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Milk Thistle Extract: Analysis of Physicochemical Properties, Functional Characteristics and Unique Advantages

1. Basic Overview

Milk thistle extract is a natural plant extract produced from the dried ripe fruits of Silybum marianum (L.) Gaertn. (Asteraceae family) via crushing, extraction, purification

and drying. Its core active ingredient is silymarin, a flavonolignan mixture mainly composed of silibinin, along with isomers such as silidianin, silicristin and isosilybin.

Silibinin accounts for over 60% of silymarin and is the key component determining efficacy.

As one of the most widely used and intensively studied natural liver-protecting ingredients, it is extensively applied in functional foods, dietary supplements and pharmaceutical

raw materials.

II. Physicochemical Properties

(I) Physical Properties

1.

Appearance & Characteristics: Pure silymarin is a pale yellow to brownish-yellow powder. High-purity extract (=80%) appears as a fine light yellow powder with
no obvious caking; raw material-grade extract (=40%) is yellowish-brown, with a slight characteristic plant odor and bitter taste.

Solubility: Amphiphilic (lipophilic and hydrophilic). Slightly soluble in water, freely soluble in methanol, ethanol, acetone, ethyl acetate, etc. Solubility increases
significantly in alkaline aqueous solutions and disperses stably in oil systems. Water solubility and bioavailability are greatly improved after microencapsulation or
inclusion complexation.

Melting & Boiling Points: Pure silibinin melts at 154—157 °C. Silymarin mixture has no fixed melting point and slowly decomposes above 180 °C. No distinct boiling
point; prone to thermal degradation at high temperatures.

Hygroscopicity & Flowability: Slightly hygroscopic; easily absorbs moisture and cakes at RH > 65%, requiring sealed dry storage. Granulation improves flowability
for solid preparation manufacturing.

Optical Rotation: Silibinin is chiral and optically active. Levosilybin is the main active configuration with specific rotation [a]20? = —105° to —115° (in methanol).
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(IT) Chemical Properties

1.

Core Structure: Silymarin components are flavonolignans formed by condensation of two phenylpropanoid units and a flavone nucleus. Multiple hydroxyl (—OH)
and methoxy (—OCHs) groups underpin its antioxidant and metal-chelating activities.

Stability: Stable for 24 months under ambient, dry and dark conditions. Degrades under strong acid/alkali, high temperature or intense light, reducing active content.
Chelates with metal ions (Fe**, Cu?"), so direct metal contact should be avoided in production.

Antioxidant Activity: Phenolic hydroxyls readily donate hydrogen to scavenge free radicals and form stable quinone structures. Antioxidant capacity exceeds
conventional antioxidants like vitamin E and vitamin C.

Acidity & Alkalinity: Weakly acidic, aqueous solution pH 5.0-6.5. Phenolic hydroxyls neutralize alkalis to form salts, enhancing water solubility.

Color Reactions: Positive for flavonoid tests: red with HCl-magnesium powder, blue-purple with FeCls, used for qualitative identification.

II1. Core Functional Characteristics

All functions derive from silymarin, with well-defined mechanisms verified by in vitro/in vivo and clinical studies. Primary function is liver protection, plus antioxidant,

anti-inflammatory and metabolic regulatory effects.

(I) Targeted Liver Protection & Multi-Mechanism Repair

1.

3.
4.

Stabilizes Hepatocyte Membranes: Silibinin binds to phospholipids, strengthening membrane integrity, blocking toxins (alcohol, drugs, chemicals) and reducing
leakage of ALT/AST.

Promotes Hepatocyte Regeneration: Activates NF-kB, HGF and related pathways, stimulating proliferation and repair. Effective against chemical, alcoholic and
drug-induced liver injury.

Enhances Detoxification: Induces cytochrome P450 and boosts glutathione (GSH) synthesis, accelerating biotransformation and toxin excretion.

Inhibits Liver Fibrosis: Suppresses hepatic stellate cell activation and extracellular matrix deposition, slowing progression to cirrhosis and HCC.

(IT) Strong Antioxidant Activity & Free Radical Scavenging

1.
2.

Scavenges Oz, *OH, LOO¢ and reduces MDA.

Activates SOD, GSH-Px, CAT to strengthen endogenous antioxidant systems.
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3. Inhibits lipid peroxidation, protecting liver, cardiovascular and neural tissues.
(III) Natural Anti-Inflammatory Effect (No Side Effects)
1. Inhibits NF-kB and reduces TNF-a, IL-6, IL-1p.
2. Selectively inhibits COX-2 and PGE-, relieving redness and pain without GI or renal toxicity.
(IV) Regulates Glucose & Lipid Metabolism
1. Lipid Regulation: Lowers TC, TG, LDL-C; raises HDL-C. Reduces hepatic fat accumulation and improves NAFLD.
2. Glucose Regulation: Improves insulin sensitivity, inhibits gluconeogenesis, and helps control fasting and postprandial blood glucose, especially in diabetic patients
with liver injury.
(V) Mild Antitumor & Immunomodulatory Effects
1. Inhibits proliferation and induces apoptosis in liver, breast, prostate cancer cells; suppresses angiogenesis.

2. Enhances macrophage phagocytosis, NK cell activity and lymphocyte function, boosting immunity.

IV. Analysis of Unique Advantages
Compared with synthetic drugs, milk thistle extract is natural, multi-effective, synergistic, low-toxic and widely applicable.
(I) Synergistic Multi-Effectiveness
e Liver protection + antioxidant: forms a “protection-repair” cycle.
e Liver protection + metabolism regulation: improves metabolic liver injury.
e  Multi-component synergy: isosilybin (stronger antioxidant), silicristin (stronger anti-inflammatory) enhance overall efficacy.
(IT) Highly Liver-Targeted
e Specifically accumulates in the liver via OATP transporters.
e Selectively binds to hepatocyte membranes, minimizing off-target effects.
(IIT) Natural & Low Toxicity, Broad Applicability

¢ No acute/subacute toxicity, mutagenicity or carcinogenicity.
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e Daily 100300 mg silymarin is safe; only mild GI discomfort in rare cases.
e Suitable for long-term use by high-risk groups (drinkers, shift workers, high-fat diet, medication users).
(IV) Excellent Compatibility
e Liver protection: Pueraria, Hovenia dulcis, turmeric.
e Antioxidant: VE, VC, GSH, anthocyanins, tea polyphenols.
e  Metabolism: L-carnitine, CLA, bitter melon, mulberry leaf.
¢ Immunity: Ganoderma, Astragalus, ginseng.
(V) Good Process Compatibility
e Solid forms: capsules, tablets, granules.
e Liquid forms: oral liquids, beverages (after solubilization).
¢ Oil forms: softgels.
e Topical: cosmetics for anti-oxidation and skin repair.
(VI) Mature Research & Industrialization
e 10,000 research papers globally; mechanisms fully clarified.
e Standardized production (40-98% silymarin) with strict QC.

e Compliant with ChP, USP, EP for heavy metals, pesticides and purity.

V. Summary

Milk thistle extract is a benchmark natural liver-protecting ingredient with clear physicochemical properties, multiple functions and unique advantages: targeted liver
protection, synergistic effects, low toxicity and strong compatibility.

It is widely used in daily liver care, adjuvant therapy for liver injury, and functional foods for anti-oxidation, fat reduction, glucose control and immunity enhancement. With
advancing delivery technologies (microencapsulation, nanoparticles, liposomes) and growing demand for natural ingredients, it will continue expanding in food, supplements,

pharmaceuticals and cosmetics, remaining a high-value core botanical extract.




