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QUANTITATIVE ANALYSIS OF TERBUTALINE (BRICANYL ) 

I N  HUMAN PLASMA WITH L I Q U I D  CHROMATOGRAPHY AND 
ELECTROCHEMICAL DETECTION USING ON-LINE ENRfCHMENT 

S .  Bergquist 
Technical Ana ly t i ca l  Chemistry, Chemical Center 

P.O.B. 740, S-220 07 Lund (Sweden) 

L.-E. Edholm 
Pharmacokinetic Laboratory, AB Draco 

P.O.B. 1707, 5-221 01 Lund (Sweden) 

and * 

ABSTRACT 

A l i q u i d  chromatographic method w i t h  electrochemical de tec t i on  
(LC-EC) has been developed f o r  the q u a n t i t a t i v e  analys is  o f  terbuta-  
l i n e  i n  the range 5-50 pmole m l - '  o f  human plasma. Te rbu ta l i ne  i s  
i s o l a t e d  from 2 m l  of plasma on an ion-exchange column and the e lua te  
i s  concentrated on a hydrophobic precolumn on - l i ne  i n  the chromato- 
graphic system. The precolumn i s  then back-f lushed f o r  f u r t h e r  separa- 
t i o n  onto a hydrophobic a n a l y t i c a l  column. The mobile phase i s  a metha- 
nol-aqueous b u f f e r  t o  which sodium perch lorate i s  added t o  achieve 
reso lu t i on  from i n t e r f e r i n g  peaks. A glassy carbon e lect rode i s  used 
f o r  detect ion.  Comparison has been made w i t h  gas chromatography-mass 
spectrometry (GC-MS) t o  examine the accuracy o f  the method. 

I NTRODUCT I ON 

Terbutal ine (Fig.1) i s  a s e l e c t i v e  B2-receptor agonis t ,  w ide ly  

used i n  the treatment o f  asthma (1).  I n  man, the drug i s  i nac t i va ted  

by conjugation, mainly o f  the corresponding sulphate conjugate (2). 

Plasma concentrat ions o f  unchanged drug, t h a t  have been associated 

w i t h  e f f e c t i v e  therapy, are i n  the range o f  10-30 pmole m l - ' ,  Because 

o f  the low concentrat ions and the complexity o f  the sample, s e n s i t i v e  

and s e l e c t i v e  de tec t i on  i s  necessary f o r  the assay o f  t e r b u t a l i n e  

l eve l s  i n  plasma. Up t o  now on ly  methodsbased on gas chromatograhy-mass 

spectrometry (GC-MS) have met these requirements (3,4,5). 

* To whom correspondence should be sent. 
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F IGURE 1 

S t r u c t u r a l  formulas o f  t e r b u t a l  i n e  and i n t e r n a l  standard.  

The complex b i o l o g i c a l  m a t r i x  a l s o  necess i ta tes  a s e l e c t i v e  

c lean-up procedure. TerbutaTine can be e x t r a c t e d  t o  o r g a n i c  sol- 

vents,  e i t h e r  as  z w i t t e r i o n  ( 4 ) ,  as an i o n - p a i r  (3,6) o r  i s o l a t e d  

by ion-exchange chromatography as descr ibed by Jacobsson e t  al. (5)  
The o b j e c t i v e  o f  the present  work has been t o  develop a l ess  

expensive and more g e n e r a l l y  access ib le  method than GC-MS f o r  t he  ana- 

l y s i s  o f  t e r b u t a l i n e  i n  concen t ra t i ons  no rma l l y  found i n  the therapeu- 

t i c  s i t u a t i o n .  The combinat ion o f  an e lec t rochemica l  d e t e c t o r  w i t h  

1 i q u i d  chromatography (LC-EC) i s  a w e l l  e s t a b l i s h e d  and powerfu l  tech-  

n ique f o r  s e n s i t i v e  and s e l e c t i v e  a n a l y s i s  o f  pheno l i c  compounds. For 

phenols w i t h  a low o x i d a t i o n  p o t e n t i a l ,  l i k e  catecholamines, h i g h  se lec -  

t i v i t y  and d e t e c t a b i l i t y  down to less  than one pinole i n j e c t e d  amount 

has been ob ta ined  ( 7 , 8 , 9 ) .  LC-EC may a l s o  be favourab le  f o r  t h e  ana- 

l y s i s  o f  many o t h e r  phenols,  bu t  o f t e n  h ighe r  e l e c t r o d e  p o t e n t i a l s  

have t o  be used a t  t he  expense o f  s e l e c t i v i t y  t o  o b t a i n  pmole s e n s i t i -  

v i t y  ( 1 0 ) .  T e r b u t a l i n e  i s  a r e s o r c i n o l  d e r i v a t i v e  w i t h  the two hydro- 

xy lgroups s u b s t i t u t e d  metha t o  each o the r .  The fo rma t ion  o f  a quinone 

s t r u c t u r e  i s  impossib le  and thus t e r b u t a l i n e  o x i d a t i o n  d i f f e r  mechanis- 

t i c a l l y  f rom catecholamine o x i d a t i o n .  Another problem t o  take i n t o  con- 

s i d e r a t i o n  i n  the  development o f  an a n a l y t i c a l  method f o r  t e r b u t a l i n e  

i s  i t s  l i a b i l i t y  t o  reac t  w i t h  t races  o f  aldehydes present  i n  o r g a n i c  

so l ven ts  ( l l ) ,  which makes a c a r e f u l  s e l e c t i o n  and hand l i ng  o f  t he  

so l ven ts  used f o r  i t s  e x t r a c t i o n  necessary. For the i s o l a t i o n  o f  t e r -  

b u t a l  ine,  t he  ion-exchange procedure,  descr ibed by Jacobsson e t  al. ( 5 ) ,  
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TERBUTALINE I N  HUMAN PLASMA 5 6 1  

was u t i l i z e d  i n  t h i s  work. T o  concentrate the  e l u a t e  f rom the  i on -  

-exchanger, we used a precolumn mounted i n  the  l oop -pos i t i on  o f  a va lve-  

- i n j e c t o r  . 

EXPERIMENTAL 

Apparatus 

F ig .2  i s  a schematic rep resen ta t i on  of t he  LC system used. 

A \daters Model M 4 5  (Water Assoc.Mi l ford,  Mass. U.S.A.) s o l v e n t  d e l i v e r y  

system, equipped w i t h  a Glenco (Glenco S c i e n t i f i c  Inc., Houston, 

Texas, U.S.A.) pu l se  dampener, was used. Samples were i n j e c t e d  

w i t h  a Valco (Valco Instruments Co., Houston, Texas, U.S.A.)  

CV-6-UHpa-N60 i n j e c t o r .  The t h i n - l a y e r  amperometric d e t e c t o r  

( B i o a n a l y t i c a l  Systems, West La faye t te ,  Ind., U.S.A.) comprised the  

f o l l o w i n g  p a r t s :  a Model LC-4 p o t e n t i o s t a t ,  a TL-4 o r  TL-5 g lassy  

carbon e l e c t r o d e  and an Ag/AgCI (3  M NaCI) re ference e lec t rode .  The 

work ing p o t e n t i a l  was + 0.9 V. The d e t e c t o r  was housed i n  a draught 

f r e e  Faraday cage. For c e n t r i f u g a t i o n  o f  plasma, an Eppendorf c e r i t r i -  

fuge Model 5412 (Eppendorf, G.F.R.) was used. 

Co 1 umns 

For enr ichment a Waters guard column (23 x 3.9 mm I . D . )  mounted 

i n  the  loop p o s i t i o n  o f  a Valco i n j e c t o r ,  was dry-packed w i t h  c,8 
pack ing m a t e r i a l  ob ta ined  f r o m  SepPakM C,8 c a r t r i d g e s  (Waters Assoc.). 

3 ml eluate from 
ion-exchange 
column I enrichment analytical column detector 

inject ion 
valve 

column 

FIGURE 2 

A schematic rep resen ta t i on  of t he  equipment used. 3 m l  e l u a t e  f rom 
the  ion-exchange column i s  manual ly i n j e c t e d  on to  the  enr ichment 
column and subsequent ly backf lushed on to  the a n a l y t i c a l  column. 
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5 62 BERGQUIST AND EDHOLM 

The a n a l y t i c a l  column (200 x 5 mm I .D.)  was packed w i t h  10 p a r t i c l e s  

o f  Nuc leos i l  C,8 (Macherey-Nagel 8 Co., D i ren ,  G.F .R . )  accord ing t o  the 

procedure descr ibed by Edholm e t  al. (9). 

CheFi ca l  s 

Te rbu ta  1 i ne [ 1 - (3,5-d i hyd roxypheny 1 1-2- ( t - b u t y  1 amino) e thanol  1 
and the  i n t e r n a l  s tandard [ 1 - (3,s-d i hydroxyphenyl ) -2- (1  , 1 -d imethy l  pro-  

p y l  amino)ethanol ]  were supp l i ed  by AB Draco (AB Draco, Lund, Sweden). 

The cat ion-exchanger was B io rad  AG 50W-X2, 100-200 mesh (B io rad  Lab., 

Richmond, C a l i f . ,  U.S.A. ) ,  i n  t he  H+ form. Sodium hydrox ide p.a. was 

from EKA (EKA AB, Sur te ,  Sweden). Methanol was HPLC grade (Rathburn 

Chemicals, Walkerburn, Great B r i t a i n ) .  A l l  water  used was p u r i f i e d  w i t h  

a M i l l i  Q system ( M i l l i p o r e  Corp., Bedford,  Mass., U . S . A .  

A l l  o t h e r  chemicals were o f  a n a l y t i c a l  grade f rom Merck (E.Merck, 

Da rms t a d t  , G . F. R. ) . 
Bu f fe rs  

S o d i m  phosphate buffer lp.5’ 7..60.). Sodium d i  hydrogen phosphate mono- 

hyd ra te  (345 mg) and disodium hydrogen phosphate d i h y d r a t e  (445 mg) were 

d i sso l ved  i n  500 m l  of water  and the  pH was ad jus ted  t o  7.50 ? 0.01 w i t h  

1 M sodium hydrox ide.  

S o d i m  carbonate buffer (pH 1 1 ) .  Sodium carbonate decahydrate (14.3 g) 

and sodium c h l o r i d e  (58.4 g) were d i sso l ved  i n  1000 ml o f  water.  

Mobile phase buffer (pH 6.00) .  C i t r i c  a c i d  monohydrate (26.3 g) 

and or thophosphor ic  a c i d  (14.5 g) were d i sso l ved  i n  5000 m l  o f  

water  and the pH was ad jus ted  t o  6.00 ? 0.01 w i t h  5 M sodium hy- 

d r o x i  de. 

Mobi le  phase 

The composi t ion was 12:88 (v/v) methano l -bu f fe r  t o  which anhyd- 

rous p e r c h l o r a t e  (50 mM) was added t o  enhance r e s o l u t i o n .  The mobi le  

phase was degassed f o r  f i v e  minutes under vacuum and cont inuous s t i r -  

r i n g .  

Standard s o l u t i o n s  and c a l i b r a t i o n  curve 

Stock s o l u t i o n s  f o r  t e r b u t a l i n e  and i n t e r n a l  s tandard were pre-  

pared i n  water,  g i v i n g  concen t ra t i ons  o f  183 and 165 urnole 1 - l  re-  

spec t i ve l y .  Working standards were prepared by d i l u t i n g  s tock  s o l u t i o n s  

w i t h  water .  
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TERBUTALINE I N  HUMAN PLASMA 563 

C a l i b r a t i o n  curves were prepared by adding working standards t o  

2.00 m l  o f  plasma, g i v i n g  concentrat ions i n  the range 3.67-36.7 pmole 

m 1 - l  a t  seven d i f f e r e n t  l eve l s  fo r  t e r b u t a l i n e  and 33 .0  pmole m l - l  f o r  

the i n t e r n a l  standard. Each c a l i b r a t i o n  p o i n t  was run i n  dupj icate.  

Preparation o f  ion-exchanger 
+ A 6 0 - m l  volume o f  r e s i n  (H form) was added t o  200 m l  o f  water and 

allowed t o  swell  over n i g h t .  The s l u r r y  was packed i n  a glass column, 

washed w i t h  150 m l  o f  1.0 M sodium hydroxide t o  get  the ion-exchanger 

i n  sodium form and then washed back t o  neu t ra l  w i t h  water. The ion- 

-exchange r e s i n  was packed t o  a he igh t  of SO mm i n  glass columns 

(100 x 5 mm I . D . ) ,  f i t t e d  w i t h  35 m l  r ese rvo i r s  a t  the top and a glass 

pear l  i n  the bottom t o  ho ld  the res in .  Immediately before use, t he  

r e s i n  was washed twice w i t h  3 m l  o f  the pH 11 b u f f e r  and subsequent- 

l y  back t o  neu t ra l  pH by washing th ree  times w i t h  3 m l  o f  water. 

Ana ly t i ca l  procedure 

The plasma was cen t r i f uged  f o r  60 seconds a t  15000 rpm (10000 g) 

t o  get  r i d  o f  p r o t e i n  residues. A 2.00-ml volume o f  plasma, 0.5 m l  o f  

the pH 7.50 b u f f e r  and 100 ul i n t e r n a l  standard were mixed i n  a 10 m l  

glass tube. The mixture was t rans fe r red  t o  the ion-exchanger w i t h  a 

pasteur p i p e t t e .  The g lass tube was washed three times w i t h  3 m l  

po r t i ons  o f  water which were subsequently added t o  the ion-ex- 

changer. A f t e r  t h i s  washing procedure, the column was e l u t e d  three 

times w i t h  1 m l  o f  the pH 11 b u f f e r  i n t o  glass tubes conta in ing 

100 p1 o f  2 M hydrochlor id  a c i d  f o r  the adjustment o f  pH t o  6. The 

t o t a l  a c i d i f i e d  ion-exchange e lua te  was i n j e c t e d  w i t h  a syr inge i n t o  

the enrichment column. The enrichment column was the rea f te r  switched 

i n t o  the HPLC eluent  stream and backflushed onto the a n a l y t i c a l  column. 

Quan t i t a t  i on  -- 
For q u a n t i t a t i o n ,  the peak height  r a t i o  between t e r b u t a l i n e  and 

the i n t e r n a l  standard was ca l cu la ted  and p l o t t e d  versus concentrat ion. 

Least square l i n e a r  regression o f  the data was used t o  e s t a b l i s h  the 

c a l i b r a t i o n  curve. 

Recovery 

The t o t a l  absolute recovery o f  the method was tes ted  on spiked 

plasma samples, t h a t  were taken through the e n t i r e  a n a l y t i c a l  proce- 

dure. Comparison was made w i t h  d i r e c t l y  i n jec ted  aqueous samples. 
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5 64 BERGQUIST AND EDHOLM 

The recovery  i n  the  enr ichment s t e p  was t e s t e d  by re -ana lys i s ,  

a t  t he  h i g h e s t  s e n s i t i v i t y  p o s s i b l e ,  o f  t h e  s o l u t i o n  go ing  t o  waste 

i n  the  l o a d i n g  o f  t h e  sample o n t o  t h e  enr ichment column. 

RESULTS AND DISCUSSION 

I so 1 a t  i on procedure 

T e r b u t a l i n e  i s  a h y d r o p h i l i c  compound, c o n t a i n i n g  bo th  weak 

a c i d i c  and b a s i c  f u n c t i o n a l  groups: 

pkal (pheno l )  = 8.8, pka2 (amine) = 10.1, pka 

These p r o p e r t i e s  r e s t i c t  i t s  i s o l a t i o n  f rom an aqueous phase by 

s o l v e n t  e x t r a c t i o n .  Due t o  the  r i s k  f o r  unwanted s ide - reac t i ons ,  poor 

s e l e c t i v i t y  and poor  recovery  o f  s o l v e n t  e x t r a c t i o n  o f  t e r b u t a l i n e ,  we 

p r e f e r r e d  t o  use a c a t i o n  exchanger f o r  i t s  i s o l a t i o n .  T h i s  has a l s o  

proven t o  be ve ry  u s e f u l  f o r  t h e  a n a l y s i s  o f  t e r b u t a l i n e  i n  plasma 

us ing  GC-MS ( 5 ) .  A t  pH 7.5 t he  amino group o f  t e r b u t a l i n e  i s  i o n i z e d  

A s t r o n g  c a t i o n  exchanger w i  1 1  t h e r e f o r e  s t r o n g l y  r e t a r d  t e r b u t a l  i n e  

a t  t h i s  pH. A t  pH 1 1  t he  p h e n o l i c  groups w i l l  be i on i zed ,  w h i l e  t h e  

amino group i s  n e u t r a l ,  thus  a l l o w i n g  the  substance to  be e l u t e d .  

The e l u a t e  volume f rom the  ion-exchanger i s  q u i t e  l a r g e  ( 3  ml) and 

i con ta ins  h i g h  concen t ra t i ons  o f  s a l t  (1M NaCl),  which i s  used t o  

f u r t h e r  enhance t h e  e l u t i o n  o f  t e r b u t a l i n e  w i t h  t h e  pH 1 1  b u f f e r .  

To concen t ra te  t h e  e l u a t e ,  a t r a c e  enr ichment techn ique was used (12). 

To a l l o w  manual s y r i n g e  i n j e c t i o n  o f  sample on to  t h e  enr ichment 

(pheno l )  = 11.2 ( 5 ) .  3 

column, minicolumns (3-5 mm) f i l l e d  w i t h  10 pm p a r t i c l e s  as used by 

Van V l i e t  e t  a l  (13) were t r i e d .  They were found u n s a t i s f a c t o r y  f o r  

r e l i a b l e  work due t o  c l o g g i n g  o f  c a p i l l a r i e s  and i n j e c t o r  channels.  

Ins tead longer  (23 mm) commerc ia l l y  a v a i l a b l e  precolumns were used. 

I n  t h i s  case l a r g e r  p a r t i c l e s  had t o  be used t o  make manual i n j e c t i o n  

p o s s i b l e .  I t  was found t h a t  e x t r a  band broaden ing  due t o  these l a r g e r  

p a r t i c l e s  i s  n o t  o f  any importance which i s  shown i n  F i g .  3. 
T h i s  was t e s t e d  u s i n F  aqueous standards w i t h  the  same amount 

o f  t e r b u t a l  i n e  and i n t e r n a l  s tandard  added.. Several  l o t s  o f  SepPak 

C 1 8  have been t e s t e d  w i t h o u t  g i v i n g  any marked d i f f e r e n c e s  i n  recovery  

and performance. Other  combinat ions o f  reversed phase m a t e r i a l s  migh t  

be used i f  t h e  f o l l o w i n g  requirements a r e  met: t h e  enr ichment column 

shou ld  g i v e  complete recovery  and good p e r m e a b i l i t y  to  a l l o w  f o r  

manual i n j e c t i o n .  As a n a l y t i c a l  column, a C 1 8  o r  C8  t ype  or  even an 
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FIGURE 3 

Comparison o f  2 0  1.11 l oop  i n j e c t i o n  o f  aqueous s tandard  (A) and en- 
r i c h m e n t  o f  3 ml aqueous s tandard  ( 1  M NaCl, pH 6) t o  s i m u l a t e  
t h e  p r o p e r t i e s  o f  t h e  e l u a t e  f rom the  ion-exchange column ( B ) .  
Cond i t i ons :  Precolumn ( 2 3  x 3.9 mm I . D . )  w i t h  SepPak C18.  
A n a l y t i c a l  column ( 2 0 0  x 5 mm I . D . )  w i t h  N u c l e o s i l  c18  (10 U r n ) .  
E!uent 12/88 (v /v )  MeOH/pH 6 b u f f e r ,  50 mM sodium p e r c h l o r a t e .  
Flow r a t e  2 ml min- ' .  E lec t rochemica l  d e t e c t o r  + 0 .9  V vs Ag/AgCI. 
1 = t e r b u t a l i n e ,  2 = i n t e r n a l  s tandard .  
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F IGURE 4 

Re la t i onsh ip  between capac i t y  f a c t o r s ,  k’, f o r  t e r b u t a l  i n e  ( O ) ,  
i n t e r n a l  s tandard ( A ) ,  a t e r b u t a l  i n e  analogue ( R -  = sec .bu ty l )  
(0) and methanol con ten t  o f  the e l u e n t .  

ion-exchange column (15) c o u l d  be used. In t h e  c o n f i g u r a t i o n  shown 

here,  t he  precolumn has l i t t l e  e f f e c t  on the  t o t a l  c a p a c i t y  f a c t o r .  

The advantages o f  the precolumn technique, compared t o  e n r i c h -  

ment d i r e c t l y  on the  t o p  o f  t he  a n a l y t i c a l  column, a r e  among o t h e r  

t h i n g s :  a n a l y t i c a l  column l i f e  t ime i s  enhanced; most o f  t he  s a l t  

f rom the i n j e c t i o n  medium i s  n o t  passed through the  a n a l y t i c a l  column 

and the  de tec to r .  The l a t t e r  f a c t  i s  impor tan t ,  s ince  i t  g i ves  s h o r t e r  

ana lys i s  t ime and l e s s  d i s tu rbance  o f  t he  d e t e c t i o n .  

Chromatography 

The r e t e n t i o n  o f  t e r b u t a l i n e  and i n t e r n a l  s tandard can be con- 

t r o l l e d  by va ry ing  the  methanol con ten t  i n  the  mobi le  phase (F ig.  4 ) .  
A d d i t i o n  o f  sodium p e r c h l o r a t e  was found t o  be necessary,  i n  o r d e r  t o  

remove an o the rw ise  i n t e r f e r i n g  peak observed i n  b l a n k  plasma. 

Table 1 shows how t h e  separa t i on  o f  t he  t e r b u t a l i n e  peak and the  in-  
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TERBUTALINE IN H W  PLASMA 567 

TABLE 1 

E f f e c t  on separat ion f a c t o r  between t e r b u t a l i n e  and an unknown 

compound 

Sodi umperch l o r a t e  concent r a t  i on  

mM 

Separat ion f a c t o r  ( a )  

0 unresolved 

50 1.24 

100 1.42 

200 1.62 

k' 

C I O ~  -concentration 
I I 

0 10 20 30 40 50 
(mM) 

FIGURE 5 

Re la t i onsh ip  between capac i t y  f a c t o r s ,  k' ,  and the  p e r c h l o r a t e  
concen t ra t i on  o f  t he  e l u e n t .  Symbols as i n  F ig .  4. 
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568 RERGQUIST AND EDHOLM 

t e r f e r i n g  peak i s  i n f l uenced  by the  amount o f  sodium pe rch lo ra te .  

For some batches o f  N u c l e o s i l  C,8, separa t i on  cou ld  be achieved w i t h -  

o u t  t he  a d d i t i o n  o f  sodium pe rch lo ra te .  However, i n  these cases the  

r e t e n t i o n  o f  t e r b u t a l i n e  and i n t e r n a l  s tandard were increased. Al though 

sodium p e r c h l o r a t e  determines the  p o s i t i o n  o f  the  i n t e r f e r i n g  peak, i t  

does n o t  app rec iab l y  a f f e c t  the chromatography o f  t e r b u t a l i n e  and the  

i n t e r n a l  s tandard (F ig .  5 ) .  

E lect rochemical  d e t e c t i o n  

I n  e lec t rochemica l  de tec t i on ,  p r e c i s i o n  and accuracy can o f t e n  be 

enhanced by the  use o f  an a p p r o p r i a t e  i n t e r n a l  standard,  which a l s o  

serves t o  c o r r e c t  f o r  f l u c t u a t i o n s  i n  the  d e t e c t o r  response. The i n t e r -  

n a l  s tandard used i n  t h i s  work, i s  chemica l l y  s i m i l a r  t o  t e r b u t a l i n e  

and t h e i r  e lec t rochemica l  p r o p e r t i e s  a re  thus very much a l i k e  (F ig .  6 ) .  

A P 

Potential 
I 

.6 .7 .a .9 1 .o 1.1 1.2 
( V )  

FIGURE 6 

Hydrodynamic vo l  tammograms o f  t e r b u t a l  i n e  (0) and i n t e r n a l  s tan-  
d a r d  
/AgCI (3 'M NaCI). 

( A ) .  Eluent  as i n  F ig .  3.  The reference e l e c t r o d e  was Ag/ 
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TERBUTALINE IN HUMAN PLASMA 569 

A pH o f  6, i n  the  mobi le  phase, was found opt imal  rega rd ing  peak sym- 

metry and column l i f e  t ime.  Inc reas ing  pH gave l i t t l e e x t r a  d e t e c t o r  

response. The hydrodynamic voltammograms i n d i c a t e  a p l a t e a u  a t  + 0.9 V 

and t h i s  p o t e n t i a l  was found t o  be op t ima l .  S e n s i t i v i t y  was s u f f i c i -  

e n t  and no problems o f  contaminat ion o f  t he  g lassy carbon e l e c t r o d e  

were found. However, a t  p o t e n t i a l s  above + 1 .0  V, i r r e p r o d u c i b l e  re -  

s u l t s  were ob ta ined  w i t h  contaminat ion of the  e lec t rode .  

Method v a l i d a t i o n  

Since the  p r i n c i p a l  a im o f  t he  present  work was t o  eva lua te  

whether LC-EC i s  a s u i t a b l e  a l t e r n a t i v e  f o r  t he  a n a l y s i s  o f  t e rbu ta -  

l i n e  i n  human plasma, athoroughmethod v a l i d a t i o n  i s  n o t  presented a t  

t h i s  stage. A t  present  s e l e c t i v i t y ,  accuracy, p r e c i s i o n  and recovery 

have been t e s t e d  on a l i m i t e d  m a t e r i a l .  Future work w i l l  g i v e  more 

i n f o r m a t i o n  on the  usefu lness of t h e  proposed method, e s p e c i a l l y  i n  

c l i n i c a l  work. 

The s e l e c t i v i t y  o f  t he  method was t e s t e d  by co-chromatography o f  

t h e  p r i n c i p a l  t e r b u t a l i n e  m e t a b o l i t e  (2 ) .  Also we have n o t  found any 

i n t e r f e r i n g  peaks i n  plasma f rom a number o f  i n v e s t i g a t e d  hea l thy  

vo lun tee rs .  

The accuracy of  t h e  method was t e s t e d  by comparison w i t h  a GC-MS 

method (5) i n  t he  range 5 - 50 pmole m l - ’  , us ing  plasma f rom h e a l t h y  

vo lun tee rs  a f t e r  o r a l  i n take  of 5 or  10 mg of Bricanyl@ ( t e r b u t a l i n e  

su lphate) .  See F ig.  7.  The data a r e  presented i n  Table I I .  L inear  re-  

g ress ion  gave a l i n e  w i t h  equat ion 

(LC-EC) = 1.014 (GC-MS) + 1 . 1 2  

r = 0.9980 

A convenient  way t o  show d i f f e r e n c e s  i n  the  comparison o f  two 

methods i s  t o  p l o t  the r e l a t i v e  va lues found by t he  t w o  methods 

aga ins t  the mean values found by the  two methods as proposed by 

Eksborg (14).  See F i g .  8. The p l o t  c l e a r l y  shows t h a t  s l i g h t l y  h i g -  

h e r  values a r e  ob ta ined  w i t h  the  LC-EC method. A t  low concen t ra t i ons  

(5  pmole m1- l )  

p r e c i s i o n  becomes poorer .  See Table I l l .  T h i s  i s  p a r t l y  due t o  d i f f i -  

c u l t i e s  i n  e s t a b l i s h i n g  a c o r r e c t  base l i ne .  A s l o p i n g  base l i ne  i s  

o f ten  encountered when us ing  e lec t rochemica l  d e t e c t o r s  a t  h i g h  

s e n s i t i v i t y .  T h i s  problem can be p a r t l y  overcome by u s i n g  a column 

s w i t c h i n g  technique ( 1 5 ) .  

t he  LC-EC method becomes less  accurate and a l s o  t h e  
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in 

i 

A 

0.25 nA I 

i 

B 

2 

0.25 nA I 
1 

1 

0 4 8 12 16 20 0 4 8 12 16 20 
minutes minutes 

FIGURE 7 

Chromatograms o f  b lank plasma (A! and plasma f rom a h e a l t h y  vo lun-  
t e e r  ( 1 2  pmole m1-l) a f t e r  a s i n g l e  o r a l  dose o f  B r i c a n y l  (B). 
Condi t ions as i n  F ig .  3. 1 = t e r b u t a l i n e ,  2 = i n t e r n a l  standard,  
i = i n t e r f e r i n g  peak, t h e  magnitude o f  t h i s  peak v a r i e d  i ncons is -  
t e n t l y .  
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TERBUTALINE I N  HUMAN PLASMA 

TABLE I I  

571 

Comparison o f  LC-EC w i t h  GC-MS. Plasma samples were drawn f rom 

hea l thy  vo lun tee rs  a f t e r  o r a l  i n t a k e  o f  5 o r  10 mg B r i c a n y l  

( t e r b u t a l  i n e  su lphate)  

8 

~ - 

Subject  Hours a f t e r  GC-MS LC-EC Mean va lue R a t i o  

i n t a k e  LC-EC/GC-MS 

p m l e  m l - ’  p m l e  m l - l  pmole m l - ’  

1 2 22.6 24.6 23.6 1.09 
1 6 8 .3  8.9 8.6 1.07 
2 2 24.8 25.6 25.2 1.03 
2 6 5.5 6.8 6.2 1.24 
3 2 31.1 33.7 32.4 1.08 
3 6 13.9 15.1 14.5 1.09 
3 10 5.9 7.0 6 .4  1 . l 9  
4 2 6.2 7.6 6.9 1.23 
4 6 15.8 18.0 16.9 1.14 
4 10 4.9 6.5 5.7 1.33 
5 2 43.5 44.6 44.1 1 . 0 2  

5 6 15.5 15.8 15.6 1.02 
5 10 7.6 7.9 7 .8  1.04 
6 2 13.6 16.0 14.8 1.18 

TABLE I l l  

I n  t ra-day v a r i a t i o n  

Conc. l e v e l  ( p m l e  m1-l) 5 
% Rel. stand. dev. 8 
n 4 

50 
0 .3  

4 
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Ratio 

LC-EC/GC-MS 

1.6 

.8 

.6 

.4 

.2 

0 1  

BERGQUIST AND EDHOLM 

- 
- 
- 

Mean - value 

I I 1 I I 1 I 1 I 

1.4 1 
0 

FIGURE 8 

P l o t  o f  t h e  r a t i o  between t h e  va lues  found w i t h  LC-EC and GC-MS 
a g a i n s t  t h e  mean va lues  found by t h e  two methods. 

TABLE I V  

Abso lu te  recovery  (%)  

Enr ichment column 100 

T o t a l  p rocedure  912  2 
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TERBUTALINE IN HUMAN PLASMA 5 7 3  

L inear  regress ion o f  data f rom the  c a l i b r a t i o n  curve gave t h e  

f o l l o w i n g  equat ion and c o r r e l a t i o n  c o e f f e c i e n t  

Y = 0.282 ( 2  0.001) * X - 0.028 ( ?  0.005) 

r = 0.9986 (f 0.0006) 

n = 3 
The abso lu te  recovery o f  t e r b u t a l i n e  a t  50 pmole m 1 - l  was measured 

( th ree  c a l i b r a t i o n  curves ob ta ined  on t h r e e  d i f f e r e n t  occasions) 

as descr ibed i n  Exper imental .  The data a r e  presented i n  Table I V .  

CONCLUSIONS 

A new, s imple l i q u i d  chromatographic method has been developed f o r  

t he  assay o f  t e r b u t a l i n e  i n  human plasma. I t  is  considered t h a t  t he  met- 

hod w i l l  be u s e f u l  f o r  both c l i n i c a l  and pharmacokinet ic  s tud ies .  Hope- 

f u l l y  i t  w i l l  be an impor tant  complement t o  GC-MS methods, which s t i l l  

w i l l  be requ i red  f o r  pharmacokinet ic  work a t  concen t ra t i ons  below 

5 pmole m 1 - l  i n  plasma. As a f u r t h e r  development o f  t he  technique 

presented here, we a r e  p r e s e n t l y  i n v e s t i g a t i n g  a column s w i t c h i n g  

c o n f i g u r a t i o n  based on the  o n - l i n e  coupled enr ichment column. P r e l i -  

minary r e s u l t s  i n d i c a t e  t h a t  t h i s  system can be e a s i l y  automated. 
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