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Introduction

Alcoholic liver disease (ALD) is a global health issue with
no effective therapeutic option. Although its pathological
mechanisms are not fully understood despite previous
investigations, oxidative stress and inflammation are

Abstract

Introduction: Silymarin proved to be a
beneficial herbal medicine against many hepatic
disorders such as alcoholic liver disease (ALD).
However, its application is restricted due to its oo entiponfio | SEfimmstbmgreliis
low bioavailability and consequently decreased
efficacy. We herein used a nano-based approach )
known as “phytosome”, to improve silymarin
bioavailability and increase its efficacy.
Methods: Phytosome nanoparticles (NPs) were
synthesized using thin film hydration method.
NPs size, electrical charge, morphology, stability,
molecular interaction, entrapment efficiency
(EE %) and loading capacity (LC %) were determined. Moreover, in vitro toxicity of NPs was
investigated on mesenchymal stem cells (MSCs) viability using MTT assay. In vivo experiments were
performed using 24 adult rats that were divided into four groups including control, ethanol (EtOH)
treatment, silymarin/EtOH treatment and silymarin phytosome/EtOH, with 6 mice in each group.
Experimental groups were given 40% EtOH, silymarin (50 mg/kg) and silymarin phytosome (200
mg/kg) through the gastric gavage once a day for 3 weeks. Biochemical parameters, containing
ALP, ALT, AST, GGT, GPx and MDA were measured before and after experiment to investigate
the protective effect of silymarin and its phytosomal form. And histopathological examination was
done to evaluate pathological changes.

Results: Silymarin phytosome NPs with the mean size of 100 nm were produced and were well
tolerated in cell culture. These NPs showed a considerable protective effect against ALD through
inverting the biochemical parameters (ALP, ALT, AST, GGT, GPx) and histopathological alterations
Conclusion: Silymarin phytosomal NPs can be used as an efficient treatment for ALD.
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the main mechanisms involved in ALD pathogenesis.'?
Therefore, therapeutic strategies have mainly focused on
these pathological mechanisms.>*

Various studies have shown the effects of alcohol on
oxidative damage and free radicals.”” During ethanol
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metabolism, hydroxyethyl radicals produced by the
microsomal mono oxygenize system stimulate lipid
peroxidation; also, through immunological processes and
the hepatic proteins CYP2E]1, they induce the production
of specific antibodies that can cause oxidative stress and
finally, liver damage.®® It has been shown that ethanol
can induce liver damage in animal models, which can be
assessed by measuring liver enzymes: alkaline phosphatase
(ALP),alaninetransaminase (ALT),aspartatetransaminase
(AST) and gamma-glutamyl transferase (GGT), as well as
measuring antioxidant enzymes: glutathione peroxidase
(GPx) and lipid peroxidation index: Malondialdehyde
(MDA), and conducting histological investigation. In the
case of oxidative stress, the amount of liver enzymes (ALT,
AST, ALP and GGT) and peroxidative index (MDA), and
the damage to liver cells are increased, while the amount
of antioxidant enzyme (GPx) in serum is decreased.'®!!
Currently, there are limited numbers of synthetic drugs
against ALD, including bicyclol, tiopronin and bifendate,
providing short-term  symptomatic improvement.
Therefore, there is a dire need for new therapeutic
strategies to cope with this devastating disease. During
the last decade, an increasing number of studies have been
conducted to discover the healing properties of natural
compounds against ALD; of these, silymarin has been
proved to be a desirable agent due to its antioxidant and
anti-inflammatory attributes. Silymarin is a flavonoid
extracted from the milk thistle Silybum marianum,
which shows a large range of therapeutic properties
such as anti-inflammatory, anti-cancer, anti-allergy,
anti-thrombosis and anti-fibrotic properties, as well as
anti-lipid peroxidation.'>"® This substance has been used
to treat fatty liver, mushroom poisoning, alcohol abuse,
etc."*'® However, in spite of the strong antioxidant and
anti-inflammatory features of silymarin, as observed in
the previous in vitro experiments, it showed minimal
beneficial effect against ALD in the in vivo condition,
which could be mainly due to its low bioavailability."”
There are four main reasons for the low bioavailability
of this substance; these include increased phase II
metabolism, low permeability in intestinal epithelial
cells, skimp solubility in water, and the fast excretion
of urine and bile."® Therefore, developing strategies for
increasing silymarin bioavailability has gained a great deal
of attention among researchers; among these strategies,
nano-based carriers have been shown to be an efficient
approach to enhance drug bioavailability, decrease drug
use, mitigate drug adverse effects and reduce drug waste.”
In this regard, the phytosomal form of silymarin has been
proved to be a desirable strategy to increase silymarin
bioavailability.* ' Phytosomal form of silymarin is a
combination of silymarin and phosphatidylcholine, which
is prepared by solvent evaporation and converted to
phytosomal vesicles by thin film hydration; this exhibits
higher solubility, better absorption, better membrane
permeability and a more stable chemical composition,

thus leading to a better bioavailability drug system for
silymarin.”** Phytosomal form of silymarin has been
previously produced; its physical properties, such as
including size, surface charge, loading capacity (LC),
entrapment efficiency (EE), particle morphology and
stability, were evaluated; however, its therapeutic effect
against ALD has not been reported. Therefore, we herein
performed this research to produce the phytosomal
form of silymarin, examine its physical properties and
investigate its therapeutic potentials against ALD in a rat
model of ALD.

Materials and Methods

Chemicals and reagents

All the chemicals and cell culture medium components
were purchased from Sigma Aldrich (Sigma-Aldrich,
Steinheim, Germany).

Methods
Preparation of silymarin-phosphatidylcholine complex
(SPC)
Silymarin/SLM (50292) and soybean phosphatidylcholine/
SPC (Lecithin p3644) were mixed based on a ratio of 1/2.5
(according to their molecular weight; 1 g of silymarin and
4 g of phosphatidylcholine) and then dissolved in 100
ml acetone (>99.5 %) on the thermal stirrer (1000 rpm
- 25°C) overnight. Then the sample was put in a rotary
evaporator for 1 hour (speed 180 rpm - 50°C) to remove
the solvent and then moved into the freeze dryer for 24
hours to entirely remove the solvent remainder. The
prepared SPCs were moved into a plastic bag and stored
under —20°C for the next step.?%
Determination of silymarin content in the complex
Ten milliliters of the phytosomal solution was put in a
centrifuge at 15000 for 1 hour, and the supernatant was
carefully removed using a micropipette and dissolved in
methanol to destroy phytosomal vesicles. Then necessary
dilution was done and the amount of silymarin was
measured by applying UV Spectrophotometer at 288
nm and subsequently, the Beer-Lambert law. Finally, the
trapping efficiency and loading capacity were calculated
by the appendix equations, as shown below””:

amount of silymarin loaded

%EE = - — % 100
total amount of silymarin

amount of silymarin loaded
%LC = — x 100
totsl lipid content

Fourier transformed infrared (FTIR) spectroscopy

Molecular interactions between the components of the
compound were investigated using the infrared scanning
of pure silymarin, phosphatidylcholine and silymarin
phytosome via FTIR (Rayleigh, China). Briefly, each
sample (~2 mg) was uniformly blended with potassium
bromide (KBR, ~200 mg) and pressed under a pressure
of 10 Ton/nm? to catch circular transparent discs. Each
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analysis had 45 scans, with a resolution of 4 cm™ in the
wavelength range 4000 to 400 cm™'. Obtained results
were analyzed by the resolution FTIR control software
connected to the instrument.

Preparation of silymarin phytosome-nanoparticles (SPCs-
NPs)

Silymarin  phytosome-nanoparticles were prepared
through the hydration method. Briefly, the SPCs complex
was dispersed in 50 ml distilled water with agitation on a
thermal stirrer (20 minutes - 15000 rpm - 50°C); then it was
vibrated for 4 minutes using a probe sonicator with a 60%
amplifier, based on 5 second on-off intervals. At this stage,
the size, zeta potential, PDI, morphology and molecular
interaction of phytosome NPs were examined, and the
collected phytosome-nanosuspensions were stored at —60
°C for 24 hours by adding 1% w/v Trehalose as the freeze-
drying cryoprotectant agent. After the adequate pre-freeze
process, the samples were lyophilized by using a freeze
dryer for 48 hours at —57°C. The acquired solid powders
were kept at —20°C for characterization studies.?**
Particle size, polydispersity index (PDI), zeta potential and
morphology analyses

Dynamic light scattering (DLS, HORIBA, SZ-100) was
used to obtain the particle size and zeta potential of
SPCs-NPs. The morphology of the dried SPCs-NPs was
evaluated using a Field Emission Scanning Electron
Microscopy (FESEM; Zeiss, Sigma 300-HV, Germany), as
follows: samples were covered with gold in a Fine Coat
Ion Sputter. Analysis was done on the covered sample
by putting up a pinch of the sample in the field emission
scanning electron microscope; then surface morphology
was observed and photographed.

SPCs-NPs stability analysis

The stability of SPCs-NPs optimized and coated with
Trehalose cryoprotectant was evaluated using the freeze-
thaw method. Samples were placed in three cycles of freeze-
thaw operation with the lowest temperature of -80°C and
the highest temperature of 4°C. After each cycle, some
characteristics including morphology, vesicle size, vesicle
size distribution, zeta potential and phytosome structure
were evaluated to specify the stability of SPCs-NPs.262830
Release study

The amounts of silymarin release were determined using
cellulose dialysis bags containing phytosome suspension
in phosphate buffered saline (PBS) and simulated
intestinal fluids (SIF) media. The dialysis tubes were
hanged in two 100 mL beakers that contained 50 mL of
PBS and the SIF media (pH =7.4). Then the solutions were
stirred at 100 rpm in a thermal incubator shaker at 37 +
0.5°C; the 2 mL samples were collected at definite time
intervals, and equivalent volumes of fresh PBS and SIF
media were added. All samples were filtered, diluted by
methanol and analyzed by UV spectrophotometer at 288
nm; the percentages of leaked silymarin were determined
using its calibration curve.?*

In vitro assay

Cell culture

Human mesenchymal stem cells (MSCs) were purchased
from Pasteur Institute, Tehran, Iran. The cells were grown
in a complete DMEM supplemented with 1% antibiotic-
antimycotic solution and 10% heat-inactivated FBS.
Cells were retained in T25 flasks at 37°C in a moistened
incubator containing 5% CO2 and all experiments were
performed in 96-well plates.

MTT test

MSC cells were cultured for 24 hours in the defined
medium. MSC cells were treated with different doses of
silymarin in the range of 15.625 pg/mL-1000 pg/mL; also,
its phytosomes was in the range of 31.25 ug/mL-4000 pg/
mL during 48 and 72 hours. The media were removed
after 48 and 72 hours, and 100 pL of the 1 mg/mL solution
of MTT was added for 4 hours; then 100 pL of the pure
DMSO was added to each well, and their absorbance
was measured at 570 nm by the Plate Reader. The optical
density (OD) was proportional to the blue product
(formazan) formed by MTT and the activity of living cell
succinate dehydrogenase.

In vivo assay

Twenty-four male Wistar rats (200 + 20 g) were obtained
from the Experimental Center of Shahroud University of
Medical Sciences (Shahroud, Iran) and kept at 22 + 2°C,
with 5% + 5 humidity, and a 12-hour light-dark period
with free access to water and food for a week before the
experiment. The animals were divided randomly into
four groups (n=6) including (1) normal control group
(no damage), (2) alcohol group (40% EtOH, orally), (3)
alcohol + silymarin (50 mg/kg), (4) alcohol + silymarin
phytosome (200 mg/kg).

Two hours before alcohol consumption, the phytosome
suspension of silymarin and silymarin was given to the
treated mice (3 and 4) by gastric gavage for 21 days.”” 24
hours after the last treatment, the rats were anesthetized
by intraperitoneal injection of 75-100 mg/kg 10%
ketamine and 10 mg/kg xylazine 2%. Blood samples were
then taken quickly and clotted. Serums were obtained
by centrifugation at 3000 rpm for 8 minutes at 4°C and
placed in a very low-temperature freezer until AST, ALT,
ALP, GGT, GPx and MDA were assayed. Therefore, the
liver was isolated, removed from the blood with ice-cold
salt, and immediately refrigerated until Mason and H&E
trichrome staining was assayed.

Biochemical assay

Plasma levels of ALT, AST, ALP, GGT, GPx and MDA
were measured using the assay kits, according to the
corresponding protocols.

Histopathological studies

The liver tissue was fixed with 10% formalin at normal
temperature; after 1 day, it was placed in paraffin. The
tissues were cut into 5 um-thick slices and stained with
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H&E and Masson’s trichrome. Pathological samples were
assessed under a light microscope.

Statistical analysis

Statistical analysis and comparison of the groups were
done via one-way analysis of variance (ANOVA) and ¢
test using GraphPad Prism 9 software; P values less than
0.05 were considered significant; also, all diagrams were
prepared in GraphPad Prism 9 software.

Results

Characterization of silymarin phytosome nanoparticles
Particle size, PDI, zeta potential and morphology
Optimized size, zeta potential and PDI of SPCs-NPs were
105.16 + 7.303 nm (mean + SD, n=10), —10.681+£1.6 mV
(mean + SD, n=10), and 0.374 + 0.07 (mean + SD, n=10),
respectively (Table 1). Zeta potential is an acute factor to
evaluate the consistency of the nanosuspension system.
We found that the zeta potential of SPCs-NPs had enough
charge to inhibit aggregation. These results illustrated that
the SPCs-NPs were almost homogeneous and constant.
The NPs morphology showed an average size smaller than
that obtained through DLS, which could be due to the
hydrodynamic diameter of the NPs (Fig. 1).

Molecular interactions

FTIR spectroscopy was used to consider the probable
molecular interactions between = silymarin  and
phosphatidylcholine in the solid state. Infrared spectra of
silymarin, phosphatidylcholine, the physical mixture of

Cumulant Operations
Z-Average (A) 97.2 nm
Pl : 0.318

Table.1. Size, zeta potential and PDI of SPCs-NPs

Number Size (nm) Zeta Potential (mV) PDI
1 105.6 -10.3 0.359
2 104.7 -9.5 0.402
3 95.6 -9.8 0.354
4 97.2 -10.2 0.318
5 97.5 -10.9 0.411
6 110.7 -8.9 0.427
7 109 -15.01 0.346
8 119 -11.5 0.402
9 99.8 -10.6 0.501
10 112.5 -10.1 0.221
SD 7.30358816 1.597575976 0.07058959

silymarin and phosphatidylcholine, and SPCs are shown
in Fig. 2. There were no new peaks in the SPCs sample
when compared to the physical mixture. However, a small
change in the tensile vibration peaks of -P = O (1284 cm
) and -C = O (1730 cm™) was observed in phospholipid
molecules in the SPCs spectrum. The new tensile
vibration peaks -P = O and -C = O in SPCs were 1292 cm™*
and 1739 cm’, respectively. This showed that there were
interactions between silymarin and phosphatidylcholine.
In addition, the free tensile vibration peak of -O-H (3448
cm™) silymarin in the SPCs spectrum was expanded and
displaced, thus indicating the formation of a hydrogen
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Fig. 1. Characteristics of SPCs-NPs. Size, PDI (A) and zeta potential (B) were measured by DLS. Morphology of NPs (C) as shown by FESEM.
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Fig. 2. FTIR spectra of soybean phosphatidylcholine (SPC), silymarin
(SLM), physical mixture, and complex (SPCs).

bond between free -O-H in silymarin and -P = O in
phospholipids. We, therefore, concluded that no new
conjugated bonds were formed between silymarin and
phosphatidylcholine and that hydrogen bonding was a
weak intermolecular interaction between the hydroxyl
silymarin groups and carbonyl group, and the phosphoryl
phosphatidylcholine group.

Entrapment efficiency and loading capacity

The results of the UV spectrophotometer and the
subsequent application of Beer-Lambert's law showed that
1.92 mg of silymarin t was in a 10 mg batch (containing 8
mg of phosphatidylcholine and 2 mg of silymarin). Thus,
the entrapment efficiency and loading capacity were
obtained at 96% and 24%, respectively.

Release study

The release of silymarin from the phytosomal complex
into the PBS over 240 minutes was about 83%, as shown
in Fig. 3; in the intestinal medium, this was about 20%,
which was much higher in the PBS than in the SIF. This
difference could be related to the intermolecular bonds
between silymarin and lipids and intestinal secretions.
Stability of NPs

A stability test was accomplished on an optimized
formulation with a concentration of 5% SPCs-NPs based
on a ratio of 1: 2.5 silymarin/phosphatidylcholine and 1%
w/v trehalose cryoprotectant. SPCs-NPs were constant
according to the tendency for fusion, massification and
vesicle infraction over the three cycles of the freeze-
thaw stability test. Size, PDI and zeta potential of vesicles
after the freeze-thaw test for 3 cycles, respectively, were
increased from 100.1 nm to 105.6 nm, 0.313 to 0.359 and
-33.4 mV to —35.0 mV; these changes were not, however,
significant. Also, the FTIR spectra of the samples and NPs
morphology were similar before and after the test. All of
these results, therefore, indicated the physical stability of
the composed NPs (Fig. 4).

In vivo results

Effects of silymarin/silymarin phytosome on the levels of
ALT, ALP, AST, GGT, GPx enzymes and MDA oxidative
index in the experimental groups

The levels of ALP, ALT, AST, GGT and MDA oxidative
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Fig. 3. Release of silymarin from phytosomal complex to PBS (A) and SIF
(B) at different time points.

index in the alcohol group were increased significantly,
as compared to the control group (P <0.001); meanwhile,
the levels of these factors were decreased significantly in
the phytosome of silymarin and silymarin groups; these
changes were more notable in the silymarin phytosome
group (P<0.05). Also, the level of GPx was significantly
decreased in the ethanol group when compared to the
control group (P<0.001), and it was increased in the
silymarin and silymarin phytosome groups; however,
it was more elevated in the silymarin phytosome group,
when compared to the silymarin group (p< 0.05), as
shown in Fig. 5.

Histopathology test results

Hematoxylin and Eosin (H&E): Microscopic evaluation of
liver tissues (Fig. 6 (I)) in the control group showed that
the liver lobules had a clear structure with hepatic cords
arranged around the central veins (A). However, in the
ethanol group, liver H&E staining showed the abnormal
lobular structure of the liver, irregular liver rope structure,
and apparent interstitial infiltration of inflammatory cells
(arrows) (B). Compared with the silymarin group (C),
phytosome could significantly reduce the penetration
of ethanol-induced inflammatory cells and hepatic cord
(arrows) disorder (D).

Masson’s trichrome

As shown in Fig. 6 (II), collagen fibers were stained
in several biopsy specimens from the ethanol group;
however, few collagenous fibers were found in the
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Fig. 4. The influence of the freeze-thawing test on the SPCs-NPs; (A)
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(B) Particle size, PDI, zeta potential after the Freeze-Thawing test; (C)
Morphology before Freeze-Thawing test; (D) Morphology after Freeze-
Thawing test; (E) FTIR spectra before and after the freeze-thawing test.

silymarin group (1C) and the phytosome group (1D).
Moreover, the control group tissue exhibited a normal
portal triad cellular architecture that consisted of the
portal venule, arteriole and bile duct (1A). Micrographs
in the area of the portal triad showed the normal collagen
fiber deposition; collagen fibers were stained very light
blue (arrows) around the boundary of the portal triad
(2A), and the phytosome group illustrated the area of PT
(2D), which was similar to the control group. The ethanol
and silymarin group exhibited collagen fiber deposition,
which was increased at the area of the portal triad (2B,
2C). The micrograph in the area of the portal triad also
illustrated the abundance of collagen fiber deposition. In
addition, collagenous fibers were stained in the boundary
of the central vein of several biopsy specimens of the
ethanol group (3B); however, few collagenous fibers were
found around the boundary of the central vein of silymarin
and phytosome groups (3C, 3D).

In vitro results
Due to the lack of access to healthy human liver cells,
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Fig. 5. Effects of silymarin and silymarin phytosome on plasma levels of
ALT, AST, ALP, GGT, GPx and MDA in rat model of alcohol-induced liver
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versus alcohol group; @P < 0.05 versus silymarin group.
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an

Fig. 6. () Effects of silymarin and silymarin phytosome on histopathological changes in alcohol-induced liver injury in rats; (A) Control group; (B) Ethanol
group; (C) Silymarin group; (D) Silymarin phytosome group. Liver sections were stained with H&E X400; Arrows indicate inflammatory cells, abnormal hepatic
lobular structure and disorderly liver cord structure. (Il) Histopathological examination; 1. Photomicrographs of liver tissue; 2. Photomicrographs of the portal
triad of liver tissue; 3. photomicrographs of the central vein of liver tissue; (A) Control group; (B) Ethanol group; (C) Silymarin group; (D) Silymarin phytosome

group (magnification: x40).

we used MSCs instead. These stem cells have the ability
to differentiate into various types of cells in the body,
including liver cells, making them a potentially better
alternative.

MTT test results showed that after 48 and 72 hours of
exposure to silymarin and silymarin phytosome, MSC
cells were increased in low concentrations; however,
at the concentration of 125 pg/mL silymarin and 250
pg/mL silymarin phytosome, the number of cells was
decreased significantly. Further reduction was observed
at higher concentrations, and the lowest number of cells
was obtained at 1000 pg/mL silymarin and 4000 pg/mL
silymarin phytosome. Overall, these results showed the
lower toxicity of silymarin phytosome, as compared to
silymarin; also, the results indicated that toxicity of both
agents was dose but not time-dependent (Fig. 7).

Discussion
In this study, we investigated the hepatoprotective effects

1.6 (A)

1.4

1.2 4
14 +

0.6 -

0.4

0.2

m48h
072h

0
)
»@?’\"3’1‘?

S &

Silymarin concentration (pg/ml)

of silymarin and silymarin phytosome on ethanol-induced
hepatotoxicity in a male ALD rat model. Biochemical and
histopathological analyses showed the adverse effects of
ethanol on the liver cell culture and liver of the ALD rat
model, which was significantly reversed in both silymarin
and silymarin phytosome treated groups, as compared
to control group animals; however, silymarin phytosome
showed higher improvement when compared to silymarin.
Histopathological findings of this study showed that both
silymarin and silymarin phytosomes significantly reduced
ethanol-induced inflammatory cell penetration and
hepatic umbilical cord disorder. Also, the administration
of silymarin and phytosome silymarin improved oxidative
stress and liver enzyme activity; however, these beneficial
effects were more significant in the phytosome silymarin-
treated group than in the silymarin one. In addition, the
survival rate of hepatocytes in the phytosome silymarin
group was higher than that in the silymarin one.
According to our results, previous studies have shown
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Fig. 7. Viability changes in MSCs treated with (A) silymarin; and (B) silymarin phytosome; OD value of control cells (unexposed cells) was taken as 100%
viability (0% cytotoxicity) in 48 hours and 72 hours. Data were reported as mean = SD. *P < 0.05, **P < 0.01 & ***P < 0.001 versus the control group.
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the adverse effects of ethanol on the liver, as well as
the therapeutic effects of silymarin against ethanol
poisoning in mice and rat models with ALD.?® A proposed
mechanism for the pathogenesis of ALD is through
the activation of Kupffer cells (KCs) and resident liver
macrophages.*** KCs are activated by intestinal endotoxin/
lipopolysaccharide (LPS) and other stresses induce factors
like reactive oxygen species (ROS), tumor necrosis factor
a (TNF-a), interleukins, and chemical traction agents for
neutrophils. They release cytotoxic agents that disrupt
the function and viability of the nearby cells.”® Chronic
exposure to ethanol increases intestinal permeability and
causes intestinal endotoxin/LPS to penetrate the liver
and activate KCs. Activated KCs produce large amounts
of ROS, chemokines and proinflammatory cytokines,
which can lead to the infiltration of other inflammatory
cells and ultimately, liver damage.”” Chronic exposure to
ethanol can also increase the level of TNF-a cell surface
receptors, resulting in the formation of oxidative stress-
related pro-inflammatory compounds like MAA (MDA
reacts with proteins and acetaldehyde to form additional
protein compounds).* Furthermore, it has been suggested
that cytochrome P4502E1 (CYP2EL), the main source of
ROS in ALD,* is expressed in KCs and the small intestine;
its activation by ethanol increases intestinal permeability
and elevate LPS-induced TNF-a production by KCs.*
The suggested mechanism underpinning the therapeutic
effects of Silymarin in ALD patients is targeting ROS,
TNEF-a and LPS,***" as depicted in Fig. 8.

Protective effects of silymarin on the liver have also
been reported in clinical trials. Saller and colleagues, for
example, indicated that silymarin significantly reduced
fatality in patients with liver cirrhosis.** In another
study, Mirnezami et al showed, in a randomized clinical
trial, that silymarin could be used as an effective, low-
complication, and low-cost treatment to solve the
problem of the elevated liver enzymes ALT and AST
following isotretinoin.”* Numerous studies have also

Ethanol

Small intestine

SLM

5 o
Apoptosis

Hepatocyte

Ethanol

demonstrated the antioxidant, anti-apoptotic and hepatic
protective properties of silymarin. Silymarin (especially
silybin or silybinin) has been shown to be a very powerful
antioxidant and free radical scavenger.***

Ourresults, thus,showedthatthesebeneficialeffectscould
be increased through phytosomal formulation. Previous
studies have also indicated that phosphatidylcholine in the
phytosome not only carries biologically active flavonoids,
but also acts as a biologically active nutrient for liver
disease, including alcoholic hepatic steatosis***’; moreover,
plant extracts in phytosomes are protected against
degradation by gastrointestinal secretions and intestinal
bacteria due to their lipid-resistant bond.” In this regard,
serum analysis of 23 healthy individuals that used silybin-
phosphatidylcholine (silibinin is the primary active
flavonolignan in silymarin extract) or silymarin showed
the higher bioavailability of silybin-phosphatidylcholine
when compared to silymarin.’** These results were also
observed in animals; also, the oral administration of
phytosome complexes (containing phosphatidylcholine
and silybin) showed higher bioavailability, as compared to
silymarin, in dogs.>® Although our study provided the first
evidence on the protective effects of the phytosomal form
of silymarin against ALD, Kumar et al. had previously
shown an increase in the protective properties of
silymarin following liposomal formulation. Their results
showed higher cell viability, improved liver function, and
antioxidant and anti-inflammatory effects of liposomal
silymarin, as compared to bulk silymarin, in the in vitro
and in vivo models of alcohol-induced hepatotoxicity.™
The effect of silymarin on MSCs had previously been
investigated by Ahmadi-Ashtiani et al. They showed
that silymarin increased MSC proliferation by day 7 at
two different concentrations (50 L and 100 L) and then
decreased cell proliferation by raising the exposure time.
This finding confirms our results, showing that silymarin
initially increased MSC proliferation, which was then
decreased over time.”

) hyper permeability
Ny s

.’ LPS

Kupffer cell

Fig. 8. The pathogenesis mechanisms of ethanol on the liver and the protective role of silymarin.
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Research Highlights

What is the current knowledge?

Y Silymarin is a hepatoprotective compound.

v Phytosome can enhance the bioavailability of silymarin,
therefore, enhancing its therapeutic properties

What is new here?

vV Silymarin phytosome NPs proved to be an efficient
treatment option for alcoholic liver disease, and also showed
lower toxicity compared to a bulk form of silymarin due to
a lower amount of incorporated silymarin in its phytosomal
form

Opverall, our results showed that phytosomes containing
silymarin could increase the antioxidant properties of
silymarin and ameliorate hepatic oxidative stress more
effectively. Therefore, it can be used as a therapeutic
option against ALD.

Conclusion

To conclude, in the present study, stable silymarin
phytosome NPs with an average size of 100 nm were
synthesized. These phytosomes showed higher beneficial
effects against ALD, when compared to bulk silymarin,
through reducing oxidative stress, inflammation, and lipid
peroxidation, which led to improved liver function in the
rat model of ALD. Further studies are, however, needed
to evaluate the clinical efficacy of this formulation against
ALD and other liver disorders.
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