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Synthesis of silybin complexes with trace elements and
their anti-bacterial and anti-tumor activities
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Abstract : Six new Chinese medicine complexes of silybin calcium,iron,zinc, selenium, cobalt and chromium were synthesized
and characterized by IR, UV ,LC-MS,EDTA complexometric titration and elemental analysis. The results showed that coordi-
nation ratios of these six silybin complexes were 2: 1 (silybin ratio to trace elements) . The safety of complexes was evaluated
by acute toxicity test on mice, and found that no obvious toxicity of these complexes in vivo. Furthermore, the anti-bacterial
and anti-tumor activities were determined respectively by double dilution method and MTT assay. For the anti-bacterial assay,
nine types of bacteria were used in this experiment and the minimum inhibitory concentration ( MIC) were determined. The
results showed that the anti-bacterial effect of silybin was increased to 2 to 4 times after reaction with the six trace elements.
For the anti-tumor assay, experiments were carried out in 5 types of cancer cells and the half inhibitory concentration (ICs,)
of the six complexes was determined. The results showed that the anti-tumor effect of these complexes was increased to 1.11-
1. 53 times compared with that of Silybin. In conclusion, the anti-bacterial and anti-tumor activities of silybin are elevated after
the formation of complexes with the trace elements.
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SR AR AN | SR AR (R T A2l
A, sl ) ,NaOH (43 #r4l) , EDTA (43 4r4l)
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x1 KEERGUTERTE
Table 1  The yield and productivity of silybin complexes

waY SR B &Y FECE W) A& %) B EY LA
Compound Ca-complex Fe-complex Zn-complex Se-complex Cr-complex Co-complex
7=iE Yield(g) 0.1870 0.207 7 0.1839 0.1755 0.190 0 0.1809
723 Productivity (% ) 89.96 98.36 86.31 81.23 90.32 85.43

SFECEA TP T Y R R RO, (8 L BR AT
Pt PR BRIk /)N, n] S0 B IR 208 5 55 — 7
17, KRBT SR TE I W AR, 70T R
TIPS 9, oA P BT B9 RE I, AT B I

WO LR o I, a4 SR UK R = 5 e oo
RRET RN IE T BCA B, H 5 MRt R K
SRR AL A LTKIVA " S DA A R o) Y K =5 o e ol 14
W ER - Fr) 4 oL Bk 8 BUEE

R2 KCEIRERKKEEL S W EEIMNRYIE

Table 2 The ultraviolet absorption peak of silybin and its complexes

&Y KRBT PECAY BB HECAY TRE 5 %) HECAY LAY
Compound Silybin Ca-complex Fe-complex Zn-complex Se-complex Cr-complex Co-complex
N LIS S
Maximum absorption 288 296 296 297 296 296 297

wavelength (nm)

2.2.2 “shRBLERE S

1 3 AT, 7K KA b g B B 4 £ Bk
ARV (C = 0) I Z4adRsIE R 1 641,16 cm™ 6 4~
KRBT ERCS P 4 Ak FBUE (C = 0) Wl g4
XK KB ELIAE T 29 40 em™ , F3LT RS 10 R I /2 4

RERREUE (C = 0) BRI i1 585 Bk VB
B % R A TR A8 2 BLE T 7 B , 5 BB 4
XU (C = 0) LTz 5 BEREAR , T ) B0
INRARSIE LT RS IR . Al WK &l B2 5 it T /e
JEBCO AN AT AL — 2 4 R E XU (C = 0) .
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Table 3 The infrared data of main group of silybin and its complexes

v(5-0-H) (em™) v(5-C-0) (em™)

JK KB Silybin 1641.16
FETLAH) Ca-complex 1 600.93
IR A W) Fe-complex 1 601.09
FERL A Zn-complex 1 600.85
TRE A4 Se-complex 1 600.91
ST Cr-complex 1 601.15
FEIE A Co-complex 1601.19

3401.96 cm™ 1279.22
3 343.26 1270.17
3343.17 1269.96
3 342.98 1270.25
3 343.06 1270.11
3342.93 1 269. 89
3343.10 1270.06
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2.2.3 SR 5 AT 012.7, m] WL BT Ay Bl & W B9 1 B 0 K408 2 R ek
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Table 4 The molecular ion peaks and fragment ion peaks of silybin and its complexes

144 Compound m/z
JK K HjE2 Silybin 480.7 ,462.7 452.7 300.6

KERL4H) Ca-complex 1 000. 8 480. 6 .462.7 452.7 300.8

RIECAY) Fe-complex 1016.6 480.7 ,462.6 452.7 300.7

BERRAH) Zn-complex 1025.9 480.7 462.9 452.9 .300.9

A4 Se-complex 1 039.8 480.9 462.8 452.7 300.9

Eilic &% Cr-complex 1019.6 480.7 .462.7 452.7 300.6

RIS Co-complex 1012.7 480.6 .462.6 452.7 300.7

2.2.4 AREIMEREHH
£S5 KREERKCEREESWHTESTEE
Table 5 The elemental analysis data of silybin and its complexes
JLE HfH H5IC & BRI a RS it & ol iy il &Y
Element Numerical value Ca-complex  Fecomplex  Zn-complex  Se-complex  Cr-complex Co-complex

C SEIME Measured value 59.96% 58.79% 58.33% 57.76% 59.12% 58.84%
FHIB{H Theoretical value 59.88% 58.94% 58.42% 57.64% 59.17% 58.77%
H SZIM{E Measured value 4.21% 4.19% 4.06% 4.05% 4.10% 4.16%
FR{EAH Theoretical value 4.19% 4.13% 4.09% 4.03% 4.14% 4.11%
(0] S Measured value 31.91% 31.49% 31.21% 30.68% 31.62% 31.30%
HIB{E Theoretical value 31.94% 31.43% 31.16% 30.74% 31.56% 31.34%
Tf//ie%eﬁint SEIE Measured value 3.92% 5.53% 6.40% 7.51% 5.16% 5.70%
S {H Theoretical value 3.99% 5.50% 6.33% 7.59% 5.13% 5.78%

e & st

Chemical formula of

complexes

(Ca5Hy1019) 2 Ca(CysHy O ) 3 Fe(CosHy 019) 2 Zn(Cas Hyy Oy ) 3Se (CasHy  01) , Cr (CpsHy 04 ) 5 Co

TE R AP EIE UMD 7K CEI R G — 0 TROEE LR ML S YIRS I0 R S LA Wi i 20 R 5.

Note ; The theoretical value in the table is the percentage of each element in the compound obtained by complexation of two molecules of silybin with one

molecule of microelement.
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Fig. 1 The possible chemical structures of silybin-M complexes ﬁg&[m KRB N A W 48 1 45 25 8 S bR T
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B 2R MR ) | ECRR (R ER D) S B —E
MFIVERT, ARS8 IS BUR AL &) 5 DL KOs

SR K TR B E A WP R T PR 2 2 R T K TR
RN 9 FPE KRBT REECE PP R TG R K )
BT 2 ~4 F5(£6) . K KBNS YT HepG2
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AAMHIER , BLA DB VK RE =R 1. 11
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Table 6 The antibacterial activity of silybin and its complexes ( MIC)

MIC( png/mL)
L o N B
Strain K RE SIS BRI &) PRI W) TRC 540 HEC S W)
Silybin Ca-complex Fe-complex Zn-complex Se-complex Cr-complex Co-complex
*EELH w e 400 200 200 100 200 200 100
Bacillus subtilis
bt A AT
oI S EREERIA 400 200 200 100 200 200 200
S. aureus
R 50 25 25 25 25 25 25
S. epidermidis
ﬁé%ﬂ% i 400 200 100 200 200 200 200
E. faecium
- Wik E‘ 400 200 200 200 200 200 200
E. faecalis
v i
DK >400 400 400 400 400 400 400
Salmonella
j(%ﬂ:ﬁ >400 200 400 200 400 400 400
E. coli
Q‘ 11 ==
i j1PX$H@ il >400 400 400 200 400 200 400
P. aeruginosa
A ﬁu 50 E‘. >400 400 200 400 400 400 400
Candida albicans
x7 KYEERERESWHTIMEEE
Table 7 The antineoplastic activity of silybin and its complexes
1C5 (wmol/L)
s — - -
Tumor cell IR R LA BRECA BERCA W L] BECAY LAY
Silybin Ca-complex Fe-complex Zn-complex Se-complex Cr-complex Co-complex
HepG2 36.6 32.3 30.9 28.3 26.1 29.6 27.3
MGC803 223.6 186.9 192.3 170. 1 164.6 190.9 180.7
A549 122.1 103.2 109.6 105.7 100. 1 108. 1 106.9
Tca8113 112.6 93.6 94.9 87.3 73.6 97.7 86.5
TPC1 39.2 31.5 33.6 34.3 26.9 28.5 30.6
3 g .
AL BT Y 6 K TR ET LS W) (55 Bk JK R e — 2R E P A O, B
BE A B VB B OR WA A S TR S R PUR TR S MBS I, S R TR R
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