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INTRODUCTION

Cholesterol is a waxy substance that naturally occurs in 

cells and plays a vital role in the body’s digestion, hormone pro-

duction, and vitamin absorption, including vitamin D. How-

ever, everyone’s cholesterol levels vary, and high levels of blood 

cholesterol can increase the risk of cardiovascular disease.

In 1987, the FDA authorized the use of statins as the pri-

mary tool for reducing cholesterol. Statins work by inhibit-

ing the active site of HMG-CoA reductase, which is the first 

and most important rate-limiting enzyme in the mevalonate 

pathway.

This reduces hepatic cholesterol synthesis, leading to an 

increase in microsomal HMG-CoA reductase production and 

cell surface LDL receptor expression. Studies have shown that 

statins prevent the production of certain enzymes needed to 

make low-density lipoprotein (LDL), commonly referred to as 

“bad” cholesterol, and help the body process excessive choles-

terol that may have accumulated over time. While the exact 

mechanism of statins is complex, there is plenty of evidence to 

explain why and how they lower LDL cholesterol.

The most popular statins include atorvastatin, fluvastatin, 

lovastatin, pravastatin, rosuvastatin, and simvastatin. However, 

statins have a dose-dependent effect, and statin therapy is not 

always well tolerated, despite its widespread use, mainly because 
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of the side effects that are known to be possible (hepatotoxicity 

and myopathy). Despite that, recently, it has been noticed that 

the use of statins can be used as a treatment for cancer.

Figure 1. A possible mechanism for statin toxicity. FPP 

stands for farnesyl pyrophosphate; GGPP stands for 

geranylgeranyl pyrophosphate; GPP stands for geranyl 

pyrophosphate; and HMG-CoA reductase stands for 

hydroxymethylglutaryl-coenzyme A reductase [1]
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The possibility of statins in cancer treatments was exam-

ined in many studies. It covered the current state of knowl-

edge regarding the mechanisms underlying the anticancer 

abilities of statins and their impact on various cancers. The 

genesis of cancer metastases can be divided into different 

phases conceptually [2]. During the first phase, a subset of ep-

ithelial, E-cadherin (E-cad) expressing primary tumour cells 

undergoes partial or complete epithelial-to-mesenchymal 

transition (EMT), which includes E-cad expression downreg-

ulation [3]. This allows them to detach from the main tumour 

(as single cells or clusters of cells) [4], move through a bar-

rier matrix and enter the circulation. During this pathway, 

some of these circulating cells survive and colonize distant 

organs by partially reverting to an epithelial phenotype via 

the mesenchymal-epithelial reversion transition (MErT) [5]. 

These cells frequently enter a state of dormancy [6; 7], during 

which the cells maintain very close contact with the untrans-

formed environment [5]. This phase is followed by a growth 

phase in which the initially latent micrometastases grow in 

size, requiring at least a partial EMT [2].

A team of Johns Hopkins researchers conducted a trial to 

see which medications had the best “kill rate” of cells genetical-

ly modified to contain a mutation in a cancer gene called PTEN, 

a tumour suppressor enzyme that helps regulate cell division 

by preventing cells from growing and dividing (proliferating) 

too quickly or in an uncontrolled manner. The majority of the 
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2,500 medicines examined had no effect or killed both regular 

and genetically modified cells [8]. Certain molecular types of 

cancer may be more sensitive to statin therapy than many oth-

ers. The question of whether statins have clinical anticancer 

effects is still being investigated. Statins appear to improve the 

efficacy and address the deficiencies of conventional cancer 

treatments, implying that statins should be examined in the 

context of cancer combination therapy.

Many researchers have investigated the role of statins on 

cancer cell growth and the current study found that statin use 

was a protective factor for the prognosis of rectal colon cancer 

[9]. Statins have antiproliferative effects in several forms of 

cancer [12] by reducing the synthesis of cholesterol and its 

metabolites [13, 14].

Figure 2. Chemical structures of some statins [15]
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Treating liver cancer is complicated. That is where statin 

drugs may be useful. Certain statins appear to be more effective 

than others at avoiding liver cancer. Lipophilic statins (those 

that dissolve more easily in lipids such as oils and fats) may 

be more effective than hydrophilic statins in preventing liver 

cancer (those that dissolve more readily in water). This hypoth-

esized difference is confirmed by studies that lipophilic statins 

can enter the damaged liver cells more easily, penetrating eas-

ily through cell walls consisting primarily of lipids. Lipophilic 

statins may be more effective at interfering with cancer forma-

tion once inside cells [16].

Lipophilic statins were linked to significantly lower HCC 

(hepatocellular carcinoma) incidence and mortality in a na-

tional viral hepatitis cohort. There was no evidence linking 

hydrophilic statins to a lower incidence of HCC (hepatocellular 

carcinoma). To assess whether lipophilic statin medication is 

practical for HCC prevention, more research is required [17]. 

Based on information gathered from the Swedish national 

registry, (a test performed primarily on people from Sweden, 

excluding persons with liver illness from causes other than 

viral hepatitis), their findings show that people who took a li-

pophilic statin (in this case atorvastatin or simvastatin) had 

a much lower probability of acquiring liver cancer than those 

who did not (3.3% versus 8.1%). As opposed to those who did 

take hydrophilic statins(such as rosuvastatin or pravastatin), 

the study did not discover a statistically significant reduction in 
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the incidence of liver cancer. When compared to not taking any 

statins at all, using either kind of statin was linked to a lower 

risk of liver cancer.

Two independent reviewers conducted a thorough lit-

erature search of PubMed, EMBASE, Google Scholar, Web of 

Science, and Scopus for publications published between Janu-

ary 1, 1990, and September 1, 2019 [18]. The results showed 

that statin use was linked to a lower risk of developing HCC 

compared to non-users. And when compared to non-users, 

the group that used statins, but also had concomitant diseases 

such as diabetes, cirrhosis of the liver or was also treated with 

antiviral drugs, it was found that the rate of reduction of HCC 

was also significantly higher.
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MECHANISM

The mevalonate (MP) pathway is also known as the iso-

prenoid pathway or 3‑hydroxy‑3‑methylglutaryl-CoA reduc-

tase (HMGCR) [10]. This pathway is very important for the 

human body and is an anabolic mechanism that provides me-

tabolites for many cellular functions in eukaryotes, archaea, 

and some bacteria. HMGCR converts acetoacetyl-CoA to mev-

alonate, which is then transformed into sterol isoprenoids 

such as cholesterol, which is an essential precursor of bile 

acids, lipoproteins, and steroid hormones, as well as several 

hydrophobic compounds such as dolichol, heme -A, isopen-

tenyl tRNA, and ubiquinone. Intermediates of this network 

play critical roles in the post-translational modification of 

a broad range of proteins involved in intercellular and in-

tracellular signalling. Statins may have non-lipid-related 

pleiotropic effects in addition to lowering LDL-c and cardio-

vascular morbidity and mortality. These include improved 

endothelial function, plaque stabilization, anti-inflammatory, 

immunomodulatory, and antithrombotic effects, effects on 

bone metabolism, and a lower risk of dementia.

Statins compete with HMG-CoA for binding to the active 

site of HMGCR, reducing mevalonate synthesis. As a result, 

statins deplete intracellular cholesterol, triggering a homeo-

static feedback mechanism governed by the transcription
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Figure 3. The Mevalonate pathway [55]
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factor family sterol regulatory element-binding protein 

(SREBP) [19]. SREBP activation increases the expression 

of the mevalonate pathway and sterol metabolism genes, 

including HMGCR and the low-density lipoprotein (LDL) 

receptor (LDLR). Increased LDLR membrane expression 

leads to increased LDL cholesterol (LDL–C) uptake from the 

bloodstream, lowering serum cholesterol levels. As a result, 

statins are frequently prescribed to reduce the risk of car-

diovascular disease or to improve survival in patients who 

already have it.

A review done for the interpretation of the role of lipids 

in cancer cell metabolism showed that during cancer progres-

sion, reprogramming lipid metabolism is critical for providing 

energy, macromolecules for membrane synthesis, and lipid-

mediated signalling [20] highlights more recently recognized 

roles for lipids, particularly cholesterol and its derivatives, 

in cancer cell metabolism within intrinsically harsh tumour 

microenvironments.

How everything relates

Cholesterol is a necessary component of cell membranes, 

the structures that surround every cell in the human body. 

Cholesterol serves also as a precursor for downstream prod-

ucts such as steroid hormones and oxysterols: steroid hor-

mones drive the initiation and progression of cancers such 

as breast and prostate carcinomas [21] increased oxysterol 
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production can activate the liver X receptors (LXRs), [22] 

which has been reported to affect the proliferation and sur-

vival of different cancer cell types that show altered metabolic 

pathways and cholesterol accumulation [23; 24].

As a result, cancer cells require cholesterol for growth 

and survival and inhibiting intracellular cholesterol bio-

synthesis is a promising anti-cancer treatment. The cellular 

cholesterol level reflects the dynamic balance of biosynthesis, 

uptake, export, and esterification – a process by which choles-

terol is converted to neutral cholesteryl esters for storage in 

lipid droplets or secretion as lipoprotein constituents. In can-

cer cells, these cells are frequently mutated or dysregulated. 

A higher intracellular cholesterol level due to increased up-

take by LDLRs (low-density lipoprotein receptor), decreased 

efflux by ABC transporters (ATP-binding cassette), and up-

regulation of de novo synthesis can sustain the metabolic 

need for cancer cell proliferation [25–26], and cholesterol 

accumulation has been described in many types of tumours 

[26; 27; 28; 29].

Cells typically obtain cholesterol through a  vari-

ety of mechanisms, including direct synthesis via SREBP 

(Sterol regulatory-element binding proteins) transcrip-

tional activity, which promotes the transcription of en-

zymes involved in cholesterol and fatty acid biosynthesis 

[3‑hydroxy‑3‑methylglutaryl-coenzyme A reductase (HMG-

CoA) reductase] [30; 31]. The recent use of HMG-CoA 
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inhibitors (Statins) to block the mevalonate pathway and 

cholesterol de novo biosynthesis showed promising results 

in this regard [32]. However, cancer cells frequently gain a se-

lective proliferative advantage by increasing LDLR-mediated 

uptake of exogenous cholesterol [33], making these therapies 

ineffective.

Glioblastoma multiforme (GBM), is one of the most well-

known cases of cancer addiction on cholesterol. LXR agonists 

induced the low-density lipoprotein receptor degradation and 

increased apoptosis in glioblastoma cells expressing mutant 

epidermal growth factor receptor (EGFR), where tumour 

growth and survival are strongly dependent on SREBP‑1‑me-

diated lipogenesis since [33], SREBP‑1‑regulated lipogenesis 

in cancers including colorectal, prostate, breast, and hepato-

cellular cancer [34].

Furthermore, LXR activation increases cellular choles-

terol efflux by ABCA1, lowering its levels and causing severe 

GBM cell death. As a result, LXR agonists (e. g., LXR‑623) 

extended the survival of GBM-bearing mice models, indicat-

ing that targeting cholesterol metabolism may be a promising 

strategy in the treatment of this cancer [35; 36]. SREBP‑1‑me-

diated lipogenesis is essential for survival [33]. Furthermore, 

LXR activation increases cellular cholesterol efflux by ABCA1, 

lowering its levels and causing severe GBM cell death. As a re-

sult, LXR agonists (for example, LXR‑623) extended the sur-

vival of GBM-bearing mice models, indicating that targeting 
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cholesterol metabolism may be a promising strategy in the 

treatment of this cancer [35; 36].

Activation of LXRs in various cancer models, including 

prostatic carcinoma, colon, mammary, and skin cancer, has 

been shown to have anti-proliferative effects due to the de-

struction of growth signalling pathways and the activation 

of pro-apoptotic signals [29]. LXRs have been shown to re-

duce the expression/activity of cell-cycle regulators, such as 

S-phase Kinase-associated protein (SPK2) in cancer cell lines 

[37], while also inducing the expression of cell-cycle inhibi-

tors, such as p21 and p27 (cyclin-dependent kinase inhibi-

tors) in prostate and ovarian cancer cells, with a concomitant 

decrease in phospho-RB protein levels [38; 39]. Furthermore, 

activation of LXRs in mouse models slowed the progression 

of androgen-dependent tumours toward androgen indepen-

dence [38; 40].

In addition to these direct effects on cancer cell me-

tabolism and survival, experimental evidence has recently 

revealed the importance of LXRs in anti-tumour immune 

responses. The role of LXR activation in this context is still 

in discussion. The activity of two transcription factors, the 

liver X receptors (LXR1 and LXR2) and the sterol regulatory 

element binding proteins (SREBP1 and SREBP2), is largely 

responsible for maintaining cellular cholesterol levels (41). 

Several tumours can produce oxysterols, which play an im-

portant role in cholesterol homeostasis by activating LXRs 
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[42; 43], and many of these metabolites can inhibit cancer 

cell proliferation [44]. Indeed, research has shown that oxy-

sterols play a crucial part in regulating the way how tumour-

infiltrating DCs produce the chemokine (C–C motif) receptor 

7 (CCR7) [45].

It was discovered that LXR-dependent down-regula-

tion of the chemokine (C–C motif) receptor 7 (CCR7) by 

tumour-derived oxysterols. CCR7, a member of the GPCR 

family that was first found as a gene up-regulated during 

an EBV infection, is essential for causing DC to migrate to 

draining lymph nodes. As a result, inhibiting CCR7 would 

effectively cause DCs to become trapped in the tumour, 

obstructing antigen presentation to antitumor T cells and 

host antitumor immunity. The activation of LXR in DCs 

was necessary for the oxysterol-mediated down-regulation 

of CCR7. Given the most recent evidence that oxysterols 

serve as chemoattractants, it would be interesting to in-

vestigate the oxysterols found in tumour supernatants for 

their capacity to chemotactic DCs without the involvement 

of LXR signalling [46]. Inhibiting the oxysterol-CXCR2 axis 

prevents tumour growth and extends the overall survival 

of mice with tumours, as shown in the study. These find-

ings reveal a previously unknown protumor activity of the 

oxysterol-CXCR2 axis and suggest a potential target for can-

cer treatment [47]. Circulating and tumour-derived oxyster-

ols have also been shown to recruit pro-tumor neutrophils, 
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increase neoangiogenesis, and suppress immune function 

in a CXCR2‑dependent and LXR-independent manner [47; 

48]. This demonstrates the ability of certain oxysterols to 

regulate a wide range of pro-tumour activities, depending 

on the LXR isoform expressed by the tumour cell’s origin tis-

sue and the surrounding microenvironment. Furthermore, 

27‑hydroxycholesterol has been shown to act as an estrogen 

receptor agonist in breast cancer, promoting tumour growth 

and metastasis [49].

LXRs, on the other hand, have been shown to control 

cancer cell growth by inducing LXR-dependent pyroptosis 

of cancer cells, and activation of LXR in macrophages has 

been shown to promote the phagocytosis of dying cancer cells 

[50]. ApoE induction, a transcriptional target of LXR, can 

cause MDSC depletion by activating the low-density lipopro-

tein receptor-related 8 (LRP8) receptor on these cells and 

potentiating cytotoxic lymphocyte activation. LXR activation 

combined with PD‑1 inhibition improved the efficacy of can-

cer patients’ cytotoxic T lymphocyte (CTL) and natural killer 

(NK) cells in these settings [51]. In a different scenario, ac-

tivation of LXRs could increase the expression of MHC class 

I polypeptide-related sequence-A (MICA) and MICB in mul-

tiple myeloma cells, two ligands of the NK cell-activating re-

ceptor NK group 2 member D (NKG2D), by increasing MICA 

promoter activity and inhibiting MICB degradation in lyso-

somes, thereby improving NK cell-cytotoxicity [52].
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Figure 4. In the context of inflammation, autoimmunity, 

and tumour growth, a summary of the key pathways 

regulated by LXRs is provided. These NRs have cell-, 

tissue-, and context-specific actions. These regulatory 

mechanisms are further complicated by the numerous 

LXR-dependent and -independent pleiotropic effects 

mediated by oxysterols, which are produced in inflamed 

or tumoral microenvironments. AHR stands for aryl 

hydrocarbon receptor; APOE is for apolipoprotein E; 

CTL stands for cytotoxic T lymphocyte; DC, dendritic 

cell; IDOL, inducible degrader of the LDL-receptor; 

IRF3, interferon regulatory factor 3; LBD, ligand binding 

domain; PUFA, long-chain polyunsaturated fatty acid; 

LDLR, low-density lipoprotein receptor; LRP8, low-

density lipoprotein receptor-related 8; MDSC, myeloid-

derived suppressor cells; MERTK, MER proto-onc [53]
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Inhibiting 3‑hydroxy‑3‑methylglutaryl coenzyme 

A (HMG-CoA) reductase prevents mevalonate production from 

HMG-CoA and lowers mevalonate levels, and inhibits myo-

cardial Rac1-GTPase activity to stifle NADPH oxidase activity 

and ROS generation are statins’ most significant effects on lung 

cancer. Additionally, farnesyltransferase (FT) proteins, the 

RAF/ERK and AKT pathways, the EGFR, and the anti-apop-

totic protein Mcl‑1 are all inhibited by statins in both humans 

and animals. They also affect cellular energy homeostasis via 

activating LKB1 and AMPK, as well as the (p. 53) pathway and 

G1 cell cycle arrest, which prevent DNA damage [54].

The ROS (reactive oxygen species) inhibitor acetylcyste-

ine (also known as N-acetyl-l-cysteine, NAC, or acetylcysteine) 

mitigates the effects of proteasome inhibitors. Additionally, it 

inhibits the synthesis of tumour necrosis factors. By inhibiting 

IB kinases, acetylcysteine (N-acetyl-l-cysteine) blocks TNF’s 

ability to activate NF-B. Apoptosis is induced by acetylcyste-

ine (N-acetyl-l-cysteine) through a mitochondria-dependent 

mechanism. Ferroptosis and viral replication are inhibited by 

acetylcysteine (N-acetyl-l-cysteine).

Milk thistle (Silybum marianum)

Different studies suggest that bile and liver conditions 

can be treated using a natural supplement called Milk Thistle 

(Silybum Marianum). Milk thistle is not subject to the same 

Food and Drug Administration (FDA) regulation and quality 
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control as standard pharmaceuticals because it is classed as 

a supplement rather than a drug.

The amount of active chemicals utilized can vary sub-

stantially depending on the production process and brand. 

There are currently many milk thistle tablets, capsules, 

and soft gels on the market, each with a different dosing 

recommendation.

While there is no defined correct dosage, the daily intake 

is a dosage that varies from 20 – 300 mg, which most people 

administer. If someone else is taking milk thistle for the liver, 

the suggested daily dose is 150 milligrams, taken one to three 

times each day.

This is a relatively high dose that can help with liver de-

toxification. It is recommended the assumption of 50 to 150 

mg per day for continued use and liver support. It is best to 

take a high-quality product that contains between 50 and 150 

mg of pure milk thistle extract in each capsule to modify the 

amount a patient takes based on her needs.

High cholesterol can cause cardiac problems and raise 

a person’s risk of stroke. Milk thistle has been linked to lower 

blood cholesterol levels in certain studies, although the evi-

dence is not conclusive.

According to a 2006 study [62], milk thistle may help 

lower cholesterol levels. It discovered that patients taking 

milk thistle to treat diabetes had lower cholesterol levels than 

those taking a placebo.
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In a study made in 2016, the researchers fed rats a high-

cholesterol diet [63], and they administered silymarin (the ac-

tive ingredient in milk thistle) to rats at doses of 300 and 600 

milligrams per kilogram (mg/kg) of body weight and discov-

ered that the rats had considerably reduced total blood cho-

lesterol and triglyceride levels. According to the results of this 

study, Silybin therapy significantly reduced serum total cho-

lesterol (24%), triglycerides (21%), and LDL–C (24%). Silybin 

(300 and 600 mg/kg) significantly increased hepatic HDL–C 

while decreasing other lipid profiles in rats.

At both doses, Silybin dramatically reduced serum and 

hepatic total cholesterol, triglycerides, VLDL–C, and LDL–C 

while increasing HDL–C.

Several research on the use and good benefits of silybin 

marianium in mice have shown that this product, in addition to 

lowering cholesterol, has a positive influence on insulin secre-

tion and anti-inflammatory properties.

The use of silybin marianium may be one of the mecha-

nisms responsible for its effects against liver damage and in-

sulin resistance [57].

Different studies have been performed to highlight the 

health benefits of milk thistle, some of them are even focused 

on the prevention or treatment of cancer, different types of 

cancers.

These researches confirm that milk thistle may be helpful 

in the prevention of the spread of some types of cancer.
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Figure 5. The structures of Silybin and its derivates 1

According to the National Institutes of Health (NIH), 

small studies primarily conducted on cells in laboratories have 

discovered that milk thistle can reduce cancer cell and tumour 

growth and possibly boost the efficiency of chemotherapy. Re-

searchers discovered advantages for a variety of cancers, in-

cluding prostate cancer, breast cancer, cervix cancer, leukae-

mia, cancer of the skin, colon and rectal cancer [64].

1  Molecules. 2019 Mar; 24 (6): 1022, Published online 2019 Mar 14. 
doi: 10.3390/molecules24061022

Milk thistle (Silybum marianum)� 21



Several small studies have also discovered that milk this-

tle may reduce the negative effects of cancer treatments such 

as radiation, surgery, and chemotherapy, however, silymarin 

has not yet been approved by the Food and Drug Administra-

tion (FDA) for cancer treatment. More research is needed to 

establish how milk thistle can help fight cancer.

Silymarin, a combination of flavonoid complexes, is the 

main component that shields liver and kidney cells against the 

negative effects of medications, including chemotherapy [56]. 

It is important to emphasise that this component has also an-

ti-inflammatory properties and it can lower the liver enzyme 

levels. Numerous research has validated the use of this natural 

product and its actual effectiveness in the suppression of liver 

cancer cells because of its anticancer and anti-inflammatory 

properties [58].

A new supercritical fluid extraction technique using car-

bon dioxide made it possible to conduct the first extraction and 

obtain the initial chemical profile of the Albanian Milk Thistle.

First-pass analyses revealed the presence of other sub-

stances with anti-inflammatory properties, as well as second 

metabolites that are thought that in combination with silyma-

rin (which can be obtained in a second extraction), they may be 

a natural alternative for the suppression of liver tumour cells.

This is only a single perspective, but it suggests how si-

lymarin characteristics and statin drugs combined can offer 

many people a good therapeutic alternative.
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MATERIALS AND METHODS

With a new and innovative method such as SC–CO2 ex-

traction, a green technology, we were able to identify silybin de-

rivatives, with anti-inflammatory and anti-tumoral properties

Materials

The plant, milk thistle,

n-hexane,

The SC CO2 extractor,

The GC -FID,

The

Method

The plant was harvested in Albania’s Elbasan region, 

cleaned of any physical contaminants, and then treated to SC 

CO2 extraction.

CO2 has excellent solvent characteristics that can be easily 

adjusted by adjusting the pressure and temperature. Further-

more, at the supercritical state, carbon dioxide has an extreme-

ly low viscosity and no interfacial tension. As a result, it may 

easily penetrate complex structures and materials. Because 

of these characteristics, it is appropriate for a wide range of 

processes.
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The procedure begins with the working tank, where the 

CO2 for the operation is stored. It is then compressed and heat-

ed to the extraction temperature using a high-pressure pump. 

It is then guided into one of the extraction jars containing the 

carrier substance. The extractors have rapid opening closures 

for convenient and safe filling and discharging.

Solid raw materials are normally supplied to the extractor 

via a container. Several extraction containers can be coupled 

into an operational system to enable continuous extraction de-

spite the extractors’ batch operation. After exiting the extrac-

tors, the loaded carbon dioxide reaches the separators, where 

a change in pressure and/or temperature creates conditions 

in which the extract separates from the carbon dioxide. The 

extract can then be collected at the bottom of the separators. 

This is also where the solvent characteristics of CO2 enable for 

fractionation of the extract into distinct separators. In the fi-

nal separator, the CO2 is normally expanded to a gas state to 

remove any residual chemicals.

This principle was performed even with the extraction of 

the milk thistle. This pressure level is critical because high-en-

ergy recompression should be avoided. Following separation, 

the gas is liquefied in a condenser and returned to the working 

tank. It can now be used once more. The container was tightly 

closed and the herb was kept in a well-ventilated area. The 

method utilized has some unique usage requirements, such as 

the requirement that the plant have a humidity of almost 6%. 
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After inserting the plant into the extractor, the plant’s pure 

extract was extracted. Various herbs are extracted using the 

inert gas carbon dioxide. At 1071 PSI and 31.1 °C, the carbon 

dioxide molecule enters in a supercritical state; at this point, 

it possesses both liquid and gaseous properties. Such a situa-

tion is advantageous because CO2 can diffuse and function as 

a liquid solvent in addition to reaching small places as a gas.

To achieve the necessary extract, inert gas molecules pass 

through the plant, the extract is then collected in a container, 

and the gas is recollected to be utilized once more. To deter-

mine the chemical profile of the extract, it was diluted with 

hexane in a ratio of 1:2. It is crucial to emphasize that this is 

only the first step in the extraction process; silybin (silymarin) 

must be extracted in two steps [59].
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RESULTS AND DISCUSSIONS

The chemical profile of this essential oil was examined 

using gas chromatography and a flame detector. (The extract 

was previously diluted (1 to 2) using hexane. The table below 

shows the data that were obtained.

With the aid of HPLC, it was possible to determine 

the difference between volatile compounds and secondary 

metabolites.

Table 1. The milk thistle essential oil components

Compounds Percentage
1. Palmilic acid 8.2
2. Oleic acid (omega 9) 26.4
3. Linolic acid 32.0
4. Linolenic acid (omega 6) 5.2
5. Benehic acid 4.5

The results obtained, showed a high percentage of the ole-

ic acid, at 26.4% and Linolic acid at 32%. Studies have revealed 

that the consumption of vegetable oils derives from both their 

greater availability and from the recommendations to consume 

these oils as a help to reduce blood cholesterol levels.

These studies have also shown that linoleic acid has also 

enabled the levels of cholesterol in the blood, but this does 

not provide for its effect on the development of atherosclero-

sis [60]. A high presence of oleic acid at 26.4%. in milk thistle 
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attributes health benefits to this natural product, which can 

protect against oxidative stress, endoplasmic reticulum (ER) 

stress, inflammation, and other health issues by activating sev-

eral signaling pathways in hepatic parenchymal cells. Addition-

ally, oleic acid lowers hepatocellular lipo-toxicity brought on 

by palmitic acid by preventing pyroptosis and ER stress [61].

Graphic 1. The graphical presentation of chemical 

composition of milk thistle essential oil (first extraction)

Alpha-tocopherol, which is detected at 25 /gr extract, and 

carotenoids, which are detected at 33 /gr extract, were the sub-

jects of another HPLC investigation.
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Table 2. The secondary metabolites

Secondary metabolites Results Method

a-tocopherol 25 μ/gr extract HPLC

Carotenoids 33 μ/gr ectract HPLC

The immune system is strengthened with alpha-

tocopherol, which also helps to avoid blood clots. Addition-

ally, it aids in safeguarding cells from free radicals, which are 

incredibly reactive chemicals. The use of alpha-tocopherol 

in the prevention and treatment of particular types of cancer 

is a topic of research. It provides an antioxidant effect. Also 

known as vitamin E.1

Human meals include carotenoid pigments, particularly 

beta-carotene and lycopene, which are crucial for maintaining 

good health. It has been demonstrated that carotene quench-

es singlet oxygen and has strong antioxidant action. Studies 

have suggested that carotene may reduce the risk of cancer as 

a result.

1  D-α-tocopherol polyethylene glycol succinate and Poloxamer 
188 modified liposomal chrysin hydrogel for enhanced topical 
treatment of ultraviolet-induced skin photoaging damage 

Xiang Wang, Xuefeng Hou, Yihan Wu, Jingwen Guo, Haichuan 
Tai, Yongtai Zhang, Nianping Feng. Arabian Journal of Chemistry, 
Volume 16, Issue 7, July 2023, 104822
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DISCUSSIONS AND CONCLUSIONS

The entire purpose of this study was to make a revision 

of the literature on the action that statins have in inhibitory 

cholesterol and consequently their anti-carcinogenic action on 

liver cells.

But an interesting combination was perhaps the combina-

tion of the Silybum marianum (milk thistle), which contains 

silybin, and consequently, the presence of this main compound 

and its derivatives can be combined and can fight (minimize 

the exposure of liver cancer cells). Numerous studies that refer 

to statins and their mechanism of action have been presented 

for a revision of their mechanism for the inhibition of can-

cerous cells, a laboratory study to extract Silybin derivatives, 

with a friendly environment method, such as SC CO2 extrac-

tion method, allowed us to acquire a chemical profile of this 

compound and analyze secondary metabolites.

However, other investigations and studies are still needed, 

which can be a good opportunity so that these two compounds 

can also be combined to help prevent liver cancer cells in one.
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