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Abstract: In the study of silymarin on the immunoregulatory effects of immunosuppressive mice, 80 mice were
randomly divided into 4 groups, divided into negative control group, the silimary low-dose group (silymarin-LG),
the middle-dose group (silymarin-MG) and the high-dose group (silymarin-HG), each group of 20 mice. Silymarin
was given by gavage to the mice at doses of 100, 200 and 400 mg/kg for the silymarin-LG, silymarin-MG and
silymarin-HG and the same volume of distilled water was given to mice in the CG. After 30 d, then observe the
changes of each immunological indexes in mice. Purified silymarin showed dose-dependent immunomodulatory
properties in vivo, as evidenced by the increase in acid phosphatase activity, lysozyme and nitric oxide content,
macrophage phagocytosis and immune organ indexes. The results of this study could be used to further improve the

purification of silymarin immunoactive fractions from S. marianum and other plant extracts.
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INTRODUCTION

Silymarin, derived from the plant Silybum
marianum (milk thistle), has been widely used for
centuries for its hepatoprotective properties. It has
shown activity against toxic liver damage, hepatitis and
cirrhosis (Flora et al., 1998; Mayer et al., 2005;
Wellington and Jarvis, 2001; Saller et al., 2001; Kien
and Walterova, 2005). Silymarin has also demonstrated
antioxidant properties and remarkable anti-tumor
activity (Lahiri-Chatterjee et al., 1999; Singh and
Agarwal, 2004; Bhatia et al., 1999; Davis-Searles ef al.,
2005) and has been shown to prevent skin cancer
(Katiyar, 2005). It primarily consists of a mixture of
active structurally related flavonolignans, including
silychristin,  silydianin and two groups of
diastereoisomers, silybins A and B and isosilybins A
and B (Hahn et al., 1968; Wagner ef al., 1974; Kim
et al., 2003; Lee and Liu, 2003; Rickling et al., 1995;
Lee et al., 2006).

In recent years, the study of silymarin immunity
activity was rarely reported. In addition, the
immunomodulatory properties of the purified silymarin,
including acid phosphatase activity, lysozyme and nitric
oxide release, macrophage phagocytosis and immune
organ indexes, were evaluated in vivo. Our results could
be useful for the development of an effective method
for the purification of silymarin from S. marianum
extracts.

MATERIALS AND METHODS

Materials: The seeds of S. marianum were obtained
from Panjin Tianyuan Pharmaceutical Co., Ltd.
(Liaoning, China). Silymarin is extracted from Silybum
marianum by the ultrasonic assisted enzymatic method.
Reagent kits for the determination of Acid phosphatase
(ACP), lysozyme (LYSO) and Nitric Oxide (NO)
measurements were purchased from Jiancheng
Biotechnology Co. (Nanjing, China). Injection of
cyclophosphamide (cyclophosphamide, Cy), Jiangsu
Hengrui Medicine Co., Ltd.; India ink, Shanghai
Changjiang Daily adhesive materials plant; sheep
erythrocytes (sheep erythrocyte, SRBC, First Affiliated
Hospital of Anhui Medical University, test subjects
provided; other reagents were of analytical grade.
Biochemical analyses were determined with use of an
auto-analyzer (Hitachi 7060, Hitachi, Tokyo, Japan). A
UV-1700 spectrophotometer (Shimadzu Corporation,
Japan) was used for the analysis of silymarin and an RE-
52AA rotary evaporator (Shanghai Yarong Biochemistry
Instrument Factory, Shanghai, China) was used for
concentration of the samples.

Experimental animals: healthy Kunming mice 80,
single-sex male, SPF grade, weighing 18~22 g, were
provided by the Liaoning longevity biotechnology
companies (Liaoning, China). SPF level rat food was
provided by the Experimental Animal Center of
Shenyang Agricultural University.
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Preparation of sample solutions: After peeling by
rolling, S. marianum seeds were mixed with water. Seed
coats were isolated by winnowing, collected, dried and
crushed. The powder was passed through a 40-mesh
sieve and used to extract silymarin by ultrasonic-assisted
enzymatic digestion. For the extraction, 1 kg of dried
powder was mixed with petroleum ether (boiling
temperature range, 60-90°C), skimmed for 8 h, filtered
and defatted for 4 h with petroleum ether. Then, 500 g of
dry nonfat seed coat powder was weighed and dissolved
in 100 mL of 50% ethanol in a beaker. The pH of the
mixture was adjusted to 5.0 and the beaker was placed in
a water bath at 35°C. The solution was then sonicated at
the ultrasonic output power of 200 W for the duration of
the extraction and the digestion with 3 U/g of the
enzyme was performed for 1 h; after that, the enzyme
was inactivated at 85°C for 20 min. The resultant
solution was filtered by vacuum suction and each filtrate
(about 250 mL) was concentrated to 100 mL in a rotary
evaporator and used to determine the total silymarin
content.

Determination of total silymarin: The total silymarin
content was determined by the colorimetric method
(Aliakbarian et al., 2012; Antoine et al., 2004;
Karabegovic et al., 2011; Roux, 1957; Zhang et al.,
2011) with some modifications. Briefly, 1, 2, 3, 4, or 5
mL of the diluted solution containing rutin in a 10 mL
volumetric flask was mixed with 5 mL of 60% (v/v)
ethanol and 0.3 mL of 5% (w/w) NaNO, for 6 min.
Then, 0.3 mL of 10% AICI; (w/w) was added and mixed
for another 6 min followed by the addition of 4 mL of 1
mol/L. NaOH and incubation for 15 min at room
temperature. Afterward, 60% ethanol solution was added
up to 10 mL and the absorbance was measured at 510
nm against the same mixture without the sample, as a
blank. The calibration curve (y = 0.9787x+0.0021,
where y is the absorbance of the sample and x is the
sample concentration) ranged from 0 to 1 mg/mL (R? =
0.9974).

Evaluation of

silymarin in vivo:
Experimental design: Will adapt to the 3 d in the
laboratory of 100 mice after random points 5 groups,
namely negative control group, the silimary low-dose
group  (silymarin-LG), the middle-dose group
(silymarin-MG) and the high-dose group (silymarin-
HG), each group of 20 mice. In the silymarin-LG, the
silymarin-MG and the silymarin-HG, cyclophosphamide
40 mg/kg were orally intraperitoneal injection into mice
once per day, for 3 d. Silymarin was given by gavage to
the mice at doses of 100, 200 and 400 mg/kg, the blank
control group given water filling and take each group
were 0.1 mL/10 g, Samples were orally administered
into mice using a feeding atraumatic needle once per
day, at 8 00 am, for 4 weeks. Detection the
corresponding  biochemical  parameters assayed,
including acid phosphatase activity, lysozyme and nitric

immunomodulatory activities of
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oxide content, macrophage phagocytosis and immune
organ indexes.

Acid phosphatase, lysozyme and nitric oxide
measurements: After 28 days, 30 min after the last
gavage administration of silymarin, 10 mice from each
group were selected for analyses and blood samples
were collected in heparinized tubes by removing the left
eyeball. Serum was obtained by centrifugation at 1, 000
rpm, 4°C for 15 min. Acid phosphatase (ACP) activity
and lysozyme and Nitric Oxide (NO) content were
measured in the serum using commercial assay Kkits
purchased from Jiancheng Biotechnology Co. (Nanjing,
China) according to the manufacturer’s instructions.
After blood collection, the mice were immediately
dissected and the livers were harvested, frozen in liquid
nitrogen and kept at -80°C until the analysis.

Macrophage phagocytosis: Macrophage phagocytosis
was determined using the carbon clearance method
(Kawaguchi et al., 2006). India ink suspension diluted
four times in saline was intravenously injected at 0.10
mL/10 g mouse body weight. Two and 20 min after the
injection, 20 puL of blood was taken from the left and
right eye, respectively, added to 2.5 mL of 0.1% Na,CO;
solution and the absorbance at 600 nm (OD) was
measured using a UV-1700 spectrophotometer. The
mice were sacrificed and the liver and spleen were
weighed. Carbon dissection index (k) and phagocytic
index (o) were calculated according to the following
equations:

Kk = (logOD;-logOD;,)/t,-t (1
o=«"-W/WLS )
where,

OD,, OD, = The absorbance values of blood samples
collected at 2 min and 20 min

= Blood collection times (2 and 20 min,
respectively) after India ink injection

W = The body weight

WLS = The weight of the liver and spleen

t, B

Immune organ index: Ten mice randomly selected in
each group were weighed and sacrificed. The thymus
and spleen were removed, rinsed with saline, dried
using filter paper and the weight ratio of immune
organs to the body was calculated:

Immune organ index = immune organs
(g)x10/body weight (g) 3)

Statistical analysis: All data are represented as the
meantstandard error in the tables and indicated by
vertical bars in the figures. Differences between the
groups were determined by the Analysis of Variance
(ANOVA) and Student’s t-test. Probability value (p) less
than 0.05 was considered significant and p less than 0.01
was considered very significant.
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Table 1: Silymarin effects on serum ACP activity in mice

ACP activity

Blood serum Hepatic tissue
Group (u/100 mL) (u/g protein)
Negative-CG 56.21+5.97 2.12+0.13
Silymarin-LG 62.224+9.89* 2.88+0.15°
Silymarin-MG 64.99+7.22% 2.90+0.34°
Silymarin-HG 82.86+8.13" 3.2240.46"

p<0.01, *: p<0.05, compared to the control group

Table 2: Silymarin effects on serum lysozyme and NO content in

mice
No content
Lysozyme Blood serum
Group Blood serum (pug/mL) (umol/L)
Negative-CG 8.7£1.2 2.62+0.9
Silymarin-LG 11.5+£3.4* 4.26+1.1°
Silymarin-MG 15.74£3.6" 6.32+0.7°
Silymarin-HG 22.7+4.8" 8.01+0.8"

% p<0.01; *: p<0.05; compared to the control group

Table 3: Silymarin effects on carbon dissection index and
phagocytosis index in mice

Carbon dissection Phagocytic
Group index index
Negative-CG 0.026:+0.003 3.20+0.12
Silymarin-LG 0.031x0.007" 4.59+0.23"
Silymarin-MG 0.043+0.008" 5.00£0.41°
Silymarin-HG 0.054+0.091° 6.23+0.38"

% p<0.01; *: p<0.05, compared to the control group
RESULTS AND DISCUSSIONE

E Valuation of silymarin immunomodulatory activity
in vivo:

Silymarin effect on serum ACP activity: ACP activity
is one of the reliable indicators of macrophage activation
and, consequently, of nonspecific immune reactions in
the body. Serum ACP levels presented in Table 1
indicate that serum ASP in the silymarin-LG, silymarin-
MG and silymarin-HG groups were significantly higher,
by 10.87% (p<0.05), 15.81% (p<0.01) and 47.41%
(p<0.01), respectively, than those in the CG group.
Similarly, ASP levels in hepatic tissues were
significantly higher, by 35.84% (p<0.01), 36.79%
(p<0.01) and 51.88% (p<0.01), respectively, than those
in the CG group. These results indicate that ACP activity
in the liver and blood of silymarin-treated mice was
significantly increased compared to the control group
(p<0.01); the effect was even more pronounced in the
mice treated with silymarin-HG. The increase of ACP
levels in the liver and serum of silymarin-treated mice
suggests that silymarin enhances phagocytosis
improving non-specific immune functions and resistance
to infectious agents.

Silymarin effect on serum lysozyme and NO
concentration: Lysozyme is one of the non-specific
immune factors in the body, which participates in a
variety of immune responses, including non-specific
immunity and has an important role in the physiological
balance. It can induce macrophage phagocytosis and
digestion, activate the phagocytosis of white blood cells
and enhance resistance to infection (Krusteva et al,
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1997). Lysozyme serum levels in the silymarin-LG,
silymarin-MG and  silymarin-HG  groups were
significantly higher, by 32.18% (p<0.05), 80.46%
(p<0.01) and 160.92% (p<0.01), respectively, than those
in the CG group (Table 2). The results indicate that
serum lysozyme in the silymarin-treated mice was
significantly increased compared to the control group
(p<0.01), confirming that silymarin enhances non-
specific immune responses in mice.

NO is a free radical that has been established as an
important cellular signaling molecule participating in
many physiological and pathological processes
(Macmicking et al., 1997). It has been demonstrated that
macrophage anti-tumor activities and inhibition of
intracellular pathogen proliferation are mediated via NO
release, making NO level an important indicator of
macrophage activation (Liew and Cox, 1991). Table 2
shows that NO release in the silymarin-LG, silymarin-
MG and silymarin-HG groups was significantly higher,
by 62.59% (p<0.01), 141.22% (p<0.01) and 205.73%
(p<0.05), respectively, than that in the CG animals,
confirming that silymarin could improve non-specific
immune functions.

Silymarin effect on macrophage phagocytosis:
Table 3 shows that carbon dissection index in the
silymarin-LG, silymarin-MG and silymarin-HG groups
was significantly higher, by 19.23% (p<0.05), 65.38%
(p<0.01) and 107.6% (p<0.01), respectively, than that in
the CG mice. Similarly, phagocytic index was also
higher, by 43.44% (p<0.01), 56.25% (p<0.01) and
94.69% (p<0.01), respectively, than in the control mice.

The test results showed that purified silymarin can
significantly improve carbon clearance index (k) and
phagocytic index (o), indicating that silymarin can
induce macrophage phagocytosis and support the
reticuloendothelial system in mice, further confirming its
activity as an enhancer of non-specific immune
responses.

Silymarin effect on the weight of immune organs:
The weight of immune organs can reflect, to a certain
extent, the number of lymphocytes in the organ and
indirectly indicate the overall level of lymphoid cells in
the body. The thymus and spleen are specialized organs
of the immune system responsible for the generation of
immune cells and thus, cellular and humoral immunity.
Stressed animals demonstrate a reduction in the thymus
and spleen weight; therefore, determination of the
thymus and spleen weight index can reveal the
functional status of the immune system.

Figure 1 shows that the spleen index in the
silymarin-MG  and  silymarin-HG  groups  was
significantly increased compared to the control group
(p<0.05), but the increase in the silymarin-LG mice was
not significant (p>0.05). Similarly, the thymus index in
the silymarin-MG and silymarin-HG mice was
significantly higher compared to the control group
(p<0.01). These results are consistent with the data
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Fig. 1: The effect of silymarin on immune organ indexes in mice

presented in Table 1 to 3, confirming the immuno-
modulatory activity of purified silymarin.

CONCLUSION

In the present study, we performed the
immunomodulatory properties of purified silymarin in
vivo were significant, as evidenced by ACP activity,
lysozyme and NO content, carbon dissection and
phagocytosis indexes and immune organ indexes,
suggesting that silymarin can promote cellular and
humoral immunity.
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