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Abstract

Background: Silybum marianum seed extract (SMSE) with antioxidative and antiatherosclerotic properties,
contains flavonoids and Silymarin as its main active compounds.

Objective: The purpose of this study is to investigate the therapeutic effects of SMSE on atherosclerosis by
evaluating the level of antiatherogenic apolipoprotein A-1, and B (ApoA-1, ApoB) and ApoB/ApoA-1 ratio, lipid
profile, antioxidant system (OS) enzymes, and arterial wall thickness.

Methods: Thirty-six male white New Zealand rabbits were divided into six groups (n=6) as follows: control
group and atherosclerosis groups (2-6) who used high-fat diet for 4 weeks. Groups 3 to 6, animals were fed
with standard diet for the second eight weeks. Group 3, atherogenic control group (AC), group 4, Atorvastatin
group (AV), group 5, SMSE extract 1 (SM1, daily gavage of 100 mg/kg), and SMSE extract 2 (SM2, daily gavage
of 200 mg/kg). After 2 months, blood level of antiatherogenic lipoprotein particles, lipid profile, OS enzymes,
and arterial wall thickness were evaluated.

Results: High fat diet affected rabbits’ vascular thickness, lipoprotein particles, lipid profile, and OS enzymes.
Administration high dose of SMSE significantly reduced the aorta thickness (P<0.05), compared to lower dose,
AV and control groups. Treatment also decreased serum NADPH oxidase, Malondialdehyde, and lipids, whereas
increased superoxide dismutase, catalase, and high-density lipoprotein in comparison with AC and AV groups.
In contrast to AC and AV, treated rabbits showed an increase in the serum level of ApoA-1 and a decrease in
ApoB and ApoB/ApoA-1 ratio.

Conclusion: These results concluded that SMSE probably has anti-atherosclerotic and cardioprotective effects
by modifying the factors involved in the pathogenesis of atherosclerosis such as OS.
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Introduction

Atherosclerosis, as one of the main causes of mortality and morbidity [1,2], can cause coronary artery stenosis,
myocardial infarction, and heart failure [2-4]. Disturbance in plasma lipoprotein, lipids metabolism, and
modification of oxidative system are among the hypotheses investigated in the pathogenesis of atherosclerosis
[2,5-8]. The role of oxidative stress (OS) in atherosclerosis is related to oxidative changes of lipids and proteins
in vascular lesions [9]. Vascular dysfunction leads to the retention of LDL in the vascular intima and induces the
production of oxidized LDL (Ox-LDL), which is an important indicator of OS [10,11].

Increased permeability to low-density lipoproteins (LDL) and, on the contrary, a decrease in high-density
lipoprotein (HDL) particles causes the formation of atherosclerotic plaque [6,12,13]. Recent studies have focused
on the association between atherosclerotic components and increased apolipoprotein B and lipoproteins, such as
very-low-density lipoprotein (VLDL), LDL, and Lipoprotein (a) (Lp(a)) through the inflammation cycle; also, ApoA-

1 acts as an anti-atherogenic component and prevents oxidation by increasing antioxidant activity [13-15]. 19
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Aspreviously mentioned, vascular oxidative stress facilitates the initiation ofkey molecular eventsin atherogenesis,
including oxidative modification of lipoproteins and phospholipids, endothelial cell activation, and macrophage
infiltration/activation [16]; therefore, the “Oxidative Theory of Atherosclerosis” was investigated in many studies
[17,18].

Despite the usefulness of statins, which are the most potent drugs used to treat CVD, liver dysfunction as a side
effects of statins causes some patients to abandon treatment [19-21]. Therefore, it is necessary to investigate
other methods with fewer side effects such as herbal therapy.

Silybum Marianum (Silymarin) seed extract (SMSE), consists of four flavonolignans, silybinin, isosylibinin,
silychristin, and silydianin [22,23]. SMSE is mainly recommended for the treatment of liver disorders in traditional
medicine [24,25]. Several studies show that SMSE has anti-oxidative and immunomodulatory effects [24,26],
reduces inflammation, and inhibits oxidation of LDL [27]. Studies on the anti-atherosclerotic effect of SMSE
on lipid profile are limited to its protective effect [28], but the present study was conducted to investigate the
therapeutic effect of SMSE on ApoA, ApoB, and ApoB/ApoA ratio in male atherosclerotic rabbits.

Materials and Methods

Silybum Marianum seed Extraction procedure

After collecting and drying seeds, each 100 gr of seeds powder was soaked in 96% and 70% ethanol, respectively.
Then, we concentrated the filtered solution to about %3 volume by vacuum distillation at 50°C. The aqueous phase
was dried under sterile conditions at 50°C and the final dry SMSE was stored at 4°C.

Determination of extract purification

First, 1ml of phenol solution was mixed with 200 ul of SMSE and kept in a dark place (6 minutes). After that,
2ml of Naco3 (7%) was added for 120 minutes. The absorbance of the solution was measured at a wavelength of
765nm, and finally, the total phenolic content of the extract was calculated using the standard curve of gallic acid
and reported 9.28 mg/(GAE)4/g [29]. Total flavonoid measurement was calculated by Dharmadasa’s method,
and 44.32mg of (QE) 5/g extract was reported based on quercetin standard curve [30].

Antioxidant activity was evaluated using DPPH. 1ml of SMSE was mixed with 3 ml of methanolic DPPH solution
for 30 minutes. Then, the absorbance of the solution was read at a wavelength of 517nm and methanol was used
as blank sample [31]. Finally, inhibitory activity was calculated based on the following formula:

% inhibitory activity= [(Acontrol-Asample)/Aconntrol]*100
The measurement of DPPH (%) with this formula was reported as 28.16.
Animals and Ethical Approval

Thirty-six adult male white New Zealand rabbits (1.6-1.8 Kg) were housed in the animal house, under standard
condition, without any restrictions on food and water. All ethical issues of working with animals were registered
with ethic code (IRJUMS.REC.1395.096) in the Ethics Council of Jahrom University of Medical Science, Iran.

Grouping of Animals
After a 2-weeks adaptation period, the rabbits were randomly divided into six equal groups as follows (Fig. 1).
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Figure 1: Grouping of Animals.

NZWRs: New Zealand White Rabbits; HFD: High-Fat Diet; AV: Atorvastatin, SMSE: Silybum Marianum seed extract
20
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Animals were fed a standard diet and an atherosclerotic diet (a high-fat diet); the standard diet contains 20%
protein, 10% Cellulose, 15% fat, and supplements such as vitamins, and the atherosclerotic diet contains 2%
cholesterol and 14% coconut oil [32]. Group 1, control group (C), rabbits were fed with standard food for two
months. Group 2 to 6, animals were fed with an atherosclerotic diet for the first four weeks. Group 2, after 4 weeks,
animals were dissected and groups 3 to 6, animals were fed with standard diet for the second 4 weeks. Group 3,
Atherogenic control (AC) group, animals received no treatment. Group 4, Atorvastatin (AV) group, atherosclerotic
rabbits were gavaged daily with Atorvastatin (5 mg/kg) during the second 4 weeks. Groups 5 (SM1) and 6 (SM2),
atherosclerotic rabbits were gavaged daily with SMSE (100 and 200 mg/kg, respectively) during the second
4 weeks.

Serum Evaluation

After 2 months, fasting venous blood samples were collected from the aorta and centrifuged at 3000xg for 20
minutes. Serum concentration of OX-LDL, apolipoprotein A-1 (ApoA-1), apolipoprotein B (ApoB), and ApoB/
ApoA-1 ratio were evaluated by Immunoturbidometric method (Crystal Day Company, China). Serum Lipid
profile (TG, TC, LDL, VLDL, HDL) was measured using kits from ParsAzmoon Company, Iran.

Morphometric Analysis

Finally, rabbits were anesthetized with ketamine (70 mg/kg) and xylazine (10 mg/kg), a portion of the aortic
artery was dissected, and fixed with 10% buffered formalin for 24 hour, the aortas were immersed in Sudan IV
for 2-3 minutes. Then the tissues were washed consecutively in running tap water for 1 hour. The sections were
stained with hematoxylin-eosin.

Statistical Analysis
All values were reported as Mean#SD. Data were analyzed using one-way ANOVA of variance and Tukey’s post-
hoc test for multiple comparisons using SPSS 18 software. Significance was defined as P<0.05.

Results

Evaluation of apolipoproteins and ApoB/ApoA-1 ratio

We observed neither death nor any significant toxicity in clinical and histopathologic observation. High-fat
diet significantly decreased ApoA-1 in the AC group; AV and SM1 groups could affect this reduction, while
SM2 successfully compensates for this decrease. ApoB evaluation showed that despite the effectiveness of the
treatments compared to the AC group, none of the treatments could reduce the increase in ApoB caused by high
fat diet compared to the control. ApoB/ApoA-1 ratio results were consistent with ApoA-1 (Fig. 2). The most
effective dose of SMSE was 200 mg/kg.
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Figure 2: Evaluation of apolipoproteins and ApoB/apoA-1 ratio at the end of the
sixteenth week (end of treatment).

Evaluation of the Levels of Oxidative Stress Factors

Overall, AC group had significantly (P<0.05) lower antioxidants level and higher oxidants level, and no treatment
could significantly reverse this. The Use of atorvastatin in AV group did not affects CAT and SOD compared to
AC, but significantly reduced MDA and NADPH oxidase (Fig. 3). SMSE consumption significantly affected OS; it
significantly increased SOD and CAT, and decreased NADPH oxidase and MDA compared to AV and AC. Higher

dose of SMSE was significantly more effective (Fig. 3). 21
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Figure 3: Evaluation of oxidative stress factors (Superoxide Dismutase, Malondealdehide,
Catalase and NADPH oxidase) at the end of the sixteenth week (end of treatment).

Evaluation the levels of oxidative stress factors

The mean concentration of TC, TG, HDL, LDL, and VLDL in the AC, AV, and SM2 groups had a statistically significant
increase (P< 0.05) compared to the control group, while there was no significant differences between the control
and SM1 group in TC, TG, and LDL levels. These results indicated the effectiveness of higher dose of SMSE. The
serum lipid profile of the SMSE groups showed that they performed better than AV-treated group (Table 1).

Table 1: Comparing serum lipid profile of rabbits at the end of the sixteenth week (end of treatment).

Control Atléi;‘;f:;lic Atorvastatin ( 15 (1)1(3),:1111;;;:;) (ZS (l)l(s)lx;';{ng)

Triglycerides 71.50+7.2 162.16+11.2¢ 99.00+4.6'? | 102.83+5.9'? | 79.83+12.0%*
Total Cholesterol | 29.50+4.0 220.00+18.3t 51.83+7.812 55.16+7.212 37.33+5.3%%
HDL 17.16+2.8 53.66%7.5! 39.00+5.712 36.33+2.212 35.00+6.312

LDL 31.00+3.9 67.00+5.41 44.16+4.91 40.16+4.712 33.66+3.92%

VLDL 8.50+1.9 25.50+1.91 17.00+1.42 19.16+1.7'2 | 14.66+1.61%*
OX-LDL 12.83+2.3 43.50+3.3! 29.33+3.312 24.33+2.813 15.33+2.4%4

TG: Triglyceride; C: Cholesterol; VLDL: Very-low-density lipoprotein; LDL: Low-density lipoprotein; HDL: High-
density lipoprotein; IDL: Intermediate-density lipoprotein

1. P<0.05, level of significance compared with the control (c) group

2. P<0.05, level of significance compared with the atherogenic control (AC) group

3. P<0.05, level of significance compared with the Atorvastatin (AV) group
4. P<0.05, level of significance compared with the Silybum Marianum seed extract (SM1) group.

Histologic Assessment of Aorta
The thickness of aorta wall, intima, media, adventitia, and intima-media are shown in Table 2. Administration of
SMSE decreased the thickness of these layers in SM2 more than SM1 and AV and reached the control thickness in

artery intima-media.

Table 2: Comparing aorta wall thickness of rabbits at the end of the sixteenth week (end of treatment).

Control Atherogenic Atorvastatin Silybum Marianum | Silybum Marianum
Control Extract (100mg/kg) | Extract (200mg/kg)
Intima thickness 38.00+3.1 118.16%5.2! 78.00+7.412 70.00+6.0%3 49.66+3.51%3¢
media thickness 480.00+16.0 | 1017.83+32.6' | 779.83+23.6'2 722.00+23.0'% 645.66+£16.1'3*
Adventitia layer thickness | 441.83+13.8 | 867.66+16.5' | 639.83+17.912 611.00+20.6'%3 528.66+11.91234
Intima-media thickness 0.08+0.0 0.13+0.01 0.12+0.0! 0.11+0.0'% 0.09+0.02%*
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Discussion

Induction of atherogenic model using high fat diet showed that Silymarin affected lipid profile and 200 mg/
kg SMSE is more effective than Atorvastatin and even controlled TG, TC, LDL, and X-LDL. SMSE also decreased
oxidant enzymes and increased antioxidants more than Atorvastatin. The results indicated the effects of SMSE on
ApoA and ApoB.

Our results showed that rabbits treated with SMSE and AV experienced a significant increase in serum HDL
and a decreased in TC, TG, LDL, and VLDL compared to atherosclerosis; according to Radjabian study, SMSE can
alter lipoprotein profiles in a dose-dependent manner [33]. Other articles have shown that Silymarin improves
metabolism and blood lipids concentration by inhibiting 3-hydroxy-3-methylglutheryl coenzyme-A (HMG-CoA)
reductase as well as by lowering blood cholesterol by inhibiting its absorption in the digestive system [16,25,34].

We demonstrated that Silymarin not only reduced oxidative stress markers, NADPH oxidase, MDA, and Ox-LDL,
but also increased SOD and CAT. SMSE compounds, such as flavonoids, have antioxidant and cell membrane
stabilizing properties [35,36]. Studies have shown that Silymarin plays a protective role by removing free
radicals, increasing the activity of SOD, CAT, and pancreatic antioxidant enzymes, and preventing the release
of glutathione [8,19]; Silymarin prevents lipid peroxidation by inhibiting the enzyme 5-lipo oxygenase [37,38].
Free radicals adversely alter lipids and have shown to be the underlying pathogenic processes of atherosclerosis
and vascular inflammatory [39,40]. Antioxidants facilitate the treatment of atherosclerosis by inhibiting LDL
oxidation, reactive oxygen production, and cytokine secretion [41].

As we documented a decrease in ApoB and ApoB/ApoA-1 ratio, we demonstrate that SMSE treatment can
dramatically increase HDL and apoA-1, which prohibits inflammation, OS, and promotes cholesterol efflux. Many
studies have represented that ApoB, ApoA-1, and especially ApoB/ApoA-1 ratio are better risk indicators of
heart diseases and atherosclerosis than LDL and HDL [42,43]. ApoB is a component of atherogenic particles such
as VLDL, IDL, and small dense LDL, while ApoA-1 is the major apolipoprotein found in HDL particles [44,45].
Skottova et al. proved that hypercholesterolemia treatment with Silymarin lead to reduction of HDL-cholesterol,
apolipoproteins A and pre-beta lipoproteins [46]. On the other hand, the more apoB particles are inside the
artery, the more they are trapped in the arterial wall, and the level of atherosclerosis increases [47,48]; therefore
Silymarin by affecting Apolipoproteins can reduce atherosclerosis rate.

Histological studies of vessels have shown that SMSE prevents the formation of atherosclerotic plaques. Today,
measuring the thickness of artery intima-media has been raised as a reliable marker for the diagnosis of
atherosclerosis [49,50]. Since measuring the thickness of intima, media, adventitia, and intima-media showed
a decrease in these layers thickness, we approaches achieving normal size with using high dose of SMSE. The
arterial-wall thickness is not assessed in the majority of studies of SMSE.

Conclusion

This study indicates that SMSE may have good therapeutic effects due to its potency in reducing ApoB/ApoA-1
ratio, as a lipid-lowering treatment, by decreasing ApoB which presents at atherogenic particles such as LDL,
VLDL and by increasing ApoA-1 which is an anti-atherogenic agent. It also raises antioxidant enzymes level and
decreases oxidative stress markers. The results suggest that higher dose of SMSE is more effective than lower
dose and even than AV.
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