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LARGE VOLUME INJECTION OF BIOLOGICAL SAMPLES DISSOLVED 

IN A NON-ELUTING SOLVENT : A WAY TO INCREASE SENSITIVITY AND 

A MEANS OF AUTOMATING DRUG DETERMINATION USING HPLC 

M. Broquaire and P.R. Guinebault 

Lers-Synthslabo 

58, rue de la Glaciere 
75013 Paris 

ABSTRACT 

The injected volume of a sample dissolved in the mobile phase 
of an HPLC system must be maintained as small as possible so as to 
minimize the loss in efficiency. Generally this requirement limits 
the sensitivity of HPLC methods devoted to trace quantity 
determinations of drugs in biological fluids. In order to avoid 
this limitation and to increase the effective sensitivity of HPLC 
methods for determination of drugs such as antrafenine, 
nifuroxazide and cipropride, the samples were dissolved in 
a non-eluting solvent and a large volume ( >  100 u1)  was injected 
on to the chromatographic column. 

were dissolved in a series of eluting and non-eluting solvents 
and increasing volumes (5 to 1000 111) were injected. Peaks 
corresponding to injections made in an eluting solvent showed 
retention times independent of the injection volume but their 
variances increased with the volume injected. In contrast, peaks 
corresponding to injections made in a non-eluting solvent, similar 
to the mobile phase, had a variance independent of the injection 
volume but their retention times increased linegrly with the 
injection volume. The repeated injection of such non-eluting 
solvents had no influence on chromatographic behaviour. Peaks 
corresponding to compounds injected in a non-eluting solvent 
made with components different from those of the mobile phase had a 
variance independent of the injection volume but their retention 
times varied both with the injection volume and with the interval 
between injection. 

The application of non-eluting solvents has been defined 
theoretically and it has been demonstrated that solutions composed 

The above-mentioned compounds and their internal standards 
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2040 BROQUAIRE AND GUINEBAULT 

of 25 % of t h e  mobile  phase d i l u t e d  wi th  t h e  l e a s t  e l u t i n g  of i t s  
ccmponents a c t  a s  non-elut ing s o l v e n t s  and can be  i n j e c t e d  i n  
l a r g c  volume wi thout  l o s s  i n  e f f i c i e n c y .  This  f e a t u r e  could be 
used t o  i n j e c t  a l l  the  samples volume o r  on ly  p a r t  of i t ,  manually 
o r  a u t o m a t i c a l l y ,  s i n c e  any au tomat ic  i n j e c t o r  can be used wi th  
l a r g e  volumes. 

Thus, us ing  t h e  r e l a t i v e l y  s imple procedure of making 
i n j e c t i o n s  wi th  a non-elut ing so lvent  i t  i s  p o s s i b l e  t o  i n c r e a s e  
both s e n s i t i v i t y  and the r a t e  of sample a n a l y s i s .  

INTRODUCTION 

The i n t e r e s t  of high pressure l i q u i d  chromatography (HPLC) a s  

a u s e f u l  t o o l  f o r  drug de termina t ion  i n  b i o l o g i c a l  samples i s  

demonstrated by t h e  very l a r g e  number of papers  publ i shed  monthly. 

However, d e s p i t e  t h i s  apparent  success ,  HPLC is sometimes l i m i t e d  

by lack  of s e n s i t i v i t y  and t h e  r a t e  of r o u t i n e  a n a l y s i s .  

I n  most of t h e  HPLC methods d e s c r i b e d ,  p a r t  of t h e  lack  of 

s e n s i t i v i t y  i s  due t o  t h e  method used t o  i n t r o d u c e  t h e  sample on 

the  column. A t  t h e  end of t h e  p u r i f i c a t i o n  and c o n c e n t r a t i o n  s t e p ,  

g e n e r a l l y  an e x t r a c t i o n  by an organic  s o l v e n t ,  t h e  sample i s  

evaporated t o  dryness .  Then, i n  o r d e r  t o  i n j e c t  t h e  e x t r a c t  on t h e  

column, i t  i s  d isso lved  i n  an organic  s o l v e n t  o r  i n  t h e  mobile 

phase (which a r e  both e l u e n t s  f o r  t h e  column). Although some 

a u t h o r s  use l e s s ,  a t  l e a s t  50 t o  100 ~1 of l i q u i d  is  needed t o  

e a s i l y  o b t a i n  a complete and reproducib le  d i s s o l u t i o n  of t h e  

e x t r a c t e d  sample. Apart from a smal l  number of drugs which normal- 

l y  have a high c o n c e n t r a t i o n  i n  b i o l o g i c a l  samples w i t h  high U.V.  

absorbance o r  h igh  f l u o r e s c e n c e ,  t h e  s i z e  of t h e  i n j e c t i o n  volume 

is a problem. The i n j e c t i o n  of a l l  t h e  d i l u t e d  sample w i l l  involve  

a l o s s  of e f f i c i e n c y ,  t h i s  i s  because i f  i t  i s  i n j e c t e d  i n  an 

e l u e n t ,  t h e  sample w i l l  begin f o  e l u t e  b e f o r e  t h e  end of t h e  

i n j e c t i o n .  This  e x t r a  column eEfec t  c r e a t e s  a lo s s  i n  e f f i c i e n c y  

( then  i n  s e l e c t i v i t y )  and a r e l a t i v e  decrease  i n  s e n s i t i v i t y  ( 1  t o  

5 ) .  The i n j e c t i o n  o f  an a l i q u o t  small enough t o  main ta in  t h e  

e f f i c i e n c y  (and s e l e c t i v i t y )  w i l l  involve  a l o s s  of s e n s i t i v i t y .  

I n  f r o n t  of t h i s  di lema,  t h e  chromatographer g e n e r a l l y  uses  a 

compromise i n  order  t o  o b t a i n  t h e  l e a s t  l o s s  of e f f i c i e n c y .  
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BIOLOGICAL SAMPLES IN NON-ELUTING SOLVENT 2041 

In order to solve these problems of sensitivity and rate of 

analysis, an easy alternative was investigated during the develop- 

ment of automated sensitive analytical HPLC methods for a series 
of drugs in biological fluids (6, 7 ) .  The main idea was to dis- 

so lve  the extracted sample in a large volume of a 'Inon-eluting" 

solvent and to inject all this volume manually or part of it by 

means of an automatic injector. 

In this study the concept cf "non-eluting" solvent is further 

defined and its experimental consequences are considered. For this 

purpose, the investigation was divided into three parts : 

A) Influence of the injected volume of eluting or "non-eluting" 

solvent on retention volume and peak broadening. 

B) Influence of repetitive injection of non-eluting solvents upon 

the chromatographic behaviour. 

C )  Definition of a non-eluting solvent as close as possible t o  the 

mobile phase. 

EQUIPMENT, SOLVENTS AND STANDARDS 

'The analyses were carried out either on a MicromeriLics 7000 

B liquid chromatograph with manual injection valve (volume of loop 
1000 pl), U.V.visible spectrophotometer and Perkin Elmer 56 
recorder or on a laboratory-built automated liquid chromatograph 

comprising the following system : Microrneritics 725 Automatic 

Injector (with a 500 U 1  loop), LDC Constametrics IT G pump, 

Micromeritics 785 or LDC Monitor I11 U . V .  spectrophometer and 

Perkin Elmer Sigma 10 Chromatography Data Station. 

The columns, used in this study, were all identical stainless 

steel tubing ( L  = 15 cm, int. 0 = 4.6  nun) and ZDV reducers. They 

were all packed in the laboratory with Spherisorb ODS 5 u .  In 
order to measure the variations only due to the injection process, 

the columns were thermostatically controlled by a water jacket 

(Toward et Matignon, Vitry, France) and a circulating water bath 

FEZ (Haake, Karlsruhe, West Germany). 

Analytical grade orthophosphoric acid (H3P04), sodium acetate 

(AcONa) and "Lichrosolv" acetonitrile used for the mobile phases 

were all purchased from Merck (Darmstadt, West Germany). 
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2042 BROQUAIRE AND GUINEBAULT 

Apart from methylmercadone which was kindly supplied by 

Fumouze S . A .  (France), all the pure compounds used in this study 

were synthesized in the laboratories of Synthglabo. 

CHROMATOGRAPHIC CONDITIONS 

The chromatographic conditions developed 

in biological extracts were the following : 

. Antrafenine : 

Mobile phase : MeCN/AcONa 0.1 M (72 .5 :27 .5  

to analyse the drugs 

v/v) 
-1 Flow rate : 2.00 to 1.25 rnl.min depending on "the age of 

the column" ( 6 )  

U.V. detection : 353 nm Internal standard : EFQB. 

. Nifuroxazide : 

Mobile phase : MeCN/H3P04 pH 2.5 ( 3 0 : 7 0  v/v) 

Flow rate : 1 ml.min-1 

U.V. detection : 362 mn Internal standard : methylmcrcadone. 

. Cipropride : 
Mobile phase : MeCN/AcONa 0.1 M (62 :38  v/v) 

Flow rate : 1 ml.min 

U . V .  detection : 230 nm Internal standard : flubepride. 

- I  

The chemical structure of these drugs and their internal 

standards are shown in Figure 1 and a typical chromatograph of  

each pair of compound is displayed in Figure 2. 

A- INJECTION OF SAMPLES DISSOLVED IN INCREASING VOI,IJMES 

OF ELUTING AND NON-ELUTING SOLVENTS 

Standard solutions of nifuroxazide and methylmercadone were 

prepared in the following solvents : 

a) pure acetonitrile 

b) mobile phase 

c )  non acidified mobile phase : MeCN/H20 ( 3 0 : 7 0  v/v) 

d) MeCN/H3P04 pH 2.5 (10:90 V/V) 

c ' )  M ~ C N / H ~ O  (10:90 V/V) 
which corresponded to the different ways to dissolving the dry 

extract : 

(i) - small volume of a very good solvent (which is often a very 

good eluent, in reverse phase HPLC) : pure acetonitrile. 
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N ~ N  0 C F ~  ANTRAFENINE 

v 
F3C 

NO2 ‘OACH = N - NH - CO  OH 

F 

E FQB 

NIFUROXAZIDE 

M E T H Y L M E R C A D O N E  

CIPROPRIDE 

FLUBEPRIDE 

Figure 1: Chemical structures of Compounds used in the study. 
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BIOLOGICAL SAMPLES I N  NON-ELUTING SOLVENT 2045 

( i i )  - l a r g e r  volume (50 t o  200 Ul) of t h e  mobile phase o r  of a 

s i m i l a r  so lvent  (which i s  obviously an e l u e n t )  : MeCN 30 % (b and 

C ) .  

( i i i )  - l a r g e r  volume (100 t o  1000 1.11) of a s o l v e n t  cons iderably  

l e s s  e l u t i n g  than  t h e  mobile phase : MeCN 10 % (d and e ) .  

I n c r e a s i n g  volumes (10 t o  1000 1.11) of each s o l u t i o n  were 

i n j e c t e d  on t h e  column. 

ResUltn-a.d-DiscU_nslos 
The va lues  of r e t e n t i o n  t imes  of n i f u r o x a z i d e  and methylmerca- 

done a r e  repor ted  i n  Table  I .  The v a r i a t i o n  of b (width a t  112 
h e i g h t  of peak)and reduced H . E . T . P .  a r e  d i s p l a y e d  i n  F igures  3 and 

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

0.5 

For s t a n d a r d s  i n j e c t c d  i n  MeCN, shoulders  on t h e  peaks p r o f i l e s  

appeared f o r  a 50 p l  i n j e c t i o n .  The r e t e n t i o n  t imes ( t  ) d i d  not  

vary between 5 t o  10 1.11 but  decreased  r a p i d l y  when 25 1.11 of MeCN 

s tandard  s o l u t i o n s  was i n j e c t e d .  The v a l u e  of b i n c r e a s e d  w i t h  

t h e  i n j e c t e d  volume from 5 t o  251.11. These reversed  v a r i a t i o n s  of 

t and b 

wi th  t h e  volume of MeCN i n j e c t e d .  S i m i l a r  r e s u l t s  were not iced  f o r  

a n t r a f e n i n e  and EFQB i n j e c t e d  i n  MeCN. The e f f i c i e n c i e s  were main- 

t a i n e d  on t h e  column only when t h e  i n j e c t e d  volume was equal  t o  o r  

lower than  5 p1 .  With such a small  volume, it i s  not reasonable  t o  

expcct  a t o t a l  and reproducib le  d i s s o l u t i o n  of any d r y  e x t r a c t  and 

t h e  use of an automatic  i n j e c t o r  i s  imposs ib le .  I n  a d d i t i o n ,  c a r e  

must be taken i n  t h e  choice of such s o l v e n t s  : !&I and W i t t i c k  (8) 

n o t i c e d  a l a r g e  t a i l i n g  i n  t h e  peaks of v i tamins  B I 2  and D 2  when 

i n j e c t e d  i n  5 U 1  of methanol, e thanol  o r  a c e t o n i t r i l e .  A s  a 

consequence, t h e  iise of a small volume of e l u t i n g  l i q u i d  a s  a 

s o l v e n t  f o r  t h e  d r y  e x t r a c t  cannot be a worthwile  way of improving 

s e n s i t i v i t y  and i n c r e a s i n g  t h e  r a t e  of a n a l y s i s .  

R 

0.5 

e x p l a i n  t h e  very r a p i d  i n c r e a s e  of reduced H.E.T.P. R 0.5 

For s t a n d a r d s  i n j e c t e d  i n  mobile phase c r  i n  MeCN/H20 3 0 : 7 0 ,  

t h e  r e t e n t i o n  t imes seemed t o  be independent of t h e  i n j e c t e d  

volume from 1 t o  500 1.11. An i n c r e a s e  was n o t i c e d  f o r  i n j e c t i o n  of 

1,000 p1 of MeCN/H20 30 :70 .  The va lues  of b 

from 1 t o  100 ~1 of sample i n j e c t e d  b u t  increased  r a p i d l y  a f t e r  

were almost  cons tan t  
0 . 5  
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I O N  
C 

8 . 4  

8.3 

8.3  

8.3 

8.3 

8 .4  

8 . 3  

8 . 3  

8.3 

8 . 3  

8.6 
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TABLE 1 -- 

L I Q U I D  
d e  

- 8.4 

8.0 8 . 3  

8.0 8 . 3  

8.0 8 . 3  

8.0 8 . 3  

8.0 8 . 3  

8.0 8.3 

8.2 8.5 

8.8 8.5 

8.8 8.8 

9 . 2  9 . 2  
- 

V a r i a t i o n  of Reten t ion  Times wi th  t h e  I n j e c t e d  Volume : I n f l u e n c e  

of  t h e  Solvents  

IN 
C 

4 . 8  

4.7 

4 .7  

4.7 

4.7 

4.8 

4.8 

4 .8  

4 . 8  

4 . 8  

5 . 3  

TNJECTE 
VOLUME 

(v 1)  
L I Q U I D  

d 

- 
4 . 6  

4 . 6  

4.6 

4.6 

4.6 

4.7 

4 .8  

5.;! 

5.2 

5.7 

1 

5 

10 

25 

50 

I00 

2 00 

3 00 

4 00 

500 

1000 

NIFUROXAZ IDE 

- 
a b 

- 
4 . 8  

4.7  

4 .7  

4 .7  

4.7 

4 . 8  

4 . 8  

4 .a 
5 .0  

- 
~ 

e 

4 . 8  

4 .7  

4.7 

4.7 

4 . 8  

4 .8  

4.7 

5.0 

5 . 0  

5 . 3  

5 . 7  
I_ 

METHYLMERCADONE 

- 
a 

I N J E (  
b 
- 
- 
- 

8.4  

8 .4  

8.2 

8.3 

8.2  

a . 3  

8 . 3  

a . 3  

8 . 4  
- 
- 

100 ~1 and explained t h e  v a r i a t i o n s  of reduced H.E.T.P. The samples 

i n j e c t e d  i n  MeCN/H20 3 0 : 7 0  d i f f e r e d  from those  i n j e c t e d  i n  t h e  

mobile phase only by t h e  pH. However f o r  equal  i n j e c t e d  volume, 

t h e  b O s 5 ' s  r e l a t e d  t o  M e C N / H 2 0  were a l i t t l e r  smal le r  than  t h o s e  

r e l a t e d  t o  t h e  mobile phase,  whereas t h e  r e t e n t i o n  times remained 

s i m i l a r .  This  d i f f e r e n c e  could be explained by a d e c r e a s e  i n  t h e  

e l u t i n g  c h a r a c t e r  due t o  t h e  v a r i a t i o n  of pH. Never the less  i t  i s  

not s u f f i c i e n t  t o  main ta in  the e f f i c i e n c y  of t h e  column a t  i t s  

b e s t .  A s  a consequence, even i f  t h e  d i s s o l u t i o n  of t h e  d r y  e x t r a c t  

were t o t a l  and reproducib le  i n  100 and 200 p 1  of such s o l u t i o n s ,  

even i f  some automatic  i n j e c t o r s  could i n j e c t  t h e  l a r g e s t  p a r t  of 

t h e s e  volumes, t h e  b e s t  s e n s i t i v i t y  and t h e  b e s t  e f f i c i e n c i e s  are 
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not reached when t h e  d r y  e x t r a c t  i s  d i s s o l v e d  i n  t h e  mobile phase 

o r  i n  a s i m i l a r  s o l v e n t .  

The va lues  of b f o r  s t a n d a r d s  i n j e c t e d  i n  s o l v e n t  0.5 
c o n t a i n i n g  only 10 X of MeCN were q u i t e  independent of t h e  i n j e c t e d  

volumes and of t h e  pH. The r e t e n t i o n  t imes were a l s o  independent 

of t h e  pH but  increased  l i n e a r l y  wi th  t h e  i n j e c t e d  volume (Figure  

J ) .  These v a r i a t i o n s  of tR explained t h e  smal l  improvment of 

reduced H . E . T . P .  observed w i t h  samples i n j e c t e d  i n  10 X MeCN 

(Figure 4 ) .  S i m i l a r  r e s u l t s  were not iced  f o r  Ant rafen ine  and EFQB 

i n j e c t e d  i n  MeCNIAcONa 25:75.  A s  b was independent from t h e  

t h e  d r y  e x t r a c t  could be d i s s o l v e d  i n  a i n  j ec  t ed volume, 

l a r g e  volume and t o t a l l y  i n j e c t e d  on t h e  column, lead ing  t o  t h e  

b e s t  s e n s i t i v i t y  which can be expected.  A s  Vinj  can be l a r g e ,  most 

of t h e  automatic  samplers commercially a v a i l a b l e  become u s a b l e  t o  

i n t r o d u c e  t h e  sample on t h e  column. The r a t e  of r o u t i n e  a n a l y s i s  

i n c r e a s e s  a s  t h e  ana lyses  can be performed wi thout  human i n t e r -  

vent ion .  

0 .5  

' inj ' 

Aside from t h e i r  advantages i n  i n c r e a s i n g  the  p o s s i b i l i t i e s  

of HPLC f o r  drug de termina t ion  i n  b i o l o g i c a l  samples, some r e s u l t s  

ob ta ined  dur ing  t h i s  s tudy m u s t  be considered a t  a more genera l  

l e v e l .  During t h e s e  l a s t  f i v e  y e a r s ,  s e v e r a l  t h e o r e t i c a l  o r  

p r a t i c a l  papers  have been publ i shed ,  d e a l i n g  w i t h  e x t r a  column 

e f f e c t s  i n  high performance l i q u i d  chromatography ( 1  t o  4 ) .  It i s  

u s u a l l y  assumed t h a t  t h e  v a r i a n c e  of t h e  chromatographic peak, 

oLtot i s  equal  t o  t h e  sum of t h e  v a r i a n c e  of t h e  chromatographic 
process  i t s e l f  and of t h e  v a r i a n c e s  of a l l  t h e  parameters  c o n t r i -  

b u t i o n  t o  broadening,  i n  p a r t i c u l a r  t h a t  of t h e  i n j e c t i o n  process  

' i n i '  Therefore ,  t h e  t o t a l  v a r i a n c e  can be  w r i t t e n  a s  : 

where Cu2 r e p r e n s e n t s  t h e  v a r i a n c e  of a l l  t h e  o t h e r  parameters .  

The v a r i a n c e  of 2 plug sample i n j e c t i o n ,  expressed i n  volume, 

i s  g iven  by : 

where V 

t h e  s o l u t e  and on t h e  i n j e c t e d  techniqne.  Then, 

i s  t h e  i n j e c t e d  volume and K a c o n s t a n t  depending on i n j  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2050 BROQUAIRE AND GUINEBAU1.T 

V2 .2 - ini + co2  ( 3 )  

K2 
tat 

or in term of b expressed in volume : 0.5 
V2inj 2 

= 8 Log2 (- + Cu ) ( 4 )  
K2 0.5 

In a study similar to that described above, Westerlund et al. 

(9) reported a linear relationship between b and V I n  a 

first approximation, the values of b measured in the present 

investigation confirmed the observation of Westerlund ; linear 

correlations were found between b 

and methylmercadone were injected in the mobile phase and in a 

similar solvent (Figure 3 ) .  The correlation coefficients were 

equal to 0.99 in both cases. However, no reason could be found t o  

explain the observed correlations between 100 and 1,000 1-11 but n o t  

below 100 ? I .  

0.5 inj ' 

0.5 

and Vinj when nifuroxazide 
0.5 

Assuming that a l l  the contributions to band broadening, 

except that due to V were constant, and assuming that the 

contributions due to small V. (<25 1-11) were negligible compared 
with the sum of all the others, {b o.5 (Vinj < 25 1-11) -- 8 Log2 10 = 
2 2 

b o,5(0)j, b o.5 - b2 according to 
equation ( 4 )  . 

i n j  ' 

1n.i 2 

(0) was computed versus V 2  0.5 in j 

The experimental correlations were found to be as follows : 

- for injection made in mobile phase : 
- b2 0.5 0.5 (0) = 0.207 VZinj + 0.068 (r = 0.995) for methyl- 

2 

mercadone 

- b2 
0.5 0.5 ( 0 )  = 0.206 V2inj + 0.037 (r = 0.998) fur nifuro- 

xazide 

- and for injection made in MeCN/H20 (30:70) : 
2 - b 0.5 0.5 

mercadone 

- b 0.5 0.5 

(0) = 0.172 V2inj + 0.019 (r = 0.999) for methyl- 

( 0 )  = 0 . 1 6 2  VZinj - 0.061 (r = 0 . 9 9 9 )  for nifuro- 2 2 

xazide 

whatever the values of  V between 25 and 1,000 1.11. inj 
A l l  these considerations concerned injections of sample 

diluted in mobile phase or a similar solvent. 
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BIOLOGICAL SAMPLES IN NON-ELUTING SOLVENT 2051 

The experimental data concerning injections made in (MeCN 

10 X )  solutions did not satisfy equation (2). bOa5 was independent 

of Vinj. Therefore, it is realistic to assume that 0 

constant. or 

is a inj 

The parameters which were related to V were the retention in j 
volumes. Considering the linear relationship between t and V 

(Figure 5), the same variation of 1 minute was measured in the 
retention time of both standards injected in both solvents when 

injection volumes varied from 1 to 1,000 7.11. As the injections 
were made through a loop at a flow rate of 1 ml.min (see 

chromatographic conditions), the retention times increased with 

the duration of the injection, t (assuming a square wave plug 

injection). This can be translated by the equation : 

R in j 

-1 

inj ’ 

t~ = t ~ o  + tinj (6 )  

or in terms of retention volumes : 

v = v  + v  ( 7 )  R Ro inj 

where tR and VR are the retention time and the retention volume 

corresponding to an injection of volume V 
retention time and the retention volume corresponding to a zero 

injection volume. 

and tRo and V the inj ’ Ro 

Equations (5) and (7) define the theoretical aspect of the 
injection of samples dissolved in a non-eluting solvent and at the 

same time the concept of non-eluting solvent. 

Whatever the injected volume is, its contribution to band 

broadening is effectively zero. All the sample is concentrated at 

the top of the column during the time of the injection. With the 

general trend towards short times of analysis on short columns 

packed with microparticules (5 1-1 or less) this result is parti- 
cularly important as it avoids band broadening due to the injection 

volume. 

B - INFLUENCE OF REPETITIVE INJECTIONS OF LARGE VOLUMES 
OF NON-ELUTING SOLVENT ON THE CHROMATOGRAPHIC BEHAVIOUR 
The repeated injection of a large volume of solvent different 

from the mobile phase could disturb the equilibria existing inside 
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2052 BROQUAIRE AND GUINEBAULT 

2 

0 

Figure  5: 

UETHYiMERCADOlE  

y - 1  2 4  + 8 03 r : 0 92 

NIF U R O  X A 2  I D F 

A MeCN Hg PO* pH 2 5 110 9 0  v v i  

A M e C N H 2 0  l l O 9 O V V l  

100 200 300 400 500 

Inlectcd volume ( P I )  

1000 

Lnjec t ion  of s o l u t e s  d i s s o l v e d  i n  a non-elut ing s o l v e n t :  
v a r i a t i o n  of r e t e n t i o n  times w i t h  t h e  i n j e c t e d  volume. 

the  column between t h e  s t a t i o n a ~ y  and mobile  phases and the  s o l u t e ,  

l ead ing  t o  e r r a t i c  r e t e n t i o n  t ime.  The s t a b i l i t y  of r e t e n t i o n  

times had t o  be checked b e f o r e  developing a r e p e t i t i v e  a n a l y t i c a l  

method involving such i n j e c t i o n s  e i t h e r  wi th  a manual v a l v e  o r  

wi th  an automatic i n j e c t o r .  

ExEerrmental 
Repeated i n j e c t i o n s  of 500 u l  of sLandard d i s s o l v e d  i n  non- 

e l u t i n g  so lvent  were made fo l lowing  t h e  g e n e r a l  schedule  descr ibed  

below : 
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BIOLOGICAL SAMPLES W NON-ELUTING SOLVENT 2053 

M A I N  COMPOUND 

ANTRAFENINE 

- n 1  i n j e c t i o n s  were made e a c h  time i n t e r v a l  1 AT ; n2  i n j e c t i o n s ,  

each  2 AT ; ng i n j e c t i o n s ,  each 3 AT ; n4 i n j e c t i o n s ,  each  4 AT; 

n I l  i n j e c t i o n s ,  each  1 AT. AT was dependen t  on t h e  s t a n d a r d s  and 

on t h e  ch romatograph ic  c o n d i t i o n s  u s e d .  I n  each s e r i e s ,  t h e  v a l u e s  

of AT was s e t  on t h e  a u t o m a t i c  i n j e c t o r  as t h e  t i m e  between two 

c o n s e c u t i v e  i n j e c t i o n s  t o  make e a c h  i n j e c t i o n  AT. I n  o r d e r  t o  make 

t h e  i n j e c t i o n s  a t  i n t e r v a l s  of  2 ,  3 and 4 AT, 1, 2 and 3 v i a l s  

f i l l e d  w i t h  mob i l e  phase were p l a c e d  on t h e  r a r k  between two v i a l s  

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

The s t a n d a r d  s o l u t i o n s  were p r e p a r e d  as d e s c r i b e d  i n  T a b l e  2 .  

The v a l u e  of AT and n .  f o r  e a c h  ser ies  of  s t a n d a r d s  a r e  g i v e n  i n  

T a b l e  3 .  Tw? s t a n d a r d s  s o l u t i o n s  of n i f u r o x a z i d e  and methylmerca-  

done were p r e p a r e d  i n  MeCN/H PO pH 2.5 and i n  MeCN/H 0 i n  o r d e r  

t o  e x p l o r e  t h e  e f f e c t  of  pH. 
3 4  2 

S t a n d a r d s  of  c i p r o p r i d e  and f l u b e p r i d e  were p r e p a r e d  e i t h e r  

i n  MeCN/AcONa 0.1 M and i n  HC1 0.01 M i n  o r d e r  t o  i n v e s t i g a t e  t h e  

s o l v e n t  t o t a l l y  d i f f e r e n t  from t h e  mob i l e  phase .  

- I  CONCENTRATION (;.g.ml ) NON-ELUTING SOLVENT 

ANTRAFENINE 0.92 M e C N / A c O N a  0.1 M 50150 

EFQB 0.57 

TABLE 2 

NIFUROXAZIDE I NIFUROXAZIDE 0.06 

METHYLMERCADONE 0 . 1 7  

CIPROPRIDE CIPROPRIDE 0 .29  

FLUBEPRIDE 0 . 2 9  

I n f l u e n c e  of Repeated I n j e c t i o n s  on Chromatographic  Behaviour  : 

Composi t ion of S tanda rd  S o l u t i o n s  

MeCNIH3P04 pH 2 . 5  1 O /  90 

MeCN/H20 10/90 

MeCNIAcONa 0.1 M 10 /90  

H C 1  0.01 M 
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2054 

i .9771!  0.008 ( 0 . 1 3 X )  
j . 9 7 6 t  0 . 0 1 4  ( 0 . 2 5  %) 
5.968 i 0.222 ( 0 . 4  9, )  

5.941 i 0 . 0 1 3  ( 0 . 2 3 % )  
5.962 d 0.018 ( 0 . 3  X )  

BROQUAIRE AND GUINEBAULT 

3 . 2 6 3 k 0 . 0 0 5  ( 1 4  Z )  
3.256 k 0 . 0 0 9  (0.3 X )  
3 . 2 5 8 2  0.004 (0 .149)  

3.247 f 0 . 0 1 3  ( 0 . 4 Z 1  
3 . 2 4 4 2  0.005 (0 .171)  

TABLE 3 

Influence of Repeated Injectj.ons un Chromatographic Behaviour : 
Experimental Parameters and Mean Retention T i m e s  

Kifuroxazide 

4.816 + 0.005 (0.1 X )  
4 . 8 2 6  + 0 . 0 0 5  (0.1 2) 
4.824 k 0 . 0 0 5  (0.1 X )  
4.876 i 0.005 (0.1 Z) 
4.828 f: 0.008 ( 0 . 2  4 )  
_I 

Flubepride 

3 . 6 3 3  + 0.012 ( 0 . 3  Z )  
3 . 6 0 6 c  0 . 0 0 5  (0.15%) 
3.602 + 0 . 0 1 6  ( 0 . 5  X) 
3 . 6 1 0 5  0 . 0 1 3  ( 0 . 3 5 X )  
3 .608  f 0.009 (0 .267)  

Flubepride -- 
4.563 f 0.005 ( 0 .  I Z) 
4.32  + O  
4 . 2 3 0  2 0.012 ( 0 . 3  %) 
4 .  I83 ? 0.008 (0.18 Z) 
4 . 5 8 8 2  0.008 (0.18 %)  

Antrafenine 

7 

Methylmercadone 

7 . 9 4 6 f  0.008 (0 .1%)  
7.956 f 0.005 (0 .06%) 
7 .954  ? 0 . 0 0 5  ( 0 . 0 7 % )  
7 . 9 6 0 f  0.000 - 
7 . 9 6 3 f  0.003 (0 .09%) 

Cipropride 

6 . 2 7 4 f  0 . 0 2 2  ( 0 . 3 % )  
6 . 2 2 8 f  0 .008  (0.13%) 
6 . 2 0 2  k 0 . 0 2 3  ( 0 . 4  7 )  
6 . 2 2 0 ?  0 . 0 1 5  (0.25%) 
6 .230  f ( 2  measures) 

Cipropride 

6.219 2 0 .009 (0.142) 
6 . 4 1 3 ?  0.010 (0.15%) 
6.434 + 3.015 (0.207) 
6 .439  ? 3.007 (0.1 19) 

6.301 k 0.006 (0.09”) 
.__ 

;;ifuroxazide in H Pn 10.2 I 2 . 9 w  3 4  

I 
I 4 5 

1 13 

Nifuroxazide in H 2 0  

9.6 28 

13 

Cipropride in MeCN -7 

-____I_-- I I P 2  
Cipropride in dilute 

12 

MEAN RETENTION TIME 2s.n.  ( C . V . 1  
(min) 

Antrafenine I E F Q B 

Nifuroxazide Methylmercadone 

1.8721:  0.fOC ( 0 . 0 8 I )  8 . 0 6 7 2  0 .006  (0.08Z) 
i . 8 7 4  :I 0 . 0 0 5  (0.1 %) 8 . 0 7 6 2  0.005 (0.077) 
Q.878 I! 0 . 0 0 5  (0 .1 Z) 8 . 0 8 8 2  0 .005  (0 .064)  
G.882 .! 0 . 0 0 4  ( 0 . 0 9  Z)  8.096 -i 0.009 ( 0 .  I X) 
G.892-t. 0 .004  ( 0 . 0 9 X )  8 . 1 0 7 - i  0.009 (0.1 9) ! 

~~ 
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B I O L O G I C A L  SAMPLES IN NON-ELUTING SOLVENT 2055 

Results-and-d~scussion 
The mean values of retention times of each compound are shown 

in Table 3 apart from cipropride and flubepride injected in HC1 

0.01 M. The reported values correspond in this case to mean values 

of retention times after equilibration. For all the other 

experiments, the repeated injections of a large volume of a non- 

eluting solvent similar to the mobile phase did not disturb the 

chromatographic behaviour : the retention times remained rigorous- 

ly constant whatever the interval between injections. In the case 
of nifuroxazide and methylmercadone, the difference in pH between 

the two standard solutions did not appear to have an influence on 

the retention times or on chromatographic behaviour. The very 

small difference noticed between the retention times ( < 0.06 min.) 

could also be due to the difference in temperature ( 1 ' C )  between 

the two experiments. 

The variation in retention times of cipropride and flubepride 

injected in HC1 0.01 M versus time are displayed in Figure 6 .  

These results indicated that tile chromatographic behaviour 

was disturbed by the injection of large volume of solvent totally 

different from the mobile phase. If the injections are repeated 

at a constant interval, the chromatographic equilibria are 

modified 

injections : at this stage, the retention times remain constant 

as long as the interval between two injections remains constant. 

Modification of chromatographic equilibria can have an opposite 

influence on compounds as close together as cipropride and 

flubepride : the retention time of flubepride increased while that 

of cipropride decreased. In a preliminary study, carried out on a 

column packed with a different batch of Spherisorb ODS 5 p ,  an 

inversion of retention time between cipropride and flubepride 

occurred during the "saturation period". 

until a different stabilization occurring after some 

A s  a consequence of these results, the repeated injection of 

large volume of eluting solvent can be used to inject diluted 

samples either manually or automatically for routine analysis. If 
the injected solvent is similar to the mobile phase, no precaution 
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F i g u r e  6: 

BKOQUAIRE AND GUINEBALJLT 

SOLVENT OF 1h.lECTlflN D I L U T E  H T i  

CIPROPRIDC 
I 
I 
I **... ..* t . .. r. 

I 

I N l t H V A l  3 t T W t t N  I N J t C I I U N  

JOI  4 A '  , 

I 

I 

I 
. I . . . . .  

I 
I 
I 

INTERNAL STANDARD I 
I 

OT,'1 I,\,,\ 
L1 I 
z l  > <' I 
5 1  z o  I = a  I 
r %  I 
gn  I 
u 1  

I 
I 1 

. . . . A  
. I  

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

J 

Y *  

0 1.5 3 4.5 6 Z 5  9 11.25 
TIME ( h r )  

I n j e c t i o n  of s o l u t e s  d i s s o l v e d  i n  a n o n - e l u t i n g  s o l v e n t  
d i f f e r e n t  from t h e  m o b i l e  phase :  e f f e c t  o f  t h e  r e p e a t e d  
i n j e c t i o n  on  r e t e n t i o n  t i m e s .  

i s  needed ; i f  t h e  s o l v e n t  i s  d i f f e r e n t ,  t h e  f i r s t  sample must be 

i n j e c t e d  a f t e r  a " s a t u r a t i o n  p e r i o d "  made w i t h  some i n j e c t i o n s  of  

t h e  s o l v e n t  used f o r  t h e  f o l l o w i n g  a n a l y s i s .  'I'he i n t e r v a l  between 

two c o n s e c u t i v e  i n j e c t i o n s  must remain c o n s t a n t .  

C - EXPERIMENTAL DETERMINATION OF A YON-ELUTING SOLVENT SIMILAR TO 

THE MOBILE PHASE 

The n o n - e l u t i n g  c h a r a c t e r  of the i n j e c t i o n  s o l v e n t  i s  obvious-  

l y  dependent  f rom t h e  compos i t ion  of  t h e  m o b i l e  phase .  It  cou ld  b e  
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determined independently by considering the fraction of mobile 

phase X diluted in its weakest component to make the injection 

solvent. A non-eluting solvent can be determined experimently by 

measuring the range of X for which equations 5 and 7 remained true. 

Experimental -- --------- 
For each pair of compounds, standard solutions were prepared 

in a series of solvents similar to the mobile phase and containing 

increasing amounts of MeCN. 500 ~1 of these solutions were injected 
on the column and eluted using the chromatographic conditions 

related to each compound. 

Resultn_a.d-discu_sslon 
The retention times and the corresponding b are reported 

0.5 
in Table 4 .  The variations of retention time, expressed in per cent 

of tR (corresponding to the lowest value of X) displayed in Figure 
7, showed that in all the cases, the variations of tR remained 

lower than 1 % for X lower than 0.25. Apart from cipropride, tR of 

which remained constant for X varying between 0.5 and 1,% t 

increased with X : the largest. variations were observed for the 
lowest retention times. Apart from methylmercadone b appeared 

to be  independent of X for X values lower than 0.16 to 0.20.  For 

higher values of X, b o s s  increased with X, the largest variations 
being due to the least retained compound. The variation of the 

reduced H.E.T.P. with X, displayed in Figure 8, remained negligible 
f o r  values of X between 0 and 0.5  but increased rapidly with larger 

values of X ; the largest variations were noticed for the lowest 
retention time. Finally, for values of  X lower than 0.25, equations 
(5) and (7) were satisfied in all cases, allowing the determination 
of the non-eluting solvent composition limit which may give the 

maximum efficiency and selectivit:,. 

R 

0 .5  

CONC1,US ION - 
The injection of samples dissolved in a non-eluting solvent 

has been demonstrated as an easy and powerful way to minimize the 

losses of efficiency related to the injected volume, As a 

consequence, the sensitivity and rate of analysis of HPLC methods 
for trace amounts determination are considerably improved. This 
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injection method has already been successfully used in several 
automatic HPLC methods for drug determination in biological 
samples where concentrations as small as 5 ng.ml 
assayed. 

-1  were routinely 
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