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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION OF 

AROTINOLOL AND AC 623, ITS MAIN 
METABOLITE, IN BIOLOGICAL SAMPLES 

A. MOULIN, E. MAILLET, 
D. "'RUFFEX, AND A. DUFOUR 

&&rtemnt de B~opbmu& 
Lab0rabire.s DELAGMNGE 

1 avenue Pime Brossolette 
91380 Chilly Mazarin, France 

Aro t ino lo l  and i t s  main me tabo l i t e ,  AC 623, both an t ihyper -  
t e n s i v e  agents  w i th  6 blocking p r o p e r t i e s  were simultaneously 
determined i n  human plasma and u r i n e ,  us ing  s o l i d - l i q u i d  ex t r ac -  
t i o n  and reversed  phase HPLC wi th  f l u o r i m e t r i c  d e t e c t i o n  ; U.V. 
d e t e c t i o n  could b e  added as a f u r t h e r  con t ro l  of t h e  s p e c i f i c i t y  
of t h e  method. 

Ex t rac t ion  y i e l d s  were s a t i s f a c t o r y  and s tab le .  C a l i b r a t i o n  
curves  i n  plasma of 0 t o  100 ng/ml Aro t ino lo l  and 0 t o  10 ng/ml 
AC 623 were used ; i n  u r ine  concent ra t ions  of 0 t o  1000 ng/ml of 
both drugs were quant i f ied .  Concentrations of 2 ng/ml Aro t ino lo l  
and 1 ng/ml AC 623 i n  plasma and of 20 ng/ml of both drugs i n  
u r i n e  could be quan t i f i ed  with good accuracy. 

R e p e a t a b i l i t y  ( in t ra -day  ; n = 6) w a s  s tud ied  a t  3 concen- 
t r a t i o n s  covering t h e  s tandard  curve ranges. Reproducib i l i ty  was 
es t imated  from c a l i b r a t i o n  curves (10 i n  plasma and i n  u r ine )  
c a r r i e d  ou t  dur ing  a pharmacokinetic study i n  man. S p e c i f i c i t y  
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152 MOULIN ET AL. 

was v e r i f i e d  i n  gene ra l  and wi th  r ega rds  t o  another  me tabo l i t e  
p re sen t  i n  man. 

The method i s  shown t o  be w e l l  adapted f o r  a c c u r a t e  determi- 
n a t i o n  of A r o t i n o l o l  and i t s  main m e t a b o l i t e  i n  b i o l o g i c a l  
samples dur ing  pharmacokinetic and c l i n i c a l  s t u d i e s .  

INTRODUCTION 

A r o t i n o l o l  (5 - [2 - [ (3 - t e r t i a ry  butylamino-2-hydroxypropyl) 

thio]-4-thiazolyl]-2-thiophenecarboxamide hydroch lo r i c  a c i d )  and 

i t s  main me tabo l i t e ,  AC 623 (5-[2-(3-tertiarybutylamino-2-hydro- 

xypropyl)thio-4-thiazolyl]-2-thiophenecarboxylic a c i d  hydro- 

c h l o r i d e ) ,  have been s t u d i e d  i n  Japan i n  animal and man. 

A r o t i n o l o l  possesses  ci and B blocking  p r o p e r t i e s  (1, 2 ,  3 ,  

4). This  compound has been launched i n  Japan as A l m a r l R  by 

Sumitomo f o r  t h e  o r a l  t r ea tmen t  of angina p e c t o r i s ,  tachy-ar- 

rythmias and e s s e n t i a l  hyper tens ion  (5). 
Pharmacokinetic s t u d i e s  have been worked o u t  i n  Japan i n  

animal and man. 

The a i m  of t h i s  work i s  t o  supply a s u i t a b l e  and s e n s i t i v e  

a n a l y t i c a l  method f o r  de te rmining  t h e  racemic form of both 

compounds ( A r o t i n o l o l  and i t s  a c i d i c  me tabo l i t e )  i n  b i o l o g i c a l  

samples r e s u l t i n g  from t h e  pharmacokinetic and c l i n i c a l  s t u d i e s  i n  

Caucasian and a s i a n  sub jec t s .  The knowledge of t h e  behaviour of 

t h e  drug i n  Caucasian and european s u b j e c t s  i s  necessary  t o  ob ta in  

agreement f o r  marketing of t h e  drug i n  Europe. 

Materials 

A r o t i n o l o l  and AC 623 racemates were purchased from SUMITOMO 

( Japan) ,  whi le  A lp i rop r ide ,  used as i n t e r n a l  s t anda rd ,  was 

purchased from Labora to i r e s  DELAGRANGE (France) .  
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AROTINOLOL AND AC 623 153 

Acetonitrile, methanol and chloroform for fluorimetry and 

RPE triethylamine were supplied by CARL0 ERBA ; diethylether for 

analysis and n-hexane for HPLC were supplied by FISONS. 

Solutions to prepare the phosphate buffer were supplied by 

MERCK and tetrabutylammonium chloride was supplied by KODAK. 

Water for HPLC was obtained with a milli-Q system (MILLIPORE). 

Standard Solutions 

Stock solutions in methanol were prepared as a mixture of 

Arotinolol and AC 623 at concentrations of 0.1 mg/ml Arotinolol 

and 0.025 mg/ml AC 623 (solution 1) and at 0.1 m g / m l  Arotinolol 

and 0.1 mg/ml AC 623 (solution 2). Standard solutions in water 

were obtained by a ten fold dilution of the stock solutions. 

A stock solution in methanol at 0.25 mg/ml Alpiropride was 

prepared and diluted fifty fold with water to obtain the standard 

solution (5 ug/mll. 

Calibration Curves and Spikes 

For plasma (1 ml), standard curves containing 2, 4 ,  10, 20, 
40 and 60 ng/ml Arotinolol and 0.5, 1, 2.5, 5, 10 and 15 ng/ml AC 

623 and 250 ng/ml internal standard were prepared by spiking 

blank plasma. 

For urine (100 ul) standard curves containing 20, 40,  100, 
200, 400, 600 and 1000 ng/ml Arotinolol and AC 623 with 500 ng/ml 
internal standard were obtained by spiking blank urine. 

Plasma spiked concomitantly with Arotinolol and AC 623 at 

concentrations of 4 ,  40 ng/ml and 1 and 10 ng/ml respectively 
were analysed as control samples (spikes) with each series of 

determinations, together with the calibration curve and blanks. 
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154 MOULIN ET AL. 

Urine spiked concomitantly with A r o t i n o l o l  and AC 623 a t  

concen t r a t ions  of 40 ,  200, 600 ng/ml f o r  each drug were used as 

c o n t r o l  samples f o r  determinat ion i n  ur ine.  

Instruments  

Sol id  phase e x t r a c t i o n  was c a r r i e d  ou t  on a Baker-SPE-21 

e x t r a c t o r  with t e f l o n  screens.  

High performance l i q u i d  chromatography w a s  performed wi th  an 

automatic sampler (GILSON 2311, a pump (GILSON 303) with a pulsa- 

t i o n  dumper (GILSON 802 C) and a d i l u t o r  (GILSON 401). F luo r i -  

m e t r i c  (SHIMADZU RF 535) and u l t r a v i o l e t  (SHIMADZU SPD-6A) 

d e t e c t i o n  was recorded by an i n t e g r a t o r  (SHIMADZU CR4A). 

Sample Prepa ra t ion  

Simultaneous e x t r a c t i o n  of A r o t i n o l o l  and AC 623 from plasma 

o r  u r i n e  w a s  performed by s o l i d  phase e x t r a c t i o n  using C 1 8  Baker- 

bond columns of 1 m l  capaci ty .  

Plasma (1 m l ) ,  t o  which Alp i rop r ide  was added as i n t e r n a l  

s tandard (50 u l  of t h e  5 ug/ml s tandard s o l u t i o n )  w a s  placed on 

t h e  columns ( r i n s e d  be fo re  use with methanol). 

Pure o r  d i l u t e d  u r i n e  (100 u l )  w a s  mixed with 250 u l  blank 

plasma, and 100 u l  of t h e  Alp i rop r ide  i n t e r n a l  s tandard s o l u t i o n  

(5  ug/ml) ; t h e  mixture w a s  placed on t h e  columns. 

Washing occured wi th  water (3  X 1 ml) and a mixture  of 

d i e t h y l e t h e r  / n-hexane (50/50 ; V/V> ( 3  X 1 ml). 

E l u t i o n  of t h e  drugs from t h e  columns was performed with a 

mixture  chloroform / t r i e thy lamine  (90/10 ; V/V) ( 2  X 1 ml). The 

o rgan ic  phase was evaporated under vacuum ; t h e  r e s idue  w a s  taken 

up by 150 u l  of mobile phase f o r  HPLC and 100 u l  were analysed. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



AROTINOLOL AND AC 623 155 

Chromatographic Conditions 

Samples (100 ul) were in j ec t ed  with an automatic i n j e c t o r  

i n t o  t h e  HPLC-system. Chromatographic sepa ra t ion  occured on an 

ODS h y p e r s i l  column (5 um ; 4.6 mm X 25 cm) wi th  a C 1 8  guard 

column (7 um ; 4.6 X 1.5 cm) a t  25°C us ing  a mixture a c e t o n i t r i -  

l e  / methanol / phosphate bu f fe r  1 / 1 5  M a t  pH = 5.6 conta in ing  

6.10-4 M tetrabutylammonium ch lo r ide  (150/150/900) a t  a flow r a t e  

of 1.2 ml/min. 

F luo r ime t r i c  de t ec t ion  was r e a l i z e d  wi th  a e x c i t a t i o n  of 

310 nm and an emission of 395 nm, and could be coupled wi th  UV 

d e t e c t i o n  a t  310 nm t o  ensure  f o r  f u r t h e r  s p e c i f i c i t y  cont ro l .  

Chromatograms were recorded and peak he ight  r a t i o s  of drugs 

and i n t e r n a l  s tandard  were ca lcu la ted .  

Q u a n t i f i c a t i o n  

Concent ra t ions  a r e  determined by l i n e a r  r eg res s ion  a n a l y s i s  of t h e  

s tandard  curve peak he igh t  r a t i o s  and concent ra t ions  spiked. 

RESULTS AND DISCUSSION 

Retent ion  times 

They were r e spec t ive ly  €or Aro t ino lo l ,  AC 623 and t h e  

i n t e r n a l  s tandard  10.0, 8.0 and 4.7 min. Another me tabo l i t e  of 

Aro t ino lo l  ex t r ac t ed  under t h e  same condi t ions  appeared a t  

6.6 min. 

Blank plasma and u r i n e  d id  no t  show any in t e r f e rences  wi th  

t h e s e  compounds. Typica l  chromatograms a r e  presented i n  f i g u r e s  1 

t o  4. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Typical Chromatograms i n  plasma and Urine 
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Fig 1 : 0 ns Arotinolol 
0 ng AC 623 
in plasma 
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F i g  2 : 20 ng drotinolol 
5 ng AC 623 

i n  plasma 
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Fig 3 : 0 ng Arotinolol 
0 ng AC 623 
in urine 
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Fig 4 : 20 ng Arotinolol 

20 ng AC 623 
in urine 
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AROTINOLOL AND AC 623 

TABLE 1 

157 

Ext rac t ion  Yields Using Simultaneous So l id  Phase Ex t rac t ion  (n = 

4) 

Biologica l  Plasma Extraction CV (%) Urine Ext rac t ion  CV (%) 
Samples Conc. y i e l d  (%) Conc. y i e l d  (%I 
Drug ( n g / m l )  (ng/ml) 

Aro t ino l o  1 4 72 6 20 9 4  2 
40 73 4 400 93 1 

100 76 6 1000 79 3 

AC 623 1 7 1  8 20 69  2 
10 57  1 2  400 74 1 
25 6 4  9 1000 66 7 

250 96 t o  9 9  2 t o  3 5000 7 7  1 t o  2 I n t e r n a l  
Standard 

Ex t rac t ion  Yields 

They are cons tan t  f o r  plasma and u r ine  ; c o e f f i c i e n t s  of 

v a r i a t i o n  (CV) (n = 4 )  never exceed 1 2  %. They a r e  presented i n  

t a b l e  1. 

L i n e a r i t y  

Regression ana lys i s  between peak he ight  r a t i o s  and con- 

c e n t r a t i o n s  i n  c a l i b r a t i o n  curves show good l i n e a r i t y  f o r  t h e  

concent ra t ion  range s tudied  ( t a b l e  2 and 3 ,  and f i g u r e s  5 t o  8 ) .  
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TABLE 2 

MOULIN ET AL. 

Regression Analysis of Calibration Curves (y = Bx + A) in Plasma 
for 1 ml Extracted (m f SD or range) 

Drug Arotinolol AC 623 

0 - 60 Concentration 
range (ng/ml) 
n 10 

0 - 15 
34 

Slope(B) 0.05384 f 0.00249 0.01631 f 0.00184 

-0.01806 2 0.01731 Intercept 
(A) 0.00246 f 0.00537 

Corr. Coef. 0.99729 - 0.99993 0.99510 - 0.99965 

TABLE 3 

Regression Analysis of Calibration Curves (y = Bx + A) in Urine 
for 100 ul Extracted (m f SD or range) 

~ ~~~~ 

Drug Arotinolol AC 623 
Concentration 
range (ng/ml) 

n 11 11 

Slope (B) 0.02420 f 0.00177 0.00941 f 0.00075 

Intercept (A) 0.0216 2 0.0152 0.00466 f 0.00616 

0 - 1000 0 - 1000 

Corr. Coef. (r) 0.99820 - 0.9996 0.9932 - 0.9998 
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AROTINOLOL AND AC 623 159 

Peak height  
r a t i o  AROTINOLOL IN PLASMA 

Amount (ng) 

Figure 5 : Calibration curve for Arotinolol i n  plasma ; 1 m l  extracted 

Pe; 
I 

i k  h e i g h t  
-atio 

0 . 1  - 

0.2 - 

0.15 - 

0.i - 

AC 623 IN PLt#lA 

y z 0 .0180~  - 0.0025 
r = 0.9996 

I 

0 S i0 in 20 

Amount (ng) 

Figure 6 : Calibration curve for AC 623 in plasma ; 1 m l  extracted 
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160 MOULIN ET AL. 

Peak height 
ratio AROTINOLOL IN URINE 

0-100 n g  

y = 0.0210 x -0.0053 
r = 0.9995 

0 . 5  

I , Amount (ng) I 

2 5  5 c  75 100 
0 

0 

Figure 7 : Calibration curve for Arotinolol in urine ; 100 ul extracted - 

Peak height 
ratio 

t r  

AC 623 IN URINE 

0-100 n g  

Figure 8 : Calibration curve for AC 623 in urine ; 100 ul extracted 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



AROTINOLOL AND AC 623 161 

Accuracy 

Accuracy e s t i m a t e d  from t h e  c a l i b r a t i o n  curve  concent ra -  

t i o n s  i n  plasma was very good, mean r e l a t i v e  e r r o r s  f o r  each 

c o n c e n t r a t i o n  d id  n o t  exceed 10 % f o r  2 ng/ml and 6 % f o r  t h e  

h i g h e r  c o n c e n t r a t i o n s  of A r o t i n o l o l  and AC 623,  b u t  mean r e l a t i v e  

e r r o r  of 1 7  % was observed f o r  0.5 ng/ml AC 623. 

I n  u r i n e ,  mean r e l a t i v e  e r r o r s  d id  n o t  exceed 10  % fo7- 

100 ng/ml and h igher  c o n c e n t r a t i o n s  of A r o t i n o l o l  and AC 623 ~ 

b u t  a mean r e l a t i v e  e r r o r  of about  30 % was found f o r  20 ng/ml of 

bo th  drugs.  

Spiked plasma a n a l y s i s  over  10 days showed mean r e l a t i v e  

e r r o r s  n o t  exceeding 10 % f o r  A r o t i n o l o l  ( 4  and 40 ng/ml)  and f o r  

AC 623 (1 and 10 ng/ml) .  

Spiked u r i n e  ana lysed  over  9 d a y s  showed mean r e l a t i v c  

e r r o r s  ranging  between 6 and 13  %. 

D e t e c t i o n  L i m i t  

D e t e c t i o n  l i m i t s  i n  plasma f i x e d  a t  f o u r  t imes t h e  back- 

ground noise, a r e  0.11 ng/ml f o r  A r o t i n o l o l  and 0.25 ng/ml f o r  AC 

623 ; i n  u r i n e ,  they a r e  r e s p e c t i v e l y  11 ng/ml and 2.5 ng/ml. 

Amounts e v a l u a t e d  w i t h  s u f f i c i e n t  accuracy f o r  both d r u g s ,  

u s i n g  t h e  s t a n d a r d  curves  d e s c r i b e d ,  a r e  i n  plasma 2 ng/ml 

A r o t i n o l o l  and 1 ng/ml AC 623,  and i n  u r i n e  20 ng/ml of both 

drugs .  N e v e r t h e l e s s ,  lower c o n c e n t r a t i o n s  of A r o t i n o l o l  can be 

q u a n t i f i e d ,  u s i n g  a p p r o p r i a t e  s t a n d a r d  curves.  

P r e c i s i o n  

R e p e a t a b i l i t y  ( i n t r a d a y )  e s t i m a t e d  from 6 a n a l y s e s  i n  plasma 

c o n t a i n i n g  r e s p e c t i v e l y  4 ,  20 and 60 ng/ml A r o t i n o l o l ,  and 1 ,  5 
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50 - 

40 - 

30 - 

Concentration 

MOULIN ET AL. 

Figure 9 : Arotinolol plasma concentrations observed in 
subject 3 after 20 mg dose of arotinolol (capsules) 

Concentration 
(nglml) 

20 

10 

---- 
36 

0 
0 12 24 

r 
40  

Figure 10 : AC 623 plasma concentration observed in 
subject 3 after 20 mg dose of arotinolol (capsules) 
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AROTINOLOL AND AC 623 163 

and 1 5  ng/ml AC 623 and i n  u r i n e  c o n t a i n i n g  4 0 ,  200 and 600 ng/ml 

of  bo th  d r u g s ,  gave v a r i a t i o n  c o e f f i c i e n t s  n o t  exceeding 10  %. 

R e p r o d u c i b i l i t y  ( i n t e r d a y )  e s t i m a t e d  from s t a n d a r d  c u r v e  

c o n c e n t r a t i o n s  showed f o r  A r o t i n o l o l  i n  plasma (n  = 10) c o e f f i -  

c i e n t s  of v a r i a t i o n  n o t  exceeding 11 % and i n  u r i n e  ( n  = l l ) ,  not  

exceeding  1 0  % except  a t  20 ng/ml (32 %). 

For  AC 623,  v a r i a t i o n  c o e f f i c i e n t s  were l e s s  than 10 % f o r  

c o n c e n t r a t i o n s  above 2.5 ng/ml i n  plasma,  b u t  reached 1 7  Yo a t  0.5 

and 1 ng/ml. I n  u r i n e ,  they  were below 10  % a t  c o n c e n t r a t i o n s  

s u p e r i o r  t o  100 ng/ml,  b u t  more impor tan t  a t  20 and 40 ng/ml. 

V a r i a t i o n  c o e f f i c i e n t s  ( o v e r  10 days)  f o r  c o n t r o l  samples i n  

plasma,  were less than o r  equal  t o  1 0  % f o r  A r o t i n o l o l  ( 4  and 40 

ng/ml)  and were 36 % and 14  % f o r  AC 623 a t  1 and 10 ng/ml. In  

u r i n e  ( o v e r  8 d a y s )  they d i d  n o t  exceed 10 % f o r  A r o t i n o l o l  and 

1 6  Yo f o r  AC 623 a t  40 ,  200 and 600 ng/ml c o n c e n t r a t i o n s .  

Specificity 

The s p e c i f i c i t y  of t h e  a n a l y t i c a l  method f o r  t h e  i n t e r n a l  

s t a n d a r d ,  A r o t i n o l o l  and AC 623 could  be  confirmed by t h e  absence 

of  any i n t e r f e r i n g  endogeneous compound i n  t h e  blank b i o l o g i c a l  

samples  and from t h e  c o n s t a n t  r a t i o s  between U V  and f l u o r i m e t r i c  

r e s p o n s e  determined f o r  A r o t i n o l o l ,  AC 623 ar.d t h e  i n t e r n a l  

s t a n d a r d  i n  t h e  6 s t a n d a r d  curve  c o n c e n t r a t i o n s  (CV did  n o t  

exceed 6 %). These same r a t i o s  were found f o r  t h e  t h r e e  compounds 

o v e r  t h e  0 - 48 h k i n e t i c  p r o f i l e s  of t h e  s u b j e c t s  s t u d i e d  

( f i g u r e s  9 and 10). 

CONCLUSION 

The high performance l i q u i d  chromatographic  method e l a b o r a -  

t e d  f o r  d e t e r m i n i n g  A r o t i n o l o l  and 623 i n  b i o l o g i c a l  samples is  
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w e i l  a d a p t e d  f o r  r o u t i n e  a n a l y s i s  and shows s u i t a b l e  c h a r a c t e r i s -  

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

k i n e t i c  and c l i n i c a l  s t u d i e s  i n  man. 
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