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Abstract: Silibinin/silymarin has been used in herbal medicine for thousands of years and it is well-
known for its hepato-protective properties. The present comprehensive literature review aimed to
critically summarize the pharmacological properties of silymarin extract and its main ingredient silib-
inin in relation to classical cardiovascular risk factors (e.g., diabetes mellitus, etc.). We also assessed
their potential protective and/or therapeutic application in cardiovascular diseases (CVDs), based
on experimental and clinical studies. Pre-clinical studies including in vitro tests or animal models
have predominantly implicated the following effects of silymarin and its constituents: (1) antioxidant,
(2) hypolipidemic, (3) hypoglycemic, (4) anti-hypertensive and (5) cardioprotective. On the other
hand, a direct amelioration of atherosclerosis and endothelial dysfunction after silymarin administra-
tion seems weak based on scarce data. In clinical trials, the most important findings are improved
(1) glycemic and (2) lipid profiles in patients with type 2 diabetes mellitus and/or hyperlipidemia,
while (3) the anti-hypertensive effects of silibinin/silymarin seem very modest. Finally, the changes in
clinical endpoints are not robust enough to draw a firm conclusion. There are significant limitations
in clinical trial design, including the great variety in doses and cohorts, the underlying conditions, the
small sample sizes, the short duration and the absence of pharmacokinetic/pharmacodynamic tests
prior to study commitment. More data from well-designed and high-quality pre-clinical and clinical
studies are required to firmly establish the clinical efficacy of silibinin/silymarin and its possible
therapeutic application in cardiovascular diseases.

Keywords: silymarin; silibinin; cardiovascular diseases; diabetes mellitus; hypertension; dyslipidemia

1. Introduction

Cardiovascular diseases (CVDs) comprise the major mortality and morbidity umbrella
of diseases in the modern world [1]. Nowadays, pharmaceutical and non-pharmaceutical
interventions modifying cardiovascular risk factors (e.g., diabetes mellitus—DM, hyper-
lipidemia etc.) predisposing to CVDs are a top priority of scientific research [2,3]. In the
context of a healthier lifestyle, herbal medicine has gained an increasing scientific interest
from research groups in an effort to develop better therapeutic strategies for primary or
secondary prevention of CVDs [4,5].

Many well-designed in vitro and in vivo experimental studies have shown the positive
effects of some herb standardized extracts and active ingredients as beneficial supplements
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in population groups at risk of CVDs. However, there are still many questions to be
answered and many studies to be performed to precisely assess the impact of such herbal
medicines and/or supplements on humans in order to safely extrapolate experimentally
promising results to clinical practice. These questions arise from the heterogeneity of the
administered doses due to the different content of the active constituents, the absence of
pharmacokinetic (PK) studies and subsequent PK-based dose selection, the heterogeneity of
the populations’ characteristics, the possible co-administered pharmaceutical treatment, etc.
Accordingly, most of the clinical trials are often characterised by inconclusive findings or
have inadequate power, and the results cannot be generalized to the entire population [6,7].

Silybum marianum (Milk thistle) is a plant that has been used in herbal medicine for
thousands of years. The oldest reported medical use of milk thistle was by Dioscorides [8]
recommending the herb as a treatment for serpent bites. Pliny the Elder (Gaius Plinius
Secundus—AD 23/24–79) recommended the juice of the plant mixed with honey for
“carrying off bile.” Milk thistle was first served as an antidote for liver toxins in the Middle
Ages and later by the British herbalist Culpepper to relieve “obstructions of the liver”. In
1898, physicians Felter and Lloyd noted that the herb was helping with the resolution of
“liver, spleen and kidney congestion” [8].

Nowadays, silymarin is used as the fruit extract of S. marianum and its main constituent
silibinin or silybin, constitutes the most active ingredient as confirmed in various studies [8].
This compound belongs to the flavonoid group known as flavonolignans and was classi-
fied by the World Health Organization as a potential medication with health-promoting
properties in the 1970s. It is derived by organic solvent extraction and represents 1.5–3% of
the dry weight of the fruit. Over the last years, apart from the well documented protective
effect of silibinin against toxic liver damage [9–12], the potential anticancer activity of
silymarin extract and its main constituent silibinin (e.g., breast, skin, colon, cervix, ovary,
prostate, lung, and hepatocellular cancers, among others), has stimulated the interest of the
pharmaceutical industry to develop medications with the therapeutic properties of these
substances [13]. Furthermore, literature data from experimental in vitro and pre-clinical
animal studies also indicate the cardioprotective effects of silymarin extract and its main
constituent silibinin, mainly based on its antioxidant, anti-hypertensive, hypolipidemic,
hypoglycemic and direct anti-atherogenic properties. In addition, an increasing number of
small-scale, observational or randomized, clinical trials have examined the cardiovascular
actions of silymarin extract and its main constituent silibinin.

The aim of the present comprehensive review was to critically summarize the phar-
macological properties of silymarin extract and its main ingredient silibinin, in relation
to classical cardiovascular risk factors, such as DM, hyperlipidemia etc., depicted with
the related possible mechanisms of action in Figure 1. We also assessed their potential
protective and/or therapeutic application in CVDs, based on experimental and clinical
studies that are summarized in Tables 1 and 2 at the end of the results section.
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NF-κB: nuclear factor kappa-light-chain-enhancer of activated B cells; INFγ: Interferon γ; 
SOD: superoxide dismutase; MDA: malondialdehyde; GPX: Glutathione peroxidase; 
GSH: Blood Glutathione; GSSG: oxidized glutathione; GSK-3b: glycogen synthase kinase-
3b; HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; ERK1/2: extracellular signal-
regulated kinase ½; PTP1B, tyrosine phosphatase 1B; NADPH: nicotinamide adenine 
dinucleotide phosphate; LDL: low density lipoproteins; ROS: Reactive oxygen species; 
Nrf2: Nuclear factor E2-related factor 2; PI3K: phosphatidylinositol 3-Kinase; Akt: protein 
kinase A,B; PEPCK: Phosphoenolpyruvate carboxykinase. 
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disease. Three investigators (N.B., C.P. and M.V.) independently performed the literature 
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We further limited our literature search by setting the following exclusion criteria: studies 

Figure 1. Schematic representation of the most important cardiovascular protective properties of
silymarin extract and its main active constituent silibinin and the related possible mechanism of
action. Arrows indicate either increase (↑) or decrease (↓) of the respective biomarker expression. Key:
IL: interleukin; TNFa: Tumour necrosis factor-a; NF-κB: nuclear factor kappa-light-chain-enhancer
of activated B cells; INFγ: Interferon γ; SOD: superoxide dismutase; MDA: malondialdehyde; GPX:
Glutathione peroxidase; GSH: Blood Glutathione; GSSG: oxidized glutathione; GSK-3b: glycogen
synthase kinase-3b; HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; ERK1/2: extracellular
signal-regulated kinase 1

2 ; PTP1B, tyrosine phosphatase 1B; NADPH: nicotinamide adenine dinu-
cleotide phosphate; LDL: low density lipoproteins; ROS: Reactive oxygen species; Nrf2: Nuclear
factor E2-related factor 2; PI3K: phosphatidylinositol 3-Kinase; Akt: protein kinase A,B; PEPCK:
Phosphoenolpyruvate carboxykinase.

2. Literature Search Strategy

We conducted a literature search in the English language for publications in MED-
LINE and EMBASE, Web of Science, Cochrane and Google Scholar databases from 1990 to
January 2022. The reference lists of the identified articles were checked for any additional
relevant articles. The following search terms, in titles and abstracts, including Medical
Subject Headings (MeSH) were used: silibinin, silymarin, oxidative stress, antioxidants, in-
flammation, atherosclerosis, DM, hyperglycemia, hypertension, hyperlipidemia, metabolic
syndrome, cardiovascular diseases, and coronary artery disease. Three investigators (N.B.,
C.P. and M.V.) independently performed the literature search. We included experimental
studies, both in vitro and in vivo, and clinical studies. We further limited our literature
search by setting the following exclusion criteria: studies with full-text unavailable, pub-
lished languages other than English, conference abstracts, and interventional arms mixing
of silymarin/silibinin and other substances.
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Based on abstract and title, we initially found 842 records through database search-
ing of titles and abstracts. After abstracts screening, we removed 188 duplicated studies
and another 572 studies as irrelevant. Eighty full-text studies were screened for eligibil-
ity. After removing studies with wrong design, irrelevant outcomes, or whose full text
was unavailable we ended-up with a total of 29 experimental studies, 4 systematic re-
views and meta-analyses of clinical data and 7 clinical studies that were not included in
those meta-analyses.

3. Results and Discussion
3.1. Description, Physicochemical and Biopharmaceutic Properties of Silibinin, Silymarin’s
Main Constituent

Silymarin consists of a mixture of flavonoliglas with the most known being silibinin,
isosilibinin, silychristin andsilidianin (Figure 2) [14]. Silibinin is the main active ingredi-
ent of silymarin extract, has an IUPAC name of (2R,3R)-3,5,7-trihydroxy-2-[(2R,3R)-3-(4-
hydroxy-3-methoxyphenyl)-2-hydroxymethyl)-2,3-dihydro-1,4-benzodioxin-6-yl]-2,3-dihyd
rochromen-4-one, a molecular formula of C25H22O10, an average mass of 482.4 and a heavy
atom count of 35 [15]. Silibinin (also called Silibinine, Silybine, Silybin, Silibininum, Sili-
binina [14,15]), exists in two diastereomers (Silibinin A and Silibinin B, Figure 1) and is
chemically composed of two main units which are linked to one structure by an oxeran ring.
The first unit is a taxifolin unit (a flavonoid unit), while the second is a phenylpropanoid
unit (a conyferil alcohol) and these determine its behaviour [16,17]. This small and highly
functionalized molecule with alternating carbo- and hetero-cycles, is very stable under
Bronsted acidic conditions, but its stability is decreased in the presence of Lewis acids or
under basic conditions, while prolonged heating over 100 ◦C or the presence of strong bases
may cause changes in its molecular skeleton. Furthermore, Silibinin molecule is resistant to
reduction, but it is easily oxidized to 2,3 dehydrasilybin [18].

Figure 2. Chemical structures of the main ingredients (flavonoglicans) of Silymarin extract.

Silibinin’s structure has 5 hydroxyl groups which are the primary targets of the
derivatization process. Three of these hydroxyl groups (5-OH, 7-OH, and 20-OH) possess a
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phenolic nature, the 5-OH group has a very strong hydrogen bonding to the adjacent oxo
group, which is in the conjugation with the aromatic ring and acts as a free electron pair
donor to the hydrogen bond with the 5-OH group. Meanwhile, the 7-OH and 20-OH have
similar properties, although the C-7 OH group is more reactive than the 20-OH group due
to its lower steric hindrance and the presence of a hydrogen bond. The C-23 OH group
have properties leading to the esterization or the oxidation of carboxylic groups. The C-3
OH group can easily be oxidized (even with atmospheric oxygen) to a ketone, which is
responsible for the creation of a 2,3-dehydrosilybin [18].

Silibinin is poorly soluble in water and in polar protic solvents (EtOH and MeOH),
and insoluble in non-polar solvents (chloroform and petroleum ether), but highly soluble
in polar aprotic solvents such as DMSO, acetone, DMF, and THF [19]. Silibinin behaves as
weak acid in neutral aqueous solutions possessing pKa values of 6.63 for the 5-OH group,
7.7 or 7.95 for the 7-OH group, and 11.0 for the 20-OH group [19,20].

Aqueous solubility of drug substances is one of the main parameters determining
oral drug absorption and bioavailability [21]. In the recent study of Kellici et al. [22] the
aqueous solubility and the dissolution rate of Silibinin was determined at pH 2.0, 4.5, and
6.8 at 37 ◦C. The solubility of pure Silibinin was found equal to 0.0033 ± 0.0018 mg/mL at
pH 2.0, 0.005 ± 0.0008 mg/mL at pH 4.5, and 0.0023 ± 0.0003 mg/mL at pH 6.8, while its
dissolution in the same dissolution media should be considered negligible. These results
could be considered in conjunction with the concept of the “Biopharmaceutics Classification
System” (BCS) [21], to draw some rough conclusion of Silibinin’s oral bioavailability. BCS
has been adopted by both FDA [23] and EMA [24] as described in the relevant regula-
tions, and provides a scientific framework for drug classification into four classes based
on their aqueous solubility and gastrointestinal permeability, considering the highest ad-
ministered dose at a physiologically relevant pH range (pH 1–6.8), as follows: Class I:
High Solubility–High Permeability, Class II: Low Solubility–High Permeability, Class III:
High Solubility–Low Permeability, Class IV: Low Solubility–Low Permeability. In the same
context, Waldamann et al. [25] recently presented a provisional BCS classification strategy
for some markers of common herbs used in western medicine, according to the information
available from the literature. Based on this classification, the herb Milk thistle (classified
using markers Silibinin A and Silibinin B, based on their solubility/permeability properties
and considering a dose of 70 mg per marker for a maximum single dose of the commercial
product Legalon equal to 140 mg), is suggested to belong to BCS Class III. This classification
depicts a substance with low intestinal permeability and high solubility. However, based
on the above-mentioned experimental values of silibinin’s aqueous solubility, it should
be classified rather as BCS Class IV (low solubility/low permeability) than BCS Class III
substance since both silibinin’s solubility and permeability are problematic and limit its
intestinal absorption, when a dose of 70 mg is considered.

3.2. Antioxidant Actions of Silibinin/Silymarin

The main antioxidant action of silibinin is to maintain an optimal redox balance in
the cell by activating multiple enzymatic and non-enzymatic antioxidants, mainly via
Nrf2 activation [26]. In this context, it may prevent free radical formation by inhibiting
specific ROS-producing enzymes or improving the integrity of mitochondria in stress
conditions. As a potent scavenger of reactive oxygen species (ROS) such as hydroxyl and
peroxyl anions and hypochlorous acid, silymarin extract, and its main active ingredient
silibinin, have shown this action in various systems, such as rat liver microsomes, as well as
human platelets, leukocytes, endothelial cells, erythrocytes, and fibroblasts. By scavenging
free radicals directly and chelating free Fe and Cu it may affect the microenvironment
of the gut, including interactions with bacteria, the latter requiring, however, further
investigation [27]. Besides this, in vitro studies have demonstrated that silibinin has the
capability to activate vitagenes, responsible for synthesis of protective molecules, such as
heat shock proteins (HSPs), thioredoxin and sirtuins and thereby may additionally protect
against oxidative stress [27]. On the surface of hepatocytes, silibinin can inhibit organic
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ion uptake transporters and tumour necrosis factor-alpha (TNF-a) expression, and, in turn,
reduce the cellular uptake of xenobiotics, including mushroom poisons [28]. More data
have been raised about the protective effect of silibinin on liver toxicity.

Among the proposed mechanisms, silibinin may stabilize cell membrane permeability
through inhibition of lipid peroxidation, thereby assisting the liver in maintaining the levels
of its own protective antioxidant, glutathione. It also exerts anti-toxic effects against various
toxic chemicals, such as carbon tetrachloride, interferon-gamma, interleukin IL-2 and IL-4,
by suppressing the pro-inflammatory pathways TNF-a and nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB). In animal nutrition and disease prevention
strategy, silibinin alone, or in combination with other hepato-active compounds (carnitine,
betaine, vitamin B12, etc.), might have similar hepatoprotective effects to those described
in human nutrition [26].

3.3. Silibinin/Silymarin in Atherosclerosis and Ischemia

The effects of silibinin/silymarin on liver disease have been widely studied [29] in the
previous decades, but their effects on atherosclerosis have not been as thoroughly explored.
Recent studies have given more detailed insight on the possible mechanisms by which
flavonoids and particularly silibinin/silymarin exert anti-atherosclerotic actions. Silibinin
has been proven to reduce at a dose-dependent manner the atherosclerotic plaque burden
in the arteries of hypercholesterolemic rabbits fed with silymarin extract at daily doses of
100 and 200 mg/kg, demonstrating a higher anti-atherosclerotic efficacy of 200 mg/kg/d
over 100 mg/kg/d of silymarin [30]. Furthermore, silibinin has been proven to augment
the effect of clopidogrel on atherosclerosis [31]. Mice fed with a high fat diet were divided
in three groups, Silibinin, Clopidogrel and combined treatment. The mice treated with
Silibinin and Clopidogrel showed reduced aortic lesion, inflammation and endothelial
dysfunction. Also, the anti-thrombotic effect of clopidogrel has also been augmented in the
mice treated with both substances. Another animal study examined the dose-dependent
effects of silymarin on atherosclerosis development in New Zealand rabbits receiving a
high-fat diet. However, the extrapolation of those results to humans should be done with
caution, requiring well-designed and properly conducted clinical studies.

Regarding the underlying mechanisms, silymarin/silibinin may lower LDL oxidation,
which is an intermediate step of atherosclerosis development [32]. The contributory role
of excessive formation of Radical Oxygen Species (ROS) to atherogenesis has been well-
studied. Their accumulation in the vascular wall promotes LDL oxidation and this in
turn promoted atherosclerotic plaque formation, especially at early stage [32]. Therefore,
the athero-protective mechanisms of silymarin/silibinin involves significant antioxidant
properties and reduced LDL oxidation [27]. Although the atheroprotective impact of
other antioxidants, beyond silibinin, has been supported by a plethora of experimental
data [33], their clinical effectiveness remains a matter of debate. The low bioavailability
of antioxidants has explained the discordance between experimental and human results
restricting significantly their implementation in atherosclerotic diseases. While Silibinin
seems to be a highly effective antioxidant, among other things, its properties require further
investigation [27]. In this context, silibinin/silymarin may improve vascular function.
Experiments using rat models have proved a significant amelioration of pulmonary vascular
dysfunction after receiving 250 mg/kg/day of silymarin for eight days [34] and retrieval
of normal endothelium and vascular elasticity after lung ischemia reperfusion injury on
an ex vivo model of isolated rat aortas [35]. Furthermore, silibinin (20 mg/Kg i.p. daily)
alleviates endothelial dysfunction by decreasing the asymmetric dimethylarginine (ADMA)
levels in the aorta and plasma, which reverses the inhibition of Nitric Oxide synthase [36]
and so increases NO availability [37].

Along with atherogenesis, myocardial infarction has been studied in rats. To prevent
myocardial necrosis, prompt reperfusion is the gold standard target in myocardial infarc-
tion, at the expense of reperfusion injury characterized by a paradoxical rise in cell death.
The underlying mechanisms of reperfusion injury involve an increase of mitochondria
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permeability transition and the myocardial cellular apoptosis shortly after reperfusion
followed by ROS excretion [38]. Such cardioprotective effects of silibinin have been very
recently examined in mice undergoing Left Anterior Descending Artery (LAD) ligation
which were randomized to either pre-treatment with silibinin, 100 mg/kg for seven days,
prior to myocardial infarction or remained untreated [39]. In the silibinin-treated group
cardiac dysfunction induced by Infraction/Reperfusion (I/R) injury was significantly ame-
liorated compared to the sham group. This was implicated by the significant increase of
the left ventricular ejection fraction (LVEF) and the lowered levels of B-type natriuretic
peptides and cardiac troponin in the former group. In another animal study, the infarct size
was reduced in a dose-dependent manner in the silymarin treated group, (silymarin 100,
250, 500 mg/kg) [40]. Taken altogether, these preliminary data are strong evidence of the
potential athero- and cardio-protective properties of silibinin.

3.4. Silibinin/Silymarin and Metabolic Syndrome (MS)

In general, Silibinin/Silymarin exerts multiple beneficial effects on metabolic syn-
drome (MS) aspects, via a variety of mechanisms and actions [41]. According to the
International Diabetes Federation, diagnostic criteria for the MS include [42]: elevated
levels of triglycerides and fasting blood glucose (FBG), reduced levels of high-density
lipoprotein (HDL), elevated blood pressure and increased waist circumference [43]. There
are not many in-vivo and in-vitro studies examining the possible positive effect of the
flavonoids, including silymarin ingredients. Summarizing the results of those studies, we
can reach the conclusion that silibinin may favourably change cardiovascular risk factors
clustered under MS definition. In particular, silymarin increases the HDL levels, but its
impact on total cholesterol level is controversial [44,45]. According to a few studies, it
may significantly decrease blood pressure, body weight, FBG and triglycerides [44–49].
In the following sections we have analysed the impact of silibinin/sylimarin on each
cardiovascular disease (CVD) risk factor separately. In case of MS as a cluster of those
factors, sylimarin seems to decrease the total oxidative stress (30, 100, 300 mg/kg) [46,50],
particularly targeting oxidant secretion by the liver [43]. Moreover, the hepatoprotective
properties of silibinin may favourably modulate a number of metabolic parameters. In
particular, it can suppress the production and release of inflammatory mediators from the
liver which significantly contribute to CVD development and manifestation [47,48].

Finally, an animal study has been conducted in order to ascertain silymarin’s pos-
sible action on hyperuricemia [51]. The latter is the most important risk factor for the
development of gout [52] and is, in parallel, a risk factor for MS and CVD, through vas-
cular inflammation and oxidative stress [53]. It usually accompanies diseases of vascular
endothelial dysfunction. Anti-hyperuricemic therapy targets uric acid production via a
xanthine oxidase inhibitor (XOD-inhibitor), so-called allopurinol. It blocks xanthine oxidase
(XOD), the enzyme catalysing the oxidation of hypoxanthine to xanthine and eventually to
uric acid. With the exception of the silibinin, some flavonoids have a similar hypouricemic
action, through the inhibition of XOD, however hyperuricemia seems to be unaffected by
silibinin administration.

3.5. Silibinin/Silymarin and Diabetes Mellitus

DM constitutes an epidemic disease in western societies with a high burden on health-
care systems worldwide. In 2019, DM was the ninth leading cause of death with an
estimated 1.5 million deaths directly linked to DM [54]. The rapidly growing incidence of
DM has increased the demand for new effective medications and diet modification. In this
context, an increasing number of studies [55] have examined the antidiabetic properties of
silymarin, and its major component silibinin, as a dietary supplementation.

Animal studies in diabetic rats have also shown the glucose-lowering actions of sily-
marin at daily doses ranging from 60 mg/kg to 300 mg/kg [56–60]. In addition to FBG
reduction, in vivo studies have shown improved glucose homeostasis [61] and higher in-
sulin sensitivity in adipose tissue after sylimarin administration (40 mg/100 g) [48]. In some
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of these, the effects derived from silymarin-induced elevation of serum insulin levels [56,62].
The investigators suggested increased pancreatic β-cells number, up-regulation of their via-
bility and improvement in their function in vivo and in vitro (high glucose-palmitate/BSA-
treated β-cells) as well [56]. In contrast, two studies failed to show an improvement in beta
cells function (silibinin 50 mg/kg/day & 100 mg/kg/day) [63] or hyperglycemia (silymarin
15 mg/kg/day & 30 mg/kg/day) [64] in diabetic animals in a dose dependent manner.
However, the latter study showed a significant reduction in body weight and serum insulin
levels [64]. Alloxan has been used in diabetic animal models due to its destroying effects
on pancreatic β-cells [58]. Silymarin can significantly increase the pancreatic and plasma
glutathione levels, which in turn enhances the GSH/GSSG ratio and prevents pancreatic
lipid peroxidation and the consequent hyperglycemia induced by alloxan in rats [58]. More-
over, silymarin (200 mg/kg/day) augments the activity of pancreatic antioxidant enzymes
restoring the alloxan-induced toxicity on β-pancreatic cells leading to normalization of
blood glucose levels [65]. The pancreatic β-cells damage can be inhibited by activating
ERα-dependent Nrf2-antioxidative signalling pathways [56] and reducing the production
of free radicals [58]. The ERa receptors may also trigger insulin synthesis in pancreatic
β-cells and thereby maintain glucose homeostasis [51]. Although sylimarin’s effect on
insulin tolerance in diabetic animals is not well tested, it has been reported to ameliorate
insulin tolerance in obese mice without T2D after silymarin treatment [61].

In addition to oxidative stress suppression, silymarin has been proved to decrease
pro-inflammatory cytokines, like TNF-α and IL-1β (Interleukin-1β) in diabetic rats [56]. A
lower expression of TNFa and IFNγ (Interferone-γ) has been found in diabetic silymarin-
treated zebrafish [66]. In vitro studies have reported reduced TNFα/IL-1β mRNA ex-
pression in insulin secreting (INS) cells pre-treated with silymarin. Counterbalancing the
decreased protein expression of Phosphoinositide 3-kinases (PI3K) and Protein kinase B
(Akt) phosphorylation in pancreatic cells and pre-treatment with silymarin of the cells un-
der TNFα/IL-1β treatment increased the expression of PI3K and Akt phosphorylation [62].

Regarding the protective effects of silymarin on diabetic complications Miranda et al.
(2020) [63] demonstrated reduced hepatic and pancreatic protein damage, creatinine levels,
and food and water intake after silymarin administration (50 and 100 mg/kg body weight/d
for 30 consecutive days). Concomitantly, silymarin prevented the loss of bodyweight
and dehydration, likely by reducing daily urine volume, which consequently led to less
water intake [63]. Similarly, silymarin exerted a nephron-protective action in rats with
streptozotocin- and nicotinamide-induced type 2 diabetic nephropathy [57]. Silymarin also
contains considerable number of phenolic compounds which may play an important role
in stabilizing lipid peroxidation due to their intrinsic reducing capacity [67]. Moreover,
declined levels of cholesterol and triglycerides have been observed in diabetic rats after
treatment with silymarin. These findings might suggest a hypocholesterolemic activity of
silymarin in diabetic animals [59].

3.6. Silibinin/Silymarin and Hyperlipidemia

The hypolipidemic effects of silymarin have also been the focus of various studies. In
rats with hyperlipidemia developed after either a high-fat diet or with N-nitrosodiethylamine
(NDEA) silymarin may significantly decrease total cholesterol triglycerides [68], VLDL and
LDL [61,69]. Moreover, silymarin seems to increase HDL concentrations [44]. It is important
to mention that an in vivo study showed that N-nitrosodiethylamine (NDEA) induced
increased levels of cholesterol and triglycerides in animals with subsequent decrease in
the levels of phospholipids and free fatty acids in serum. Rats that were treated with both
NDEA and sylimarin (1000 mg/L/day for 16 weeks) showed a significant decrease in the
levels of cholesterol and triglycerides with subsequent increase in the levels of phospho-
lipids and free fatty acids compared with the NDEA group [68]. Silymarin exhibited its
potent hypolipidemic effect by increasing the levels of lipid metabolizing enzymes in the
liver and decreasing cholesterol/phospholipid ratio both in the serum and liver [68]. It also
inhibits 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase activity, which is



Pharmaceuticals 2022, 15, 538 9 of 19

the rate limiting enzyme in cholesterol biosynthesis [68]. In cases of triglycerides (TGs) de-
cline, this is mainly attributed to triggered triglycerides metabolism through CYP4A [44,45].
Notably, silymarin increases the level of arachidonic acid [68] and activates the Farnesyl
X receptor (FXR) transactivity in a dose-dependent manner [61]. FXR has been shown to
play an essential role in controlling normal lipid and glucose metabolism by regulating the
expression of a series of downstream target genes [61].

3.7. Silibinin/Silymarin and Hypertension

There is a very small number of studies regarding the impact of silibinin/silymarin
on hypertension. Those studies mainly assess hypertension in the context of liver dis-
ease or in combined administration with other compounds (e.g., tetrandrine) [70]. An
old animal study conducted in hypertensive rats [70] investigated the effects of silibinin
(300 mg/kd/day) on blood pressure, and ventricular hypertrophy, from one side, and
infarct size and death rate after coronary artery ligation, on the other. The authors con-
cluded that silibinin reduced blood pressure, left ventricular hypertrophy, arrhythmias,
and mortality in those rat models. Rat death rates decreased after oral consumption of
silibinin and lowered blood pressure with the same efficacy as the drug tetrandrine, pre-
sumably due to its antioxidant activity [27]. The vasodilated properties of silymarin have
been implicated in two more studies using rat models [71,72]. Silymarin administration
(200 mg/kg/day for 5 weeks) significantly ameliorated pulmonary artery hypertension
(PAH) at early stage before it became a severe and irreversible condition. The underlying
mechanism may involve the suppression of a chemokine/receptor axis, CXCR4/SDF-1 axis
(CXCR4 is a chemokine receptor and SDF-1, stromal cell derived factor, is its ligand), which
may delay pulmonary arteriolar occlusion and pulmonary vascular remodelling, and thus
can ameliorate pulmonary arterial hypertension (PAH) [73–75].

Up-to-date data about the hypotensive activity of silibinin/silymarin are very scarce,
and it is clear that more studies are required to unravel the underlying mechanisms of
silibinin/silymarin’s effect on arterial systemic hypertension.

3.8. Silibinin/Silymarin and Cardiomyopathies

In recent research, heart failure, cardiomyopathies and cardiotoxicity are therapeu-
tical targets of silymarin research with encouraging results. More specifically, silymarin
treatment of diabetic mice (100 mg/kg) has shown it ameliorates diabetic cardiomyopa-
thy [76]. This study proved that silymarin treatment decreased cardiac fibrosis and collagen
deposition. Moreover, the echocardiographic evaluation of silymarin-treated mice showed
attenuated cardiac dysfunction. Silibinin has also been proven to reduce the hypertrophic re-
sponse in H9c2 rat embryonic heart cells induced by phenylephrine possibly by antioxidant
mechanisms mediated by extracellular signal-regulated kinase 1

2 -mitogen activated protein
kinases (ERK1/2 MAPKS) [77]. TPM1 encodes the actin binding protein tropomyosin 1
which plays a role in striated muscle contraction. Myosin Light Chain (2MYL-2) has been
proven to play a crucial role in the normal development of ventricular cardiac myocyte
structure and function [78]. Silibinin has been proven to increase the gene expression of
these two genes [79]. The study that described this effect involved obese mice divided in
two groups (High fat diet and High fat diet plus silibinin). The group that was treated with
silibinin (54 mg/kg/day for 4 weeks) showed the greater expression of the above genes.
This study regarded the presence of these genes in the area of diabetic cardiomyopathy. Both
proteins involving TPM1 [80] and MYL2 [81] in dilated and hypertrophic cardiomyopathy
are strongly supported as well. Potentially this could be a future role of silibinin for the
development of newer therapeutic agents, targeting the genes responsible for several types
of cardiomyopathies. However, the proposed mechanism requires further investigation
since the role of TPM1 and MYL2 in cardiomyopathies has not been adequately explored.

Cardiotoxicity is a well-known side effect of chemotherapy associated with major
morbidity in cancer patients. Silymarin may provide protection against those adverse ef-
fects [82]. Doxorubicin, a widely used chemotherapeutic agent, is commonly accompanied
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by cardiotoxicity. In vitro pretreatment of rat cardiomyocytes with silymarin decreased
the cardiotoxicity of doxorubicin at a dose-dependent manner (25–100 µm) [83,84], while
silymarin (silibinin 60 mg/kg, orally) may protect the heart of doxorubicin-treated rats [85].
Another in vitro study of doxorubicin showed reduced serum markers of Lactate dehydro-
genase (LDH), creatine kinase myocardial band (CK-MB) and cTroponin I after silymarin
administration (50 mg/kg/day), implicating less myocardial damage possibly through
its anti-oxidative properties [86]. Cisplatin is also an established chemotherapeutic drug,
and the cardioprotective properties of silymarin have been described [87]. In particular,
silymarin administration reduced serum level biomarkers of myocardial damage, such as
LDH, creatinine kinase isoenzymes and cardiac troponin I, in an albino rat study. Adri-
amycin (ADR) is another potent anti-cancer drug that has limited use due its adverse effects.
An in vivo study of ADR-induced cardiotoxicity in albino rats proved lower LDH and
creatine phosphokinase (CPK) plasma levels in the silymarin pre-treated group (50 mg/kg
for 30 days) compared with the control group [88]. Light micrograph of rat heart spec-
imens showed milder myocardial injury (milder interstitial edema, vascular congestion
and subendocardial cell infiltration) in the group of silymarin treatment preceding ADR
administration. Therefore, the cardioprotective mechanisms of silibinin/silymarin against
cardiotoxic agents warrant further investigation. Potentially, silymarin could be an essential
part of novel strategies in cardiomyopathies.

3.9. Silibinin/Silymarin and Cardiovascular Prevention Based on Clinical Studies

To our knowledge, there is a limited number of clinical trials and meta-analyses con-
cerning the direct or indirect cardioprotective actions of Silymarin and its main component,
Silibinin. In particular, four systematic reviews have analysed randomized clinical trials
(RCTs) investigating the effects of Silibinin/Silymarin on patients with type 2 diabetes
mellitus (T2DM) and/or metabolic disorders. Both are known as major cardiovascular risk
factors and their modification is of clinical importance.

The first published meta-analysis [55] included five double and triple blinded RCTs,
enrolling 270 patients. The systematic silymarin administration in patients with T2DM
improved glycemic control, by reducing FBG and Glycated haemoglobin (HbA1c) modestly.
There was no effect of silymarin on lipid profile, and an indefinite effect on chronic kidney
disease progression. Additionally, it did not reduce the risk of cardiovascular mortality (RR
1.11; 95% CI 0.92–1.35), but intensive treatment appeared to reduce the risk for nonfatal
myocardial infarction (RR 0.85, 95% CI 0.76–0.95, and p = 0.004) although this was not
confirmed in trial-sequential analysis. The authors commented that the high heterogeneity
of the studies (small number of studies with small sample sizes, various silymarin products
and dosages and short-term follow-up) were major limitations of their meta-analysis.

In contrast, a slightly larger meta-analysis published in 2018 [89], including 7 RCTs
(370 patients with T2DM), revealed the beneficial effects of silymarin supplementation on
FBG, HbA1c, Insulin, LDL-Cholesterol, malondialdehyde (MDA) and HDL-Cholesterol
levels. Non-significant effects were detected for total cholesterol and triglycerides. Again,
the validity of the results was limited due to the high heterogeneity leading to insufficient
evidence. A third meta-analysis published in 2019 [90] including 10 RCTs (620 adults with
dyslipidemia), focused on silymarin’s effects on lipid profile, while in half of the studies
there were concomitant therapies. Silymarin supplementation significantly ameliorated
all lipid parameters, but methodological issues, such as the wide variation in the duration
(45 days to 12 months) and the dosage (280 mg to 2100 mg/day) of supplementation, weak-
ened the strength of evidence. Additionally, Iran was the origin of 6 out of 10 trials. Finally,
the most recent meta-analysis targeted a wider spectrum of patients with glucose/metabolic
dysfunction [91]. It analysed 16 published clinical studies, 15 of them were RCTs, enrolling
1358 patients assessing the therapeutic effects of silymarin. It concluded that silymarin sup-
plementation significantly reduced the levels of FBG, HbA1c, insulin resistance (HOMA-IR),
and CRP, while it ameliorated all lipid parameters in agreement to previous meta-analysis.
Silymarin did not affect markers of liver, kidney and muscular function (e.g., ALT, AST,
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creatinine, creatinine phosphokinase), and did not increase the complication rate compared
to control groups. The investigators hypothesized an anti-inflammatory impact of silymarin
in addition to classical cardiovascular risk factors modification.

In addition to the clinical trials included in the aforementioned meta-analyses, other
studies have examined the effects of Silibinin/Silymarin mostly on T2DM and hyperlipi-
demia and to a lesser extent on renal function and arterial stiffness. The majority of these
were randomized, double or triple-blinded, placebo-controlled clinical trials [92–96]. Milk
thistle extract (Silybum marinarum extract, Silymarin) or silibinin, was administered alone
or in combination with vitamins (D, E) and other herbal compounds. Notably, all those
clinical trials demonstrated improved glycemic indices, insulin sensitivity and lipid profile
in T2DM patients after Silibinin/Silymarin supplementation. More studies using other
target populations: cirrhotic diabetic patients [97,98], non-alcoholic fatty liver disease pa-
tients (NAFLD) [99,100], alcoholic liver disease patients [101], and hypertensive diabetic
patients [102] documented similar favourable outcomes in metabolic parameters. Alku-
raishy HM et al. [103] reported that silymarin can be used alone effectively and safely in
the treatment of hyperlipidemia of different aetiology.

Silymarin was tested using the well-known procedure of coronary artery bypass graft
(CABG). A number of 140 patients undergoing CABG under cardiopulmonary bypass were
treated pre-operatively with silymarin. A significant decrease in values such as white blood
cell count, LDL, serum creatinine and HbA1c in diabetic patients was observed [104]. No
relation with clinical outcomes was mentioned.

Some other studies examined the effect of silibinin on patients with end-stage renal
disease (ESRD) on haemodialysis or peritoneal dialysis. Those studies showed that sily-
marin alone or in combination with other supplements (vitamin E) can reduce MDA levels
in plasma, increase the level of red blood cells and increase haemoglobin levels [105,106].
However, those studies were of small sample size. Finally, two RCTs [107,108] searched the
complementary effects of silymarin with renin-angiotensin system inhibitors on proteinuria,
in T2DM patients with diabetic nephropathy. Both studies failed to show any significant
impact of silymarin on survival and renal progression in those patients, with the exception
of the subgroup of patients with lower estimated glomerular filtration rate (eGFR) or higher
proteinuria levels. Given that renal function is directly related to the cardiovascular system,
this may be another indirect index for silibinin’s possible cardioprotective role [109].

To our knowledge, there is a limited number of clinical trials and meta-analyses con-
cerning the direct or indirect cardioprotective actions of silymarin and its main active
component, silibinin (Table 1). In particular, four systematic reviews have analysed ran-
domized clinical trials (RCTs) investigating the effects of Silibinin/Silymarin on patients
with T2DM and/or metabolic disorders [55,89–91]. Both are known as major cardiovascular
risk factors and their modification is of clinical importance.



Pharmaceuticals 2022, 15, 538 12 of 19

Table 1. Published meta-analysis studies of randomized clinical trials investigating the impact of
silibinin/silymarin on classical cardiovascular risk factors.

Reference Total Studies & Cohorts–Dose
Range Study Objectives Outcomes

Voroneanu, et al., 2016 [55]
5 RCTs, 270 pts, T2DM

Silymarin extract Daily dose 200
and 600 mg

Metabolic parameters, CKD
progression, cardiovascular

mortality and morbidity

↓ glycemic indices
↔ lipid profile,

indefinite effect on CKD,
↔ cardiovascular mortality,
↓ risk for nonfatal MI (only in

intensive treatment)

Hadi, et al., 2018 [89]
7 RCTs, 370 pts, T2DM

Silymarin extract
Daily dose 200, 420 and 600 mg

Metabolic parameters
↓ FBG, ↓ HbA1c, ↓ fasting Insulin,
↓ LDL-C, ↑ HDL-C,↔ TChol,

↔ TG, ↓MDA

Mohammadi, et al., 2018 [90]
10 RCTs, 620 pts, dyslipidemia

Silymarin extract
Daily dose range 280 to 2100 mg

Metabolic parameters ↓ LDL-C, ↓ TG, ↓ TChol, ↑ HDL-C

Xiao, et al., 2020 [91]

15 RCTs & 1 prospective study,
1358 pts, T2DM

and/or dyslipidemia
Silymarin extract

Daily dose range 105 to 1000 mg

Metabolic parameters

↓ FBG, ↓ HbA1c, ↓ HOMA-IR,
↔ FBI,

↓ LDL-C, ↓ TG, ↓ TChol,
↑ HDL-C, ↓ CRP,↔MDA,↔

ALT,↔ AST,↔ CPK,↔
creatinine,↔ Phosphokinase

Key: ALT, Alanine transaminase; AST, Aspartate transaminase; CKD, chronic kidney disease; FBG, Fasting
blood glucose; FBI, fasting blood insulin; HbA1c, glycosylated haemoglobin; HDL-C, High-density lipoprotein-
Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; CRP, C-reactive protein; LDL-C,
Low-density lipoprotein-Cholesterol; MI, myocardial infarction; MDA, Malondialdehyde; pts, patients; RCT,
randomize controlled trials; T2DM, type 2 diabetes mellitus; TG, triclycerides; ↓, decrease; ↑, increase; ↔,
significant change.

Table 2. Randomized Clinical trials not included in the published meta-analysis studies, investigating
the impact of silibinin/silymarin on classical cardiovascular risk factors.

Reference Cohorts Study Design Outcomes-Variables

Ebrahimpour Koujan, et al., 2015 [92] 40 pts, T2DM

RCT; Intervention group (20 pts):
140 mg Silymarin orally, 3 times/day,

for 45 d
Control group (20 pts): placebo

↑ SOD, ↑ GPX, ↑ TAC, ↓ hs-CRP,
↓MDA

Ebrahimpour-Koujan, et al., 2018 [93] 40 pts, T2DM, dyslipidemia

RCT; Intervention group (20 pts):
140 mg Silymarin orally, 3 times/day,

for 45 d
Control group (20 pts): placebo

↓ FBS, ↓ insulin, ↓ HOMA-IR,
↑ QUICKI, ↓ TG, ↓ TChol, ↑ HDL-C,

↓ LDL-C

Hussain SA, et al., 2007 [94] 51 pts, T2DM

RCT; Group A (18 pts): 200 mg/day
Silymarin orally + 10 mg/day oral
glibenclamide for 120 d Group B
(20 pts): placebo + 10 mg/d oral

glibenclamide, for 120 d
Group C (control) (21 pts):

10 mg/d glibenclamide

↓ FBG, ↓ HbA1c, ↓ insulin, ↓ LDL-C,
↓ TG, ↓ TChol, ↓ SGOT, ↓ SGPT,
↓ weight, ↓ SBP ↓ DBP

Khalili, et al., 2017 [95] 60 pts, T2DM

RCT; Intervention group (30 pts):
200 mg Silymarin orally, 3 times/day,

for 90 d
Control group (30 pts): placebo

↓ FBG, ↓ HbA1c, ↓ TG, ↓ TChol,
↔ LDL-C,↔ HDL-C,↔ SBP,
↔ DBP,↔ AST,↔ ALT,↔ ALP,

↔ BUN,↔ Creatinine

Huseini HF, et al., 2006 [96] 51 pts, T2DM

RCT; Intervention group (25 pts):
200 mg silymarin orally 3 times/day,

for 120 d
Control group (26 pts): placebo

↓ FBG, ↓ HbA1c, ↓ BMI

Velussi M., et al., 1997 [97] 60 pts, insulin-treated DM,
liver cirrhosis

Randomized, open, controlled study;
Intervention group (30 pts): standard

therapy + 200 mg Silymarin orally,
3 times/day, for 360 d
Control group (30 pts):

standard therapy

↓ FBG, ↓ glucosuria, ↓ HbA1c,
↓ insulin, ↓MDA, ↓ C-peptide,
↔ γGT,↔ ALP↔ creatinine,
↔ bilirubin,↔microalbuminuria,

↓ AST, ↓ ALT, ↓ TChol,
↑ HDL-C, ↑ TG



Pharmaceuticals 2022, 15, 538 13 of 19

Table 2. Cont.

Reference Cohorts Study Design Outcomes-Variables

Federico A, et al., 2019 [99] 90 pts with NAFLD and
60 healthy participants

Prospective study; Intervention group
(NAFLD, 60 pts): 1 capsule

2 times/day, for 180 d [capsules:
silybin-phospholipid complex
(303 mg) of, vitamin D (10 mg),

vitamin E (15 mg)]. Control group
(NAFLD, 30 pts): no drug Healthy

group (60 pts): no drug

↔ BMI,↔ weight, ↓ ALT, ↓ γGT,
↔AST, ↓ insulin, ↓ HOMA-IR,
↑ vitamin D, ↓ degree of steatosis
↔ FBG,↔ TG,↔ TChol,↔ LDL-C,

↔ Ferritin

Cerletti C, et al., 2020 [100] RCT, 126 pts, NAFLD

RCT; Intervention group (62 pts):
2 capsules, once a day, for 90 d

[capsules: mixture of active
ingredients, 70% DHA (250 mg),
phosphatidylcholine (150 mg),

silymarin (75 mg), choline bitartrate
(35 mg), curcumin (35 mg) and

D-α-tocopherol (10 mg)]
Control group (64 pts): placebo

↓ AST, ↑ HDL, ↑ LDL, ↑ TChol,
↑ FBG,↔ weight,↔ BMI,
↔ waist circumference

Sciacqua A, et al., 2019 [102] 50 pts, Hypertension

Pilot, single arm, interventional,
longitudinal study.

Dose: 3 g Silibinin, twice a day
(Silibinin conjugated to vit E and

phosphatidylcholine–oral solution)

↓ TChol, ↓ TG, ↑ HDL-C, ↓insulin,
↓ FBG, ↓ HOMA-IR, ↑IGF-1,
↑ eGFR, ↓ CRP, ↓ UA,
↓liver enzymes, ↓ SBP,
↓ Pulmonary pressure

Alkuraishy, et al., 2012 [103] 20 pts, Dyslipidemia

RCT; Intervention group (10 pts):
600 mg silymarin orally, once/day, for

14 d
Control group (10 pts): placebo

↓ TChol, ↓ TG, ↑ HDL-C, ↓ LDL-C,
↓ VLDL

Altaei T, et al., 2012 [104] 102, CABG

Prospective study; Intervention group
(50 pts): 140 mg silymarin orally,
3 times/day, 3 d before surgery
Control group (52 pts): no drug

↓ cytokine concentrations (IL-6,
IL-1a, TNF-a), ↓ CRP, ↑ GSH,

↑ TEAC, ↓MDA

Roozbeh J, et al., 2011 [105] 80, ESRD, DM, Hypertension

Prospective study; Group 1 (20 pts):
140 mg silymarin, orally, 3 times/day,

for 90 d
Group 2 (20 pts): vitamin E

400 IU/day, for 90 dGroup 3 (20 pts):
140 mg silymarin, orally, 3 times/day

+ vit E 400 IU/day, for 90 d
Group 4, control (20 pts): no drug

↑ GPX, ↓MDA, ↑mean hemoglobin
(all three treatment groups

VS control)

Firuzi O, et al., 2016 [106] 60, ESRD

RCT; Intervention group (28 pts):
140 mg silymarin orally, 4 times/day,

for 60 d
Control group (22 pts): placebo

↓ FRAP, ↑ Hemoglobin, ↑ serum
albumin,↔ creatinine,↔ iPF2a

Voroneanu L, et al., 2017 [107] 102, T2DM, Proteinuria, (ischemic
heart disease)

RCT; Intervention group (51 pts):
150 mg silymarin, orally, 3 times/day,

for 2 years (720 d)
Control group (51 pts): placebo

↔mortality
↔ progression of CKD indefinite
effect on eGFR and proteinuria

Key: ALP, Alkaline phosphatase; ALT, Alanine transaminase; AST, Aspartate transaminase; BMI, Body mass
index; BUN, blood urea nitrogen; d, days; DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated
Glomerular filtration rate; ESRD, End-stage renal disease; FBG, Free blood glucose; FRAP, Ferric Reducing
Antioxidant Power; GPX, Glutathione peroxidase; GSH, Blood Glutathione; HbA1c, Haemoglobin A1c; HDL-C,
High-density lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; hs-CRP,
high-sensitivity C-reactive protein; IGF-1, Insulin-like growth factor 1; iPF2a, 8-iso-prostaglandin F2a; LDL-C,
Low-density lipoprotein Cholesterol; MDA, Malondialdehyde; NAFLD, Non-Alcoholic Fatty Liver Disease;
pts, patients; QUICKI, quantitative insulin sensitivity check index; RCT, randomized control trial; SBP, systolic
blood pressure; SOD, superoxide dismutase; TAC, total antioxidant capacity; TEAC, Plasma trolox equivalent
antioxidant capacity; TChol, Total cholesterol; TG, Triglycerides; TGFβ, Transforming growth factor beta; TNF-a,
tumour necrosis factor-a; UA, uric acid; UACR, Urinary albumin-creatinine ratio; VLDL-C, Very-low-density
lipoprotein cholesterol; γGT, gamma-glutamyl transpeptidase; ↓, decrease; ↑, increase;↔, significant change.

4. Study Limitations

There are several drawbacks before considering the net results of silibinin/silymarin on
cardiovascular risk factors and diseases. The published data are quite promising; however,
the mechanistic explanations are derived from mostly in vitro rather than in vivo studies.
Despite the growing number of studies, the underlying mechanisms of silibinin/silymarin
actions remain unclear or somehow speculative and require further investigation using
the appropriate animal models. The aforementioned RCTS [92–97,99,100,102–107] are of
small sample size, the studied interventions administering silymarin as a food supplement
are inhomogeneous with a great variety in dosage, duration of treatment and patients’
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characteristics. Moreover, they have targeted mostly biomarkers and not clinical outcomes,
since they have examined silymarin as a measure of primary cardiovascular prevention
enrolling patients with predisposition for CVD (e.g., T2DM). Despite the existing meta-
analyses [55,89–91], the included RCTS were underpowered to assess the clinical impact
of silymarin for secondary prevention. Accordingly, based on the existing knowledge, al-
though a modest improvement in glycemic and lipid profile has been documented, products
of silibinin/silymarin seems hard to pass the evaluation in FDA or EMA for drug approval,
and so can be only applied as healthy food supplement. Last but not least, apart from the
very old study of Weyhenmeyer et al. [110] on dose-linearity of the pharmacokinetics of
silibinin, the study of Wen et al. [111] on pharmacokinetics and metabolic profile of silibinin,
and the recent study Sornsuvit et al. [112] on the bioavailability and pharmacokinetics of
silymarin SMEDDS, we did not identify any other pharmacokinetic/pharmacodynamic
trial before any clinical application of silymarin as a dietary supplement which significantly
compromises the validity and reproducibility of clinical studies.

5. Conclusions

Silymarin and its major component silibinin are well-known for their hepato-protective
actions. There is growing evidence supporting their significant cardiovascular protective
properties, such as antioxidant, anti-inflammatory, hypotensive, glucose and lipid-lowering
in pre-clinical studies. A limited number of clinical studies have documented a modest
improvement in glycemic and lipid profile, but there are some important limitations leading
to inconsistent results. Additional, larger, properly designed clinical trials, in specific condi-
tions, with standard dosages and properly designed pharmacokinetic/pharmacodynamic
studies are required to test its value as food supplement to conventional drug therapies.
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26. Milić, N.; Milosević, N.; Suvajdzić, L.; Zarkov, M.; Abenavoli, L. New therapeutic potentials of milk thistle (Silybum marianum).
Nat. Prod. Commun. 2013, 8, 1801–1810. [CrossRef] [PubMed]

27. Surai, P.F. Silymarin as a Natural Antioxidant: An Overview of the Current Evidence and Perspectives. Antioxidants 2015,
20, 204–247. [CrossRef] [PubMed]

28. Gillessen, A.; Schmidt, H.H. Silymarin as Supportive Treatment in Liver Diseases: A Narrative Review. Adv. Ther. 2020,
37, 1279–1301. [CrossRef] [PubMed]

29. Federico, A.; Dallio, M. Silymarin/Silybin and Chronic Liver Disease: A Marriage of Many Years. Molecules 2017, 22, 191.
[CrossRef]

30. Radjabian, T.; Huseini, H.F. Anti-hyperlipidemic and anti-atherosclerotic activities of silymarins from cultivated and wild plants
of Silybum marianum L. with different content of flavonolignans. Iran. J. Pharmacol. Ther. 2010, 9, 63–67.

31. Zhang, J.; Shi, Q. Silibinin augments the effect of clopidogrel on atherosclerosis in diabetic ApoE deficiency mice. Clin. Hemorheol.
Microcirc. 2022, 80, 353–361. [CrossRef]

32. Stocker, R.; Keaney, J.F., Jr. Role of oxidative modifications in atherosclerosis. Physiol. Rev. 2004, 84, 1381–1478. [CrossRef]
33. Malekmohammad, K.; Sewell, R.D.E. Antioxidants and Atherosclerosis: Mechanistic Aspects. Biomolecules 2019, 25, 301.

[CrossRef]

http://doi.org/10.3390/nu12092873
http://doi.org/10.1177/1534735407301632
http://doi.org/10.1080/08941939.2017.1360416
http://doi.org/10.1016/j.fct.2020.111731
http://doi.org/10.1093/jpp/rgab062
http://www.ncbi.nlm.nih.gov/pubmed/33847359
http://doi.org/10.1111/bcpt.13704
http://www.ncbi.nlm.nih.gov/pubmed/34994100
http://doi.org/10.2174/1871520611009030186
http://www.ncbi.nlm.nih.gov/pubmed/20015009
https://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:9144
https://pubchem.ncbi.nlm.nih.gov/compound/Silibinin
http://doi.org/10.1016/j.phytol.2012.03.010
http://doi.org/10.1021/jo4011377
http://doi.org/10.1039/C3NP70122K
http://doi.org/10.1021/jo401296k
http://doi.org/10.1016/j.fluid.2007.03.009
http://doi.org/10.1021/mp5008053
http://doi.org/10.1023/A:1016473601633
http://doi.org/10.1021/mp200162b
http://www.ncbi.nlm.nih.gov/pubmed/22352942
http://doi.org/10.1177/1934578X1300801236
http://www.ncbi.nlm.nih.gov/pubmed/24555302
http://doi.org/10.3390/antiox4010204
http://www.ncbi.nlm.nih.gov/pubmed/26785346
http://doi.org/10.1007/s12325-020-01251-y
http://www.ncbi.nlm.nih.gov/pubmed/32065376
http://doi.org/10.3390/molecules22020191
http://doi.org/10.3233/CH-211279
http://doi.org/10.1152/physrev.00047.2003
http://doi.org/10.3390/biom9080301


Pharmaceuticals 2022, 15, 538 16 of 19

34. Jin, Y.; Zhao, X. Modulatory effect of silymarin on pulmonary vascular dysfunction through HIF-1α-iNOS following rat lung
ischemia-reperfusion injury. Exp. Ther. Med. 2016, 12, 1135–1140. [CrossRef]

35. Demirci, B.; Dost, T. Silymarin improves vascular function of aged ovariectomized rats. Phytother. Res. 2013, 8, 868–872. [CrossRef]
[PubMed]

36. Volti, G.L.; Salomone, S. Effect of silibinin on endothelial dysfunction and ADMA levels in obese diabetic mice. Cardiovasc.
Diabetol. 2011, 10, 62. [CrossRef] [PubMed]

37. Wang, Y.-K.; Hong, Y.-J. Protective effects of silybin on human umbilical vein endothelial cell injury induced by H2O2 in vitro.
Vasc. Pharm. 2005, 43, 198–206. [CrossRef] [PubMed]

38. Taleb, A.; Ahmad, K.A. Antioxidant effects and mechanism of silymarin in oxidative stress induced cardiovascular diseases.
Biomed. Pharmacother. 2018, 102, 689–698. [CrossRef] [PubMed]

39. Chen, Y.H.; Lin, H. Protective role of silibinin against myocardial ischemia/reperfusion injury-induced cardiac dysfunction. Int. J.
Biol. Sci. 2020, 16, 1972–1988. [CrossRef] [PubMed]

40. Rao, P.R.; Viswanath, R.K. Cardioprotective activity of silymarin in ischemia-reperfusion-induced myocardial infarction in albino
rats. Exp. Clin. Cardiol. 2007, 12, 179.

41. Tajmohammadi, A.; Razavi, B.M.; Hosseinzadeh, H. Silybum marianum (milk thistle) and its main constituent, silymarin, as a
potential therapeutic plant in metabolic syndrome: A review. Phytother. Res. 2018, 32, 1933–1949. [CrossRef]

42. Motta, M.; Bennati, E.; Cardillo, E.; Passamonte, M.; Ferlito, L.; Malaguarnera, M. The metabolic syndrome (MS) in the elderly:
Considerations on the diagnostic criteria of the International Diabetes Federation (IDF) and some proposed modifications. Arch.
Gerontol. Geriatr. 2009, 48, 380–384. [CrossRef]

43. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.; Loria, C.M.; Smith,
S.C.; et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120, 1640–1645.

44. Poruba, M.; Matušková, Z.; Kazdová, L.; Oliyarnyk, O.; Malínská, H.; di Angelo, I.T.; Večeřa, R. Positive effects of different drug
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