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LIQUID CHROMATOGRAPHIC ASSAY OF 
SlLYBlN IN HUMAN PLASMA AND URINE 

E. M. MARTINELLI, P. MORAZZONI, 
S. LMO, AND E. UBERTT 

Invemi &lla Beffa S.pA. 
Research and Development Laboratorb 

Via Ripamonti 99 
20141 Milan, Italy 

ABSTRACT 

A specific and sensitive high-performance liquid chromatogra- 
phic method for the quantitative determination of silybin and its 
conjugates in human plasma and urine was developed. Silybin 
glucuronides and sulfates were calculated as silybin after 
enzyma t i c 8 - g 1 ucu ron i dase/ ary 1 s u 1 fat a se . 
Extraction from the biological fluid was performed at pH 4 on 
normal-phase solid extraction columns using tert-butylmethylether 
as eluent. (+)-Catechin was added as internal standard after the 
extraction procedure. A normal-phase column was used for the HPLC 
analysis. The mobile phase consisted o f  n-hexane/ethanol, 
acidified with 85% pnosphoric acid. Uetection was performed by a 
variable-wavelenght detector at 214 nm. Detection limits of 5 and 
25 ng/ml were respectively achieved for free and total (free and 
conjugated) silybin in plasma, and 100 ng/ml in urine. The method 
is suitable for pharmacokinecic studies after oral administration 
o f  IdB 1016, a lipophilic s i l y b i n - p h o s p h a t i d y l c h o l i n e  complex. 

hydro 1 y s i s wi T h 
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1286 MARTINELLI ET AL. 

FIGURE 1 S i  l y b i  n s t r u c t u r e .  

S i l y b i n  i s  t h e  most 

s i l y m a r i n ,  a s tandard i zed  

INTRODUCTION 

i m p o r t a n t  f l a v a n o l i g n a n  c o n s t i t u e n t  o f  

e x t r a c t  f rom Si lybum marianum, w i d e l y  

used as an a n t i d o t e  i n  v a r i o u s  l i v e r  i n t o x i c a t i o n s  and endowed 

w i t h  an i n t e r e s t i n g  a n t i  -1 i poperox idant  a c t i v i t y  (1 ,Z) .  

The t h e r a p e u t i c a l  a p p l i c a t i o n  o f  s i l y b i n  i s  l i m i t e d  by i t s  

ve ry  low b i o a v a i l a b i l i t y  (3 ,4 ,5 ) .  I n  an a t tempt  t o  improve t h i s  

p roper t y ,  IdB 1016, a complex o f  s i l y b i n  w i t h  p h o s p h a t i d y l c h o l i n e  

(6,7),  has been prepared. The s tudy o f  t h e  pharmacokinet ic  

behaviour  o f  s i l y b i n  o r a l l y  admin i s te red  as IdB 1016 i n  man, 

r e q u i r e d  t h e  development o f  a s e n s i t i v e  and s p e c i f i c  assay i n  

b i o l o g i c a l  f l u i d s .  I n  t h e  l i t e r a t u r e  an a n a l y t i c a l  method f o r  t h e  

assay o f  f l a v a n o l i g n a n  components o f  s i  l y m a r i n  i n  b i o l o g i c a l  

f l u i d s  i s  desc r ibed  (8,9,10), based on t h i n - l a y e r  chromatography 

photodensi tometry  w i t h  f l u o r i m e t r i c  d e t e c t i o n .  

T h i s  paper dea ls  w i t h  t h e  development o f  an h igh-per formance 

l i q u i d  chromatographic method f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  

o f  s i l y b i n  i n  human plasma and u r i n e .  

F lavono ids  a re  e x t e n s i v e l y  conjugated,  m a i n l y  i n  t h e  l i v e r  

( l l ) ,  t h e r e f o r e  t h e  e v a l u a t i o n  o f  t h e  e x t e n t  o f  c o n j u g a t i o n  o f  t h e  
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SILYBIN IN PLASMA AND URINE 1287 

drug is of major importance for its pharmacokinetic 

characterization. In order to allow the quantification of total 
silybin, that is after deconjugation of glucuronides and/or 

sulfates, the conditions o f  an enzymatic hydrolysis using 
8-glucuronidaselarylsulfatase are also reported. 

MATERIALS AND METHODS 

Chemicals 

Silybin (m.p. 177-179°C by DSC; [(X]iO = 12.5, C=l, methanol) 

was isolated from silymarin by column chromatography and purified 

by crystallization from methanol. IdB 1016 was obtained by 
complexation of silybin with phosphatidylcholine (61 and 

characterized by spectroscopic analysis (7). (+I-Catechin was 
obtained from Fluka (Buchs, CH) . R-Glucuronidase/arylsulfatase 

(Helix pomatia) was purchased from Boehringer Mannheim (Mannheim, 
FRG). n-Hexane, methanol, ethanol and tert-butylmethylether 

eluents (HPLC grade), acetate and citrate buffers, Extrelut 3 

columns were supplied by Merck (Darmstadt, FRG).  

Apparatus 

The liquid chromatograph consisted of a Model 590 HPLC pump 
(Waters Assoc., Milford, MA, U.S.A.)  equipped with a Model L-4200 

Hitachi variable-wavelength absorbance U V - V I S  detector (Merck, 
Darmstadt, FRG). 
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1288 MARTINELLI ET AL. 

HPLC Cond i t i ons  

A L iChrosorb D i o l  column (150 mm x 3 mm; Merck, Darmstadt, 

FRG), 5 4m p a r t i c l e  s i z e  was used. The mob i l e  phase c o n s i s t e d  of 

n-hexane/ethanol (70:30, v / v ) ,  a c i d i f i e d  w i t h  120 pl / l  o f  85% 

pkosphor ic  ac id .  The f l o w  r a t e  was 0.8 ml/min and t h e  d e t e c t i o n  

was performed a t  214 nm. 

E x t r a c t i o n  Procedure 

P1 asma 

F ree  s i l y b i n .  Plasma a l i q u o t s  (500 p l )  were added w i t h  2.5 m l  

o f  pH 4 c i t r a t e  b u f f e r ;  t h e  samples were t h e n  loaded on E x t r e l u t  3 

columns and e l u t e d  t w i c e  w i t h  10 m l  o f  t e r t - b u t y l m e t h y l e t h e r .  The 

e l u a t e s  were evaporated under n i t r o g e n  a t  37°C. The r e s i d u e s  were 

added w i t h  10 p1  o f  a ( + I - c a t e c h i n  me thano l i c  s o l u t i o n  ( i n t e r n a l  

standard, 10 p g / m l )  and resuspended i n  150 p1  o f  mob i l e  phase. 

A l i q u o t s  (20  p l )  were i n j e c t e d  f o r  HPLC a n a l y s i s .  

T o t a l  ( f r e e  and con juga ted )  s i l y b i n .  To 500 p1  o f  plasma, 1.5 

m l  o f  pH 5 a c e t a t e  b u f f e r  and 80 pl o f  O-glucuronidaselarylsulfa- 

t a s e  (about  0.44 U and 0.21 U o f  g lucu ron idase  and a r y l s u l f a t a s e  

a c t i v i t y  r e s p e c t i v e l y )  were added. A f t e r  i n c u b a t i o n  a t  37°C f o r  48 

hours, samples were e x t r a c t e d  and analyzed as above. 

U r i n e  

U r i n e  samples were analyzed o n l y  f o r  t h e i r  t o t a l  s i l y b i n  

con ten t ,  t h a t  i s  a f t e r  enzymatic h y d r o l y s i s  w i t h  

8-glucuronidaselarylsulfatase. 
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SILYBIN IN PLASMA A N D  URINE 1289 

H y d r o l y s i s ,  e x t r a c t i o n  and a n a l y s i s  were performed on 500 p1  

u r i n e  as desc r ibed  f o r  plasma. 

C a l i b r a t i o n  Samples 

C a l i b r a t i o n  samples were prepared by adding known i n c r e a s i n g  

amounts o f  s i l y b i n  ( s o l u t i o n  i n  methanol )  t o  pooled plasma o r  

u r i n e  and were processed as desc r ibed  above. The plasma 

c a l i b r a t i o n  concen t ra t i ons  ranged f rom 10 t o  400 ng/ml f o r  t h e  

f r e e  s i l y b i n  d e t e r m i n a t i o n  and f rom 0.1 t o  1.6 pg/ml f o r  t h e  t o t a l  

s i l y b i n  de te rm ina t ion .  The u r i n e  c a l i b r a t i o n  concen t ra t i ons  ranged 

f rom 0.5 t o  16 pg /m l .  

RESULTS AND D I S C U S S I O N  

P1 asma 

Free s i l y b i n .  E x t r a c t i o n  recove ry  was determined by comparing 

peak-height  r a t i o  ( R )  o f  s i l y b i n  t o  i n t e r n a l  s tandard i n  

c a l i b r a t i o n  samples w i t h  those ob ta ined  by d i r e c t  i n j e c t i o n  o f  

methanol ic  s tandard s o l u t i o n .  Mean r e c o v e r i e s  ranged between 90 

and 95 pe rcen t  (Tab le  1 ) .  

The r e l a t i o n s h i p  between R va lues and s i l y b i n  concen t ra t i ons ,  

determined by least -squares l i n e a r  reg ress ion ,  showed t o  be l i n e a r  

over  t h e  c o n c e n t r a t i o n  range 10-400 ng/ml accord ing t o  t h e  

equat ion:  y=-0.019+0.006~ ( r=0 .999) .  I n t ra -assay  p r e c i s i o n  and 

accuracy, assessed a t  s i x  d i f f e r e n t  concen t ra t i ons ,  a re  showed i n  

Table 2. The d e t e c t i o n  l i m i t  was 5 ng/ml. 

T o t a l  s i l y b i n .  The c a l i b r a t i o n  cu rve  o f  s i l y b i n  i n  plasma 

added w i t h  O-glucuronidase/arylsulfatase showed t o  be l i n e a r  over  
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1290 MARTINELLI ET AL. 

TABLE 1 

Recovery o f  S i  l y b i  n from P1 asma 

C o n c e n t r a t i o n  Recovery ( % )  C V  

(ng/mL 1 (Mean 1 (n=3 )  

10 97.39 4.19 

25 92.70 8.42 

50 94.39 3.78 

100 93.33 2.89 

200 90.58 6.18 

96.16 0.49 __ 400 

TABLE 2 

P r e c i s i o n  and Accuracy o f  S i l y b i n  Assay in Human Plasma 

~ 

Ac tua l  C o n c e n t r a t i o n  Measured C o n c e n t r a t i o n  P r e c i s i o n  Accuracy 

10 10.846 6.80 + 8.46 

25 

50 

100 

200 

28.353 7.50 +13.41 

51.928 3.76 + 3.86 

100.850 

187.417 

2.79 + 0.85 

6.07 - 6.29 

400 405.607 0.49 + 1.40 __- 
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SILYBIN IN PLASMA AND URINE 

TABLE 3 

1291 

P r e c i s i o n  and Accuracy o f  S i l y b i n  Assay i n  Plasma added w i t h  

8-Glucuronidase/Arylsulfatase 

Actual  Concen t ra t i on  Measured Concen t ra t i on  P r e c i s i o n  Accuracy 

CL X (n=3)  c v  _I y. 100 

(pg/mL 1 (pg/mL 1 
0.1 0.087 8.05 -13.00 

0.2 

0.4 

0.191 9.95 - 4.50 

0.402 3.73 + 0.50 

0.8 0.837 9.20 + 4.63 

1.6 1.583 3.92 - 1.06 

t h e  range 0.1-1.6 ug/ml accord ing t o  t h e  equat ion:  y=0.296+5.005~ 

(r=0.9991. In t ra -assay  p r e c i s i o n  and accuracy, assessed a t  f i v e  

concen t ra t i ons ,  a r e  r e p o r t e d  i n  Table 3. The d e t e c t i o n  l i m i t  was 

25 ng/ml. 

I n  o rde r  t o  determine t h e  enzymatic h y d r o l y s i s  t ime, a pooled 

plasma sample f rom a vo lun tee r  o r a l l y  t r e a t e d  w i t h  IdB 1016 

capsules, was i ncuba ted  f o r  d i f f e r e n t  t i m e s  i n  presence o f  

B-glucuronidase/arylsulfatase. H y d r o l y s i s  r e s u l t e d  complete a f t e r  

20 hours ( F i g u r e  21, b u t  a f t e r  t h i s  t i m e  a decrease o f  s i l y b i n  

values was observed. For t h i s  reason t h e  s t a b i l i t y  o f  s i l y b i n  i n  

c a l i b r a t i o n  samples under h y d r o l y t i c  c o n d i t i o n s  was a l s o  v e r i f i e d .  

Resu l t s  a re  r e p o r t e d  i n  Table 4. 
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FIGURE 2 Assay of t o t a l  s i l y b i n  i n  human plasma of a v o l u n t e e r  
o r a l l y  t r e a t e d  w i t h  Id6 1016 (120 mg a s  s i l y b i n )  a f t e r  
i n c u b a t i o n  w i t h  O-glucuronidase/arylsulfatase a t  37°C f o r  
d i f f e r e n t  t imes .  

TABLE 4 

S t a b i l i t y  of S i l y b i n  i n  Blank Plasma a f t e r  R-GlucuronidaselArylsul  

f a t a s e  Treatment 
- 

Si l y b i n  S t a r t i n g  Time A f t e r  Incubat ion  a t  37°C 

( t = O )  ( t = 4 8 h r s  
- - 

Concent ra t ion  R R Degradation ( % )  

(pg/mL 1 (mean+S.D.)(n=3) (rneantS.D. ) ( n = 3 )  

0.1 0.732 - + 0.037 0.541 - + 0.061 26.09 

0.4 2.307 - + 0.075 1.671 - + 0.335 27.57 

1 .6  8.218 - + 0.311 6.308 - t 0.664 23.24 

R = s i l y b i n  t o  i n t e r n a l  s tandard  peak h e i g h t  r a t i o .  
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SILYBIN IN PLASMA AND URINE 1293 

TABLE 5 

P r e c i s i o n  and Accuracy o f  S i l y b i n  Assay i n  U r i n e  added w i t h  

8-Glucuronidase/Arylsulfatase 

Actual  Concen t ra t i on  Measured Concen t ra t i on  P r e c i s i o n  Accuracy 

0.5 0.31 2 49.68 -37.60 

1 .o 0.856 18.46 -14.40 

2.0 1.916 16.44 - 4.20 

4.0 3.743 1.12 - 6.43 

8.0 9.167 14.93 t14.59 

15.506 2.29 - 3.09 
>- 

16.0 

The e x t e n t  o f  deg rada t ion  o f  s i l y b i n  i n  c a l i b r a t i o n  samples, 

incubated a t  37°C f o r  48 hours, i n  comparison w i t h  t h e  basal ones, 

amounted t o  about 25%. Fo r  t h i s  reason c a l i b r a t i o n  curves were 

processed through t h e  same i n c u b a t i o n  c o n d i t i o n s  u t i l i z e d  f o r  

a n a l y s i s  samples. 

The e x t e n t  o f  c o n j u g a t i o n  c o u l d  be ob ta ined  i n d i r e c t l y  by 

d i f f e r e n c e  between t o t a l  ( a f t e r  h y d r o l y s i s )  and f r e e  ( b e f o r e  

h y d r o l y s i s )  s i  l y b i n .  

U r i n e  

The c a l i b r a t i o n  cu rve  o f  s i l y b i n  i n  u r i n e  added w i t h  B-glucu- 

r o n i d a s e / a r y l s u l f a t a s e  showed t o  be l i n e a r  over  t h e  range 0.5- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1294 

J 

MARTINELLI ET AL. 

A 

1 

B 

i; - - 
0 5 10 0 5 10 

Time (min) 

FIGURE 3 Represen ta t i ve  chromatograms o f :  
- Plasma sample ob ta ined  f r o m  an 

- 
0 5 10 

h e a l t h y  v o l u n t e e r  2 
hours a f t e r  o r a l  a d m i n i s t r a t i o n  o f  IdB 1016 (120 mg as 
s i l y b i n ) ;  ( A )  b e f o r e  and (B) a f t e r  enzymatic 
h y d r o l y s i s .  

- U r i n e  sample f rom t h e  same v o l u n t e e r  ob ta ined  w i t h i n  12 
hours a f t e r  t h e  a d m i n i s t r a t i o n  ( C ) .  

Peak 1 :  s i l y b i n .  Peak 2: i n t e r n a l  s tandard ( c a t e c h i n ) .  

16.0 g/ml acco rd ing  t o  t h e  equa t ion :  y=O.l80+0.655x ( r=0.996) .  

I n t r a - a s s a y  p r e c i s i o n  and accuracy, assessed a t  s i x  c o n c e n t r a t i o n s  

a r e  shown i n  Table 5. The d e t e c t i o n  l i m i t  was 100 ng/ml. 

The p resen t  method was used t o  e v a l u a t e  t h e  concen t ra t i ons  o f  

s i l y b i n  i n  plasma and u r i n e  samples f rom v o l u n t e e r s  o r a l l y  t r e a t e d  

w i t h  IdB 1016 capsules (120 mg as s i l y b i n ) .  Represen ta t i ve  

chromatograms a re  r e p o r t e d  i n  F i g u r e  3. The F i g u r e  4 shows a 
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12501 
I \  
I \  
I \  
I \  
I Q  
I 
I 

h 

0) 
C 

c 

E 

- 750 

i7j _ _ _  
g - 

5001 I \ 
I 

FIGURE 4 Plasma silybin concentration-time profile in an healthy 
volunteer treated with Id6 1016 (120 mg as silybin). 
( 0 )  Free silybin. (0) Total silybin (after enzymatic 
hydrolysis with 8-glucuronidase/arylsulfatase). 

typical plasma concentration-time profile for silybin before 
(free) and after (free and conjugated) enzymatic hydrolysis. 

In conclusion the analytical method described in the present 

paper provides a simple, specific and sensitive HPLC assay for the 
quantitative determination of silybin and indirectly of its 
conjugates in human plasma and urine. 

REFERENCES 

1. Valenzu la, A., Guerra, R. Differential Effect of Silybin on 
the Fe -ADP and t-Butyl Hydroperoxide-induced Microsomal 
Lipid Peroxidation. Experientia, 42, 139, 1986. 

5+ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1296 MARTINELLI ET AL. 

2 .  Comoglio, A . ,  Leonarduzz i ,  G . ,  C a r i n i ,  R . ,  Buso l i n ,  A., 
Basaga, H . ,  Albano, E., Tomasi, A,, P o l i ,  G., Morazzoni, P., 
M a g i s t r e t t i ,  M.J. S tud ies  on t h e  A n t i o x i d a n t  and Free Radica l  
Scavenging P r o p e r t i e s  o f  IdB 1016 a New F lavano l i gnan  Complex. 
Free. Rad. Res. Comms., 11, 109, 1990. 

3. Chasseud, L.F., Huntingdon Res. Centre, unpubl ished data;  see 
Mennicke W.H.; Zur b i o l o g i s c h e n  Ver fugbarke i t  und v e r s t o f f  
weehselung von S i l y b i n .  Dtsch.  Ap. Ztg. ,  115, 1205, 1975. 

4. Lang, W .  Exper imen te l l e  und K l i n i s c h e  Hepa to log ie .  I 1 1  
I n t e r n a t i o n a l e s  Lebersymposium, Koln, November 1978. 
Hansisches Ver lags-Kontor  Lubeck, 1979; Poster  s e c t i o n .  

5. Morazzoni, P . ,  M a g i s t r e t t i ,  M.J., Zanolo, G. ,  P o l e t t i ,  P .  
Comparative B i o a v a i l a b i l i t y  o f  IdB 1016, a New F lavano l i gnan  
Complex, i n  Rats. 37th Annual Congress on Med ic ina l  P l a n t  
Research, Braunschweig, 5-9 September, 1989. A b s t r a c t s  i n  
P l a n t a  Medica, September 1989. 

6. Gabetta, B., Bombarde l l i ,  E.,  P i f f e r i ,  G. Complexes o f  
F lavano l i gnans  w i t h  Phosphol ip ids,  P r e p a r a t i o n  Thereof and 
Associated Pharmaceutical Composit ions. EP 209030, US 4764508. 

7. Gabetta, B. ,  Z i n i ,  G.F., P i f f e r i ,  G. Spect roscopic  S tud ies  on 
IdB 1016, a New F lavano l i gnan  Complex. 37 th  Annual Congress on 
Med ic ina l  P l a n t  Research. Braunschweig, 5-9 September, 1989. 
A b s t r a c t  i n  P l a n t a  Medica, September 1989. 

8. F l o r y ,  P., Krug, G., Lorenz, D., Mennicke, W.H. Untersuchungen 
zu r  E l i m i n a t i o n  von S i  l y m a r i n  b e i  cho lezys tek tomie r ten  
Pa t ien ten .  P l a n t a  Medica, 38, 227, 1980. 

9. Lorenz, D., Mennicke, W.H., Behrendt, W .  Untersuchungen zu r  
E l i m i n a t i o n  von S i l y m a r i n  b e i  cho lezys tek tomie r ten  Pa t ien ten .  
P l a n t a  Medica, 45, 216, 1982. 

10. Lorenz, D., Lucker, P.W., Mennicke, W.H., Wetzelsberger, N. 
Pnarmacokinet ic  S tud ies  w i t h  S i l y m a r i n  i n  Human Serum and 
B i l e .  Meth. and F ind .  E x p t l .  C l i n .  Pharmacol., 6, 655, 1984. 

11. G r i f f i t h s ,  L.A., Brown, S., Hacket t ,  A.M., Shaw, I . C .  The 
Hepa t i c  Metabolism o f  F lavono ids .  Stud. Org. Chem., 11, 451, 
1982. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


