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ABSTRACT 

Background: Silymarin exhibits inherent hepatoprotective and antioxidant activity caused by its control 

of free radicals (FR), which are produced by the hepatic metabolism of toxic chemicals such as C2H5OH, 

para-acetaminophen, or CCL4. 3464 types of research have been conducted on silymarin or its 

formulations. Out of these researches, 43 clinical studies on silymarin and 21 on the Milk thistle have 

been enrolled and conducted the clinical study. Thus, silymarin became a breakthrough in treating 

hepatotoxicity due to medicines. Aim and objective: Our aim is to review the phytochemistry and 

pharmacological activities and the recent clinical trials of silymarin. Methods: For this review, 

electronic databases viz pub med, Medline, science direct and sci-hub identified more than 100 research 

and review papers searched using Mesh terms silymarin, silibinin, silicristin, or milk thistle and 

including clinical studies. Only 65 selected and analyzed with the criteria randomized double-' or 'single-

blind'. These publications were analyzed and discussed from a pharmacokinetics and pharmacodynamics 

point of view and meta-analytic calculations were carried out. Results: An amount of 3464 publications 

were selected and worked. Out of the complete database search, only 21 were included in the systematic 

analytical review and 9 in the meta-analysis, as per the user pre selection criteria and define parameters. 

In our study, the results indicated a reduction of (95 percent CI) at the range of ALT and 0.53 IUmL-1 

(95 percent CI) at the serum levels of AST after using the silymarin, both, statistically significant, but 

with no clinical relevance. The outcome findings presented a comprehensive grade of heterogeneity and 

relatively low methodological worth in the carried out analysis. Conclusions: Based on the present 

clinical evidence it can be established - concerning probable risks /probable benefits - that it is 

reasonable to recommended silymarin as a supportive element and prophylactic in the treatment of liver 

cirrhosis.  
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INTRODUCTION 

Silymarin is the active constituents (1.5–3) percent of the fruit’s dry volume and is an isomeric 

combination of flavonolignans. The main representatives of this class represent within silymarin are 

silybin, isosilybin, silychristin, isosilychristin, silydianin, and silimonin. Flavonoids come under gamma-

pyrones and nearly 4000 types flavonoids are presently listed; they're abundant not only within the 

herbal plants, where they're particularly abundant within the photosynthetic cells of upper plants, but 

also within the animal species [1]. Compounds such as quercetin and silymarin are biomarkers, both alone 

and as components of complex chemical preparations are part of pluherbal formualtions. Silymarin may 

be a flavonolignan that practiced extensively in recent era as a hepatoprotective therapeutic [1].  

Naturally, It is extracted from the seeds and fruit of milk thistle and present in combination of 3 

structural components namely silibinin, silydianine and silychristine [2]. The composition of silymarin, 

stratified in the mid 20 century, the chief chemical change between silymarin and other flavonoids lies in 

the isomers substitution by a positional functional coniferyl alcohol group. Silymarin is in practice for 

the cure of various liver disorders characterised by degenerative necrosis, hepatitis, liver enlargement 

and functional impairment [2]. Furthermore, it's ready to antagonise the toxin of death cap and protection 

against hepatotoxicity and [2]. against poisoning by phalloidin [4] galactosamine, thioacetamide halothane 

and carbon tetrachloride [6]. 

PHYOCHEMISTRY  

Silymarin is extracted from the dried seeds of milk thistle plant, where it's present in large amounts than 

in many arial and vegetative parts of the plants [6]. The dynamic rule was first unfastened and 

exaggeratedly portrayed in the duration 1968-1974.  
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With advancement of technology, biochemical impression of 

silymarin on ribonucleic acid, amino acids and DNA blend was 

accounted for hepatoprotection [7]. Silymarin might be a perplexing 

combination of 4 flavonolignan isomers, specifically silybin, 

isosilybin, silydianin and silychristin with a recipe C25H22O10 [7]. 

The compound structure of milk thorn organic product other than 

flavonolignans likewise incorporate different flavonoids, (for 

example, taxifolin [C15H12O7], quercetin [C15H10O], 

dihydrokaempferol, kaempferol [C15H10O6], apigenin [C15H10O5], 

eriodyctiol, and chrysoeriol), 5,7-dihydroxy chromone, 

dehydroconiferyl liquor, greasy oil (58-60 percent linoleic corrosive; 

30 percent oleic acid; 8.5-9 percent hexadecanoic corrosive, vitamin E 

derivatives, sterols, The substance arrangement of milk thorn organic 

product other than flavonolignans additionally incorporate different 

flavonoids, (for example, taxifolin, quercetin, dihydrokaempferol, 

kaempferol, apigenin, naringin, eriodyctiol, and chrysoeriol), 5,7-

dihydroxy chromone, dehydroconiferyl liquor, fixed oil (60 percent 

linoleic corrosive; 30 percent, oleic corrosive; percent palmitic 

corrosive), tocopherol, sterols (cholesterol, campesterol, stigmasterol, 

and sitosterol), sugars (arabinose, and ±glucose), and peptides [6, 8]. In 

any case, the absolute best fixation, containing around 50–70 percent 

of the concentrate, is silybin, which is that the chief biomarkers of 

concentrate, that has been proved in many research studies [6, 8]. The 

silybin fixations ordinarily found in like manner drug items containing 

a silymarin scope of 20–40% [9] Other than the hepatoprotective 

activity, silybin has solid cancer prevention agent properties and 

balances a spread of cell-flagging pathways, prompting the decrease 

of favorable to incendiary go between [10]. Silybin is furthermore 

concentrated as a potential anticancer and chemo-preventive 

specialist.  

The molecular structure of silybin was initially elucidated by Pelter 

and Hansel in 1968, using cautious calculation of 1H-NMR (100 

MHz, DMSO-d6) and mass spectra [11]; notwithstanding, the supreme 

silybin design in positions C-2 and C-3 was found utilizing a 

degradative approach by similar scientists in 1975 [11]. Silybin, which 

known as by the different names such as called flavobin, silliver, 

silybine, silybina, and silybine, highlights a molecular formula 

C25H22O10 and an overall atomic mass of 482.441, CAS No. 22888-

70-6 (description as per the pubchem site). The silybin structure 

comprises in 2 primary subunits, which are linked together into one 

structure by an oxeran ring. The 1st is predicated on a taxifolin, that 

might be a flavononol bunch in flavonoids family. The 2nd may be a 

phenyllpropanoid unit,that occurred as conyferil liquor. In silybin's 

structure, study will perceive 5-OH groups gatherings, that are the 

principal focuses of the derivatization cycle. 3 of these OH groups 

gatherings (5- hydroxyl groups, 7-OH, and 20-OH) have a phenolic 

nature. The five hydroxyl groups includes extremely hydrogen 

bonding attaching to the adjoining oxo gathering, that is inside the 

formation to the fragrant ring and goes about as an electron pair 

contributor to the compound bond with the five- hydroxyl groups 

gathering. The seven- hydroxyl groups and 20-OH have comparative 

characteristics, despite the point that the C-7 OH bunch is high 

responsive than the 20- hydroxyl groups and bunch on account of its 

relatively less steric prevention and subsequently the presence of a 

hydrogen bond. The Carbon-23 hydroxyl groups has capability to 

cause the esterization.  

The Carbon -3 hydroxyl groups may without much of a stretch be 

oxidized (even with barometrical oxygen) to a ketone (C=O), that is 

subject for the formation of a 2, 3-dehydrosilybin. Silybin is 

inadequately dissolvable in polar protic solvents (ethyl and methyl 

alcohol), and insoluble in non-polar solvents [chloroform {CHCl₃} 

and oil ether {(C2H5)2O}], though exceptionally dissolvable in polar 

aprotic solvents such as CH3)2CO [13].  

In nature, silybin happens inside such a two transdiastereoisomers: A 

and B. These two diastereoisomers are separated concerning reference 

positions Carbon-10 and Carbon-11 in the 1,4-benzodioxane ring [14]. 

Silybin (A and B) each have 1H and 13Carbon Nuclear Magnetic 

Resonance spectra, that are fundamentally the same as (with no 

trademark flags), and block the itemized distinguishing proof of 

individual isomers). The most well-known strategy for division of 

these two diastereoisomers is elite fluid chromatography (HPLC), 

which can separate the particles by examination of the maintenance 

time. In spite of issues to Nuclear Magnetic Resonance spectra, the 

total designs of these diastereoisomers have n set up as per the 

protocol and mentioned further: Silybin A is 2R, 3R, 10R, 11R isomer 

with a legitimate IUPAC name of (2R,3R)- 2-[(2R,3R)- 2,3-dihydro-

3-(4-hydroxy-3-methoxyphenyl).The chief comparability of silymarin 

to sterol chemicals is accepted to be answerable for its amino acids 

blend facilitator activities [6, 15]. 

PHARMACOLOGY 

Anti-oxidant activities: The mechanism of anti-oxidant using free 

radicals methods, including such as the superoxide-groups extremist, 

hydroxyl group radicals (OH), hydrogen peroxidation (H2O2) and 

lipid peroxide-groups extremists have been ensnared within hepatic 

infections [16, 17]. These receptive oxygen species (ROS) are created as 

an ordinary outcome of biochemistry processed-cycles in the body 

and because of expanded openness to xenobiotics (toxicity etc.) [18]. 

The instrument of free extreme harm incorporate ROS-initiated 

peroxidation of polyunsaturated fat within the cellular structure film 

bilayer, that bring a chain response of lipid peroxidation, in this way 

harming the cell layer and creating additional oxidation of film lipids 

and proteins [19]. In this way cell substance including DNA, RNA, and 

other cell segments are harmed [20]. The cytoprotective impacts of 

silymarin are essentially inferable from its cell reinforcement and free 

extremist rummaging properties [6, 15]. Silymarin can likewise 

communicate straightforwardly with cell layer segments to forestall 

any anomalies in the substance of lipid part answerable for keeping up 

ordinary smoothness [19]. 

Anti-inflammation activities: Silmarin has a potential in reducing 

impact on 5-lipoxygenase pathway bringing about restraint of 

leukotriene amalgamation is a vital pharmacodynaimc action of 

silymarin.Administration of silibinin has inverse action on 

Leukotriene (B4) however prostaglandin (E2) amalgamation has not 

influenced at higher groupings of utilization of silibinin [19]. An 

investigation which assessed the activity of silibinin in separated 

Kuppfer cells established a solid reducing impact on leukotriene 

development to the Inhibitory concentration (IC50) estimation of 

fifteen µmoleslitre-1. Be that as it may, no impact was seen on tumor 

corruption factor-alpha (TNF-α) development [21, 22]. The NF-kappa B 

is a significant controller of incendiary and resistant responses. 

Silymarin possesed both NF-kB DNA restricting movement action 

and it’s needy quality articulation executed by okadaic corrosive in 

the in-vitro techniques using HEP G2 cell line. However, the Nuclear 

factor-kappa B initiation prompted by tumor necrosis factor-α was not 

affected by silymarin, showing a passageway subordinate hindrance 

by silymarin [22]. The impact of silymarin on cell penetrability is 

firmly connected with subjective and quantitative modifications of 

film lipids (both cholesterol and phospholipids) [23]. This proposes that 
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silymarin may likewise follow up on other lipid partitions within 

hepatocytes; this can affect lipid protein discharge & take-up. 

Silymarin and silibinin demonstrated diminish the union and turnover 

of phospholipids in the hepatic cells of rodents. Besides, silibinin can 

kill two impacts of C2H5OH in animal studies: the hindrance of 

phospholipid blend and the decrease within marked glycerol 

consolidation into lipids of secluded hepatocyte. Likewise, silibinin 

animates phosphatidylcholine union and expands the movement of 

cholinephosphatecytidyltransferase in rodent liver both in typical 

conditions and after inebriation by galactosamine [24]. Information 

because of silymarin on fatty substance digestion in the liver are 

insufficient. It is realized that in rodents silibinin can halfway threaten 

the expansion in absolute lipids and fatty substances delivered in the 

liver via carbon tetrachloride and presumably, to initiate unsaturated 

fat ß oxidation [24]. It has likewise been recommended that silymarin 

may lessen fatty substance combination in the liver [25]. Mechanisms 

of activity of silymarin that give assurance against lipid peroxidation 

and the liver toxicity of CCL4 in mouse and reached the resolution 

that silymarin acts by decreasing catabolic enactment via CCL4 and by 

going about as a cell reinforcement that forestalls chain burst creators 

demonstrated that silymarin bears the cost of liver protection against 

explicit injury prompted by microcystin, acetoaminophen, halothane 

and raw liqour in a few exploratory models [25]. 

Impacts on Plasma Lipids levels and Lipoprotein’s concentration: 

Silymarin and its derivatives decreased plasma conc. of cholesterol 

and low-density lipoprotein (LDL) cholesterol in hyperlipidaemic 

rodents, however silibinin doesn't lessen plasma concentration of 

cholesterol in ordinary rodents; notwithstanding, it diminishes 

phospholipid plasma concentration, particularly those shipped in LDL 
[25, 26]. Information acquired in exploratory models of hepatic injury 

have indicated that silymarin can standardize the expansion in plasma 

lipids concentration saw afterward administration of CCL4 and to 

irritate the decrease in serum free unsaturated fats prompted by 

thioacetamide [27]. In the animal study model of hepatitis and fatty 

liver created by thioacetamide, silymarin didn't seem, by all accounts, 

to be ready to standardize the decrease in fatty oils within the serum 

concentration. In animal study model of hepatitis and fatty liver 

created by para-acetoaminophen in rodents, it had obvious that 

regardless of significant 'in vitro' and creature research, the 

component of activity of milk thorn isn't completely characterized and 

might be multifactorial (home grown multi-target drug). Silymarin 

significantly retain LDL level to liver, a significant factor for the 

decrease of low density lipids within plasma.  

Incitement of Liver Regeneration ability: One of the instruments 

that may clarify the limit of silymarin to animate hepatocytes recovery 

is the expansion in protein blend within the harmed liver [29]. In pre-

clinical evaluation, it concluded that in the liver of rodents from which 

a piece of the organ had been eliminated, silibinin able to create huge 

expansion in the development of organelles such as ribosomes and in 

DNA blend, just as an expansion in peptides combination [28]. 

Strangely, the expansion in amino acid blend has prompted by 

silibinin just in harmed hepatocytes, not in solid diseased controls 

(DC) [28]. The component whereby silibinin invigorates peptides 

amalgamation in the liver did not characterized; it could be the 

physiological guideline of ribo nucleaic acid polymerase I at explicit 

restricting destinations, which subsequently animates the arrangement 

of ribosomes [29]. In rodents with exploratory hepatitis brought about 

by galactosamine, treating them with intraperitoneal silymarin 140 

mgkg-1 (4 days) totally canceled the inhibitory impact of 

galactosamine on the biosynthesis of liver peptides and glycoproteins 
[30]. 

TOXICITY 

The intense poisonousness of silymarin has been concentrated in 

mouse, rodents, hares and canines after administration the herbal 

extracts. The lethal dose (LD50) values are 400 mgkg-1 in mouse 385 

mgkg-1in rodents and, 140 mgkg-1in hares, and canines. At the point 

when the herbal extracts are given by moderate imbuement (more than 

2-3 hrs), estimations of 2gkg-1 might be calculated in rodents. In case 

of intense inebriation, the reason for mortality accounts is being 

calculated [27, 28]. Comparable outcomes have likewise been acquired 

by Vogel et al and different examinations to evaluate the intense 

harmfulness of silymarin were acted in beagle canines, hares, Wistar 

rats and NMRI mouse after an i.v injection [28]. Silymarin was utilized 

as the hemisuccinate sodium salt and the animals held under 

observation for 14-21 days. The Lethal dose were 1050 and 970 

mgkg-1 in male and female mouse, separately, and 825 and 920 mgkg-

1in male and female rodents, individually [28]. The mean deadly 

portion for hares and the most extreme endured portion in canines 

were determined to be around 300 mg/kg [28]. The pre-clinical studies 

showed that the intense toxicity of silymarin is less. Additionally, its 

sub-acute and chronic toxicity are less; the silymarin is likewise 

without teratogenic potential [28]. 

CONCLUSION  

The exceptional liver protection action of silymarin, other than its 

anti- oxidants property, cancer preventive and anti-inflammatory 

actions, as obvious by various examinations referred to above, makes 

it an exceptionally encouraging medication of natural source. Its great 

wellbeing profile, simple accessibility and ease are added favorable 

circumstances. It has set up viability in the rebuilding of liver capacity 

and recovery of liver cells. It might demonstrate well defined than 

polyherbal plants soon on account of its ability to get normalization, 

quality assurance and independence from micro-organism and heavy 

metals contaminants. Silymarin may make a forward leap as another 

way to deal with ensure different organs notwithstanding liver. 

Conflict of Interest  

The authors declare that there is no conflict of interest. 

REFERENCES 

1. Valenzuela AL, Garrido AR. Biochemical bases of the pharmacological 

action of the flavonoid silymarin and of its structural isomer silibinin. 

Biological research. 1994; 27:105-. 

2. Morazzoni P, Bombardelli E. Silybum marianum (Carduus marianus). 

Fitoterapia (Milano). 1995;66(1):3-42. 

3. Vogel G. Untersuchungen zu pharmakodynamik, angriffspunkt und 

wirkungsmechanismus von silymarin, dem antihepatotoxischen prinzip 

aus silybrun mar.(L.) Gaertn. Ii. Besondere untersuchungen zu 

angriffspunkt und wirkungsmechanismus (auch an anderen organen als 

der leber). 

4. Vogel VG, Trost W. Anti-phalloidine activity of the silymarins silybine 

and disilybine. Arzneimittel-forschung. 1975; 25(3):392-3. 

5. Barbarino F, Neumann E, Deaciuc I, Ghelberg NW, Suciu A, Cotuţiu C, 

Racoviţă L, Stroilă C, Nagy S, Părău N, Toader S. Effect of silymarin on 

experimental liver lesions. Medecine interne. 1981; 19(4):347-57. 

6. Scott Luper ND. A review of plants used in the treatment of liver disease: 

part 1. Alternative medicine review. 1998; 3(6):410-21. 



The Journal of Phytopharmacology 

 

 

265 

7. Wagner H, Diesel P, Seitz M. The chemistry and analysis of silymarin 

from Silybum marianum Gaertn. Arzneimittel-forschung. 1974; 

24(4):466-71. 

8. Abenavoli L, Capasso R, Milic N, Capasso F. Milk thistle in liver 

diseases: past, present, future. Phytotherapy Research. 2010; 

24(10):1423-32. 

9. Lee JI, Narayan M, Barrett JS. Analysis and comparison of active 

constituents in commercial standardized silymarin extracts by liquid 

chromatography–electrospray ionization mass spectrometry. Journal of 

Chromatography B. 2007; 845(1):95-103. 

10. Federico A, Dallio M, Loguercio C. Silymarin/silybin and chronic liver 

disease: a marriage of many years. Molecules. 2017; 22(2):191. 

11. Pelter A, Hänsel R. The structure of silybin (silybum substance E6), the 

first flavonolignan. Tetrahedron letters. 1968; 9(25):2911-6. 

12. Pelter A, Hansel R. Structure of silybin. 1. Degradative experiments. 

CHEMISCHE BERICHTE-RECUEIL. 1975; 108(3):790-802. 

13. Biedermann D, Vavříková E, Cvak L, Křen V. Chemistry of silybin. 

Natural product reports. 2014; 31(9):1138-57. 

14. Althagafy HS, Meza-Aviña ME, Oberlies NH, Croatt MP. Mechanistic 

study of the biomimetic synthesis of flavonolignan diastereoisomers in 

milk thistle. The Journal of organic chemistry. 2013; 78(15):7594-600. 

15. Lee, D.Y.; Liu, Y. Molecular structure and stereochemistry of silybin A, 

silybin B, isosilybin A, and isosilybin B, isolated from Silybummarianum 

(milk thistle). J. Nat. Prod. 2003, 66, 1171–1174.  

16. Weyhenmeyer, R.; Mascher, H.; Birkmayer, J. Study on dose-linearity of 

the pharmacokinetics of silibinindiastereomers using a new stereospecific 

assay. Int. J. Clin. Pharmacol.Ther.Toxicol. 1992, 30, 134–138. 

17. Miguez MP, Anundi I, Sainz-Pardo LA, Lindros KO. Hepatoprotective 

mechanism of silymarin: no evidence for involvement of cytochrome 

P450 2E1. Chemico-biological interactions. 1994; 91(1):51-63. 

18. Bosisio E, Benelli C, Pirola O. Effect of the flavanolignans of Silybum 

marianum L. on lipid peroxidation in rat liver microsomes and freshly 

isolated hepatocytes. Pharmacological Research. 1992; 25(2):147-65. 

19. Cavallini L, Bindoli A, Siliprandi N. Comparative evaluation of 

antiperoxidative action of silymarin and other flavonoids. 

Pharmacological research communications. 1978; 10(2):133-43. 

20. Davila JC, Lenherr A, Acosta D. Protective effect of flavonoids on drug-

induced hepatotoxicity in vitro. Toxicology. 1989; 57(3):267-86. 

21. Valenzuela A, Barría T, Guerra R, Garrido A. Inhibitory effect of the 

flavonoid silymarin on the erythrocyte hemolysis induced by 

phenylhydrazine. Biochemical and biophysical research communications. 

1985; 126(2):712-8. 

22. Valenzuela A, Guerra R, Garrido A. Silybin dihemisuccinate protects rat 

erythrocytes against phenylhydrazine-induced lipid peroxidation and 

hemolysis. Planta Med 1987; 53:402-5. 

23. Ramellini G, Meldolesi J. Liver protection by silymarin: in vitro effect on 

dissociated rat hepatocytes. Arzneimittel-Forschung. 1976; 26(1):69-73. 

24. Valenzuela A, Guerra R. Protective effect of the flavonoid silybin 

dihemisuccinate on the toxicity of phenylhydrazine on rat liver. FEBS 

Lett 1985; 181:291-4  

25. Valenzuela A, Lagos C, Schmidt K, et al. Silymarin protection against 

hepatic lipid peroxidation induced by acute ethanol intoxication in the 

rat. Biochem Pharmacol 34: 1985: 12  

26. Videla LA, Valenzuela A. Alcohol ingestion, liver glutathione and 

lipoperoxidation: metabolic interrelations and pathological implications. 

Life Sci 1982; 31: 2395-407 

27. Campos R, Garrido A, Guerra A. Silybin dihemisuccinate protects 

against glutathione depletion and lipid peroxidation induced by 

acetaminophen on rat liver. Planta Med 1989; 55:417-9 

28. Muriel P, Mourelle M. Prevention by silymarin of membrane alterations 

in acute CCl4 liver damage. J Appl Toxicol 1990; 10:275-9  

29. Valenzuela A, Aspillaga M, Vial S, et al. Selectivity of silymarin on the 

increase of the glutathione content in different tissues of the rat. Planta 

Med 1989; 55:420-2. 

30. Lettéron P, Labbe G, Degott C, et al. Mechanism for the protective 

effects of silymarin against carbon tetrachloride-induced lipid 

peroxidation and hepatotoxicity in mice. Biochem Pharmacol 1990; 

39:2027-34. 

 

HOW TO CITE THIS ARTICLE 

Qadir A, Sahoo PK. Silymarin: An account of Phytochemistry and 

Pharmacology. J Phytopharmacol 2021; 10(4):262-265. doi: 

10.31254/phyto.2021.10408 

 

Creative Commons (CC) License- 

This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY 4.0) license. This license permits unrestricted 

use, distribution, and reproduction in any medium, provided the original author and 

source are credited. (http://creativecommons.org/licenses/by/4.0/). 

http://www.phytopharmajournal.com/Vol10_Issue4_08.pdf

