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Abstract

Introduction A subcategory of nonalcoholic fatty liver

disease (NAFLD), nonalcoholic steatohepatitis (NASH) is

characterized by accumulation of fat accompanied by

inflammatory infiltration and hepatocellular damage. The

active complex of milk thistle is a lipophilic extract from

its seeds, comprising three isomers, collectively known as

silymarin. Silymarin has demonstrated antioxidant, anti-

inflammatory, and antifibrotic properties, and has been

extensively studied in the treatment of liver diseases. The

majority of published clinical research on silymarin has

used Legalon� (Rottapharm/Madaus), containing the pat-

ented extract of milk thistle ETHIS-094TM (Euromed). The

current study was undertaken to examine the effects of

ETHIS-094TM in the Stelic Animal Model (STAMTM), a

validated and widely used animal model for NASH.

Methods After 4 h fasting from 4 to 8 weeks of age, 15

male mice in whom NASH had been induced were orally

administered, once daily, either (1) vehicle (saline) at a

volume of 10 mL/kg, (2) vehicle supplemented with milk

thistle at a dose of 500 mg/kg, or (3) vehicle supplemented

with milk thistle at a dose of 1,000 mg/kg.

Results Mean liver weight and the liver-to-body weight ratio

were significantly (P\0.01) decreased in the milk thistle high-

dose group compared with the vehicle group. NAFLD activity

score (NAS) tended to decrease in the milk thistle treatment

groups compared with vehicle group, as did steatosis scores.

Conclusion Milk thistle extract administration induced a

decreasing trend in NAS compared with the vehicle group.

Milk thistle induced a numerical decrease of the steatosis

score compared with vehicle, and this was accompanied by

a statistically significant decrease in liver weight and the

liver-to-body weight ratio, implying a potential anti-stea-

tosis effect of milk thistle.

1 Introduction

1.1 Background on Nonalcoholic Fatty Liver Disease

(NAFLD) and Nonalcoholic Steatohepatitis

(NASH)

Nonalcoholic fatty liver disease (NAFLD) is among the

most common causes of chronic liver disorders in the

Western world [1]. According to the latest practice

guidelines [2], NAFLD encompasses the entire spectrum of

fatty liver disease in individuals without significant alcohol

consumption, ranging from fatty liver to steatohepatitis and

cirrhosis. NAFLD is histologically further categorized into

nonalcoholic fatty liver (NAFL) and nonalcoholic steato-

hepatitis (NASH). NAFL is defined as the presence of

hepatic steatosis with no evidence of hepatocellular injury

in the form of ballooning of the hepatocytes, or no evi-

dence of fibrosis. NASH is characterized by accumulation

of fat accompanied by inflammatory infiltration and hepa-

tocellular damage. NASH can progress to cirrhosis, liver

failure, and, rarely, liver cancer [2].

The mechanism of the occurrence and progression of the

underlying steatosis to liver disease, including the
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progression to NASH, is not well understood, but is likely

driven by several factors involving genetic predisposition

[3]. Accordingly, weight reduction, regular physical

activity, and insulin-sensitizing drugs have been exten-

sively used, and examined in several studies of NAFLD.

Other treatment approaches include special diets, antioxi-

dants, and cytoprotective therapy [3]. In the 1990s, the

incidence of NAFLD and NASH began to increase in both

adults and children, in parallel with the rise in obesity rates,

and are now widely recognized pathological conditions [4].

The estimated prevalence rates of NAFLD and NASH are

20–30 and 3.5–5 %, respectively [5]. Approximately

10–15 % of patients with histologically proven NASH

progress to cirrhosis and its sequelae such as liver failure

and hepatocellular carcinoma (HCC) [6]. Patients with

NASH, moreover, have reduced survival rates [6]. As the

prevalence of NASH threatens to increase further, many

medications are being evaluated, targeting different steps

in the development of hepatic steatosis or its progression to

steatohepatitis [4].

1.2 Background on Milk Thistle (MT)

Silybum marianum, commonly known as milk thistle (MT)

(family Asteraceae/Compositae), is one of the oldest and

most extensively studied plants for the treatment of liver

diseases [3]. The active complex of MT is a lipophilic

extract from its seeds, comprising three flavonolignan

isomers, known collectively as silymarin [3]. Over the

years, the efficacy of silymarin has been extensively

assessed in chronic models of hepatic damage (e.g.,

exposure to CCl4, a well-known hepatotoxic agent) [7, 8].

The initial structural and metabolic damage, resulting in

hepatocyte cytotoxicity, is associated with abundant gen-

eration of reactive oxygen species (ROS), which induce

lipoperoxidation of cell membranes and an increased syn-

thesis of cytokines, the latter being directly responsible for

the subsequent inflammatory reactions (the marker of

which is the typical activation of NF-jB). The activation of

Kupffer cells induces proliferation of hepatic stellate cells

(HSC), which are known to be responsible for the depo-

sition of collagen-rich extracellular matrix, a process which

leads to progressive liver fibrosis [9]. Quite interestingly—

even in the absence of any exogenous hepatotoxic chal-

lenge—metabolic conditions such as insulin resistance or

diabetes have been shown to determine intrahepatic ROS

generation and consequent onset of NASH [10]. Therefore,

ROS production, inflammation and fibrogenesis represent

the most important features of NASH, and are suitable

pharmacological targets to explore the efficacy of potential

treatments.

Silymarin has been shown to exert (1) antioxidant

activity (silymarin is an ROS scavenger and also reduces

the loss of endogenous antioxidant enzymes such as glu-

tathione reductase and peroxidase, catalase and superoxide

dismutase [7, 11]); (2) anti-inflammatory activity (silyma-

rin interferes with the NF-jB-induced inflammatory cas-

cade, namely, on the leukotrienes release by Kupffer cells

[12]); and (3) antifibrotic activity (silymarin has been

shown to reduce liver collagen deposition in vivo in models

of chronic toxic liver damage [8] and in a primate model of

chronic alcoholic liver damage [13]). The same antifibrotic

activity has also been recently demonstrated in a dietary

model of NASH [14].

Regarding the different silymarin regimens which may

be used, it is important to note that variations in the con-

tent, dissolution, and oral bioavailability of silibinin (one of

the MT extract isomers) between commercially available

silymarin-containing products are significant, despite the

same declaration of content. Comparisons between studies

should therefore be made cautiously, based on the analyt-

ical method used [thin-layer chromatography (TLC) vs.

high-performance liquid chromatography (HPLC)] and

whether free, conjugated, or total silibinin is being mea-

sured [3].

1.3 Clinical Applications of MT

Legalon� (Rottapharm/Madaus)1 contains a unique extract

of MT, ETHIS-094TM (Euromed), developed in 1968 by

the German herbal medicine manufacturer Madaus GmbH,

now incorporated as the Rottapharm/Madaus group, head-

quartered in Rottapharm S.p.A, Monza (Italy). It is a

benchmark product, and the majority of published clinical

research on silymarin has used Legalon�. In addition, the

National Institutes of Health (NIH) and National Center for

Complementary and Alternative Medicine (NCCAM) have

selected Legalon� capsules for their silymarin trials [15].

Clinical trials have reported that Legalon� is effective in

both alcoholic steatohepatitis (ASH) [16–23] and NASH

[24].

The current study was undertaken to examine the effects

of Euromed’s MT extract (ETHIS-094TM) in the Stelic

Animal Model (STAMTM), a validated animal model for

metabolically induced NASH. Because of its antioxidant,

anti-inflammatory, and antifibrotic activity, discussed

above [7, 8, 11–14], we believed that MT would prove

beneficial in treating NASH.

2 Materials and Methods

During this study, all institutional and national guidelines

for the care and use of laboratory animals were followed.

1 Legalon is a registered trademark of Rottapharm/Madaus.
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2.1 Test Substance

MT was provided by Euromed (the sole supplier of the MT

extract used in Legalon�) and stored at room temperature.

The test substance was weighed into a plastic tube and

saline added. The solution was prepared just before

administration.

2.2 Induction of NASH

NASH was induced in 15 male mice according to the

method used by Fujii et al. [25], consisting of a single

subcutaneous injection of 200 lg streptozotocin 2 days

after birth (1st hit) and feeding with high-fat diet (HFD;

57 kcal % fat, cat#: HFD32, CLEA Japan, Japan) starting

at 4 weeks of age (2nd hit). In this experimental model,

fatty liver and the main histological features of NASH are

evident by 5 and 7 weeks after birth, respectively.

2.3 Route of Drug Administration

MT was administered by oral route in a volume of 10 mL/

kg.

2.4 Treatment Dose

MT was given at doses of 500 and 1,000 mg/kg once daily

after 4 h fasting.

2.5 Animals

C57BL/6 mice (15-day pregnant females) were obtained

from Charles River Laboratories Japan (Kanagawa, Japan).

All animals used in the study were housed and cared for in

accordance with the Japanese Pharmacological Society

Guidelines for Animal Use.

2.6 Environment

The animals were maintained in a specific pathogen-free

facility under controlled conditions of temperature

(23 ± 2 �C), humidity (45 ± 10 %), lighting (12 h artifi-

cial light and dark cycles; light from 8:00 to 20:00) and air

exchange. A high pressure (20 ± 4 Pa) was maintained in

the experimental room to prevent contamination of the

facility.

2.7 Animal Husbandry

The animals were housed in polycarbonate cages KN-600

(Natsume Seisakusho, Japan) with a maximum of four mice

per cage. Sterilized PULMASl (Material Research Center,

Japan) was used for bedding, and replaced once a week.

2.8 Food and Drink

Sterilized solid HFD was provided ad libitum, being

placed in the metal lid on top of the cage. Pure water was

provided ad libitum from a water bottle equipped with a

rubber stopper and a sipper tube. Water bottles were

replaced once a week, cleaned and sterilized in an auto-

clave and reused.

2.9 Animal and Cage Identification

Mice were identified by numbers engraved on earrings.

Each cage was labeled with a specific identification code.

2.10 Plasma Biochemistry

For plasma biochemistry, blood samples were collected in

polypropylene tubes with anticoagulant (Novo-Heparin,

Mochida Pharmaceutical, Japan) and centrifuged at

1,0009g for 15 min at 4 �C. The supernatant was collected

and stored at -80 �C until use. The plasma alanine ami-

notransferase (ALT) levels were measured by FUJI DRY

CHEM 7000 (Fuji Film, Japan).

2.11 Histopathological Analyses

For hematoxylin and eosin (HE) staining, sections were cut

from paraffin blocks of liver tissue prefixed in Bouin’s

solution and stained with Lillie-Mayer’s Hematoxylin

(Muto Pure Chemicals, Japan) and eosin solution (Wako

Pure Chemical Industries). NAFLD activity score (NAS)

was calculated according to the criteria of Kleiner et al.

[26].

2.12 Statistical Tests

Statistical analyses were performed using Bonferroni

Multiple Comparison Test on GraphPad Prism 4 (Graph-

Pad Software, USA). P values of \0.05 were considered

statistically significant. A trend or tendency was assumed

when a one-tailed t test returned P values of\0.10. Results

were expressed as mean ± SD.

3 Experimental Design and Treatment

3.1 Study Groups

3.1.1 Group 1: Vehicle

Five NASH mice were orally administered vehicle (saline)

at a volume of 10 mL/kg once daily after 4 h fasting from 4

to 8 weeks of age.
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3.1.2 Group 2: MT Low Dose

Five NASH mice were orally administered vehicle sup-

plemented with MT at a dose of 500 mg/kg once daily after

4 h fasting from 4 to 8 weeks of age.

3.1.3 Group 3: MT High Dose

Five NASH mice were orally administered vehicle sup-

plemented with MT at a dose of 1,000 mg/kg once daily

after 4 h fasting from 4 to 8 weeks of age.

3.2 Animal Monitoring and Sacrifice

The viability, clinical signs and behavior of the mice were

monitored daily. Body weight was recorded before the

treatment. Mice were observed for significant clinical signs

of toxicity, moribundity and mortality approximately

60 min after each administration. The animals were sacri-

ficed by exsanguination through direct cardiac puncture

under ether anesthesia (Wako Pure Chemical Industries).

4 Results

4.1 Body Weight Changes and General Condition

Body weight gradually increased during the treatment

period in all groups (Figs. 1, 2).

There were no significant differences in mean body

weight between the vehicle group and either the MT low-

dose group or the MT high-dose group.

In the present study, none of the animals showed dete-

rioration in general condition.

4.2 Body Weight at the Day of Sacrifice

There were no significant differences in mean body weight

between the vehicle group and either the MT low-dose

group or the MT high-dose group (vehicle 19.9 ± 1.0 g,

MT low dose 20.3 ± 0.9 g, MT high dose 20.3 ± 1.1 g).

4.3 Liver Weight and Liver-to-Body Weight Ratio

Mean liver weight significantly (P \ 0.05) decreased in the

MT high-dose group compared with the vehicle group

(Fig. 3).

The liver weight tended to decrease in the MT low-dose

group compared with the vehicle group (vehicle

1,598 ± 89 mg, MT low dose 1,485 ± 96 mg, MT high

dose 1,406 ± 93 mg).

The liver-to-body weight ratio was significantly

(P \ 0.01) decreased in the MT high-dose group compared

with the vehicle group (Fig. 4).

The liver-to-body weight ratio tended to decrease in the

MT low-dose group compared with the vehicle group
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(vehicle 8.1 ± 0.7 %, MT low dose 7.3 ± 0.4 %, MT high

dose 6.9 ± 0.3 %).

4.4 Plasma Biochemistry

There were no significant differences in plasma ALT levels

between the vehicle group and either the MT low-dose

group or the MT high-dose group (vehicle 39 ± 12 U/L,

MT low dose 48 ± 8 U/L, MT high dose 48 ± 10 U/L).

4.5 Histological Analyses

4.5.1 Hematoxylin and Eosin (HE) Staining and NAFLD

Activity Score

Liver sections from the vehicle group exhibited severe

micro- and macrovesicular fat deposition, hepatocellular

ballooning and inflammatory cell infiltration (Fig. 5).

The MT treatment groups showed a moderate decrease

in fat deposition compared with the vehicle group.

NAS tended to decrease in the MT treatment groups

compared with the vehicle group (vehicle 5.4 ± 0.5, MT

low dose 4.8 ± 0.4, MT high dose 4.8 ± 0.4), as did ste-

atosis scores, which nearly halved (vehicle 1.4 ± 0.5, MT

low dose 0.8 ± 0.4, MT high dose 0.8 ± 0.4) (Table 1;

Figs. 6, 7).

5 Discussion

5.1 Summary of Key Methods and Results of this Trial

The present study was aimed at assessing the effect of the

MT extract ETHIS-094TM using a validated model of

NASH.

This experimental model offered the following advan-

tages: in addition to STAMTM mice showing high practical

utility such as uniformity, reproducibility and short turn-

around time, this model recapitulates the full spectrum of

NAFLD, from simple steatosis to eventual HCC—the

worst scenario in human NASH. The histological pheno-

types in these mice are also similar to those seen in clinical

samples, and the same scoring system used in clinical

studies (i.e., NAS) is applicable to this model [27–29]. The

applicability of the NAS is one the features that demon-

strates the translatability of the STAMTM model. In addi-

tion to those three clinical trials, the NAS generated in this

model has been published in previous animal studies [25,

30]. It should be noted that this model was used in NASH

without measuring glucose metabolism (the rats were dia-

betic) and was not designed to address the effects of

treatment on hepatic carcinogenesis (this can be explained

by the relatively short duration of the study—only up to

8 weeks after birth).

In the absence of any relevant data on blood levels of the

test substance and previous experience with similar in vivo

models, 1,000 mg/kg was selected to be the maximum

feasible dosage for repeated oral dosing in such young

mice, and was reduced by 50 %, for the purposes of this

trial.

The MT extract used in the present study induced a

decreasing trend in NAS compared with the vehicle group.

Among the three items of the NAS, MT decreased the

steatosis score compared with the vehicle group. The lack

of power resulting from the small sample size was the most

likely reason that this comparison failed to detect a sta-

tistical difference between treatments.

The reduction in steatosis score was accompanied by a

statistically significant decrease in liver weight and the

liver-to-body weight ratio, which implies a potential anti-

steatosis effect of MT. The decrease in steatosis correlated

well with reduced liver weights, indicating less accumu-

lation of fat in the hepatocytes of animals treated with MT

compared with controls. The lack of improvement in

hepatocellular ballooning and inflammation should be

explored in future studies of longer duration, possibly also

in combination with anti-inflammatory/fibrotic agents that

lack an anti-steatosis effect.

5.2 Management of NAFLD

Although many pharmacological approaches have been

tested [31], the currently recommended therapeutic

approach to NAFLD is primarily based on lifestyle

intervention [2], with no consensus regarding the ideal

pharmacological treatment or a possible nutritional sup-

plement approach. The agents that are used to treat

NAFLD should modulate the progression of liver
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steatosis to inflammation and fibrosis by inhibiting oxi-

dative stress. A multifaceted approach to treating NA-

FLD, containing several options, is likely to be developed

soon. Among those strategic options, the use of nutri-

tional supplements, such as natural antioxidants and

hepatoprotective plant products, has been widely accepted

in the past decade. One of the best examples of a

nutritional supplement that successfully arose from tra-

ditional healing practices, silymarin is favored by many

clinicians for treating various liver diseases because of its

oral efficacy, excellent safety profile, and, most impor-

tantly, affordability [3].

5.3 Preclinical Studies of Silymarin

Several pharmacological studies have involved the active

components of MT, silymarin, and silibinin, all of which

have hepatoprotective, antioxidant, anti-inflammatory, and

Fig. 5 Photomicrographs of hematoxylin and eosin (HE)-stained liver sections from each treatment group: vehicle ( ), low-dose milk thistle

( ), or high-dose milk thistle ( ) (950 and 9200)
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antifibrotic properties [3]. In particular, in patients with

NAFLD, the reduction in insulin resistance, the reduction

in lipid peroxidation, and the restoration of glutathione

levels obtained with silibinin in diabetic patients, might

explain its efficacy in metabolically related NASH [32–34].

On the other hand, both in vitro and in vivo studies have

confirmed that silibinin and silymarin reduce HSC activa-

tion and proliferation [14, 35].

5.4 Effects of Silymarin on Serum Lipids: Clinical

Implications

Sajedianfard et al. [36] studied the effects of a hydroal-

coholic extract of silymarin on serum lipid profiles in a

streptozotocin-induced diabetic rat model. At the end of

14 days, total cholesterol, triglyceride, LDL-cholesterol

and VLDL-cholesterol levels all experienced a dose-

Table 1 NAFLD activity score

Group Score NAS (mean ± SD)

n Steatosis Lobular inflammation Hepatocyte ballooning

0 1 2 3 0 1 2 3 0 1 2

Vehicle 5 – 3 2 – – 5 – – – 5 5.4 ± 0.5

Milk thistle low 5 1 4 – – – 5 – – – 5 4.8 ± 0.4

Milk thistle high 5 1 4 – – – – 5 – – – 5 4.8 ± 0.4

Definition of NAS components

Item Score Extent

Steatosis 0 \5 %

1 5–33 %

2 [33–66 %

3 [66 %

Hepatocyte ballooning 0 None

1 Few balloon cells

2 Many cells/prominent ballooning

Lobular inflammation 0 No foci

1 \2 foci/2009

2 2–4 foci/2009

3 [4 foci/2009

NAFLD nonalcoholic fatty liver disease, NAS NAFLD activity score
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dependent reduction, while HDL-cholesterol increased in a

dose-dependent manner (P \ 0.05). Similarly, Metwally

et al. [37] studied the effects of silymarin in a rat model of

hypercholesterolemia, and also reported significant

(P \ 0.01) decreases in serum triglycerides, total choles-

terol, LDL-C, and VLDL-C in silymarin-treated animals

fed a hypercholesterolemic diet, compared with untreated

animals on the same diet.

Through these mechanisms, therefore, it is plausible that

silymarin may have a therapeutic role in controlling the

onset and/or progression of NASH in patients with meta-

bolic syndrome, particularly in those with insulin

resistance.

Regarding the limitations of this study, the small sample

size noted above may have contributed to the lack of sta-

tistical power of some of the analyses. For example,

increasing the sample size would have improved the

chances of obtaining a statistically significant difference in

the steatosis scores. The sample size was adequate, how-

ever, for this pilot study, designed to preliminarily evaluate

the potential of candidate compounds by the most robust

and reliable analysis—histology. The effects of MT on

other parameters such as intrahepatic triglycerides, oxida-

tive stress markers, or antioxidant function markers will be

explored in a follow-up to this pilot study for proof of

concept. As also noted above, the animal study model was

used in NASH without measuring glucose metabolism, and

was not designed to address the effects of treatment on

hepatic carcinogenesis.

6 Conclusions

In the present study, MT extract (Euromed’s ETHIS-

094TM) induced a decreasing trend in NAS compared with

the vehicle group. Among the three features of NASH, MT

induced a numerical decrease in the steatosis score com-

pared with the vehicle group, which was accompanied by a

statistically significant decrease in liver weight and the

liver-to-body weight ratio, which implies a potential anti-

steatosis effect of MT. Legalon� contains the specific

extract of S. marianum (ETHIS-094TM) that was utilized in

this trial, has been evaluated in numerous clinical trials,

and is the benchmark silymarin product worldwide.
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