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VARIATIONS IN SOLID-PHASE 
EXTRACTION OF BASIC DRUGS USING 

PHASE VARIATIONS 
BONDED SILICA. 111. PHASE-TO- 

V L A D I M ~  MARKO AND KORNELLA RADOVA 
Institute of Experimental Phamzacology 

Slovak Academy of Sciences 
CS-84216 Bratislava, CSFR 

ABSTRACT 

Phase-to-phase varjations of  solid-p9ase extraction of 
basic drugs were studied using elution profiles obtained 
after elution of  three model drugs from C i a - ,  C s -  and 
CN-silica. Variations were observed in the extraction o f  
model drugs (in total recovery as well as in the course 
of elution profiles) and of  endogenous compounds from 
serum. Various types o f  interactions depending on hydro- 
phobic properties of the drugs and of the silica-modjfi- 
ers were found to affect the process.. Hydrophobic i n -  
teractions facilitated not only adsorption but also elu- 
tion of hydrophobic drugs from hydrophobic sorbents. 

INTRODUCTION 

Solid-phase extraction ( S P E ) ,  in principle "digital 
liquid chromatography" [l], has been used in bioanalysis 
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1612 MARK0 AND RADOVA 

o f  drugs a p p r o x i m a t e l y  f o r  t e n  y e a r s .  T h i s  p e r i o d  h a s  

p robed  s u f f i c i e n t  not o n l y  for a wide  s p r e a d  o f  t h e  new 

sample  p r e p a r a t i o n  t e c h n o l o g y  b u t  a l s o  f o r  t h e  a p p e a r -  

a n c e  o f  t h e  f i r s t  a t t e m p t s  t o  summarize t h e  i n f o r m a t i o n .  

I n  a d d i t i o n  t o  t h e  d e v e l o p m e n t  o f  c o n d i t i o n s  f o r  e x t r a c -  

t i o n  o f  i n d i v i d u a l  d r u g s ,  e f f o r t s  t o  g e n e r a l i z e  t h e  i s o -  

l a t i o n  mode f o r  a b r o a d e r  s p e c t r u m  o f  d r u g s  have  b e e n  

o b s e r v e d  r e c e n t l y  [ 2 , 3 ] .  However p r a c t i c a l l y  no p a p e r  

h a s  d i s c u s s e d  t h e  c h o i c e  o f  p h a s e  f o r  e f f i c i e n t  SPE. The 

p a p e r  o f  Musch and  Massart [ Z ]  f a v o r i n g  t h e  CN-phase i n  

HPLC d e t e r m i n a t i o n  o f  d r u g s  is a rare e x c e p t i o n .  

The a i m  o f  t h i s  p a p e r  w a s  t o  s t u d y  p h a s e - t o - p h a s e  

v a r i a t i o n s  i n  SPE o f  basic  d r u g s .  D i f f e r e n c e s  be tween  

v a r i  oils p h a s e s ,  i . e .  C i  8 - p h a s e ,  Cs - p h a s e  and  CN-phase 

w e r e  e v a l u a t e d  from t h e  p o i n t  o f  v i ew of p o l a r  i n t r a c -  

t i o n s  be tween  s o l u t e ,  s o r b e n t  and m a t r i x  [ 4 , 5 ]  u s i n g  t h e  

s a m e  a p p r o a c h  as  i n  t h e  f i r s t  p a r t  o f  t h i s  s e r i e s  and 

i n c l u d i n g  t h e  method o f  e l u t i o n  p r o f i l e s .  E l u t i o n  p r o -  

f i l e s  were c o n s t r u c t e d  a f t e r  e l u t i o n  o f  model d r u g s  f rom 

t h e  s o r b e n t s  w i t h  me thano l  and a c e t o n i t r i l e .  The model 

b a s i c  d r u g s  w e r e  p e n t a c a i n e  (pKa=8.6 [ 6 ] ) ,  p r o p r a n o l o l  

(pKaz9.45 [ 7 ] )  and s t o b a d i n  (pKa=8 .71  [ S ] ) .  

EXPERIMENTAL 

~- Materials 

P e n t a c a i n e ,  s t o b a d i n  and t h e i r  i n t e r n a l  s t a d a r d s ,  

i . e .  t h e  0 - h e x y l  a n a l o g u e  o f  p e n t a c a i n e  and  t h e  N-e thy l  

a n a l o g u e  o f  s t o b a d i n ,  w e r e  f rom t h e  same s o u r c e s  as i n  

t h e  p r e c e d i n g  p a p e r s  o f  t h e  ser ies .  P r o p r a n o l o l  and  i ts  

i n t e r n a l  s t a n d a r d  m e t o p r o l o l  w e r e  commerc ia l  p r o d u c t s  

(ICI, M a c c l e s f i e l d ,  G r e a t  B r i t a i n  a n d  H a s s l e ,  M o l n d a l ,  

Sweden) .  
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-0 

CI- PENTACAINE 

c I- PROPRANOLOL 

STOBADIN 

F I G U R E  1. Chemical structures of pentacaine, propranolol 
and stobadin 

Supelclean LC18, LC8 and LCN SPE tubes, 3 ml volume 
(the gift of Supelco, Bellefonte, U S A )  and Bakerbond 
Cis, C8, and CN SPE columns, 1 ml volume (the gift of 
Baker Chemikalien, Gross-Gerau, F R G )  were used f o r  eva- 
luation of phase-to-phase variation. 

All other material used was the same as in the pre- 
ceding papers of the series. 

Extraction Procedure 

The extraction columns were conditioned before use 
by washing them with 2 ml of methanol and 1 ml of water. 
Afterwards, two types of experiments were carried out to 
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1674 MARK0 AND RADOVA 

evaluate adsiirptiun of the drugs C b  a,;d t l : c ; i i  i:i,~;on 
f r o m  the sorbents. 

! n  the f i r s t  series, 1 pg of the d r u g  studied (pen-- 

tacaine, propranolol or stobadin) in 1 mi o f  water was 

appl ied to the pre-conditioned columns ; the col u m n s  were 

then washed with 1 m l  o f  water. The residual water was 

displaced f r o m  the columns under mild pressure of nitro- 

gen. In the elution step three 1 - m l  portions followed by 
one 2-ml portion of methanol or acetonitrile were ap- 

plied. After the methanolic elution, 1 m l  o f  5% tri- 
ethylamine in methanol was used to elute the drugs to- 

tally. Individual portions o f  eluate were collected into 
3-ml cone v i a l s  containing per 1 pg o f  a suitable inter- 

nal standard. 

In the second series, 1 pg of the drug was applied 
to the pre-conditioned columns as 1 ml solution in se- 

rum. Washing and elution were then performed as above. 

Subsequent processing of the eluates, i.e. evapora- 

tion, reconstitution in ethyl acetate and, if necessary, 
derivatization, were performed as described in the first 

paper of the series. 

For the evaluation of the selectivity o f  the C i s ,  

Cs and CN sorbents towards endogenous compounds f r o m  se- 

rum, 1 ml of human blank serum was applied to the condi- 
tioned columns. The columns were washed with 1 ml of 
water, residual water was displaced with mild pressure 

of nitrogen and andogens retained in the columns were 
eluted with 3 ml of methanol. Methanol was evaporated, 

250 p1 of ethyl acetate was added to the residue and 3 

pl of the solution was analyzed gas chromatographically 
under temperature programmed conditions. 

Instrumentation 

Capillary gas-liquid chromatography w a s  used f o r  

the determination of the recovery of pentacaine and sto- 
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bad in  e l u t e d  from t h e  columns under  t h e  s a m e  c o n d i t i o n s  

as i n  t h e  p reced ing  p a p e r s .  For t h e  d e t e r m i n a t i o n  of  

p r o p r a n o l o l  t h e  f o l l o w i n g  c o n d i t i o n s  w e r e  used:  t h e  t e m -  
p e r a t u r e  o f  t h e  d i r e c t  i n j e c t i o n  p o r t  and o f ' t h e  thermi-  

o n i c  n i t r o g e n  d e t e c t o r  w a s  300OC, t h a t  o f  t h e  column 

185oC. The o t h e r  c o n d i t i o n s  remained unchanged. 

G a s  chromatographic  s e p a r a t i o n  of  t h e  samples a f t e r  

SPE o f  b lank  serum w a s  a ch ieved  under  t empera tu re  pro-  

grammed c o n d i t i o n s  u s i n g  t h e  fo l lowing  sequence :  i n i t i a l  

t empera tu re  1 0 0 ° C  f o r  0 .01  min; program a t  100C/min t o  

25OOC and ho ld  for 5 min. 

RESULTS AND DISCUSSION 

I n  comparison w i t h  conven t iona l  l i q u i d - l i q u i d  ex-  

t r a c t i o n ,  s o l i d - p h a s e  e x t r a c t i o n  p r o v i d e s  a much more 

complex sys tem where s e v e r a l  f a c t o r s  may c o n t r i b u t e  t o  

t h e  r e s u l t s  observed .  I n  t h e  case o f  modi f ied  s i l i c a  

s o r b e n t s ,  t h e r e  a r e  some i n d i c a t i o n s  o f  d i f f e r e n t  ad-  

s o r p t i o n  mechanisms of  non-polar  and p o l a r  b a s i c  mole- 

c u l e s .  While t h e  non-polar  molecules  appear  t o  i n t e r a c t  

most f a v o r a b l y  nea r  t h e  c e n t r e  o f  s o l v a t e d  c h a i n s ,  b a s i c  

molecules  p e n e t r a t e  deep ly  t o  i n t e r a c t  w i t h  a c i d i c  s i t e s  

o f  t h e  s i l i ca  s u r f a c e  [ 4 ] .  Since  a c i d i c  s i tes  are pre- 

s e n t  i n  a l l  t y p e s  of  modi f ied  s i l i c a ,  i n  a d d i t i o n  t o  

hydrophobic  i n t e r a c t i o n s  a p re sence  of p o l a r  i n t e r a c -  

t i o n s  between s o l u t e  and s o r b e n t  is expec ted  i n  s o l i d -  

-phase e x t r a c t i o n  of  b a s i c  drugs  r e g a r d l e s s  t h e  t y p e  of  

t h e  s o r b e n t .  

F igu re  2 shows a comparison of e l u t i o n  p r o f i l e s  ob- 

t a i n e d  a f t e r  t h e  methanol e l u t i o n  of  p e n t a c a i n e ,  p rop ra -  

n o l o l  and s t o b a d i n  from S u p e l c l e a n  c a r t r i d g e s  packed 

w i t h  d i f f e r e n t  s o r b e n t ,  i . e .  w i t h  t h e  C i a - ,  C e -  and CN- 

-modif ied s i l i ca .  The m a t r i x  which t h e  drugs  w e r e  ex-  
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1676 M A R K 0  A N D  RADOVA 

FIGURE 2 .  E l u t i o n  p r o f i l e s  o f  p e n t a c a i n e  ( P E N T ) ,  p r o p r a -  
n o l o l  ( P R O P )  a n d  s t o b a d i n  ( S T O B ) ;  s o l i d - p h a s e  e x t r a c t i o n  
f rom s e r u m  u s i n g  S u p e l c l e a n  L C 1 8 ,  L C 8  a n d  LCN car -  
t r i d g e s ;  e l u t i o n  w i t h  m e t h a n o l .  

t r a c t e d  f r o m  w a s  human s e r u m .  T h e r e  a r e  d i f f e r e n c e s  i n  

t h e  e x t r a c t i o n  of  t h e  s a m e  d r u g  by  d i f f e r e n t  s o r b e n t s  as 

w e l l  as  i n  t h e  e x t r a c t i o n  o f  d i f f e r e n t  d r u g s  by t h e  s a m e  

s o r b e n t .  T h c  d i f f e r e n c e s  are b o t h  i n  t h e  c o u r s e s  o f  the 

e x t r a c t i o n  p r o f i l e s  a n d  i n  t h e  t o t a l  r e c o v e r y  ( T a b l e  

7 ) .  For  t h e  h y d r o p h o b i c  d rus - s  p e n t a c a i n e  ( l o g  P = 3 . 6 9  

[ 6 ] 1  arid p r o p r a n o l o l  (log P = 3 . 1 7  [ 9 J ) ,  t h e  m o s t  h y d r o -  

p h o b i c  s o r b e n t ,  o f  t h e  t h r e e  t e s t e d ,  i . e .  t h e  CIH-silica, 

p r o v e d  t o  h a v e  b e t t e r  p r o p e r t i e s  i n  c o m p a r i s o n  w i t h  t h e  

o t h e r  t w o  s o r b e n t s ,  w h i l e  t h e  l e s s  h y d r o p h o b j c  s t o b a d i n  

( l o g  P = 1 . 2 7  [ l o ] )  w a s  b e s t  a d s o r b e d  t o  a n d  e l u t e d  from 

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

t h e  C i r . - s i l i c a  for. s o l i d - p h a s e  e x t r a c t i o n  o f  t h e  h y d r o -  
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F I G U R E  3 .  E l u t i o n  p r o f i l e s  o f  p e n t a c a i n e  (PENT) and s t o -  
b a d i n  (STOB); s o l i d - p h a s e  e x t r a c t i o n  from serum u s i n g  
Bakerbond C18 and CN c a r t r i d g e s ;  e l u t i o n  w i t h  m e t h a n o l .  

p h o b i c  p e n t a c a i n e  and o f  t h e  C N - s i l i c a  f o r  SPE of  s t o b a -  

d i n  w a s  d e m o n s t r a t e d  a l s o  i n  t h e  methanol  e l u t i o n  pro- 

f i l e s  of  t h e  d r u g s  u s i n g  1 m l  Bakerbond c a r t r i d g e s  (Fig- 
u r e  3 ) .  

D e s p i t e  t h e  s m a l l  s i z e  of t h e  g r o u p  o f  d r u g s  t e s t e d  

t h e  r e s u l t s  o b t a i n e d  from t h e  methanol  e l u t i o n  p r o f i l e s  

prove  t h e  e x i s t e n c e  o f  i n t e r a c t i o n s  between t h e  d r u g s  

and t h e  ' s o r b e n t  d e p e n d e n t  on hydrophobic  p r o p e r t i e s  of 

t h e  d r u g s ,  i . e .  non-polar  i n t e r a c t i o n s .  On t h e  o t h e r  

hand ,  p r a c t i c a l l y  n i l  e l u t i o n  of t h e  d r u g s  w i t h  a c e t o -  

n i t r i l e  ( T a b l e  1 )  i n d i c a t e s  t h e  p r e s e n c e  o f  p o l a r  sol- 

u t e - s o r b e n t  i n t e r a c t i o n s  i n  t h e  case of e a c h  t y p e  of  

m o d i f i e d  s i l i ca .  
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TABLE 1 

MARK0 AND RADOVA 

Recoveries of Solid-Phase Extraction of Pentacaine, 
Propranolol and Stobadin with Methanol (MeOHl and Aceto- 
nitrile (MeUN) from Serum Using Cartridges with Differ- 
ent Sorbents 

Sor  be nt Recoveries [ % ]  

Pe ntacai ne Propranolol Stobad i n 

MeOH MeCN MeOH MeCN MeOH MeCN 
~ ._____ ____ __ ~- .- 

C 1 8  94 .323.5  1 . 1 2 0 . 5  7 0 . 8 2 0 . 9  0 6 9 . 3 k 7 . 0  0 

C8 7 9 . 3 2 2 . 9  1 . 2 2 1 . 0  6 5 . 9 2 1 . 2  0 6 1 . 6 2 9 . 8  0 

CN 8 4 . 7 2 4 . 7  2 . 8 2 1 . 9  6 1 . 2 2 1 . 1  0 9 0 . 7 2 2 . 2  0 

In addition to solute-sorbent interactions, other 

interactions, e.g. matrix-solute and matrix-sorbent, are 

also involved in the elution profiles in Figures 2 and 
3. In the effort to simplify the extraction by removing 

these interactions, we compared the methanol elution 

profiles obtained after extraction of the three drugs 
from distilled water (Figure 4 ) .  

T w o  types of elution behavior are visible from the 

Figure. The first type is demonstrated on the elution 

profiles of pentacaine and propranolol, the second type 
i s  observed on the elution profiles of stobadin. The 

hydrophobic drugs pentacaine and propranolol were ex- 
pressively better eluted from the bonded silica with 
hydrophobic chains ( C i s ,  Cs) than from that with cyano- 

propyl groups. Moreover, interactions between the drugs 

and the CN-sorbent were so strong that not even the elu- 
tion with 1 ml of 5% triethylamine in methanol following 

that with 5 ml of pure methanol achieved removal of the 
whole amount of the drugs from the sorbent (Table 2). 
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F I G U R E  4. E l u t i o n  p r o f i l e s  of p e n t a c a i n e  (PENT), p r o p r a -  
n o l o l  (PROP) %nd s t o b a d i n  ( S T O B ) ;  s o l i d - p h a s e  e x t r a c t i o n  
from w a t e r  u s i n g  S u p e l c l e a n  LC18, L C 8  and LCN car- 
t r i d g e s ;  e l u t i o n  w i t h  m e t h a n o l .  

TABLE 2 

R e c o v e r i e s  o f  S o l i d - P h a s e  E x t r a c t i o n  o f  P e n t a c a i n e ,  
P r o p r a n o l o l  and S t o b a d i n  from Water Using C a r t r i d g e s  
w i t h  D i f f e r e n t  S o r b e n t  

S o r b e n t  R e c o v e r i e s  [ % ]  

P e n t a c a i n e  P r o p r a n o l o l  S t o b a d i  n 
_____ 

C 1 8  

C8 

CN 

8'7.2k2-9 99.823.7 56.120.8 

80.0f3.1 9 4 . 2 + 1  .O 69.3t0.5 

58.3k2.0 49,820.2 70.021.0 
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FIGURE 5 .  G a s  chromatograms o f  human serum b l a n k s  a f t e r  
t h e i r  s o l i d - p h a s e  e x t r a c t i o n  w i t h  d i f f e r e n t  t y p e s  of  Su- 
p e l c l e a n  LC c a r t r i d g e s .  

Comparison of t h e  e l u t i o n  p r o f i l e s  o b t a i n e d  w i t h  

CN-modified s i l i c a  a f t e r  e l u t i o n  o f  p e n t a c a i n e  and pro-  

p r a n o l o l  f rom w a t e r  ( F i g u r e  4) and from serum ( F i g u r e  

2 )  c lea r ly  shows t h e  i n f l u e n c e  of endogens from serum on  

s o l u t e - s o r b e n t  i n t e r a c t i o n s .  T h i s  i n f l u e n c e  was d i s -  

c u s s e d  i n  d e t a i l  i n  t h e  f i r s t  p a r t  o f  t h e  se r ies .  

I n  t h e  case o f  t h e  h y d r o p h i l i c  s t o b a d i n ,  i t s  e l u -  

t i o n  w i t h  5 ml o f  methanol  w a s  p r a c t i c a l l y  n i l  from a l l  

t h e  t h r e e  t y p e s  o f  bonded s i l i c a  and t h e r e f o r e  no sub-  

s t a n t i a l  phase- to-phase  v a r i a t i o n s  c o u l d  be d e m o n s t r a t e d  

i n  t h e  r a n g e  s t u d i e d .  T h i s  i n d i c a t e s  t h e  p r e s e n c e  o f  one 

s o u r c e  o f  s t r o n g  i n t e r a c t i o n s  f o r  t h e  m o d i f i e d  s i l i ca s  

r e g a r d l e s s  t h e  s u b s t i t u e n t  t y p e  o f  s i l a n o l  g r o u p s ,  i . e .  

i n t e r a c t i o n s  c a u s e d  by p o l a r  groups  s i t u a t e d  on  t h e  s i -  

l i c a  s u r f a c e .  The i n f l u e n c e  o f  endogens from serum on 

t h e  c o n s i d e r a b l e  improvement o f  t h e  e l u t i o n s  of  s t o b a d i n  

from t h i s  m a t r i x  i n  compar ison  w i t h  e l u t i o n s  from w a t e r  

( F i g u r e s  2 and 4) c o r r o b o r a t e  t h e  above g i v e n  f i n d i n g s .  
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The r e s u l t s  i n d i c a t e  t h a t  hydrophobic  i n t e r a c t i o n s  

between " t a i l s "  o f  hydrophobic  p e n t a c a i n e  and p r o p r a n o -  

lo1 and o c t a d e c y l  or o c t y l  c h a i n s  o f  C i a -  or C a - s i l i c a  

c a n  f a c i l i t a t e  e l u t i o n  of  t h e  d r u g s  from t h e  s o r b e n t s .  

The l a c k  o f  s o u r c e s  f o r  t h e s e  i n t e r a c t i o n s ,  due e i t h e r  

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

or of t h e  d r u g  ( " n o n - t a i l e d "  h y d r o p h i l i c  s t o b a d i n )  de-  

creases e l u t i o n .  

Another  problem t h a t  a r i s e s  i n  c o n n e c t i o n  w i t h  

phase- to-phase  v a r i a t i o n s  i n  s o l i d - p h a s e  e x t r a c t i o n  is 

t h e  a b i l i t y  of  d i f f e r e n t  p h a s e s  t o  e x t r a c t  or n o t  t o  ex- 
t r a c t  endogenous compounds from b i o l o g i c a l  matrices and 

t h u s  t o  i n f l u e n c e  a s i g n a l - t o - n o i s e  r a t i o  o f  s u b s e q u e n t  

a n a l y t i c a l  methods.  F i g u r e  5 shows chromatograms o f  hu- 

man serum b l a n k s  a f t e r  t h e i r  e x t r a c t i o n  w i t h  d i f f e r e n t  

t y p e s  o f  S u p e l c l e a n  LC c a r t r i d g e s  and c a p i l l a r y  GLC a- 

n a l y s i s .  A s  s e e n  i n  t h e  F i g u r e ,  t h e r e  is a d i f f e r e n c e  

between t h e  chromatograms of  t h e  e x t r a c t s  f rom t h e  C i 8 -  

and C e - s o r b e n t  on t h e  one  hand and t h e  e x t r a c t  o b t a i n e d  

a f t e r  e x t r a c t i o n  u s i n g  t h e  CN-sorbent o n  t h e  o t h e r  hand. 

C o n s i d e r a b l y  more p e a k s  are o b s e r v a b l e  i n  t h e  chromato-  

gram a f t e r  C N - e x t r a c t i o n .  

To summarize t h e  r e s u l t s ,  i n  a d d i t i o n  t o  p o l a r  i n -  

t e r a c t i o n s ,  v a r i o u s  t y p e s  o f  i n t e r a c t i o n s  d e p e n d i n g  on 

hydrophobic  p r o p e r t i e s  o f  d r u g s  as w e l l  as on s i l i c a -  

- m o d i f i e r s  w e r e  d e m o n s t r a t e d  i n  SPE o f  b a s i c  d r u g s .  H y -  

d r o p h o b i c  i n t e r a c t i o n s  between d r u g s  c o n t a i n i n g  a hydro-  

p h o b i c  " t a i l "  ( p e n t a c a i n e ,  p r o p r a n o l o l )  and hydrophobic  

s o r b e n t s  ( C i a ,  C e )  f a c i l i t a t e d  n o t  o n l y  a d s o r p t i o n  t o ,  

b u t  a l so  e l u t i o n  from t h e  C i e  and C a - s o r b e n t s .  A l a c k  of  

t h e s e  i n t e r a c t i o n s  c a n  c a u s e  d i f f i c u l t i e s  i n  t h e  e l u t i o n  

s t e p .  The d i f f e r e n c e s  i n  t h e  b e h a v i o r  o f  hydrophobic  and 

h y d r o p h i l i c  d r u g s  are b e t t e r  m a n i f e s t e d  i n  t h e i r  s o l i d -  

-phase  e x t r a c t i o n  from w a t e r  t h a n  from serum,  s i n c e  i n  
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t h e  l a t t e r  s e r u m  e n d o g e n s  mask  polar goups  of  t h e  s i l i c a  

:> : r r face  ar,d t h u s  f a c i l i t a t e  e l u t i o n  o f  d r u g s .  

I n  a d d i t i o n  t,o p h a s e - l o - p h a s e  v a r i a t i o n s  1n SPF o f  

( irLigz3,  also v a r i a t i o n s  o f  o t h e r  compounds i n v o l v e d ,  

e . g .  eridogens f rom s e r u m ,  were shown t o  i n f l u e n c e  t h e  

. g i ~ a l i t y  o f  t h e  e x t r a c t i o n .  
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