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Antioxidative Effect of Silymarin and Silybin Purified from Silybum marianum on Oxidation of

Human Low Density Lipoprotein by Macrophages. Baek-Chen Lee',

Yong-Kee Jeong’ and

Beung-Ho Ryu*. *Department of Food Science and Biotechnology, Kyungsung University, Pu-
san 608-736, Korea, 'Sun Chon Dang Pharmacentical Co., Pusan 604-042, Koreq, *Department
of microbiology, Dong-eui University, Pusan 614-714, Korea— This study was undertaken to evalu-
ate an antioxidative activity of silymarin and silybin obtained from Silybum marianum against ox-
idation of human low density lipoprotein (LDL). The electrophoretic mobility observed apparently was
higher phase for LDL oxidized by macrophages compared to native LDL. Silymarin and silybin in-
hibited the copper-catalysed oxidation of human LDL in a dose-dependent manner. Silymarin and si-
lybin at the concentration of 50 uM/ml also inhibited the copper catalysed oxidation of LDL induced
by the cell J774 and macrophages. LDL reisolated from the cell incubation in the presence of si-
lymarin or silybin was degraded at rates similar with native LDL. Silymarin or silybin found to be po-
tential inhibitors against oxidation of “I-LDL by macrophages and endothelial cells.
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+ low density lipoprotein(LDL)e] 4k3}=]e] oxidized
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Al ®r}(19-25). FFH 2 F = oxid LDL-S E2] a4
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o THAE do7|A Hh(22, 26-28).

LDL-2 in vitrool 4 macrophages(26, 28), E%2| W
HAE(27), BET A E(29) D Fo) L9 ~—--1H6}oﬂ A
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Cell lines
J774 cells 10% fetal calf serum, 2 mM gluta-

mine, 900 units/m/ penicillin 2 0.17 mM streptomy-
cind §-7-§F DMEMbul 2ol afl s} o),

At Low Density Lipoprotein(LDL)C| 22|

2738 Fxke] 8 50 mle 1 mg/m! EDTAS &
gt plastic Alg Holf ol nBEgE F 4TollA A7} vEA]
hodrt. ¥ 9] plasmas ALl 20829 HUAE
2] (2000 x g)3}sit}. of 7)ol th-g gentamycin sulfate (1
mg/25 mi)-& #A7Fsked LDL (d. 1.019~1.063 g¢/mD &
¥-2]517] $13ted 244175t 2% A #-2](46,000 ¥
g)3kdet, 215 LDL-2 0.15 M NaCl, 0.01% EDTA”}
3h+%l 0.01 M phosphate buffer, pH 7.4 24 16~
204] 7} 54 3Fdch(46).

Human vascular endothelial cells©] H| &

Vascular endothelial cells®] ¥-2l+ Jaffes(47) %
Van Hinsbherg <(48)¢8 /N& #bd] adelsidich AE
= F-10 v =] ol| A wijof waks)sd ot

Macrophage®| 222} Ui

Female ICR mice€ CO,2 ZAAAA H7H3F H5F-2
of x}A] "= Ca®', Mg®'e] ¢i+= Dulbecco's phosphate
buffered salineZ #|*3&}ed macrophages ¥ % 3 ¥
A4 &2 & ofg gHE AAsLm AERE Felsei)
o] A EZAAF) 10% fetal bovine serum3} 2
mmol/! L-glutamine, 100 units/m! penicillin % 0.17
mmol// streptomycing #7Ft Dulbecco's Modified
Eagle Medium(DMEM)w =] oA 5% CO,/air &= &}o]
A1 vl oFstodvt, uljo 24A17F F-ol]l AA & v X &2 LFHA
71 t}2 5% lipoprotein-deficient serum(LPDS), L-
glutamine ¥ DMEM®)A]ell LDL £+ 443} LDL®]
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LDLel 2.2 =3}= jodide monochloride®l2] 2F7+2]
HE = gldo)| o]3le] A¥sledri(50). Iodide mono-
chlorideS [*1]¢] £zf3lell LDL wh#zle] 10:14
moleB] 24 E8Hlod Bb-g- Al H ), o] ¥E-§-ol|A] 7 §Ha}R]
222 1odidew= 0.1 M Tris, HCl buffer, 0.01% EDTA,
0.85% NaCl, pH 7.4824] FAel| 23} AAH s} F
gk F <F 98% ['*I] LDL-& 15% trichloroacetic acid
24 AHAAH et l-labeled LDL-Z filter(().22
um)E A1 A A3l

Cell-mediated LDLQ{ ©|&F A5}

J774 cells, human vascular endothelial cells X+
mouse peritoneal macrophages®] vkl LDL(100
ug/ml) % "I-LDL (100 pug/mi)=}t A silymarin %
silybing ¥A FxHEE H715F F 5% CO, &8}l A
37CE 24217 Fob ofefsr F ofefe] wibiel wle}
LDLe| 4kstel A=E A3Pskxvt. LDL % *I-LDL-&
serum®] $1+ vkl 5 mi& Sephadex G-25 columnell
TIHAA G2 BALEFe] R E AME-S A A3ty HE)
of oy gt F TBARSE A3 (51).

Thiobarbituric acid reactive substances(TBARS)O|
b L

e |

LDL®] 4F3h= TBARS®| Ao 24 H7sbgict. 100
g protein/mi LDLel &5 wlief &3+ (.5 miol
20% TCA 1.5 mlE 7} v}& o371l 0.05 M NaOH¢j|
0.67% TBA 1.5ml& ol A& F 2 vbs E3gdE
90T TEAMA 4587F #FAh A 85 1087 A3
2] (2,000xg)¥t oH& AF5Ne F3%E Perkin-Elmer
fluorescence spectrophotometer (Model 650-10S)% A1
510 % 553 nmel| A A3} o) Al g 2] TBARSY
£ malondialdehyde (MDA)ZA] 95|21 MDAS] #&
Ao g el MDAY nmole2A] vehdth(52).

LDLOJ gel electrophoresis

LDL2] A~7]°d-5L nile red& &%3F LDLE bar-
bital buffer, pH 8.62.2 HhE aparose geloll loading3}
o] 75 VellA 20 & =oF ANt ©o]& UV lamp®
gl e} (53).

MacrophagesOll 2|8t LDLS| 25}

Macrophagesa 24A1%F &b wiekgt ¥ 5 mi®] serum
free DMEM2. 24 Al A o}3 A 2.7 ml DMEMeé|
0.3mi "I-LDL(30 ug protein LDL /)& 5mM
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CuSO.2} 7+ 5 52| silymarin % silybin ¥ vk
NS A7kt o] wellsg 95% %, 5% CO.2 &7
&loll A 37T, bAIZE wfekgt & 2 F 0.5 mig FH3)ed
2% BSA 0.5 mi& 71 o2 1M KI 250 W, 50% tri-
chloroacetic acid 250 w8 713F & E3tal-g Al 7]
kot A 0.5 mie] f2l5l iodided A A A 7)7] ¢
dtod 5% AHAERE 250 pl& g HAAA A}, od A5
o eloles whabg #Ad(radioactivity) 224 LDLE)
Bl 5 EAst, 5470 AlE o] metd pg LDL
24 A&t (26).
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Table 1= macrophageol] 23t LDL2] AF3}2]-& oo}
B7] $8led LDL2] electrophoretic mobilityell &k
silymarin® silybin®] &3}ell tialed A s}eic). LDL
= macrophage®t 37 24417 &<t vkt & LDL9]
AFEHE YR SIS LDLE] ol 5% 0.17+0.03°14 1.79
+0.12 mmE o|gA= 7k 2pol7t gladct. olw sily-
marin % silybing #H71EF LDLS tj2F%c} LDLe]
ol Fel7t Mol n® LDL A4S A Aoz ¥

A
T U},

Macrophaget& LDLO| £15H0| CHSH silymarin ! si-
lybin®| 24kS 1

Fig. 12 macrophage$®} macrophage cell line<l ]774
& o|g3tef 5uM Cu & #r}ste] LDLE 4bs} AlA
ZrE FX9] silymarin % silybing A7lste] Akl
EE A¥E Zolvt. macrophage A Aggr 23}

Table 1. Inhibitory effect of silymarin and silybin on LDL
oxidation as assessed by electrophoretic mobility

Incubation Relative P
conditions electrophoretic mobility

Native LDL 1.0

LDL+cell 1.79+0.12 <(0.05
LDL+cell+silymarin 50 uM  1.10+£0.02 <0.01
LDL+cell+silybin 50 uM 1.074+0.03 <0.01

LDL (100 pg/ml) was incubated for 24h in Ham's F-10 medium
in 35 mm dishes containing macrophages in the presence or ab-
sence of the silymarin and silybin. The electrophoretic mobility
of LDL was determined in agarose gels as described in Methods.
The electrophoretic mobility was measured in mm. The data are
presented as mean +S.E.M for 3—~5 experiments.

native LDL®] TBARS+ 1.2040.23 nmol MDA/mg
LDLe| v 3ALEAI S AHobslR] ¢ d2Tel A=
TBARS7} 35.83+6.27 nmol MDA/mg LDLo]7 si-
lymarin % silybin® F=5 25 pg/m! B7HA ol & 2+t
2.64+0.17 ¥ 2.15+0.15 nmol MDA/mg LDLe] it}

ghn J7740l 23k LDLet Abs}el] o3l silymarin ¥
silybin®] 4h3} QA 3= hx79] LDLe TBARS+:
30.21+1.43 nmol MDA/mg LDL®]%3.21} silymarin %
silybing 25 ug/m! A 71A)oll+= LDL2] TBARSE 2+z}
2.42+0.20 2 2.00+0.17 nmol MDA/mg LDLe]gic}.
123 silymarin % silybing 50 pg/m! A 7}sle] A ¥
3+ 7% LDL®| TBARS+= 7H7t 1.90+0.08 2 1.87+
0.10 nmol MDA/mg LDLo]<dc}.

£ H¥AT silymarin 2 silybin® macrophage$} ]
774041 79 vl A EAE el T, silym-
arin % silybins 25 ug/mi A7 ol =& kst a s}
vepdow 50 ug/miA 74 ol LDLE| A4S A o] «4A)
b= e o 9 st H|= LDL| digk Sebrwo)x=
o} 3H4k3) wlzpd ol ol 7hx] A& abeixd 91z ¢k A
FfellA % Exsp|rbite] M ER2EE HEEE A
7Ivh #astEe] S dAlshe e FHROHSS,
56). 3R 2= LDL9 4= A2 u2] lipoxygenase2)
2ol 2]l deorhr o]uf polyphenoldFatE-<] lipox-
ygenase2] 84S gtk stoirh(14, 56).
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Fig. 1. Antioxidative effect of silymarin(@)) and silybin(#)
on the cell induced oxidation of LDL.

LDL (100 mg/ml) was incubated with mouse peritoneal macro-
phage (b~d) or 1774 cell (e~g) for 24hr at 37°C in the pres-
ence or absence of silymarin or silybin. The medium was then
removed and assayed for TBARS as described in Methods.
Results are expressed as means £ SD of triplicate analyses. The
significance of the differences between silymarin or silybin treat-
ed and control values was calculated by an f-test.
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e o2 ket o] 2+ silymarin ¥ silybing 3713 Ad el 9] s}e
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'#]-LDL2| macrophage(MIA{2| 25l Native LDLel| silymarin % silybin®] 27172} A7}

Macrophage= A w2H8-2 3PA|Rt A 2 = native  3HA] ¢S T2 FEEb] dAAIZ CuE {53 Oxid
LDL ®2c} ®&H% 2 v]&=2 42744 83424 Oxid  LDLE gelodisled A EalAlzl o}& AlAEE micro-
LDLS Al 7 ch(26, 28). ol2{§t 542 &4ks) 34 phage®4| U A7k wieksled ZALEldc), Fig, 244
X = ule} zho| silymarin % silybing 742}t 5, 25 = 50
ng/mi® F5.-F A7} LDL-S macrophageol] 4 ujof
10 } g Eqb WA 2 Fej¥e] Y= TCA £ Wil
HlE2 He] 4H8 LDLe] &85 £33t} Silymarin
= % silybing #H7E3MA] @82 FAH7RolA] Cu* Z4) 8} el
8 I I-LDLE] Edle 8.43%0.46 ug/ml cell proteine]sd
- 22{v} silymarin 2 silybing 5 ug/m/ 718 A4
= ZH7t 6.83+0.4 H 6.80+0.01 pug/ml cell protein
Aot 25 pg/mig A7kl gl 2t 4.00+0.03
! 2.8710.06 ug/mi cell protein ©|4 1 50 ug/m! 7}
g A= 27 3411007 EH 3.20+0.04 ug/ml cell
protein® & thx+-<¢l native LDL2] 3.36+0.05 ug/m/
cell protein® v]5g 325 vepgic). o]2bzte] gi-
lymarin ¥ silybin= ?‘?L 5 ug/mi¥ H71sld S
a7} wol dojwt ot 25 ng/mida = 2k7F dofi
o 50 pg/mid & tE2F Aol vlegh FeFoz R E
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Fig. 2. Degradation by human macrophages of LDL ox-
idized in the presence of increasing concentrations of si-
lymarin(EZ]} and silybin().

"“I.LDL (200 pg/ml) was incubated in the presence of various
concentrations of silymarin or silybin with phosphate buffer sa-

3+ Qixﬂq}u}f X7} )
macrophagesZH5-E W+ 12718 AL 7HAA] 7]
T #2712 <13 LDLY] *Pﬁ}-ﬁ‘“"‘-— olu}gtc}(55, 56).
flavonoid+ Z|H-2] 4ksle] #14lEA <) hydroperoxide

o} uk-&-3fod AF3LE o Al A ?I-Jm ‘ﬂ“‘?’]ﬂ—’i A S Ex] 4
7= F5o|23 7o) Lol5}e] free cellelYt macro-
phagesel| 4] fr2i7]2] §A]-8 A A 71cH(31, 33, 37).

line containing 5 uM CuSO, for 24h at 37C. The LDL was
reisofated by chromatography on Sephadex-G 25 and aliquots
(12 pg) were incubated with macrophages in 1 mtl medium for
bh at 377C. Degradation of the moditied LDL was measured as
['“Iiodotyrosine in the medium as described in Methods.
Results are expressed as means +=SD of triplicate analyses. The
difference between silymarin or silybin treated or non-oxidized
native LDL and modified in the absence of silymarin or silybin
was calculated using ¢-test. 73k =

Silymarin 3! silybin(i] 2|8t Oxid LDLO] 2351 X
Table 2+ silymarin ¥ silybing Z+z} 50 pg/mi#
LDLe| & =5 ZAFstsdch LDLe 5 uM

Table 2. Degradation by enthothelial cell and human macrophages of Oxid LDL in the absence and presence of silymarin or
sylibin

Silymarin (pg/ml) Silybin (ug/ml)

0 100 0 50
CuSO, 843 £0.46 456 +0.23 8.43 +0.46 403 +0.17
Endothelial cell 0.047+0.005 0.003640.020 0.0471+0.005 0.0032=0.002
Macrophage 0.821+0.16 0.0530+0.04 0.8214+0.16 047 +0.011

Values are pg LDL degraded /mg cell protein. LDL was preincubated in the absence or presence of silymarin and silybin with en-
thothelial cell, macrophage or phosphate buffered saline containing 5 UM CuSO; for 18h at 37C. The LDL was reisolated by chro-
matography on Sephadex-G 25 and reincubated with fresh enthothelial or macrophage. Degradation of LDL was determined as the
release of [ 1]-LDL into the medium during the incubation period as described in Methods. Results are expressed as means+ SD of tn-
plicate experments. The significance of differences between silymarin and silybin treated and values was calculated by an unpaired -test.
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Cu*' vk H-}sl91-& 99} macrophageol vtehd A v
ot I A Eeilelgk LDLE &3l7F of-%- F3tct. Stein-
brecher$-(34)2 W A Eof] &3l F-25 4bdh= Cu™
¥+ macrophages®™ ¥u} U]=2- oigkoly B yRE vl B
AgAte}l oz slgdc). ¥I-LDLS silymarin % sily-
bing H7F8}A] & 7 $-°l% macrophages X% 43}
7} A P-g o 5 9z, wiA] o] silymarin 2 silybing
7}z} 100 pg/ml = 50 pg/miE A7t E A% N85S
HA7vshA] -2 LDLeY #®|3le] LDLE] B3 oA
ZFAshein). o2’ Aabe silymarin % silybine] #2]
718l 2AA Adale] 9l&& B 2 9)ct Ranking
(57)% Aol &3 A EZ9] 15-lipoxygenasex LDL
2] Ab3} in vivooll Hedglcla 314 o) silymarin %
silybine A E 52} lipoxygenases] 7133 4| 4| 2
Azbge, ool 2 uvl5=gl AFE+= flavonoid”} F &
neutrophils = & peritoneal macrophagesel4] 5-
lipoxygenases A|gtcln B adlich o5 HAAlE
= B8] 47, 3 2 72] $F|d] Fte)l=EA)7]7} 9l7] o
w9l 5-lipoxygenase©l| didled 74 g oAl &37] g}
(56). o]4+e] A2 Hol silymarin % silybint poly-
phenol 33HE2 L F-24 EAL & Hol Oxid LDL
2 ]l3ted Akl A% S 73-F- endothelium 22 o] F3}
o LDL®] 432 W3l Aoz Alasth Poly-
phenol 3}3E-2] tHE A4 probucol(58)-& 7}HE g Al
3} Akgo] kel Qe o] A Rl Kol AA
Mo 2 o]%ste] LDLY <lal eto g ~AviEoe] 343}
282 sl F87A3le] Hlulal A F5el 881 AHE-H
3 Mok whebAd silymarin %2 silybine % 4] lipopro-
tein®} Ao F g elo] A5 2485 s R
i ii=

2 o

B A= atgke) low density lipoprotein (LDL)&
Abshol]l o3l sHikE BFE FALEE] 913l oA
(Stlybum marianum) 22 HE 5-2]3%} silymarin ¥ sily-
bing AHg-3}o] AgH3spicl,

AF LDL-2 native LDL3 macrophage®| 4F& LDL
ol H7|ed-Fol 213t o] FAHE Blagt A # native LDL
Hof AH3} LDLAA] & F#2 ol sE & o Usdth
At Jow density lipoprotein(LDL)E J774, macro-
phageol| 4] siek3t A3} silymarin % silybine 8-2F 2]
3o 3 DL A3LE A3kl 1, silymarin ¥ sily-
bin® #X7} ZH2F 50 pM/mid o Absir) A 8] oA F
3d®}. LDLE macrophage®] #loFA] LDLell o3k ¥-37}
o Z27-of] ']s}ed A glc}, =®= silymarin % silybin ma-
crophage®t W] A E9] nljokoll A *[-LDL2] Alslel] of

stod 74 o A AAE vep .
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