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SILYBIN AND SILYMARIN – NEW EFFECTS AND APPLICATIONS
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This article aims to review critically literature published mainly within this millennium on the new and emerging 
applications of silymarin, the polyphenolic fraction from the seeds of Silybum marianum and its main component 
silybin. Silymarin and silybin used so far mostly as hepatoprotectants were shown to have other interesting activities 
as e.g., anticancer and canceroprotective. These activities were demonstrated in a large variety of illnesses of different 
organs as e.g., prostate, lungs, CNS, kidneys, pancreas and others. Besides the cytoprotective activity of silybin medi-
ated by its antioxidative and radical-scavenging properties also new activities based on the specific receptor interaction 
were discovered – e.g., inhibition and modulation of drug transporters, P-glycoproteins, estrogenic receptors, nuclear 
receptors and some others. New derivatives of silybin open new ways to its therapeutic applications. Pharmacology 
dealing with optically pure silybin diastereomers may suggest new mechanisms of its action.

INTRODUCTION

Seeds of Silybum marianum (L.) Gaertn. (Carduus 
marianus L., Asteraceae) (milk thistle) have been used 
for more than 2000 years to treat liver and gallbladder 
disorders, including hepatitis, cirrhosis, and jaundice, and 
to protect the liver against poisoning from chemical and 
environmental toxins, including snake bites, insect stings, 
mushroom poisoning, and alcohol. This medicinal plant 
has been used from ancient times – Theoprastus (4th cen-
tury B. C.) was probably the first one who described it 
under the name “Pternix”, and later it was mentioned by 
Dioskurides in his “Materia medica” (1st century A. D.) 
and by Plinius (1st century A. D.). Although numerous 
medicinal pieces of knowledge were forgotten in the Dark 
Ages and later reinvented, the use of milk thistle has been 
systematically mentioned in all important medicinal her-
baria e.g., by abbess Hildegarda von Bingen (1098–1179), 
Hyeronymus Bock (1593), Jacobus Theodorus (1664), 
Mattioli (1626), Valentini (1719), Von Haller (1755) and 
many others until the present time1.

Active component of this plant is silymarin1 – a stand-
ardized extract obtained from the seeds of S. marianum 
containing approximately 70 % to 80 % of the silymarin 
flavonolignans and approximately 20 % to 30 % chemically 
undefined fraction, comprising mostly polymeric and oxi-
dized polyphenolic compounds. The main component of 
the silymarin complex is silybin (CAS No. 22888-70-6), 
synonymous with silibinin, sometimes incorrectly called 
silybinin. Besides silybin, which is a mixture of two dia-
stereomers A and B in approximately 1 : 1 proportion 
(Fig. 1), considerable amounts of other flavonolignans are 
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present in the silymarin complex, namely isosilybin, de-
hydrosilybin, silychristin, silydianin, and a few flavonoids, 
mainly taxifolin (Fig. 2)(ref.2). White-flowering varieties 
of S. marianum contain3 in addition 3-deoxyflavanolign-
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ans silandrin, silymonin, silyhermin and neosilyhermin 
A and B.

Typical applications, for which milk thistle prepa-
rations have been used and prescribed since ancient 
times, are mostly treatments of liver diseases and GIT 
problems4, 5. Also currently, silymarin/silybin and their 
preparations are advocated for the treatment of cirrhosis, 
chronic hepatitis and liver diseases associated with alcohol 
consumption and environmental toxin exposure6, 7, 125.

Pharmacological, medicinal and phytochemical litera-
ture discusses many polemics on the effects of silymarin 
and/or silybin. Some studies with silymarin and silybin 
are sometimes considered being controversial and they 
become a subject of numerous re-assessments8–10. The 
effectiveness of milk thistle in human liver disease has 
not been firmly established. This may be because of the 
scientific quality of study methods or published reports 
or both. Most frequently, but not consistently, possible 
benefits have been shown for the improvement in liver 
function tests (mainly serum alanine aminotransferase). 
Survival and other clinical measures have been reported 
rather rarely, with both positive and negative findings. 
Mechanisms of action, disease populations likely to 
 ben e fit, optimal formulations of milk thistle, and dura-
tion of therapy are undefined.

The main reason for controversy and uncertainty of 
effects is the variable composition of silymarin prepara-
tions used in most of the studies. It has been well docu-
mented that the proportions of respective components 
in various silymarins depend largely on the source of 
S. marianum seeds (plant cultivar and cultivation condi-
tions) and also on the extraction and processing proce-
dures. Many studies often suffer from inconsistencies due 
to the use of non-standard silymarin (extract) and silybin 
(pure compound) preparations, and even confuse these 
terms in literature2.

Silymarin/silybin is considered to be very safe and 
there are only few reports on the adverse effects. Jacobs 
et al.10 reported in his meta-analysis only three serious 
adverse effects. A combination of herbal formula con-
taining milk thistle induced at one patient gastroenteritis 
symptoms associated with “collapse” causing recurrent 
symptoms after the patient was rechallenged11. The other 
two described anaphylactic reactions after ingestion of 
Silybum marianum tea12, 13. Gastrointestinal symptoms 
were the most common adverse effects reported. Overall, 
the frequency was low, ranging from 2 % to 10 % in con-
trolled trials, which was indistinguishable from that of 
placebo. Other adverse effects included dermatological 
symptoms and headaches, which were similar in frequency 
between placebo and treatment groups10. Generally, due 
to low solubility of silybin (ca 0.5 g/l H

2
O), it is virtually 

impossible to reach its toxic concentrations in vivo. Sily-
bin and related flavonolignans displayed inhibition of the 
catalytic activities of cytochrome P450 (CYP) isoenzymes 
in vitro in concentrations greatly exceeding physiologically 
reachable ones98, 127. It was also shown that silybin does not 
interfere with the expression of CYP1A2 and CYP3A4 
(ref.128). These findings imply that no adverse effects of si-

lymarin/silybin in terms of drug-drug interactions should 
be expected. However, further study of mechanisms of 
action and well-designed clinical trials with detailed re-
porting of adverse effects and components of potential 
causality are needed.

Recently, silymarin/silybin received attention due to 
its alternative beneficial activities that are not directly 
bound to its hepatoprotective and/or antioxidant (radi-
cal scavenging) effects. These include mostly anticancer 
and chemopreventive actions, as well as hypocholeste-
rolemic, cardioprotective, neuroactive and neuroprotec-
tive activities. Moreover, the extent of its application has 
been broadened to other organ systems besides liver and 
GIT. Silybin seems to be prospective also in treatment of 
pancreas problems and balancing glycemia, treatment of 
lung problems and kidney diseases, treatment of various 
disorders of prostate including adenocarcinoma, and last 
but not least in dermatology and cosmetics. This is linked 
to discovery of numerous new effects of silybin and its de-
rivatives on cellular and molecular level, as e.g., estrogenic 
activity, modulation of drug transporters (P-glycoprotein) 
and specific action on DNA-expression, for example, via 
suppression of nuclear factor NF-κB. These discoveries 
are also linked to the progress in silybin chemistry and 
pharmacology, as e.g., separation and structure determi-
nation of silybin diastereomers and synthesis of new de-
rivatives with better and/or altered pharmacokinetic and 
pharmacodynamic parameters.

Growing interest in new activities of silybin/silymarin 
in non-traditional applications is documented by the fact 
that within our millennium (in recent 5 years) around 
400 new papers on this topic have been published.

Silybin/silymarin as chemoprotective and 
anticancer agents

Application of silybin/silymarin as a chemoprotective 
and canceroprotective agent could be considered in the 
first view for its antiradical potential and consequently for 
its cytoprotective activity. This is partly true, however, it 
is becoming increasingly apparent that other effects play 
their role here as well.

Owing to its chemopreventive effect silybin/silymarin 
inhibits carcinogenic action of many chemicals20. Silybin 
significantly decreased the incidency of urinary bladder 
neoplasms and preneoplastic lesion in the initiation and 
post-initiation phase of the induction by N-butyl-N-(4-hy-
droxybutyl) nitrosamine14. This compound also significant-
ly limited azoxymethane-induced colon carcinogenesis in 
rats15. Silymarin inhibited skin carcinogenesis induced 
by benzoyl peroxide or 12-O-tetradecanoylphorbol-13-
acetate16–19.

Silybin, however, also acts on the receptor level affect-
ing various processes involved either in cancerogenesis or 
in the cancer proliferation. Modulations of various mi-
togenic, signalling and cell-cycle regulators by silybin were 
observed20–27. In the human prostate carcinoma silymarin 
inhibits mitogenic signalling pathways and alters cell cy-
cle regulators28, leading to growth inhibition and death 
of androgen-independent prostate carcinoma cells29. An-
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other mechanism of this tumour inhibition by silybin was 
identified to be insulin-like growth factor-binding protein 
3 expression30. Some steroid hormone-dependent tumors 
are also inhibited: both silymarin and silybin elicit anti-
androgenic activity in the prostate cancer cell line LNCaP 
(ref.31,32). Anti-angiogenic activity of silybin/silymarin de-
scribed in human umbilical vein endothelial cells (HU-
VEC) was dose-dependent and associated with a decrease 
of vascular endothelial growth factor (VEGF)33. This find-
ing was later confirmed in human ovarian cancer34 – here 
the analysis suggests that downregulation of the vascular 
endothelial growth receptor 3 (VEGR) and upregulation 
of angiopoietin-2 are potential mechanisms responsible 
for its activity.

Silybin/silymarin in adjuvant therapy of cancer
One of the most promising activities of silybin is its 

anticancer activity and potential use of this compound as 
an adjuvant in the cancerostatic therapy by other chemo-
therapeutics. Here, silybin acts mainly as an antioxidant 
to protect tissues against the oxidative stress generated by 
chemotherapeutics and mainly to eliminate their hepato-
toxicity. However, antioxidative action should be balanced 
to avoid lowering of the anticancer activity35.

As with any adjunct therapy, there is a potential 
for interactions between chemotherapy drugs and si-
lybin/silymarin although no adverse effects have been 
seen in laboratory studies. There is one published case 
report of the use of silymarin in a 34-year-old woman 
with pro myelocytic leukemia36. During an 18-month 
maintenance chemotherapy period consisting of treat-
ment with methotrexate and 6-mercaptopurine, the 
course was complicated by repeated interruptions and 
dose-modifications for liver toxicity. The patient was 
then given 800 mg of silymarin in conjunction with 
the metho trexate and 6-mercaptopurine chemotherapy. 
During the 4 months of treatment with silymarin, the 
patient had normal liver aminotransferase levels and 
there was no further interruption of therapy. No adverse 
effects were reported. 

Silybin enhanced the cytotoxicity of cisplatin in ova-
rian cancer cells and increased the cytotoxicity of doxo-
rubicin in MCF-7 doxorubicin-resistant breast-cancer 
cells37. Effects of cisplatin in combination with silybin-
phospholipid complex (IdB 1016) were tested against 
human ovarian cancer cells (A2780) and in the in vivo 
experiments in mice38. Silybin alone up to 10 µM was 
unable to produce a relevant growth inhibition of A2780 
cells, whereas cisplatin was effective, giving an IC

50
 value 

of 0.5 µM. When silybin was combined with cisplatin, 
a dose-dependent and statistically significant increase of 
the cisplatin activity was observed, yielding IC

50
 values 

of 0.35 and 0.263 µM at silybin concentrations of 1 and 
10 µM, respectively. The same trend was observed for in 
vivo experiments. Administration of both drugs resulted 
in a potentiation of the antitumour activity. Interestingly, 
mice receiving the combination recovered earlier in terms 
of body weight loss as compared to cisplatin treated mice. 
Finally, the antiangiogenic effect of IdB 1016 in the in 

vivo experimental model was demonstrated, which further 
contributed to reducing the tumour growth.

Silybin protection against cisplatin-induced nephro-
t oxicity was demonstrated in rats39. Infusion of silybin 
before cisplatin results in a significant decrease in glomer-
ular (indicated by creatinin clearance and serum urea lev-
el) and tubular kidney toxicity (excretion of brush-border 
enzymes and magnesium). Inhibition of the antitumour 
activity of cisplatin and also 4-hydroperoxyfosfamide 
by co-administration of silybin was excluded in the in 
vitro experiments with three human testicular cancer cell 
lines.

Cisplatin toxicity in cultured renal tubular epitelial 
cells (LLC-PK1) was partly reduced by the pretreatment 
with quercetin, but other flavonoids tested (catechin, si-
lybin, rutin) were not effective40. Here, we may speculate 
that due to their structural similarity 2,3-dehydrosilybin 
carrying the quercetin motif in its molecule may be also 
effective.

Silybin enhances the therapeutic potential of doxo-
rubicin, cisplatin and carboplatin in both estrogen-de-
pendent and -independent human breast carcinoma cells 
(MCF-7 and MDA-MB468)41. When tested alone, each of 
the four agents showed growth inhibition in both cell lines 
in a dose- and a time-dependent manner. Based on their 
growth inhibitory effects, several combinations of silybin 
(25–100 µM) with doxorubicin (10–75 nM), cisplatin 
(0.2–2 µg/ml) or carboplatin (2–20 µg/ml) were next as-
sessed for their synergistic, additive and/or antagonistic 
efficacy towards the cell growth inhibition and apoptotic 
death. The strongest synergistic effects for cell growth 
inhibition were evident at the silybin dose of 100 µM plus 
25 nM doxorubicin, in both the cell lines. In quantitative 
apoptosis studies, combination of silybin with doxorubicin 
resulted in much stronger apoptotic death compared to 
each agent alone in both cell lines. Silybin combined with 
cisplatin showed no additional apoptotic effect in either 
cell line. Similarly, silybin plus carboplatin combination 
showed a stronger apoptotic effect only in MCF-7 cells.

Silybin/silymarin is quite often used as a complemen-
tary alternative medicine in patients infected with HIV 
and thus it is necessary to know whether or not it may 
influence the antiretroviral therapy by the protease inhibi-
tor indinavir. Pharmacokinetic study with healthy volun-
teers confirmed that silymarin has no apparent effects on 
indinavir plasma concentrations42, 43.

An interesting study of interaction of silybin and 
adriamycin in the unicellular eukaryote Tetrahymena 
thermophila demonstrated that silybin (1 mg/ml) com-
pletely prevents effects of adriamycin on the cell and bio-
mass production44. Adriamycin transport to the cells was 
not inhibited by silybin. Other “standard” antioxidants as 
butyl hydroxyanisol or superoxide dismutase-catalase-N-
acetylcystein cocktail did not prevent adriamycin activity. 
It was, therefore, concluded that the inhibitory activity 
of silybin does not arise from its antioxidant activity but 
more probably from stimulation of RNA synthesis im-
paired by the adriamycin-DNA interaction. 
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The use of milk thistle should not be recommended 
outside the context of well-designed clinical trials in 
patients with cancer who are concurrently receiving 
chemotherapy. Investigators need to assess carefully if 
the benefits of this therapy outweigh the risks and, espe-
cially, ascertain if the milk thistle will confer a benefit to 
the patient without decreasing survival by inhibiting the 
efficacy of chemotherapy.

Neuroprotective and neurotropic activities 
of silybin/silymarin

Silybin or silymarin may be useful in treatment and 
prevention of some neurodegenerative and neurotoxic 
processes, partly due to its antioxidative activity, but also 
other, so far unknown, mechanisms. Wang et al.45 demon-
strated that silymarin could effectively protect dopamin-
ergic neurons against lipopolysaccharide (LPS)-induced 
neurotoxicity by inhibiting an activation of microglia that 
represent resident macrophage-like population of brain 
cells acting in host defence and tissue repair in the CNS. 
There is growing evidence that activated microglia contrib-
ute to neuropathological changes in several CNS diseases 
(multiple sclerosis, Parkinson’s disease, Alz heimer’s dis-
ease, AIDS dementia). Silymarin also inhibits the produc-
tion of inflammatory mediators, such as tumor necrosis 
factor-α (TNF-α) and nitric oxide and thus reduces dam-
age to dopaminergic neurons. Further on, these authors 
found that silymarin in a dose-dependent manner reduced 
the production of inducible nitric oxide synthase in LPS-
stimulated BV-2 cells (model of microglia activation). It 
was suggested that the inhibitory effect of silymarin on 
microglia is mediated through the inhibition of nuclear 
factor κB (NF-κB) activation.

An extract from Silybum marianum seeds was tested 
on the differentiation and survival of cultured neural cells 
(rat PC-12 pheochromocytoma cell line). The extract en-
hanced the differentiation of PC-12 cells and prevented 
apoptosis following nerve growth factor (NGF) withdraw-
al. Moreover, the extract protected primary hippocampal 
neurons against oxidative stress-induced apoptosis46.

Unfortunately these results have somehow limited va-
lidity as the authors used self-prepared crude extract from 
S. marianum seeds without any standardisation or analy-
sis. Thus, one can only speculate which component(s) 
of rather complex extract is responsible for the above ef-
fect. 

Series of flavonoids and hydroxycinnamates was 
found to attenuate neuronal damage induced by oxidised 
low-density lipoproteins that are normally able to enter 
neuronal cells and in a dose-dependent manner elicit 
neurotoxicity (DNA fragmentation and cell lysis)47. Even 
though silybin was not included in this study, its activity 
within this system is expected as well.

Silymarin (PHYTO – a complex with phosphatidyl 
choline) has partly protective activity on foetal brain and 
liver in ethanol treated pregnant rats48. However, these 
findings need more detailed study. No significant protec-
tive effects of silybin on N-methyl-4-phenylpyridinium ion 
induced-neurotoxicity and on L-glutamate induced cell 

death in PC-12 neuronal cells were found by Mazzio et 
al.49.

An interesting study aiming at neuro-immunomodula-
tion mediated by silybin was accomplished by Sakai et 
al.50. Major histocompatibility complex (MHC) I is usu-
ally suppressed in neuronal cells and neuroblastoma cells 
and this may lead to persistent viral infections. Induction 
of MHC I molecules in neuronal cells can stimulate the 
immune system to be able quickly to identify intracellular 
pathogens by cytotoxic T cells and remove the viruses 
from the central nervous system. Silymarin treatment 
resulted in the expression of MHC I in cells. Therefore, 
it was proposed that silymarin may be useful in the treat-
ment of encephalitis. More studies, both in vitro and in 
vivo are, however, required.

Silybin/silymarin in treatment and prevention 
of gastrointestinal problems

Silybin is naturally best known as hepatoprotectant and 
choleretics, however, also other gastrointestinal problems 
can be treated and/or prevented by its preparations.

In pancreas silybin can act mainly as chemoprotectant 
and can also stimulate recovery after intoxication leading 
to damages.

Silymarin was used in rats treated with alloxan51,52. 
Alloxan causes severe necrosis of pancreatic β-cells, with 
the consequent lack of insulin secretion. For this reason 
it has been widely used to induce experimental diabetes 
mellitus, and many studies have been performed using 
this model to explore pancreatic damage. It was suggested 
that alloxan induces the production of H2

O
2
 and of some 

free radicals such as O
2
.- and OH., which produce cellular 

damage followed by cell death. There is a strong support 
for the suggestion that reactive oxygen species play a rel-
evant role in the etiology and pathogenesis of diabetes 
and its long-term effects. Therefore, the above model was 
considered adequate for the study of pathology such as 
diabetes mellitus. It was found that silymarin was able 
to prevent a rise in both plasma glucose and pancreatic 
lipid peroxidation in the hyperglycemic rats51. Thus, it was 
suggested that the protective effect could be ascribed to 
silymarin either due to its antioxidant properties or to 
an increase of plasma and pancreatic glutathione con-
centrations, or both. Silymarin also stimulated pancreatic 
activity of antioxidant enzymes: glutathione peroxidase, 
superoxide dismutase and catalase52. Silymarin had not 
only a protective effect on rat alloxan-induced diabetes 
mellitus but it also induced pancreas recovery53. The se-
riousness of human diabetes mellitus as the world health 
problem is growing due to the fact that at least 150 million 
people are affected; therefore, there is the necessity to 
search for new drugs. The existing ones only favor insulin 
release or control blood glucose level but do not recover 
the endocrine pancreatic function. Silymarin represents 
a new possibility in the treatment of diabetes mellitus, 
not only for the enhanced insulin levels but also for the 
pancreatic function recovery. Nevertheless, more studies 
are required to prove its beneficial properties in human 
diabetes mellitus.
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Matsuda et al.54 recently studied another damaging 
mechanism of pancreatic β-cells in relation to silymarin. 
They investigated effect of silymarin on interleukin 1β 
(IL-1β) and/or interferon-γ (IFN-γ)-induced β-cell dam-
age using RINm5F cells (insulinoma cell line) and human 
islets. IL-1β and/or IFN-γ brought about β-cell damage 
in a time-dependent manner in the insulinoma cells. Sily-
marin dose-dependently inhibited both cytokine-induced 
NO production and cell death. Also in the human islets 
silymarin prevented IL-1β+IFN-γ-induced NO production 
and β-cell dysfunction. These cytoprotective effects of si-
lymarin appeared to be mediated through the suppres-
sion of c-Jun NH2

-terminal kinase and Janus kinase/signal 
transducer and activator of transcription pathways. Sily-
marin also inhibits production of inflammatory cytokines, 
such as IL-1β, IFN-γ, and IFN-α from macrophages or 
T-lymphocytes55,56, which probably initiate the destruction 
of β-cells in the development of type 1 diabetes. There-
fore, silymarin may be useful as a therapeutic agent for 
the type 1 diabetes mellitus. 

Silybin was also tested for the protection of cyclospo-
rin A toxicity (10 mg/kg/day i. p.) in both endocrine and 
exocrine pancreas in rats57. At the end of testing period 
(day 9) blood glucose levels were significantly higher in 
rats treated with cyclosporin, while silybin itself did not 
affect the glucose level. In vitro, insulin secretion was in-
hibited after treatment with silybin but amylase secretion 
was not affected. After treatment with cyclosporin both 
insulin and amylase secretion were reduced. Silybin inhi-
bits the glucose-stimulated insulin release in vitro, whitho-
ut affecting the blood glucose concentration in vivo. This 
combination could be useful in the treatment of non-in-
sulin-dependent diabetes mellitus. Moreover, silybin also 
protects the exocrine pancreas from cyclosporin toxicity. 

In this connection it is interesting to mention that 
decoction from aerial parts of Silybum marianum is used 
in traditional medicine in Morocco in the treatment of di-
abetes mellitus and Maghrani et al.58 confirmed its action 
in rats with experimental type 1 diabetes.

The intestinal anti-inflammatory activity of several dos-
es of silymarin was tested in the acute stage of trinitroben-
zenesulfonic acid (TNBS) model of rat colitis59. Obtained 
results show that the oral pre-treatment with 50 mg/kg of 
silymarin significantly attenuated macro scopic colonic 
damage as well as reduced colonic myeloperoxidase activ-
ity compared to nontreated colitic animals. The beneficial 
effect was accompanied by an improvement in the colonic 
oxidative status, which was altered in colonic inflamma-
tion, by preventing glutathione depletion and reducing 
malonyldialdehyde production. This suggests that the well-
known antioxidant properties of silymarin can participate 
in its intestinal anti-inflammatory activity. In addition, 
preservation in the colonic absorptive function was also 
observed, and this effect can also account for the colonic 
protective effect observed in this model of acute colitis.

The above effects are obviously caused by the anti-
oxidant activity of silymarin, but silybin and other com-
ponent of silymarin can also act in colon as specific 
inhibitors of intestinal bacterial β-glucuronidase60. This 

effect may improve hepatoprotection during metabolism 
of xenobiotics with toxic metabolites excreted via bile in 
the form of glucuronides by preventing their enterohep-
atal circulation.

Another application of silybin in the treatment of co-
lon diseases is the application of its known cancerosta-
tic and anti-angiogenic properties. Silymarin and pure 
silybin significantly inhibit the in vitro cell growth of 
colon cancer (LoVo cell line) and endothelial cell lines 
(EA.hy 926)(ref.61). Cytotoxic assays were done also in 
the co-culture of endothelial and cancer cells and proved 
that both silymarin and silybin inhibit differentiation, 
chemotaxis and migration of endothelial cells. Secretion 
of vascular endothelial growth factor was decreased by 
silybin (6.6 µM) to 50 % value. The effects of silybin and 
silymarin (both very similar) were found to be comparable 
with thalidomide that has been used recently in the anti-
cancer therapy as anti-angiogenic agent.

Silybin has been shown to have antiproliferative and 
apoptotic effects towards human colon carcinoma HT-29 
cells62. Silybin treatment of cells at 50–100 µg/ml doses 
resulted in a moderate to very strong growth inhibition in 
a dose- and time-dependent manner due to the G0/G1 ar-
rest in cell cycle progression; higher dose and longer treat-
ment time also caused the G2/M arrest. This very detailed 
study shows that silybin activity involves the modulation 
of cyclin-dependent kinases (CDK), cyclins and other 
CDK regulators leading to G0/G1 and G2/M arrests.

Silybin/silymarin in treatment and prevention 
of nephropathy

Use of silybin in nephropatic processes has a similar 
potential as in most of the above organs, i. e. chemopro-
tectant and antioxidant. With expanding waiting lists for 
kidney transplantations it appears crucial to improve the 
long-term allograft outcome. Cold ischaemia and reper-
fusion during kidney transplantation are associated with 
the release of free oxygen radicals and damage of renal 
tubular cells. Series of flavonoids was tested for enhance-
ment of cell survival. Pretreatment with quercetin signifi-
cantly improved the survival rate of cells but many other 
flavonoids including silybin were ineffective63.

Silybin was found to have a similar stimulatory effect 
to the kidney cells (Vero line, nonmalignant kidney cells 
from monkeys) as described in liver cells64. Proliferation 
rate, biosynthesis of protein and DNA, and the activity of 
lactate dehydrogenase were stimulated by silybin and sily-
christin, whereas isosilybin and silydianin were in effective. 
In the kidney cells damaged in vitro by paracetamol, cis-
platin, and vincristin it was demonstrated that administra-
tion of silybin before or after the chemical-induced injury 
can reduce or avoid nephrotoxic effects64.

Comparable effects of silymarin and picroliv (standar-
dized iridoid glycoside fraction of Picrorhiza kurroa) aga-
inst aflatoxin B1

 intoxication of rat kidney and liver were 
found by Rastogi et al.65. This intoxication is expected to 
proceed via oxidative damage of the cells by lipid peroxi-
dation, thus the antioxidation effect of both antioxidants 
is quite obvious.
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Another dangerous mycotoxin with nephrotoxic ac-
tivity – fumonisin B

1
 (produced by various fusaria on 

corn) can be antagonised by silymarin in porcine renal 
epitelial cells (LLC-PK

1
)(ref.66). Silymarin prevents this 

intoxication by modulation of TNF-α expression or sig-
nal downstream of the inhibition of ceramide synthase 
whose deregulation represents the main toxigenic effect 
of fumonisin B1

.
Silybin was used in the treatment of 30 patients suffe-

ring from end-stage diabetic nephropathy (ESDN)67. Dia-
betic and especially hemodialysis patients are at increased 
risk of oxidative cell damage. Under these conditions body 
radical scavengers – free thiols (GSH) are found to be 
reduced. The lowered total intracellular thiol levels corre-
lated directly to a significantly diminished T-cell activation 
and elevated synthesis of TNF-α in the patient group. The 
treatment with silybin or silymarin (Legalon) led to a res-
toration of the thiol status within 72 h both in vitro and in 
vivo. This effect showed a biphasic kinetics that first utili-
zed cell surface thiols and secondly intracellular thiols. In 
parallel, the T-cell activation was improved substantially 
along with a significant decrease in TNF-α release. These 
data provide the rationale for clinical trials using flavono-
lignans in ESDN to normalize immunoregulatory defects 
via restoration of the cellular thiol status.

Silybin/silymarin in treatment and prevention 
of cardio-pulmonary problems

Amiodarone is a very potent antiarrhythmic drug 
with almost ideal antiarrhythmic properties; however, its 
use is limited by frequent and sometimes serious side ef-
fects. Free radical reactions play rather important role 
in the pathogenesis of amiodarone toxicity. Potential 
mechanisms of amiodarone toxicity include direct cy-
totoxicity, development of lysosomal phospholipidosis, 
indirect immunologically mediated toxic effects and 
membrane destabilization68. Administration of silybin 
together with amiodarone decreases significantly lyso-
somal phospholipidosis69 and this effect is further en-
hanced in combination with vitamin E (ref.70). During 
the  amiodarone treatment (rats) silymarin itself as well 
as in combination with vitamin E significantly decreased 
conjugated diene concentration71 but did not attenuate 
antiarrhythmic activity of amiodarone72. 

Silybin can also be very effective in the cardioprotec-
tive application during the cancer treatment with cardio-
toxic drugs, as e. g., doxorubicin (Adriamycin), especially 
in children and old people. The use of this chemothera-
peutic is limited by its cardiotoxicity that is partly me-
diated by oxidative stress and apoptosis induction. The 
ability of silymarin and its isolated components to protect 
cardiomyocytes (rat) against doxorubicin-induced oxida-
tive stress is mainly due to their cell membrane stabilizing 
effect and radical scavenging potency73. Silymarin signifi-
cantly reduces damage to rat heart microsomes and mi-
tochondria by a doxorubicin-Fe3+ complex74.

Combination of doxorubicin with silybin was tested 
also in the lung tumor treatment75. Oral silybin suppressed 
the human non-small-cell lung carcinoma A549 xenograft 

growth (athymic BALB/c nu/nu mice) and enhanced the 
therapeutic response of doxorubicin together with preven-
tion of doxorubicin-caused adverse health effects. Doxo-
rubicin itself increased the NF-κB DNA binding activity 
as one of the possible mechanisms for chemoresistance in 
A549 cells that was inhibited by silybin in the combination 
treatment. These data indicate that silybin is a potential 
agent for lung tumor growth inhibition, i. e. applied either 
independently or in combination chemotherapy with can-
cerostatic agents, e. g. anthracycline drugs. These findings 
together with other reports support the preventive effect 
of silybin against doxorubicin-caused systemic toxicity; 
however, more studies in different models are needed.

Moreover, silybin exhibits a dose- and time-dependent 
inhibitory effect on the invasion and motility of highly 
metastatic A549 cells in the absence of cytotoxicity76. Si-
lybin treatment may decrease the expressions of metallo-
proteinase-2 (MMP-2) and urokinase plasminogen 
activator (u-PA) in a concentration- and time-dependent 
manner and enhance the expression of tissue inhibitor of 
metalloproteinase-2 (TIMP-2). Further analysis with semi-
quantitative RT-PCR showed that silybin may regulate the 
expressions of MMP-2 and u-PA on the transcriptional 
level, while the TIMP-2 expressions on the translational 
or posttranslational level.

Silymarin has also a protective effect in the early phase 
of allergic asthma, an effect, which may be related to a 
negative influence of the flavonoid on bronchial respon-
siveness to histamine77. Silymarin showed a moderate 
protection against the bronchospasm induced by aerosol 
antigen challenge in sensitized guinea-pigs. This action 
can be explained by the various biological effects of si-
lymarin, e.g. its membrane-stabilizing effect, anti-inflam-
matory activity and inhibition of the arachidonic acid 
pathway. Protective effect of silymarin seems to be due 
to an indirect mechanism that reduces airway responsive-
ness to histamine, and consequently the immediate ana-
phylactic response.

Silybin/silymarin in skin protection
Skin exposure to solar UV radiation induces a number 

of skin disorders, including erythema, edema, sunburn 
cell formation, hyperplasia, immune suppression, DNA 
damage, photoaging, melanogenesis and skin cancers. It is 
well documented that UV irradiation, both its UVB (290–
320 nm) and UVA (320–400 nm) component, induces the 
generation of reactive oxygen species (ROS), which create 
the oxidative stress in skin cells and play an important role 
in the initiation, promotion and progression of skin aging 
and carcinogenesis78. Thus the use of antioxidants, namely 
naturally occurring herbal compounds, is receiving con-
siderable interest to protect skin from adverse biological 
effects of solar UV radiation78, 79, 129.

Both silymarin and silybin have been shown to exhibit 
preventive effects against photocarcinogenesis in various 
animal tumor models. Topical application of silymarin to 
mouse skin (SKH-1 hairless mouse model) reduced UVB-
induced tumor incidence, tumor multiplicity and tumor 
size compared to those of non-treated animals80. Silybin 
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inhibited photocarcinogenesis in mice when applied topi-
cally or administered in the diet81. 

Cutaneous photoprotection mechanisms triggered 
by silymarin and silybin are numerous and demonstrate 
mainly their ability to reduce and suppress harmful ef-
fects of solar UV radiation, such as UV-induced oxidative 
stress, inflammation, immune responses and DNA dam-
age as well as induction of apoptosis.

Topical application of silymarin suppressed intracellu-
lar production of hydrogen peroxide and nitric oxide and 
reduced depletion of catalase activity in UVB-irradiated 
mouse skin (SKH-1 hairless mice). In addition, silymarin 
inhibited expression of cyclooxygenase-2 (COX-2) and its 
prostaglandin metabolites (PGE2

, PGF
2
, PGD

2
), which 

have been implicated in tumor promotion80. Silymarin and 
silybin have been also shown to prevent oxidative stress 
induced by UVA-irrradiation in human immortalized cu-
taneous cells (HaCaT keratinocytes)(ref.82).

In the SKH-1 hairless mice silymarin inhibited UVB-
induced skin edema, formation of sunburn and apoptotic 
cells, prevented UVB-induced infiltration of inflammatory 
leukocytes, and significantly reduced the activity of my-
eloperoxidase, a marker of tissue infiltration80, 83. Studies 
have also indicated that topical treatment of silymarin 
to mouse skin prevents UVB-induced suppression of 
contact hypersensitivity response to contact senzitizer 
dinitrofluorobenzene. It has been shown that prevention 
of UVB-induced suppression of contact hypersensitivity 
by silymarin is mediated through the inhibition of inter-
leukin IL-10 production and suppression of infiltration of 
MHC+CD11b+ cells in irradiated skin83.

Photochemical damage to DNA, predominantly in the 
form of cyclobutane-pyrimidine dimers (CPD), plays an 
important role in immune suppression and skin cancer in-
itiation. Topical application of silymarin prevented UVB-
induced CPD formation in mouse skin84. Induction of 
apoptosis together with the inhibition of DNA synthesis, 
cell proliferation and cell cycle progression has been sug-
gested as in vivo molecular mechanism of silybin efficacy 
against photocarcinogenesis by Mallikarjuna et al.81. 

Silybin effect on UVB-induced apoptosis was exam-
ined in human epidermoid carcinoma A 431 cells. It was 
shown, that silybin treatment prior to radiation causes 
a further increase in apoptosis, whereas post-treatment 
protects against apoptosis. Differential effects of silybin 
on UVB-induced apoptosis involved the modulation of 
mitochondrial apoptotic machinery (Bcl-2 family mem-
bers, cytochrome c), caspases activation and mitogen-ac-
tivated protein kinase (MAPK) signaling85. Dual efficacy 
of silybin on apoptosis was observed also in human ke-
ratinocytes (HaCaT)86. Silybin afforded strong protection 
against UVB-induced apoptosis at lower doses (15 and 
30 mJ/cm2), which was completely lost at a higher dose 
(120 mJ/cm2), and, in fact, increase in apoptosis together 
with strong down-regulation of activated protein-1 (AP-1) 
DNA binding activity were observed. These findings sug-
gest that silybin could protect normal human skin kerati-
nocytes against sunburn or apoptosis when the damage is 
moderate. When the UVB damage is severe, silybin causes 

apoptotic cell death, which might be of significance in de-
leting DNA damaged cells from cell cycle progression. 

Current experimental observations indicate that sily-
marin/silybin may be beneficial in skin photoprotection 
against sunburn response, DNA damage and immunosup-
pression. However, further studies are required in human 
system to determine cellular uptake, distribution and long-
term effects in the skin.

Silybin/silymarin interactions with steroid hormone 
receptors

A number of natural compounds have been found to 
modulate nuclear hormone receptor-dependent gene ex-
pression. Upon binding as ligands, they either activate 
nuclear receptors or compete with natural hormones. An-
tiestrogenic and antiandrogenic effects of some polyphe-
nolic compounds lead to inhibition of steroid hormone 
receptor-dependent proliferation of cancer cells. Both 
silymarin and silybin elicit antiandrogenic activity in the 
prostate cancer cell line LNCaP (ref.31, 32). Several plant 
flavonoids or other polyphenolic compounds have been 
shown to elicit anti/estrogenic activity both in vitro and in 
vivo87–89. Silybin can bind to a purified steroid receptor90 
and estrogenic effects of silymarin have been observed 
in ovariectomised rats in the 30-day uterotrophic assay. 
However, this latter finding was not confirmed in the 
ovariectomised rats after subcutaneous treatment with 
silymarin91. 

We found recently92 that silymarin elicited partial ER 
activation and silybin B was probably responsible for a 
majority of the weak ER-mediated activity of silymarin, 
where as its diastereomer silybin A was found to be inac-
tive. This is probably the most fundamental finding on 
the estrogenic activity of silybin and also the first study 
describing effects of separated silybin diastereoisomers A 
and B towards receptors in biological systems.

Silybin/silymarin in modulation of drug transporters
Multidrug resistance (MDR) represents an increasing 

problem in the treatment of cancer and bacterial infec-
tions. It often appears after prolonged exposure of cells to 
a single drug and is often characterized by its resistance to 
a series of structurally unrelated compounds. One impor-
tant resistance mechanism involves drug depletion in cells 
by membrane efflux proteins, for example P-glycoprotein 
(Pgp) in mammalian cells, Bmr in Bacillus subtilis, and 
NorA in Staphylococcus aureus. 

Pgp is a 170 kDa phosphorylated glycoprotein encoded 
by human MDR1 gene. It is responsible for the systemic 
disposition of numerous structurally and pharmacological-
ly unrelated lipophilic and amphipatic drugs, carcinogens, 
toxins and other xenobiotics in many organs, such as the 
intestine, liver, kidney, and brain. Like cytochrome P450, 
Pgp is vulnerable to inhibition, activation, or induction by 
herbal constituents93. Silymarin, besides some other plant 
substances (curcumin, ginsenosides, piperine, catechins), 
was found to be an inhibitor of Pgp function.

Silymarin increased daunomycin accumulation in 
Pgp-positive cells, but not in Pgp-negative cells, in a 
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drug concentration- and Pgp expression level-dependent 
manner94. Silymarin potentiated doxorubicin cyto toxicity 
in Pgp-positive cells, while it inhibited Pgp ATPase ac-
tivity and azidopine photoaffinity labeling of Pgp, sug-
gesting a direct interaction with Pgp substrate binding94. 
Silymarin (and biochanin A – isoflavone from red clover 
extract) increased the accummulation of digoxin and 
vinblastin in human intestinal Caco-2 cells in a concetra-
tion-dependent manner by inhibition of their Pgp medi-
ated efflux126. In human prostate carcinoma DU145 cells, 
silybin potentiated doxorubicin-induced growth inhibition 
and apoptosis95. Incubation of cells with silymarin over 
24 h did not change membrane Pgp levels. Furthermore, 
silybin and its derivatives were identified as inhibitors of 
P-glycoprotein96, 97. This activity is mainly pronounced in 
the 2,3-dehydrosilybin derivatives carrying prenyl- or gera-
nyl- substituents96. These findings indicated that silymarin, 
silybin and its derivatives may inhibit Pgp-mediated cel-
lular efflux, raising a potential for significant drug interac-
tions with Pgp substrates.

The effect of milk thistle on the pharmacokinetics of 
the known Pgp substrate indinavir was investigated in 
healthy volunteers42, 43. Treatment of milk thistle at 175 mg 
(equivalent to silymarin 153 mg) three times per day for 
3 weeks caused a 9 % and 25 % reduction in the indinavir 
AUC and mean trough level, respectively42. It thus ap-
peared that the interaction was minimal and should not 
interfere with indinavir therapy in AIDS patients. 

Pgp-like transporter in Leishmania spp. was also found 
to be inhibited by silybin and namely with its derivative 
8-(3,3-dimethylallyl)-dehydrosilybine99 that led to the para-
site sensitization towards daunomycin.

Silybin also interacts with other drug transporters, e.g., 
with multidrug resistance-associated protein 1 (MRP1). 
Influence of silymarin and other flavonoids was tested 
in human pancreatic adenocarcinoma cell line (Panc-1) 
on the transport of daunomycin and vinblastin100. It was 
found that silymarin significantly increases accumula-
tion of both drugs in the cells indicating the inhibition 
of MRP1. It seems that GSH regeneration is involved in 
this process because in the other study with flavonoids101 
stimulation of GSH co-transport, ATPase and drug re-
sistance-conferring properties of MPR1 were found to be 
modulated.

The flavonolignan 5'-methoxyhydnocarpin-D (ref.102, 103) 
was recently found to be a potent inhibitor of the NorA 
MDR efflux pump in S. aureus. A number of hydnocarpin-
type flavonolignans, derivatives of silybin, proved to have 
a greater potency than the natural isolate, 5'-methoxyhyd-
nocarpin-D (ref.104). Silybin itself had a medium inhibitory 
potency. 

The causative agents of sleeping sickness, Trypanosoma 
brucei rhodesiense and T. brucei gambiense, do not synthe-
size purines de novo but salvage purine bases and nucle-
osides from their hosts. A selection of purine analogs and 
flavonoids were tested for their ability to interfere with 
adenosine transport. Silybin was a potent, noncompeti-
tive inhibitor of trypanosomal purine transporter TbAT1. 
Silybin also inhibited melarsen-induced lysis of blood-
stream form trypanosomes105. This makes silybin a good 

candidate for antiparasital and/or adjuvant antiparasite 
treatment.

Silybin/silymarin in regulation of apoptosis 
and inflammation process

The molecular bases of the anti-inflammatory and anti-
carcinogenic effects of silybin/silymarin are yet unknown; 
they might be related to inhibition of the transcription fac-
tor NF-κB, which regulates and coordinates the expression 
of various genes involved in the inflammatory process, in 
cytoprotection and carcinogenesis. In particular, NF-κB 
contributes to the production of interleukins IL-1 and 
IL-6, tumor necrosis factor (TNF-α), lymphotoxin, granu-
locyte-macrophage colony-stimulating factor (GM-CSF) 
and interferon (IFN-γ). Furthermore, some of these cy-
tokines, e.g., IL-1 and TNF-α activate NF-κB themselves, 
thus creating positive feedback. NF-κB activation occurs 
on its dissociation from the inhibitory protein I-κB and 
its subsequent nuclear translocation. NF-κB seems to be 
a subject to redox regulation, suggesting thus an important 
role of antioxidants in its inactivation. 

Silymarin was tested in HaCaT (human keratinoc-
ytes) induced with UV light and in HepG2 cells (human 
hepatoblastoma) induced with okadaic acid and LPS106, 107 
and proved to be highly effective in suppressing NF-κB 
binding activity and its dependent gene expression. Com-
pared to other bioflavonoids tested, silymarin inhibits 
transcription factor NF-κB in very low concentrations 
(12 µg/ml)(ref.107).

Manna et al.108 studied the effect of silymarin on 
NF-κB activation induced by various inflammatory agents. 
Silymarin blocked TNF-α-induced activation of NF-κB in 
a dose- and time-dependent manner. This effect was medi-
ated through inhibition of phosphorylation and degrada-
tion of inhibitory protein IκBa, an inhibitor of NF-κB. 
NF-κB-dependent reporter gene transcription was also 
suppressed by silymarin. Silymarin also blocked NF-κB 
activation induced by phorbol ester, LPS, okadaic acid, 
and ceramide, whereas H2

O
2
-induced NF-κB activation 

was not significantly affected. Silymarin also inhibited the 
TNF-α-induced activation of mitogen-activated protein 
kinase and c-Jun N-terminal kinase and abrogated TNF-
α-induced cytotoxicity and caspase activation. The inhibi-
tion of activation of NF-κB and the kinases may provide 
in part the molecular basis for the anticarcinogenic and 
anti-inflammatory effects of silymarin, and its effects on 
caspases may explain its role in cytoprotection. Like sily-
marin, the anti-inflammatory drugs sodium salicylate and 
aspirin are also known to block the activation of NF-κB by 
preventing the degradation of IκBα. However, silymarin 
was effective at a100-fold lower concentration than sali-
cylate, suggesting that it is a potent inhibitor without sub-
stantial toxicity.

Silybin is also known to induce apoptosis of endotelial 
cells and to inhibit angiogenesis, which is essential for 
tumor growth and metastasis. Silybin was found to sup-
press the growth and induce the apoptosis of ECV304 
cells (human umbilical vein endotelial cell line)(ref.109). 
The induction of apoptosis by silybin was confirmed by 
ladder-patterned DNA fragmentation, cleaved and con-
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densed nuclear chromatin and DNA hypoploidy. Silybin 
could effectively inhibit a constitutive NF-κB activation as 
revealed by electrophoretic mobility shift assay and NF-
κB-dependent luciferase reporter study. Consistent with 
this, silybin treatment resulted in a significant decrease 
in the nuclear level of p65 subunit of NF-κB. In addition, 
silybin treatment caused a change in the ratio of Bax/Bcl-2 
in a manner that favors apoptosis. Silybin also induced 
the cytochrome c release, activation of caspase-3 and 
caspase-9 and cleavage of poly(ADP-ribose) polymerase 
(PARP). These results suggest that silybin may exert, at 
least partly, its anticancer effect by inhibiting angiogenesis 
through induction of endothelial apoptosis via modulation 
of NF-κB, Bcl-2 family and caspases109. 

Series of excellent studies from Agarwal’s group has 
demonstrated high efficiency of silybin in the prostate 
tumor adjuvant treatment. One possible mechanism of 
this effect is the indirect potentiation of TNF-α action by 
silybin inhibition of NF-κB (ref.110). The studies revealed 
that silybin is able to inhibit constitutive activation NF-κB 
in human prostate cancer cell line DU145. Silybin also 
inhibits TNF-α-induced activation of NF-κB via IκBα 
pathway and subsequently sensitizes DU145 cells to the 
TNF-α-induced apoptosis.

Silymarin is known to have an anti-atherosclerotic 
activity. The mechanism responsible for it can be partly 
explained by the antioxidative protection of cholesterol-
transporting lipoproteins but it still partly remains unclear. 
Silymarin inhibited THP-1 (human monocyte cell line) 
cell adhesion to human umbilical vein endothelial cells 
(HUVEC). Silymarin also suppressed the TNF-α-induced 
protein and mRNA expression of adhesion molecules, 
such as VCAM-1, ICAM-1 and E-selectin, in HUVEC. 
Moreover, silymarin suppressed the TNF-α-induced DNA 
binding of NF-κB in HUVECs. Therefore, part of the sily-
marin anti-atherosclerotic activity is mediated by inhibit-
ing the expression of adhesion molecules111.

Stereochemistry of silybin vs biological activity
Silymarin flavonolignans are biogenetically formed by 

oxidative addition of coniferylalcohol to taxifolin, whose 
low stereospecifity gives rise to the whole variety of these 
isomers. This is why the natural silybin is approximate 
equimolar mixture of two diastereomers A and B, whose 
analytical separation is quite feasible112, but preparatory 
separation is extremely complicated. Semipreparatory 

separation of silybin diastereomers was accomplished 
by silybin glycosylation, followed by column separation 
of the glycosides of pure silybin diastereomers and their 
hydrolysis113. This enabled for the first time to determine 
spectral characteristics of optically pure silybins (OR, 
CD, 13C and 1H NMR etc.). Absolute configuration of 
both silybin A and B (Fig. 1) was determined by Lee and 
Liu114. In the same year Kim et al.115 published independ-
ently but incorrectly the absolute configuration of both 
silybin diastereomers.

Weyhenmeyer et al.116 published a study on the phar-
macokinetics of silybin diastereomers. They, however, 
used natural silybin (a mixture of both silybins) and 
measured plasma profiles of – at that time unidentified 
– diastereo mers determined by HPLC. They have found 
that plasma concentration of one unconjugated silybin 
diastereomer is ca 3x higher than the concentration of 
the other one. This difference was presumably caused by a 
different conjugation rate (glucuronidation) of respective 
silybin diastereo mers. This assumption was later corrobo-
rated by us117 by the preparation of silybin metabolites, 
e.g., respective glucuronides, from optically pure silybin 
and by analysis and assignments of silybin metabolites 
in humans.

There are only scarce data on the pharmacological 
activity of respective isolated silybins A, B (vide infra). Di-
astereomers of silybin are very important especially in the 
interaction with receptors or other anisotropic systems. 
We have recently demonstrated92 a clear proof of it: sily-
bin B interacts with estrogenic receptor, whereas its dias-
tereomer silybin A was found to be inactive (see p. 35).

Aspects of optical purity of silybin and also other 
flavonolignans from the silymarin complex were largely 
neglected. However, should silymarin be used for appli-
cations other than as a mere antioxidant in an isotropic 
milieu (e.g., in solution) the stereochemistry will play an 
extremely important role and respective biological ac-
tivities will have to be studied also with optically pure 
compounds.

New silybin derivatives
The bioavailability and therapeutic efficiency of si-

lybin is rather limited by its very low water solubility 
(430 mg/l). The solubility was improved by the prepara-
tion of silybin 3,23-O-bis-hemisuccinate118 that enabled 
intravenous application of silybin (Legalon-SIL, Madaus) 
for the treatment of acute liver intoxication by mycotoxins. 
Glycosylation was demonstrated to be another way of im-
proving silybin solubility113, 119, 123, 124. Bioavailability of sily-
bin has been also substantially improved by preparation of 
silybin-phosphatidylcholine complex (IdB 1016, Indena). 
This complex has better bioavailability than pure silybin/
silymarin as recently demonstrated by Škottová et al.120 by 
pharmacokinetic study with iodine-labeled silybin.

Carboxylic acids derived from silybin and 2,3-dehy-
drosilybin (Fig. 3) with improved water solubility were 
prepared by selective oxidation of parent compounds 
and a new inexpensive method for preparation of 2,3-
dehydrosilybin from silybin was developed and optimised 
and their antioxidant and cytoprotective activities were Fig. 3
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determined121. 2,3-Dehydrosilybin is more lipophilic and 
less water-soluble than silybin, which is prerequisite for 
its application in lipophilic milieu (cell membrane anti-
oxidant, ointments). However, respective carboxylic de-
rivative combines its considerably better antioxidative 
properties together with improved hydrophilicity.

The presence of 2,3-double bond in the C–ring of 
flavonoid molecule is connected with an increase in 
scavenging/antioxidative potency of the compounds. 2,3-
Dehydrosilybin is obviously a superior silybin derivative 
both from the point of view of radical scavenging and 
antilipoperoxidant activity. 

Series of selectively alkylated (prenylated and geranylat-
ed) derivatives of 2,3-dehydrosilybin were prepared96, 122 
and they were found to be significant inhibitors of P-glyco-
protein (see p. 36).
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