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ABSTRACT 

A s i m p l e ,  s e l e c t i v e  and s e n s i t i v e  HPLC method h a s  been d e v e l o p e d  
to  measure R - 8 3 1  l e v e l s  i n  dogs and humans. I t  is an  i n t e r n a l  s t a n d a r d  
t e c h n i q u e  wi th  a s i n g l e  s t e p  e x t r a c t i o n  and o n e  wash. Samples  are 
chromatographed on a r eve r sed -phase  sys t em w i t h  u l t r a v i o l e t  d e t e c t i o n .  
The lowest d e t e c t a b l e  c o n c e n t r a t i o n  f o r  plasma is 2 5  nq R - 8 3 1 / m l  w i t h  a 
1 m l  s ample  and t h e  l i n e a r  r ange  is 25-8000 ng R - 8 3 1 / m l .  The lowest 
d e t e c t a b l e  c o n c e n t r a t i o n  f o r  u r i n e  is 250 nq R - 8 3 1 / m l  w i t h  a 0 . 1  m l  sample  
and t h e  l i n e a r  r ange  i s  250-8000 ng R - 8 3 1 / m l .  T h i s  method h a s  b e e n  used  t o  
q u a n t i t a t e  l e v e l s  o f  R - 8 3 1  i n  b i o a v a i l a b i l i t y  and t o x i c i t y  s t u d i e s  i n  dogs ,  
and i n  p h a r m a c o k i n e t i c  and e f f i c a c y  s t u d i e s  i n  humans. 

INTRODUCTION 

R - 8 3 1  [N-(lH-tetrazol-5-yl)quinOline-8-carboxamide, I ]  is a 

p o t e n t i a l  new a n t i a l l e r g i c  a g e n t .  I t  a p p e a r s  to act s i m i l a r l y  to 

cromolyn sodium t h r o u g h  i n h i b i t i o n  o f  m e d i a t o r  r e l e a s e  r a t h e r  t h a n  
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1904 CHANG ET AL. 

t h rough  an tagon i sm o f  m e d i a t o r s  a t  t h e  l e v e l  o f  t h e  receptor. A need  

a r o s e  f o r  a s e n s i t i v e  b i o a n a l y t i c a l  method t o  measure  R-831 l e v e l s  i n  

doqs and humans d u r i n g  s a f e t y ,  p h a r m a c o k i n e t i c ,  and e f f i c a c y  s t u d i e s .  

T h i s  pape r  d e s c r i b e s  a s i m p l e  and s e n s i t i v e  h igh  pe r fo rmance  

l i q u i d  c h r o m a t o g r a p h i c  (HPLC) method i n v o l v i n g  a s i n g l e  s t e p  e x t r a c t i o n  

w i t h  an i n t e r n a l  s t a n d a r d  and u l t r a v i o l e t  d e t e c t i o n .  

MATERIALS AND METHODS 

Chemica l s  and Reagen t s  

The me thano l ,  a c e t o n i t r i l e ,  and me thy lene  c h l o r i d e  were Omniso lvs  

(EM S c i e n c e ) .  The h y d r o c h l o r i c  a c i d ,  acet ic  a c i d ,  d i m e t h y l  s u l f o x i d e  

and u r e a  were r e a g e n t  g r a d e .  The water was d e i o n i z e d .  

P r e p a r a t i o n  o f  S t a n d a r d  S o l u t i o n s  

All s t a n d a r d s  were p r e p a r e d  by d i l u t i n g  a 1 mg/l m l  d i m e t h y l  s u l f o x i d e  

s t o c k  s o l u t i o n .  The  c o n c e n t r a t i o n s  used  f o r  I were 25 ,50 ,100 ,200 ,400  

and 800 ng I/100 ul 10% d i m e t h y l  s u l f o x i d e  i n  me thano l .  Two d i f f e r e n t  

i n t e r n a l  s t a n d a r d s  were used  f o r  t h e  human and dog samples :  5-ni t ro-N- 

(lH-tetrazol-5-yl)-quinoline-8-carboxamide (11) f o r  human, and  N- O H - t e t r a z o l -  

5-yl)naphthalene-2-carboxamide (111) f o r  dog. A s o l u t i o n  o f  400 nq 

II/lOO ul 10% d i m e t h y l  s u l f o x i d e  i n  me thano l  was used  f o r  t h e  human 

plasma and u r i n e  samples ,  and a 1 pg III/lOOv1 10% d i m e t h y l  s u l f o x i d e  i n  

me thano l  s o l u t i o n  was used f o r  t h e  dog p l a sma  samples .  S e e  F i g u r e  1 f o r  

s t r u c t u r e s  o f  I, I1 and 111. 

Chromatograph ic  System 

The l i q u i d  c h r o m a t o g r a p h i c  sys t em c o n s i s t e d  o f  a Model 6000A pump, 

Model 7108 Sample P r o c e s s o r ,  and Model 440 a b s o r b a n c e  d e t e c t o r  (Waters 
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R-831, A NEW ANTIALLERGIC AGENT 1905 

I 

rl 
FIGURE 1 .  Chemical  s t r u c t u r e s  of I ,  I1 and I11 

m 

Associates, I n c . ) .  Peak h e i g h t s  were measured by a Model 4100 comput ing  

i n t e g r a t o r  ( S p e c t r a - P h y s i c s ) .  The column used  was a 5 pm S u p e l c o s i l Q  

LC-8 ,  4 . 6  nun I . D .  X 15 cm (Supe lco ,  I n c . ) .  The mobile p h a s e  was p r e p a r e d  

by mix ing  a c e t o n i t r i l e  and 1 %  a c e t i c  a c i d  (30/70, v/v), and f i l t e r i n g  

th rough  a 0 . 4 5  urn f i l t e r  p r i o r  to  use .  The f l o w  ra te  was 1 ml/min and 

t h e  e f f l u e n t  was mon i to red  a t  313 nm. 

E x t r a c t i o n  P r o c e d u r e  

The e x t r a c t i o n  is c a r r i e d  o u t  i n  12 m l  g l a s s  round bot tom c u l t u r e  

t u b e s  w i t h  p o l y e t h y l e n e  l i n e d  sc rew c a p s .  The t u b e s  a r e  p r e r i n s e d  w i t h  
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1906 CHANC ET AL. 

approx ima te ly  1 m l  o f  me thy lene  c h l o r i d e  b e f o r e  use.  The f o l l o w i n g  is 

added t o  t h e  tube: 100  ul 10$ d i m e t h y l  s u l f o x i d e  i n  me thano l  ( r e p l a c e d  

w i t h  t h e  s t a n d a r d  s o l u t i o n s  f o r  t h e  c a l i b r a t i o n  c u r v e ) ,  100 u1 i n t e r n a l  

s t a n d a r d  s o l u t i o n ,  1 . 0  m l  p lasma or 0 .1  m l  u r i n e  p l u s  0.9 m l  w a t e r ,  1 m l  

10M urea ,  0 .2  m l  2M h y d r o c h l o r i c  acid, and 5 m l  me thy lene  c h l o r i d e .  The  

t u b e s  a r e  capped,  shaken  on a r e c i p r o c a l  s h a k e r  f o r  15 m i n u t e s ,  and 

c e n t r i f u g e d  a t  1600x9 f o r  1 0  minu tes .  The aqueous  p h a s e  is removed, 

and 2 m l  w a t e r  and 0 . 2  m l  2M h y d r o c h l o r i c  a c i d  are  added to  t h e  me thy lene  

c h l o r i d e  phase .  The t u b e s  a r e  capped ,  s h a k e n  f o r  5 m i n u t e s ,  and  c e n t r i f u q e d  

f o r  5 minu tes .  The aqueous  p h a s e  is removed and a t  l e a s t  4.0 m l  o f  t h e  

me thy lene  c h l o r i d e  p h a s e  is t r a n s f e r r e d  t o  a 15 m l  c o n i c a l  t ube .  T h i s  

is e v a p o r a t e d  t o  d r y n e s s  under  a s t r e a m  of N2 a t  40-45%. 

r e s i d u e  is r e c o n s t i t u t e d  i n  100 u1 of 1 0 %  d i m e t h y l  s u l f o x i d e  i n  me thano l ,  

v o r t e x e d  f o r  1 minu te ,  and 20 u1 is i n j e c t e d  i n t o  t h e  l i q u i d  chromatograph.  

The 

C a l i b r a t i o n  and Q u a n t i t a t i o n  

A l ea s t  s q u a r e s  l i n e a r  r e g r e s s i o n  l i n e  of t h e  peak h e i g h t  r a t i o  

of I / i n t e r n a l  s t a n d a r d  vs .  I c o n c e n t r a t i o n  was c a l c u l a t e d .  The s l o p e  and 

i n t e r c e p t  of t h e  l i n e  were used  t o  c a l c u l a t e  t h e  c o n c e n t r a t i o n  o f  I i n  

unknown samples .  A c a l i b r a t i o n  c u r v e  was r u n  w i t h  e a c h  set o f  unknowns. 

RESULTS AND DISCUSSION 

Sample P r e p a r a t i o n  

Sample p r e p a r a t i o n  is r e l a t i v e l y  s i m p l e  i n v o l v i n g  o n l y  a s i n g l e  

e x t r a c t i o n  w i t h  o n e  wash; f o r t y  samples p l u s  t h e  c a l i b r a t i o n  c u r v e  c a n  be 

p r e p a r e d  i n  a p p r o x i m a t e l y  f o u r  h o u r s  o f  a n a l y s t  time. P r e r i n s i n g  t h e  

t u b e s  wi th  me thy lene  c h l o r i d e  and c e n t r i f u g i n q  a t  a h i g h  s p e e d  d e c r e a s e d  

t h e  t h i c k n e s s  o f  t h e  pel le t  t h a t  formed between t h e  aqueous  and o r g a n i c  

p h a s e s  d u r i n g  t h e  e x t r a c t i o n .  By d e c r e a s i n g  t h i s  layer,  it became 
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R-83 I .  A NEW ANTIALLERGIC AGENT 1907 

p o s s i b l e  to  t r a n s f e r  a l a r g e r  volume o f  t h e  o r g a n i c  p h a s e  and t h e r e b y  

i n c r e a s e  t h e  p e r c e n t  of I recove red .  Urea was added t o  d e n a t u r e  t h e  

serum p r o t e i n s  so t h e  b i n d i n g  o f  I t o  t h e  p r o t e i n s  was reduced  to  a 

minimum. I n  t h i s  p a r t i c u l a r  case, r e d u c t i o n  o f  t h e  p r o t e i n  b i n d i n g  

l i k e l y  f a c i l i t a t e s  t h e  e x t r a c t i o n  of t h e  d r u g  and i n t e r n a l  s t a n d a r d  

f rom t h e  aqueous  media to t h e  o r g a n i c  phase .  The o n e  minu te  v o r t e x  t i m e  

p r i o r  to i n j e c t i o n  i n t o  t h e  HPLC was n e c e s s a r y  to e n s u r e  t h e  c o m p l e t e  

d i s s o l u t i o n  of t h e  d rug .  

For  u r i n e ,  t h e  volume a n a l y z e d  had  to  be d e c r e a s e d  from t h e  1 . 0  m l  

u sed  f o r  plasma to 0 . 1  m l  to  r e d u c e  t h e  amount o f  i n t e r f e r i n g  s u b s t a n c e s  

t o  a n e g l i g i b l e  l e v e l  and t h u s  make q u a n t i t a t i o n  of t h e  d r u g  p o s s i b l e .  

Chromatography 

I n  dog plasma,  a l a r g e  i n t e r f e r e n c e  peak e l u t e d  a t  t h e  same r e t e n t i o n  

time as 11, t h e  i n t e r n a l  s t a n d a r d  u s e d  f o r  human samples. Thus,  a n o t h e r  

a n a l o g  o f  I was used as an i n t e r n a l  s t a n d a r d  (111) f o r  t h e  dog s a m p l e s .  

The r e t e n t i o n  times of I and I11 were 5.0 min and 7.0 min, r e s p e c t i v e l y .  

Sample chromatograms f o r  b l ank  dog p l a sma  and p l a sma  from a dog dosed w i t h  

I a r e  shown i n  F i g u r e  2. 

A d i f f e r e n t  column of t h e  same t y p e  and  m a n u f a c t u r e r  was u s e d  f o r  t h e  

a n a l y s i s  o f  t h e  human samples .  The r e s o l u t i o n  a c h i e v e d  by t h e  s e c o n d  

column was n o t  a s  good a s  t h a t  a c h i e v e d  by t h e  o r i g i n a l  column: t h e r e f o r e ,  

t h e  m o b i l e  p h a s e  r a t i o  was a d j u s t e d  t o  25.5:74 .5 ,  ( a c e t o n i t r i l e : l $  acet ic  

a c i d )  so t h a t  b a s e l i n e  s e p a r a t i o n  between I and I1 c o u l d  be a c h i e v e d .  The 

r e t e n t i o n  times were 7.0 min f o r  I and 7.6 min f o r  11. Sample chromatograms 

f o r  b l ank  human plasma and a s u b j e c t  dosed  w i t h  I a r e  shown i n  F i g u r e  3. 

The re  were no endogenous p e a k s  i n  any o f  t h e  b l ank  samples  which i n t e r f e r e d  

w i t h  t h e  i n t e g r a t i o n  o f  t h e  d rug  o r  i n t e r n a l  s t a n d a r d .  
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(a 1 (b) 

4 
I 

1- 
0 1  3 5 7 0 1  3 5 7 

Time (minutes) 

FIGURE 2 .  T y p i c a l  chromatograms f o r  dog plasma samples: (a )  b lank  plasma, 
(b) plasma from a dog dosed wi th  I ,  c o n c e n t r a t i o n  l e v e l  is 116 ng I / r  

P r e c i s i o n  and Accuracy 

The in t ra -day  p r e c i s i o n  and accuracy  of  t h i s  method was determined by 

ana lyz ing  q u a d r u p l i c a t e  samples  a t  v a r i o u s  c o n c e n t r a t i o n  l e v e l s  i n  dog 

and human plasma. 

ranged from 2.1  to 3 . 5 %  i n  dog plasma (Table  1) and f r a n  1.5  t o  2.8% i n  

human plasma (Table  2 ) .  The accuracy ,  expressed  as t h e  r e l a t i v e  error, 

ranged from - 5 . 8  to  +3.3% and from +7.5  t o  +9.2% i n  dog and human plasma, 

r e s p e c t i v e l y .  

The p r e c i s i o n ,  expressed  as t h e  c o e f f i c i e n t  of v a r i a t i o n ,  
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R-83 1. A NEW ANTIALLERGIC AGENT 1909 

III 

0 7  i ' 5 ' 7 ' i  0 1  
Time (minutes) 

J 
1 1 , 1 1 1 1  

3 5 7 9  

FIGURE 3 .  Typica l  chromatograms for  human plasma samples: ( a )  blank 
plasma, (b) plasma from a s u b j e c t  dosed wi th  I ,  c o n c e n t r a t i o n  
l e v e l  is  8 3  ng I/ml. 

TABLE 1 

Intra-Day P r e c i s i o n  and Accuracy f o r  Dog Plasma 

Sample Number of x+SD C o e f f i c i e n t  of R e l a t i v e  
Concentration Samples (ng/ml) V a r i a t i o n  (%)  Error (%)  

(ng/ml) 

1 5  4 11.5+1.1 2 .2  +3 .3  

150 4 144.823.0  2 . 1  - 3 . 5  

300 4 2 8 5 . 8 2 1 0 . 0  3 . 5  - 4 . 8  

6 0 0  4 5 6 5 . 0 2 1 4 . 3  2.5 - 5 . 8  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1910 CHANG ET AL 

TABLE 2 

IntKa-Day P r e c i s i o n  and Accuracy f o r  Human Plasma 

- 
Sample Number of x+SD C o e f f i c i e n t  of R e l a t i v e  

Concent ra t ion  Samples (ng/ml) V a r i a t i o n  ( 0 )  Error  ( 0 )  

1 5  4 80 .621.3  1 . 6  +7 .5  

150 4 163.554.6  2 . 8  + 9 . 0  

30 0 4 3 2 7 . 7 2 4 . 9  1 .5  +9.2 

The inter-day p r e c i s i o n  and accuracy was determined over  a s i x  week 

per iod  f o r  dog plasma and a two week per iod  f o r  human plasma. The c o e f f i c i e n t  

of v a r i a t i o n  ranged from 1 . 2  to  8 . 7 %  i n  dog plasma (Table 3 )  and 0 . 5  t o  

5.5% i n  human plasma (Table 4 ) .  The r e l a t i v e  e r r o r  ranged from - 2 . 9  t o  

+1.7% and from -8 .0 t o  +2.5% i n  dog and human plasma, r e s p e c t i v e l y .  

E x t r a c t i o n  Recovery 

The s tandard  e x t r a c t i o n  procedure was modified t o  a s s e s s  t h e  recovery 

of I f r a n  human plasma. I n  t h e  modified procedure,  t h e  i n t e r n a l  s tandard  

was added a f t e r  t h e  e x t r a c t i o n  was completed. Recovery was c a l c u l a t e d  by 

canparing t h e s e  r a t i o s  with r a t i o s  obta ined  by d i r e c t  i n j e c t i o n  of a 

s e r i e s  of I and i n t e r n a l  s tandard  mixtures .  Three c o n c e n t r a t i o n  l e v e l s  

were analyzed in  t r i p l i c a t e .  The percent  recovery was 79.221.8 ,  8 2 . 2 2 1 . 5 ,  

and 8 0 . 5 2 0 . 7  f o r  75,  150,  and 300 ng I / m l  r e s p e c t i v e l y .  T h i s  d a t a  i n d i c a t e s  

c o n s i s t e n t  e x t r a c t i o n  recovery between samples Over t h e  concent ra t ions  

analyzed. 

L i n e a r i t y  and S e n s i t i v i t y  

The c a l i b r a t i o n  curve used f o r  dog and human plasma was 25-800 ng I / m l  

wi th  a 1.0 m l  sample. The c a l i b r a t i o n  curve used f o r  human u r i n e  was 
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R-831, A NEW ANTIALLERGIC AGENT 1911 

TABLE 3 

Inter-Day Precision and Accuracy for Dog Plasma 

- 
Sample Number of x+SD Coefficient of Relative 

Concentration Samples (ng/ml) Variation ( % )  EKKOK ( % )  

(ng/mU 

50 11 48.6+4.2 8.7 -2.9 

100 11 97.353.1 3.2 -2.7 

200 11 199.0+5.4 2.7 -0.5 

400 11 407.0219.0 4.7 +1.7 

800 11 797.259.7 1.2 -0.4 

TABLE 4 

InteK-Day Precision and Accuracy for Human Plasma 

- 
Sample Number of x+SD Coefficient of Relative 

Concentration Samples (ng/ml) Variation (%)  EKKOK ( % )  

(ng/ml) 

25 6 23.021.3 5.5 -8.0 

50 6 47.551.9 3.9 -5.0 

100 6 99.852.5 2.5 -0.2 

200 6 205.022.7 1.3 +2.5 

400 6 406.558.0 2.0 +1.6 

800 6 795.823.9 0.5 -0.5 
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FIGURE 4 .  Plasma c o n c e n t r a t i o n s  of unchanged I i n  a human s u b j e c t  fol lowing 
o r a l  a d m i n i s t r a t i o n  of s i n g l e  35, 70, and 140 mg d o s e s  of I .  

250-8000 ng I / m l  wi th  a 0.1  m l  sample. 

lowest s t a n d a r d  was 8-10 times t h e  n o i s e  l e v e l  of t h e  blank samples. 

c o r r e l a t i o n  c o e f f i c i e n t  ( r )  f o r  t h e  c a l i b r a t i o n  c u r v e  was g e n e r a l l y  

0.999 o r  b e t t e r .  

I n  each case ,  t h e  response f o r  t h e  

The 
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A p p l i c a t i o n  

The pKOCf3dUKe f o r  I i n  plasma h a s  been used s u c c e s s f u l l y  f o r  b o t h  dog 

and human s t u d i e s .  I n  a s a f e t y / p h a r m a c o k i n e t i c  s t u d y  i n  h e a l t h y ,  human 

s u b j e c t s  w i t h  s i n g l e ,  e s c a l a t i n g  o r a l  d o s e s  of  I ,  plasma c o n c e n t r a t i o n s  

of I were found to  be r e a s o n a b l y  p r o p o r t i o n a l  t o  d o s e  ( F i g u r e  4 )  i measured 

plasma c o n c e n t r a t i o n s  of  I r anged  from 2 5  ng/ml to  7230 ng/ml. I n  t h i s  

same s t u d y ,  human u r i n e  l e v e l s  of  unchanged I were g e n e r a l l y  too low (<250 

ng/ml) t o  be q u a n t i t a t e d .  

CONCLUSION 

A s i m p l e  and s e l e c t i v e  method h a s  been deve loped  to q u a n t i t a t e  I a t  

nanogram l e v e l s  i n  dog plasma and human plasma and  u r i n e .  F o r t y  samples  

c a n  be  ana lyzed  i n  approx ima te ly  f o u r  h o u r s  o f  a n a l y s t  time. The  i n t r a  

and i n t e r - d a y  p r e c i s i o n  and a c c u r a c y  r e s u l t s  have shown e x c e l l e n t  w i t h i n  

run  and day-to-day r e p r o d u c i b i l i t y .  The e x t r a c t i o n  r ecove ry  was c o n s i s t e n t  

o v e r  t h e  e n t i r e  c o n c e n t r a t i o n  range.  The method h a s  been used  t o  

measure l e v e l s  of  I i n  b i o a v a i l a b i l i t y  and t o x i c i t y  s t u d i e s  i n  dogs ,  and 

s a f e t y ,  p h a r m a m k i n e t i c ,  and e f f i c a c y  s t u d i e s  i n  humans. 
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