemisinin, whose clinical 
application has been limited by poor aqueous 
solubility, rapid metabolism, and a short half-life. 
Encapsulation within LNPs protects artemisinin 
from degradation, prolongs systemic circulation, 
and allows for sustained drug release [32]. This 

targeted delivery significantly enhances the 
pharmacological efficacy of artemisinin while 
minimizing off-target toxicities, making LNPs a 
critical advancement for hepatocellular carcinoma 
(HCC) therapy [24].

In liver cancer treatment, LNPs exploit the 
enhanced permeability and retention (EPR) effect 
observed in tumors [33]. This passive targeting 
mechanism allows LNPs to accumulate selectively 
in tumor tissue, a feature further augmented 
by active targeting strategies that interact with 
receptors overexpressed in HCC, such as transferrin 
receptors [34].

Advantages in Cancer Therapy
Lipid nanoparticles (LNPs) represent a 

transformative approach in cancer therapy 
due to their ability to address the challenges 
of conventional drug delivery systems. Their 
nanoscale size enables selective tumor targeting 
through the enhanced permeability and retention 
(EPR) effect, wherein nanoparticles accumulate 
preferentially in tumor tissues due to leaky 
vasculature and poor lymphatic drainage [33]. 
This passive targeting mechanism is particularly 
effective for hepatocellular carcinoma (HCC), 
where localized delivery is critical for therapeutic 
efficacy [27]. One of the primary advantages 
of LNPs is their ability to encapsulate lipophilic 
and hydrophilic drugs, enhancing the solubility 
and stability of chemotherapeutic agents [35]. 
Artemisinin, a hydrophobic compound with 
limited clinical utility due to its rapid clearance 
and poor bioavailability, benefits significantly from 
LNP encapsulation. The lipid matrix stabilizes the 
drug, reduces degradation, and enables sustained 
release, maintaining therapeutic drug levels 
over extended periods [36]. LNPs also allow for 
controlled drug release and reduced systemic 
toxicity. By tailoring the lipid composition and 
particle size, the release profile of encapsulated 
drugs can be optimized to ensure maximal efficacy 
with minimal side effects [8]. Functionalized LNPs, 
modified with targeting ligands such as transferrin 
or folic acid, further enhance selectivity for HCC 
cells, reducing off-target effects on healthy tissues 
[37]. In addition to improving drug delivery, LNPs 
facilitate combination therapies. Co-encapsulation 
of artemisinin with chemotherapeutics or immune 
checkpoint inhibitors in a single nanoparticle can 
synergistically target multiple cancer pathways 
[32]. For instance, the ROS-generating properties 
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of artemisinin, combined with the cytotoxic 
effects of doxorubicin, have shown enhanced 
tumor suppression in preclinical models of HCC 
[38]. Furthermore, LNPs are biocompatible and 
biodegradable, minimizing long-term toxicity and 
immunogenicity. Their ability to penetrate the 
tumor microenvironment and overcome drug 
resistance mechanisms makes them a versatile 
platform for liver cancer therapy [39]. Preclinical 
studies have demonstrated that artemisinin-
loaded LNPs achieve superior tumor inhibition 
and reduced metastasis compared to free drugs, 
underscoring their potential in clinical applications 
[34]. 

EFFICACY OF ARTEMISININ-LOADED LIPID 
NANOPARTICLES
Comparison with Conventional Treatments

Artemisinin’s poor aqueous solubility and 
rapid degradation pose significant challenges 
for its clinical use. Encapsulation within lipid 
nanoparticles addresses these issues by 
significantly improving solubility and stability. 
The lipid matrix of the nanoparticles provides a 
protective environment, preventing premature 
hydrolytic and enzymatic degradation of 
artemisinin. This leads to prolonged retention 
and sustained therapeutic action in the biological 
system [40]. Lipid nanoparticles are designed to 
exploit the Enhanced Permeability and Retention 
(EPR) effect, which is a phenomenon where 
nanoparticles accumulate preferentially in tumor 
tissues due to the aberrant and leaky vasculature. 
This passive targeting mechanism significantly 
enhances the accumulation of artemisinin at the 
tumor site, improving therapeutic efficacy and 
minimizing systemic exposure and associated 
side effects. Additionally, surface modification 
of lipid nanoparticles with targeting ligands such 
as antibodies or peptides can further enhance 
specificity towards cancer cells, ensuring that the 
therapeutic agent is delivered precisely to the 
desired location [41]. Lipid nanoparticles can be 
engineered to provide a controlled and sustained 
release of artemisinin, which is achieved through 
careful selection and design of the lipid matrix. 
Techniques such as optimizing lipid composition, 
particle size, and encapsulation methods are 
employed to achieve desired release kinetics. 
This ensures a steady and prolonged release of 
artemisinin, maintaining therapeutic drug levels 
over extended periods and reducing the frequency 

of administration. Moreover, the controlled 
release profile helps in maintaining a consistent 
cytotoxic effect on cancer cells, enhancing 
therapeutic outcomes [42]. Encapsulation of 
artemisinin in lipid nanoparticles significantly 
reduces its systemic toxicity. By facilitating targeted 
delivery of the drug specifically to the tumor 
site, exposure of healthy tissues to the cytotoxic 
effects of artemisinin is minimized. This targeted 
approach mitigates common adverse effects 
associated with conventional chemotherapy, such 
as gastrointestinal disturbances, hepatotoxicity, 
and myelosuppression. Additionally, the use of 
biocompatible and biodegradable lipids in the 
formulation of nanoparticles further contributes 
to reducing toxicity [43]. The lipid components 
of lipid nanoparticles themselves can exert 
additional therapeutic effects, enhancing the 
overall anticancer efficacy of artemisinin. For 
instance, the lipid matrix can facilitate the 
generation of reactive oxygen species (ROS), which 
induce apoptosis and inhibit the proliferation 
of cancer cells. Furthermore, the combination 
of artemisinin with lipids can modulate various 
signaling pathways involved in cancer progression, 
exerting a synergistic anticancer effect. This 
synergy is particularly beneficial in overcoming 
drug resistance and enhancing the therapeutic 
index of artemisinin [44].

Synthesis and Characterization
The synthesis of artemisinin-loaded LNPs 

involves advanced techniques that ensure particle 
uniformity, high drug encapsulation efficiency, and 
stability. Common methods include, High-Pressure 
Homogenization (HPH): Artemisinin and lipids are 
dissolved in a compatible organic solvent, followed 
by homogenization under high shear forces. 
This technique produces stable nanoparticles 
with a narrow size distribution, essential for 
reproducibility in clinical applications [45, 46].

Solvent Evaporation: Artemisinin and lipid 
components are dissolved in a volatile solvent, 
emulsified in an aqueous surfactant solution, 
and subjected to solvent removal under reduced 
pressure. This method is efficient for incorporating 
hydrophobic drugs like artemisinin into the lipid 
matrix [47].

Microemulsion Techniques: Based on 
temperature-induced phase transitions, 
microemulsions are formed by mixing lipids, 
surfactants, and water in optimized ratios. This 
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method is advantageous for producing particles 
with controlled sizes and high encapsulation 
efficiency [33].

Key parameters optimized during synthesis 
include lipid-to-drug ratios, type of surfactant (e.g., 
Tween 80 or lecithin), and processing conditions like 
temperature and pressure [37]. The encapsulation 
efficiency (EE) of artemisinin typically exceeds 85% 
in well-optimized formulations, with drug loading 
capacities adjusted to maintain therapeutic levels 
over prolonged periods [48].

Particle Size and Distribution is dynamic light 
scattering (DLS) measures the hydrodynamic 
diameter of LNPs, which is ideally maintained 
between 50–200 nm for tumor targeting. 
Smaller sizes improve tissue penetration, 
while larger particles risk rapid clearance by 
the reticuloendothelial system (RES) [49]. Zeta 
potential analysis determines surface charge, 
which influences colloidal stability and cellular 
uptake. A value of ±30 mV or higher ensures 
stability in biological environments [50].

Morphology: Transmission electron microscopy 
(TEM) or scanning electron microscopy (SEM) 
provides detailed images of nanoparticle structure 
and confirms spherical shape [8]. Encapsulation 
Efficiency and Drug Loading: High-performance 
liquid chromatography (HPLC) quantifies the 
amount of artemisinin encapsulated relative to 
the initial drug input, optimizing formulations for 
maximum efficacy [51].

COMBINING ARTEMISININ WITH LIPID 
NANOPARTICLES IN LIVER CANCER
Mechanism and action

 Artemisinin-loaded lipid nanoparticles (ALNs) 
offer a promising approach for liver cancer therapy. 
This combination utilizes the unique properties of 
both artemisinin and lipid-based delivery systems 
to enhance therapeutic efficacy while minimizing 
systemic side effects [52]. Artemisinin suffers from 
poor aqueous solubility and rapid degradation 
under physiological conditions. Encapsulation 
within lipid nanoparticles significantly improves 
its solubility and stability. The lipid matrix provides 
a protective environment, preventing hydrolytic 
and enzymatic degradation. This enhancement 
is crucial for maintaining therapeutic levels of 
artemisinin over extended periods [53]. Lipid 
nanoparticles exploit the Enhanced Permeability 
and Retention (EPR) effect, which allows 
nanoparticles to accumulate preferentially in tumor 

tissues due to their leaky vasculature. This passive 
targeting mechanism significantly enhances the 
concentration of artemisinin at the tumor site. The 
EPR effect ensures that more of the drug reaches 
the cancerous cells, improving therapeutic efficacy 
and reducing systemic exposure [41]. The tumor 
microenvironment (TME) is characterized by a 
slightly acidic extracellular pH (6.5–7.0) and even 
lower pH levels within intracellular compartments 
(4.5–5.5). ALNs are designed to be pH-sensitive, 
ensuring that artemisinin is released primarily 
at the tumor site. This dual pH-sensitive nature 
of ALNs exploits the acidic conditions of the 
TME to trigger controlled drug release, sparing 
healthy tissues and minimizing systemic side 
effects [43]. The surface of lipid nanoparticles 
can be modified with targeting ligands, such 
as antibodies or peptides, which enhance the 
specificity and uptake of artemisinin by cancer 
cells. This targeting approach ensures that the 
drug is delivered precisely to the desired location, 
further improving therapeutic outcomes. The 
ligands bind to specific receptors overexpressed 
on cancer cells, facilitating receptor-mediated 
endocytosis and enhancing cellular uptake [54]. 
The lipid components of ALNs can exert additional 
therapeutic effects that enhance the overall 
anticancer efficacy of artemisinin. For example, 
the lipid matrix can facilitate the generation of 
reactive oxygen species (ROS), which induce 
apoptosis and inhibit cancer cell proliferation. The 
combination of artemisinin with lipids can also 
modulate signaling pathways involved in cancer 
progression, exerting a synergistic anticancer 
effect [44]. The synergistic effects further enhance 
the efficacy of this novel delivery system, making 
ALNs a promising strategy for the treatment of 
liver cancer.

   
Clinical studies

Qing Wang et al [55], considering the critical 
position of heme in the precise parasite-
killing impact of ART, designed a liposomal 
nanostructure self-assembled from hemin-lipid 
(Hemesome) to co-deliver ART and hemin for 
cancer therapy. The synergistic chemotherapeutic 
and immunotherapeutic effects of hemin and 
ART had been demonstrated each in vitro and in 
vivo. The liposome-like structure changed into 
noticeably stable within the blood move and 
gastrointestinal tract environment, but dissociated 
within the tumor cellular environment. The folic 
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acid (FA) amendment no longer simplest elevated 
their performance for shipping throughout the 
epithelium, but additionally improved their 
tumor accumulation. In mouse models, following 
oral administration of FA-Hemesome-ART 
nanoparticles (5 mg kg−1 ART in general) every 
different day and intraperitoneal injection with a 
programmed death-ligand 1 antibody (aPD-L1, 70 
μg in step with mouse in total), MC38 tumors have 
been completely inhibited within 30 days. The 
cured mice remained tumor-unfastened 30 days 
after rechallenging them with another inoculation 
of MC38 cells because of the sturdy immune 
memory effect. 

Praveesh Valissery et al [56], improved the 
aqueous segment solubility of artemisinin with 
the aid of encapsulating it in nanocarriers based 
totally on the polymer polycaprolactone (ART-PCL) 
and lipid-based totally huge Unilamellar Vesicles 
(art-LIPO) respectively. each nanoformulations 
exhibit in vitro parasite killing hobby in opposition 
to Plasmodium falciparum with the ART-LIPO 
acting at comparable efficacy to the manipulate 
drug solubilized in ethanol. These water-
soluble formulations confirmed powerful in vivo 
antimalarial activity as well in the mouse model 
of malaria at equivalent doses of the parent drug. 
moreover, the artemisinin-PCL nanoformulation 
utilized in mixture with both pyrimethamine 
or chloroquine elevated the survival of the 
Plasmodium berghei infected mice for more than 
34 days and effectively cured the mice of the 
infection. Is highlighted the capacity for polymer 
and liposome-based nanocarriers in improving 
not simplest the aqueous phase solubility of 
artemisinin however additionally concomitantly 
retaining its therapeutic efficacy in vivo as well.

Bin Zheng et al [57], conducted experiment 
for reducing the first-pass hepatic effect via 
intestinal lymphatic transport is a powerful way 
to increase the oral absorption of medication. 
2-Monoacylglycerol (2-magazine) as a number one 
digestive made from nutritional lipids triglyceride, 
can be assembled in chylomicrons and then 
transported from the intestine into the lymphatic 
system. advocate a biomimetic approach and stated 
a 2-mag mimetic nanocarrier to goal the intestinal 
lymphatic gadget through the lipid absorption 
pathway and enhance oral bioavailability. 
the 2-mag mimetic liposomes had been designed 
by using covalently bonding serinol (SER) on the 
surface of liposomes named SER-LPs to simulate 

the structure of 2-mag. Dihydroartemisinin (DHA) 
was selected because the model drug because 
of its disadvantages along with poor solubility 
and high first-pass impact. The endocytosis and 
exocytosis mechanisms have been investigated 
in Caco-2 cells and Caco-2 cell monolayers. 
The capability of intestinal lymphatic transport 
was evaluated by using ex vivo biodistribution 
and in vivo pharmacokinetic experiments. 
DHA loaded SER-LPs (SER-LPs-DHA) had a particle 
length of 70 nm and a applicable entrapment 
performance of 93%. SER-LPs showed sustained 
release for DHA in the simulated gastrointestinal 
surroundings. In vitro cell studies confirmed that 
the cellular uptake of SER-LPs frequently relied 
on the caveolae- instead of clathrin-mediated 
endocytosis pathway and favored to combine 
into the chylomicron meeting technique via the 
endoplasmic reticulum/Golgi apparatus direction. 
After oral management, SER-LPs efficiently 
promoted drug accumulation in mesenteric 
lymphatic nodes. The oral bioavailability of DHA 
from SER-LPs changed into 10.40-fold and 1.17-
fold larger than that of free DHA and unmodified 
liposomes on the identical dose, respectively. SER-
LPs progressed oral bioavailability via efficient 
intestinal lymphatic transport. these findings 
of the current study provide a good alternative 
method for oral transport of medication with high 
first-pass hepatic metabolism.

CONCLUSION 
The integration of artemisinin into lipid 

nanoparticles represents a transformative 
advancement in liver cancer therapy. By leveraging 
the enhanced solubility and stability provided by 
lipid matrices, these nanoparticles ensure that 
artemisinin remains effective and is delivered 
directly to the tumor site. The exploitation of 
the Enhanced Permeability and Retention (EPR) 
effect allows for targeted delivery, significantly 
improving therapeutic efficacy while minimizing 
systemic exposure and side effects. The dual pH-
sensitive release mechanism of ALNs is particularly 
advantageous, as it ensures that artemisinin 
is released predominantly in the slightly acidic 
tumor microenvironment, thereby sparing 
healthy tissues. The use of targeting ligands 
on the nanoparticle surface further enhances 
the specificity and uptake of artemisinin by 
cancer cells, maximizing the therapeutic impact. 
Moreover, the lipid components themselves 
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can exert synergistic effects, such as facilitating 
the generation of reactive oxygen species (ROS) 
and modulating signaling pathways involved in 
cancer progression. This combination not only 
improves the efficacy of artemisinin but also 
helps in overcoming drug resistance.Overall, the 
advancements in the design and application of 
artemisinin-loaded lipid nanoparticles highlight 
their potential as a potent and promising strategy 
for liver cancer treatment. These innovations pave 
the way for more effective and safer therapeutic 
options, contributing significantly to the ongoing 
efforts to combat liver cancer.

CONFLICT OF INTEREST
The authors declare that there is no conflict 

of interests regarding the publication of this 
manuscript.

REFERENCES
1.	 Li X-Q, Liang Y, Huang C-F, Li S-N, Cheng L, You C, et al. 

Advancements in nutritional diagnosis and support 
strategies during the perioperative period for patients with 
liver cancer. World J Gastrointest Surg. 2024;16(8):2409-
2425.

2.	 Lowe J. Faculty Opinions recommendation of Managing 
the challenge of drug-induced liver injury: a roadmap for 
the development and deployment of preclinical predictive 
models. Faculty Opinions – Post-Publication Peer Review of 
the Biomedical Literature: H1 Connect; 2020.

3.	 Manuel J, Gervasini G. Chemotherapy Toxicity in Patients 
with Acute Leukemia. Acute Leukemia - The Scientist’s 
Perspective and Challenge: InTech; 2011.

4.	 Tran P, Lee S-E, Kim D-H, Pyo Y-C, Park J-S. Recent advances 
of nanotechnology for the delivery of anticancer drugs 
for breast cancer treatment. Journal of Pharmaceutical 
Investigation. 2019;50(3):261-270.

5.	 Battaglia L, Gallarate M. Lipid nanoparticles: state of the art, 
new preparation methods and challenges in drug delivery. 
Expert Opinion on Drug Delivery. 2012;9(5):497-508.

6.	 Endogenous Labile Iron Pool-Mediated Free Radical 
Generation for Cancer Chemodynamic Therapy. American 
Chemical Society (ACS).

7.	 Blazquez AG, Fernandez-Dolon M, Sanchez-Vicente L, 
Maestre AD, Gomez-San Miguel AB, Alvarez M, et al. Novel 
artemisinin derivatives with potential usefulness against 
liver/colon cancer and viral hepatitis. Bioorganic and 
Medicinal Chemistry. 2013;21(14):4432-4441.

8.	 Alven S, Aderibigbe BA. Nanoparticles Formulations of 
Artemisinin and Derivatives as Potential Therapeutics 
for the Treatment of Cancer, Leishmaniasis and Malaria. 
Pharmaceutics. 2020;12(8):748.

9.	 Biomimetic, pH-Responsive Nanoplatforms for Cancer 
Multimodal Imaging and Photothermal Immunotherapy. 
American Chemical Society (ACS).

10.	Jurczyk M, Jelonek K, Musiał-Kulik M, Beberok A, Wrześniok 
D, Kasperczyk J. Single- versus Dual-Targeted Nanoparticles 
with Folic Acid and Biotin for Anticancer Drug Delivery. 
Pharmaceutics. 2021;13(3):326.

11.	Tu Y. The discovery of artemisinin (qinghaosu) and gifts 

from Chinese medicine. Nat Med. 2011;17(10):1217-1220.
12.	Meshnick SR. Artemisinin: mechanisms of action, resistance 

and toxicity. Int J Parasitol. 2002;32(13):1655-1660.
13.	Efferth T, Sauerbrey A, Olbrich A, Gebhart E, Rauch P, Weber 

HO, et al. Molecular Modes of Action of Artesunate in 
Tumor Cell Lines. Mol Pharmacol. 2003;64(2):382-394.

14.	Wang Z, Hu W, Zhang J-L, Wu X-H, Zhou H-J. 
Dihydroartemisinin induces autophagy and inhibits the 
growth of iron-loaded human myeloid leukemia K562 cells 
via ROS toxicity. FEBS open bio. 2012;2:103-112.

15.	Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2018;68(6):394-424.

16.	Bilia A, Efferth T, Bergonzi M, Boulos J. Nanocarriers 
to enhance solubility, bioavailability, and efficacy of 
artemisinins. World Journal of Traditional Chinese 
Medicine. 2020;6(1):26.

17.	Aderibigbe BA. Design of Drug Delivery Systems Containing 
Artemisinin and Its Derivatives. Molecules (Basel, 
Switzerland). 2017;22(2):323.

18.	Kumar MS, Yadav TT, Khair RR, Peters GJ, Yergeri MC. 
Combination Therapies of Artemisinin and its Derivatives as 
a Viable Approach for Future Cancer Treatment. Curr Pharm 
Des. 2019;25(31):3323-3338.

19.	Ooko E, Saeed MEM, Kadioglu O, Sarvi S, Colak M, 
Elmasaoudi K, et al. Artemisinin derivatives induce 
iron-dependent cell death (ferroptosis) in tumor cells. 
Phytomedicine. 2015;22(11):1045-1054.

20.	Efferth T. Molecular Pharmacology and Pharmacogenomics 
of Artemisinin and its Derivatives in Cancer Cells. Curr Drug 
Targets. 2006;7(4):407-421.

21.	Jia J, Qin Y, Zhang L, Guo C, Wang Y, Yue X, et al. Artemisinin 
inhibits gallbladder cancer cell lines through triggering 
cell cycle arrest and apoptosis. Mol Med Report. 
2016;13(5):4461-4468.

22.	Zhang M, Wang L, Liu W, Wang T, De Sanctis F, Zhu L, et 
al. Targeting Inhibition of Accumulation and Function of 
Myeloid-Derived Suppressor Cells by Artemisinin via PI3K/
AKT, mTOR, and MAPK Pathways Enhances Anti-PD-L1 
Immunotherapy in Melanoma and Liver Tumors. Journal of 
immunology research. 2022;2022:2253436-2253436.

23.	Tyagi N, Sharma GN, Shrivastava B, Saxena P, Kumar 
N. Medicinal plants: used in Anti-cancer treatment. 
International Journal of Research and Development in 
Pharmacy and Life Sciences. 2017;6(5):2732-2739.

24.	He G-N, Bao N-R, Wang S, Xi M, Zhang T-H, Chen F-S. 
Ketamine Induces Ferroptosis of Liver Cancer Cells by 
Targeting lncRNA PVT1/miR-214-3p/GPX4. Drug Des Devel 
Ther. 2021;15:3965-3978.

25.	Zhou Z, Lei J, Fang J, Chen P, Zhou J, Wang H, et al. 
Dihydroartemisinin remodels tumor micro-environment 
and improves cancer immunotherapy through inhibiting 
cyclin-dependent kinases. Int Immunopharmacol. 
2024;139:112637.

26.	AbouAitah K, Lojkowski W. Delivery of Natural Agents by 
Means of Mesoporous Silica Nanospheres as a Promising 
Anticancer Strategy. Pharmaceutics. 2021;13(2):143.

27.	Zhang Y, Dong H, Zhu Y, Wang W, Zhang X. Exploiting the 
nanotechnological approaches for traditional Chinese 
medicine in childhood rhinitis: A review of future 
perspectives. Nanotechnology Reviews. 2024;13(1).

28.	MÃ¼ller R. Solid lipid nanoparticles (SLN) for controlled 
drug delivery â a review of the state of the art. Eur J Pharm 
Biopharm. 2000;50(1):161-177.

https://doi.org/10.4240/wjgs.v16.i8.2409 
https://doi.org/10.4240/wjgs.v16.i8.2409 
https://doi.org/10.4240/wjgs.v16.i8.2409 
https://doi.org/10.4240/wjgs.v16.i8.2409 
https://doi.org/10.4240/wjgs.v16.i8.2409 
https://doi.org/10.3410/f.736939995.793570715
https://doi.org/10.3410/f.736939995.793570715
https://doi.org/10.3410/f.736939995.793570715
https://doi.org/10.3410/f.736939995.793570715
https://doi.org/10.3410/f.736939995.793570715
http://dx.doi.org/10.5772/21239
http://dx.doi.org/10.5772/21239
http://dx.doi.org/10.5772/21239
http://dx.doi.org/10.1007/s40005-019-00459-7
http://dx.doi.org/10.1007/s40005-019-00459-7
http://dx.doi.org/10.1007/s40005-019-00459-7
http://dx.doi.org/10.1007/s40005-019-00459-7
http://dx.doi.org/10.1517/17425247.2012.673278
http://dx.doi.org/10.1517/17425247.2012.673278
http://dx.doi.org/10.1517/17425247.2012.673278
http://dx.doi.org/10.1021/jacs.0c05604.s001
http://dx.doi.org/10.1021/jacs.0c05604.s001
http://dx.doi.org/10.1021/jacs.0c05604.s001
http://dx.doi.org/10.1016/j.bmc.2013.04.059
http://dx.doi.org/10.1016/j.bmc.2013.04.059
http://dx.doi.org/10.1016/j.bmc.2013.04.059
http://dx.doi.org/10.1016/j.bmc.2013.04.059
http://dx.doi.org/10.1016/j.bmc.2013.04.059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466127/
http://dx.doi.org/10.1021/acsami.2c16667.s001
http://dx.doi.org/10.1021/acsami.2c16667.s001
http://dx.doi.org/10.1021/acsami.2c16667.s001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8001342/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8001342/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8001342/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8001342/
http://dx.doi.org/10.1038/nm.2471
http://dx.doi.org/10.1038/nm.2471
http://dx.doi.org/10.1016/s0020-7519(02)00194-7
http://dx.doi.org/10.1016/s0020-7519(02)00194-7
http://dx.doi.org/10.1124/mol.64.2.382
http://dx.doi.org/10.1124/mol.64.2.382
http://dx.doi.org/10.1124/mol.64.2.382
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3642128/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3642128/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3642128/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3642128/
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.4103/wjtcm.wjtcm_2_20
http://dx.doi.org/10.4103/wjtcm.wjtcm_2_20
http://dx.doi.org/10.4103/wjtcm.wjtcm_2_20
http://dx.doi.org/10.4103/wjtcm.wjtcm_2_20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6155641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6155641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6155641/
http://dx.doi.org/10.2174/1381612825666190902155957
http://dx.doi.org/10.2174/1381612825666190902155957
http://dx.doi.org/10.2174/1381612825666190902155957
http://dx.doi.org/10.2174/1381612825666190902155957
http://dx.doi.org/10.1016/j.phymed.2015.08.002
http://dx.doi.org/10.1016/j.phymed.2015.08.002
http://dx.doi.org/10.1016/j.phymed.2015.08.002
http://dx.doi.org/10.1016/j.phymed.2015.08.002
http://dx.doi.org/10.2174/138945006776359412
http://dx.doi.org/10.2174/138945006776359412
http://dx.doi.org/10.2174/138945006776359412
http://dx.doi.org/10.3892/mmr.2016.5073
http://dx.doi.org/10.3892/mmr.2016.5073
http://dx.doi.org/10.3892/mmr.2016.5073
http://dx.doi.org/10.3892/mmr.2016.5073
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247850/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9247850/
http://dx.doi.org/10.21276/ijrdpl.2278-0238.2017.6(5).2732-2739
http://dx.doi.org/10.21276/ijrdpl.2278-0238.2017.6(5).2732-2739
http://dx.doi.org/10.21276/ijrdpl.2278-0238.2017.6(5).2732-2739
http://dx.doi.org/10.21276/ijrdpl.2278-0238.2017.6(5).2732-2739
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8458041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8458041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8458041/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8458041/
http://dx.doi.org/10.1016/j.intimp.2024.112637
http://dx.doi.org/10.1016/j.intimp.2024.112637
http://dx.doi.org/10.1016/j.intimp.2024.112637
http://dx.doi.org/10.1016/j.intimp.2024.112637
http://dx.doi.org/10.1016/j.intimp.2024.112637
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7912645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7912645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7912645/
http://dx.doi.org/10.1515/ntrev-2024-0063
http://dx.doi.org/10.1515/ntrev-2024-0063
http://dx.doi.org/10.1515/ntrev-2024-0063
http://dx.doi.org/10.1515/ntrev-2024-0063
http://dx.doi.org/10.1016/s0939-6411(00)00087-4
http://dx.doi.org/10.1016/s0939-6411(00)00087-4
http://dx.doi.org/10.1016/s0939-6411(00)00087-4


222

A. Azadovich et al. / Role of Artemisinin-Loaded Lipid Nanoparticles in Liver Cancer

J Nanostruct 14(1): 214-222, Winter 2024

29.	Pandey A. Solid Lipid Nanoparticles: A Multidimensional 
Drug Delivery System. Environmental Chemistry for a 
Sustainable World: Springer International Publishing; 2020. 
p. 249-295.

30.	Zatsepin TS, Kotelevtsev YV, Koteliansky V. Lipid 
nanoparticles for targeted siRNA delivery - going from 
bench to bedside. International journal of nanomedicine. 
2016;11:3077-3086.

31.	Mehnert W, Mäder K. Solid lipid nanoparticles. Adv Drug 
Del Rev. 2012;64:83-101.

32.	Wei T, Liu J. Anti-angiogenic properties of artemisinin 
derivatives (Review). Int J Mol Med. 2017;40(4):972-978.

33.	Maeda H. Tumor-Selective Delivery of Macromolecular 
Drugs via the EPR Effect: Background and Future Prospects. 
Bioconjugate Chemistry. 2010;21(5):797-802.

34.	Li Y, Zhou X, Liu J, Yuan X, He Q. Therapeutic Potentials 
and Mechanisms of Artemisinin and its Derivatives for 
Tumorigenesis and Metastasis. Anticancer Agents Med 
Chem. 2020;20(5):520-535.

35.	Mäder K. Solid Lipid Nanoparticles. Handbook of Materials 
for Nanomedicine: Jenny Stanford Publishing; 2020. p. 173-
206.

36.	Zhao Y-Q, Li L-J, Zhou E-F, Wang J-Y, Wang Y, Guo L-M, et 
al. Lipid-Based Nanocarrier Systems for Drug Delivery: 
Advances and Applications. Pharmaceutical Fronts. 
2022;04(02):e43-e60.

37.	Muller R, Petersen R, Hommoss A, Pardeike J. 
Nanostructured lipid carriers (NLC) in cosmetic dermal 
products☆. Adv Drug Del Rev. 2007;59(6):522-530.

38.	Efferth T. Cancer combination therapies with artemisinin-
type drugs. Biochem Pharmacol. 2017;139:56-70.

39.	Bakrania A, Mo Y, Zheng G, Bhat M. RNA nanomedicine in 
liver diseases. Hepatology. 2024.

40.	Xu C, Zhang H, Mu L, Yang X. Artemisinins as Anticancer 
Drugs: Novel Therapeutic Approaches, Molecular 
Mechanisms, and Clinical Trials. Front Pharmacol. 
2020;11:529881-529881.

41.	Maeda H, Wu J, Sawa T, Matsumura Y, Hori K. Tumor 
vascular permeability and the EPR effect in macromolecular 
therapeutics: a review. Journal of Controlled Release. 
2000;65(1-2):271-284.

42.	Hull LC, Farrell D, Grodzinski P. Highlights of recent 
developments and trends in cancer nanotechnology 
research—View from NCI Alliance for Nanotechnology in 
Cancer. Biotechnol Adv. 2014;32(4):666-678.

43.	Zhang YJ, Gallis B, Taya M, Wang S, Ho RJY, Sasaki T. pH-
responsive artemisinin derivatives and lipid nanoparticle 
formulations inhibit growth of breast cancer cells in vitro 
and induce down-regulation of HER family members. PLoS 
One. 2013;8(3):e59086-e59086.

44.	Dai Y-F, Zhou W-W, Meng J, Du X-L, Sui Y-P, Dai L, et al. The 
pharmacological activities and mechanisms of artemisinin 
and its derivatives: a systematic review. Med Chem Res. 

2017;26(5):867-880.
45.	Cervello M, Bachvarov D, Lampiasi N, Cusimano A, Azzolina 

A, McCubrey JA, et al. Molecular mechanisms of sorafenib 
action in liver cancer cells. Cell Cycle. 2012;11(15):2843-
2855.

46.	Pan X-W, Huang J-S, Liu S-R, Shao Y-D, Xi J-J, He R-Y, et 
al. Evaluation of the liver targeting and anti‑liver cancer 
activity of artesunate‑loaded and glycyrrhetinic acid‑coated 
nanoparticles. Exp Ther Med. 2023;26(5):516-516.

47.	Zhou X, Suo F, Haslinger K, Quax WJ. Artemisinin-Type Drugs 
in Tumor Cell Death: Mechanisms, Combination Treatment 
with Biologics and Nanoparticle Delivery. Pharmaceutics. 
2022;14(2):395.

48.	Bagheri AR, Golenser J, Greiner A. Controlled and 
manageable release of antimalarial Artemisone by 
encapsulation in biodegradable carriers. Eur Polym J. 
2020;129:109625.

49.	Chen C, Chen C, Li Y, Gu R, Yan X. Characterization of 
lipid-based nanomedicines at the single-particle level. 
Fundamental research. 2022;3(4):488-504.

50.	Wang W, Ding X, Xu Q, Wang J, Wang L, Lou X. Zeta-
potential data reliability of gold nanoparticle biomolecular 
conjugates and its application in sensitive quantification 
of surface absorbed protein. Colloids Surf B Biointerfaces. 
2016;148:541-548.

51.	Narayanan S, Pavithran M, Viswanath A, Narayanan D, 
Mohan CC, Manzoor K, et al. Sequentially releasing dual-
drug-loaded PLGA–casein core/shell nanomedicine: Design, 
synthesis, biocompatibility and pharmacokinetics. Acta 
Biomater. 2014;10(5):2112-2124.

52.	Wen L, Chan BC-L, Qiu M-H, Leung P-C, Wong C-K. 
Artemisinin and Its Derivatives as Potential Anticancer 
Agents. Molecules (Basel, Switzerland). 2024;29(16):3886.

53.	Chunarkar-Patil P, Kaleem M, Mishra R, Ray S, Ahmad A, 
Verma D, et al. Anticancer Drug Discovery Based on Natural 
Products: From Computational Approaches to Clinical 
Studies. Biomedicines. 2024;12(1):201.

54.	Yoo J, Park C, Yi G, Lee D, Koo H. Active Targeting Strategies 
Using Biological Ligands for Nanoparticle Drug Delivery 
Systems. Cancers (Basel). 2019;11(5):640.

55.	Wang Q, Wei N, Guo J, Feng K, Wong YK, Zhang J, et al. 
Hemin-lipid assembly as an artemisinin oral delivery system 
for enhanced cancer chemotherapy and immunotherapy. 
Nanoscale. 2021;13(31):13231-13240.

56.	Valissery P, Thapa R, Singh J, Gaur D, Bhattacharya J, Singh 
AP, et al. Potent in vivo antimalarial activity of water-
soluble artemisinin nano-preparations. RSC advances. 
2020;10(59):36201-36211.

57.	Zheng B, Pan F, Shi M, He C, He B, Wang R, et al. 
2-Monoacylglycerol Mimetic Liposomes to Promote 
Intestinal Lymphatic Transport for Improving Oral 
Bioavailability of Dihydroartemisinin. International journal 
of nanomedicine. 2024;19:5273-5295.

http://dx.doi.org/10.1007/978-3-030-29207-2_8
http://dx.doi.org/10.1007/978-3-030-29207-2_8
http://dx.doi.org/10.1007/978-3-030-29207-2_8
http://dx.doi.org/10.1007/978-3-030-29207-2_8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939975/
http://dx.doi.org/10.1016/j.addr.2012.09.021
http://dx.doi.org/10.1016/j.addr.2012.09.021
http://dx.doi.org/10.3892/ijmm.2017.3085
http://dx.doi.org/10.3892/ijmm.2017.3085
http://dx.doi.org/10.1021/bc100070g
http://dx.doi.org/10.1021/bc100070g
http://dx.doi.org/10.1021/bc100070g
http://dx.doi.org/10.2174/1871520620666200120100252
http://dx.doi.org/10.2174/1871520620666200120100252
http://dx.doi.org/10.2174/1871520620666200120100252
http://dx.doi.org/10.2174/1871520620666200120100252
http://dx.doi.org/10.1201/9781003045076-5
http://dx.doi.org/10.1201/9781003045076-5
http://dx.doi.org/10.1201/9781003045076-5
http://dx.doi.org/10.1055/s-0042-1751036
http://dx.doi.org/10.1055/s-0042-1751036
http://dx.doi.org/10.1055/s-0042-1751036
http://dx.doi.org/10.1055/s-0042-1751036
http://dx.doi.org/10.1016/j.addr.2007.04.012
http://dx.doi.org/10.1016/j.addr.2007.04.012
http://dx.doi.org/10.1016/j.addr.2007.04.012
http://dx.doi.org/10.1016/j.bcp.2017.03.019
http://dx.doi.org/10.1016/j.bcp.2017.03.019
http://dx.doi.org/10.1097/hep.0000000000000606
http://dx.doi.org/10.1097/hep.0000000000000606
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573816/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7573816/
http://dx.doi.org/10.1016/s0168-3659(99)00248-5
http://dx.doi.org/10.1016/s0168-3659(99)00248-5
http://dx.doi.org/10.1016/s0168-3659(99)00248-5
http://dx.doi.org/10.1016/s0168-3659(99)00248-5
http://dx.doi.org/10.1016/j.biotechadv.2013.08.003
http://dx.doi.org/10.1016/j.biotechadv.2013.08.003
http://dx.doi.org/10.1016/j.biotechadv.2013.08.003
http://dx.doi.org/10.1016/j.biotechadv.2013.08.003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597601/
http://dx.doi.org/10.1007/s00044-016-1778-5
http://dx.doi.org/10.1007/s00044-016-1778-5
http://dx.doi.org/10.1007/s00044-016-1778-5
http://dx.doi.org/10.1007/s00044-016-1778-5
http://dx.doi.org/10.4161/cc.21193
http://dx.doi.org/10.4161/cc.21193
http://dx.doi.org/10.4161/cc.21193
http://dx.doi.org/10.4161/cc.21193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10580252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10580252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10580252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10580252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8875250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8875250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8875250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8875250/
http://dx.doi.org/10.1016/j.eurpolymj.2020.109625
http://dx.doi.org/10.1016/j.eurpolymj.2020.109625
http://dx.doi.org/10.1016/j.eurpolymj.2020.109625
http://dx.doi.org/10.1016/j.eurpolymj.2020.109625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11197724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11197724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11197724/
http://dx.doi.org/10.1016/j.colsurfb.2016.09.021
http://dx.doi.org/10.1016/j.colsurfb.2016.09.021
http://dx.doi.org/10.1016/j.colsurfb.2016.09.021
http://dx.doi.org/10.1016/j.colsurfb.2016.09.021
http://dx.doi.org/10.1016/j.colsurfb.2016.09.021
http://dx.doi.org/10.1016/j.actbio.2013.12.041
http://dx.doi.org/10.1016/j.actbio.2013.12.041
http://dx.doi.org/10.1016/j.actbio.2013.12.041
http://dx.doi.org/10.1016/j.actbio.2013.12.041
http://dx.doi.org/10.1016/j.actbio.2013.12.041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11356986/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11356986/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11356986/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10813144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10813144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10813144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10813144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6562917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6562917/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6562917/
http://dx.doi.org/10.1039/d1nr01302e
http://dx.doi.org/10.1039/d1nr01302e
http://dx.doi.org/10.1039/d1nr01302e
http://dx.doi.org/10.1039/d1nr01302e
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9057047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9057047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9057047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9057047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11164214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11164214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11164214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11164214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11164214/

	Review of Advancements in Liver Cancer Treatment: The Role of Artemisinin-Loaded Lipid Nanoparticles
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	ARTEMISININ: A POTENTIAL ANTICANCER AGENT 
	Historical Background 
	Mechanisms of Action 

	LIPID NANOPARTICLES AS DRUG DELIVERY SYSTEMS 
	Basics of Lipid Nanoparticles 
	Advantages in Cancer Therapy 

	EFFICACY OF ARTEMISININ-LOADED LIPID NANOPARTICLES 
	Comparison with Conventional Treatments 
	Synthesis and Characterization 

	COMBINING ARTEMISININ WITH LIPID NANOPARTICLES IN LIVER CANCER 
	Mechanism and action 
	Clinical

	CONCLUSION
	CONFLICT OF INTEREST 
	REFERENCES 

