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SERUM INJECTION ON THE HPLC COLUMN 
FOR PENTOBARBITAL ASSAY 

Z. K. Shihabi, R. D. Dyer, and J .  Scaro 
Department of Pathology 

Wake Forest University 
The Bowman Gray School of Medicine 

300 S. Hawthorne Road 
Winston-Salem, North Carolina 2 71 03 

ABSTRACT 

Serum i s  i n j e c t e d  d i r e c t l y  on a polymeric PRP-1 (5 um) column 
f o r  p e n t o b a r b i t a l  assay and e l u t e d  wi th  12% a c e t o n i t r i l e  i n  15 
mmol/L phosphate b u f f e r ,  pH 11.8. The p e n t o b a r b i t a l  peak i s  w e l l  
separated from o t h e r  endogenous substances and common drugs i n  
the  serum. 

Serum p r o t e i n  p r e c i p i t a t i o n  i s  shown t o  depend on s e v e r a l  
f a c t o r s ,  such a s ,  t h e  concentrat ion of a c e t o n i t r i l e  i n  t h e  mobile 
phase,  t h e  pH of t he  b u f f e r ,  and the  amount of sample i n j e c t e d .  
Serum p r o t e i n  p r e c i p i t a t i o n  can be minimized f o r  t h e  weakly 
a c i d i c  organic  compounds, such a s ,  p e n t o b a r b i t a l  and 
pheno'barbital  by i n j e c t i n g  a small volume of sample onto a 
polymeric reversed-phase column a t  a highly b a s i c  pH. Column 
r e s o l u t i o n  and p res su re  d id  no t  change a f t e r  300 i n j e c t i o n s .  

The method i s  simple enough f o r  s t a t  work and f o r  f u l l  
automation. This method can be extended t o  t h e  assay of o t h e r  
weakly a c i d i c  organic  compounds. 
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664 SHIHABI, DYER, AND SCAR0 

INTRODUCTION 

Direct serum i n j e c t i o n  on t h e  HPLC column e l i m i n a t e s  t h e  need 

f o r  an e x t r a c t i o n  s t e p ,  thereby s impl i fy ing  t h e  technique and 

r ende r ing  it more s u i t a b l e  f o r  f u l l  automation. Furthermore, t h e  

r e p r o d u c i b i l i t y  of t h e  assay i s  improved. However, d i r e c t  serum 

i n j e c t i o n  l e a d s  t o  r a p i d  p re s su re  build-up and d e t e r i o r a t i o n  of 

t h e  column r e s o l u t i o n  due t o  p r o t e i n  p r e c i p i t a t i o n .  

Here we desc r ibe  one approach t o  avoid o r  minimize p r o t e i n  

p r e c i p i t a t i o n  t h a t  i s  a p p l i c a b l e  t o  c e r t a i n  a class of 

substances,  p a r t i c u l a r l y  t h e  weakly a c i d i c  o rgan ic  compounds. 

These compounds are e l u t e d  o f f  from a polymeric reversed-phase 

column by a very b a s i c  b u f f e r  con ta in ing  a minimum amount of 

o rgan ic  s o l v e n t ,  thereby avoiding serum p r o t e i n  p r e c i p i t a t i o n .  

Here w e  use t h e  p e n t o b a r b i t a l  determinat ion as an example t o  

i l l u s t r a t e  how the method can be s impl i f i ed .  P e n t o b a r b i t a l  i s  a 

s h o r t  a c t i n g ,  hypnot ic  b a r b i t u r a t e .  It is o f t e n  given i n  high 

doses  t o  lower i n t r a c r a n i a l  p re s su re  i n  c e r e b r a l  a c c i d e n t s  

(1,2,); however, t h e  serum l e v e l  h a s  t o  be r egu la t ed  i n  a narrow 

range ( 3 , 4 ) .  

MATERIALS AND METHODS 

We used a chromatograph c o n s i s t i n g  of a Beckman 110 A pump 

(Beckman Instruments ,  F u l l e r t o n ,  CA) , wi th  a Rheodyne i n j e c t i o n  

va lve  (Rheodyne, Cofa f i ,  CA) connected t o  a Micromeri t ics  

v a r i a b l e  wavelength d e t e c t o r ,  Model 785 (Micromeri t ics ,  Norcross,  
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GA) set  a t  0.005 nm. The developmental work was performed on a 

150 x 4.6 mm column packed by t h e  s l u r r y  technique wi th  10 pm 

PRP-1 p a r t i c l e s  (Hamilton, Reno, N V ) .  For r o u t i n e  c l i n i c a l  work, 

w e  used a 150 x 4.6 mm column packed with 5 urn PRP-1 p a r t i c l e s .  

In t h e  r o u t i n e  a n a l y s i s  of p e n t o b a r b i t a l ,  2 pL of serum w a s  

i n j e c t e d  on t h e  column and e l u t e d  with f r e s h l y  prepared mobile 

phase t h a t  con ta in  12% a c e t o n i t r i l e  i n  15 mmol/L phosphate b u f f e r  

a t  pH 11.8 

Nephlometry was performed on a Perkin-Elmer Model 91  

amylase-lipase ana lyze r  (Coleman Instruments  Divis ion,  Oak Brook, 

I L )  . 

RESULTS AND DISCUSSION 

Serum p r o t e i n s  p r e c i p i t a t e  w i th  inc reas ing  concen t r a t ions  of 

0rgani.c s o l v e n t s  (Fig.  1). A c e t o n i t r i l e  more e f f e c t i v e l y  

p r e c i p i t a t e s  serum p r o t e i n s  than methanol, e s p e c i a l l y  a t  

concen t r a t ions  g r e a t e r  than 30%. This  p r e c i p i t a t i o n  depends on 

t h e  pH e s p e c i a l l y  a t  n e u t r a l  pH, which i s  c l o s e  t o  t h e  PI of t h e  

ma jo r i ty  of serum p r o t e i n s  (Fig.  1) .  Cer t a in  b u f f e r s  ( 5 , 6 ) ,  such 

as a c e t a t e  b u f f e r ,  are more e f f e c t i v e  as p r e c i p i t a n t  f o r  serum 

p r o t e i n .  Furthermore,  t h i s  p r e c i p i t a t i o n  i s  a func t ion  of t i m e  

(Fig.  2 ) ,  and t h e  amount of sample used. 

The most important f a c t o r  i n  avoiding serum p r o t e i n  

p r e c i p i t a t i o n  i s  t o  minimize t h e  concen t r a t ion  of organic  so lven t  

used i n  t h e  mobile phase. P e n t o b a r b i t a l  r e q u i r e s  40% 
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Serum turbidity as measured on a nephlometer. Serum 
pL was added to 3 ml of different concentrations 
acetonitrile made in buffers (25 mmol/L) of different 
pH 7 ,  phosphate; pH 2.2 phosphate buffer; and pH 
NH40H/Na2C03. 
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Figure 2. Effect of time on serum turbidity at different 
acetonitrile concentration made with phosphate buffer 50 
mmol/L, pH 7 . 0 .  
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Figure  3 .  E f f e c t  of pH on t h e  capac i ty  f a c t o r  K' and peak he igh t  
f o r  p e n t o b a r b i t a l .  

a c e t o n i t r i l e  a t  pH 6 . 7  f o r  e l u t i o n ,  b u t  only 12% a c e t o n i t r i l e  a t  

pH 11.8 (Fig.  3 and Fig.  4 ) .  Consequently, i t  i s  advantageous t o  

e l u t e  t h i s  drug wi th  a h igh ly  b a s i c  b u f f e r  ( i . e . ,  pH 11.8) i n  t h e  

mobile phase t o  avoid t h e  use of a high concen t r a t ion  of o rgan ic  

so1ven.t which causes serum p r o t e i n  p r e c i p i t a t i o n .  Under t h e s e  

cond i t ions ,  s i l i ca -based  columns d e t e r i o r a t e  r a p i d l y ,  however, 

t h e  po:Lymeric r e s i n s  such as PRP-1 can withstand such e f f e c t s .  

B a r b i t u r a t e s  i n  gene ra l  have a much s t r o n g e r  abso rp t ion  a t  

254 nm i n  b a s i c  b u f f e r s  (7) compared t o  a c i d i c  b u f f e r s  (Fig.  4 ) ,  

t hus  less expensive d e t e c t o r s  can be used f o r  t h i s  a s say .  A l s o  a 

smalleir amount of sample i s  i n j e c t e d  on t h e  column (2  p L ) ,  

leading t o  much longer  column l i f e .  I f  an a c i d i c  pH i s  used i t  

i s  no t  p o s s i b l e  t o  d e t e c t  t h e  t h e r a p e u t i c  concen t r a i tons  a t  254 

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



668 SHIHABI, DYER, AND SCAR0 

P 
I 

A 

1 
B 

Figure 4 .  P e n t o b a r b i t a l  aqueous s tandard (50 mg/L) i n j e c t e d  
d i r e c t l y  on t h e  column wfth d e t e c t i o n  a t  254 nm e l u t e d  
i n :  A - wi th  12% a c e t o n i t r i l e  i n  phosphate b u f f e r  15 
mmol/L a t  pH 11.8 and B - i n  40% a c e t o n i t r i l e  i n  
phosphate b u f f e r  15 mmol/L pH 6.1 (P, p e n t o b a r b i t a l  peak, 
t i m e  f o r  P = 6 min). 
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nm w i t h  d i r e c t  serum i n j e c t i o n .  I n s t e a d ,  abso rp t ion  a t  200 nm i s  

needed, b u t  a t  t h a t  wavelength t h e  p e n t o b a r b i t a l  peak i s  masked 

by many i n t e r f e r i n g  compounds p resen t  n a t u r a l l y  i n  t h e  serum. 

For r o u t i n e  a n a l y s i s ,  we found t h a t  p e n t o b a r b i t a l  by d i r e c t  

serum i n j e c t i o n  on t h e  column a t  pH 11.8 i s  w e l l  s epa ra t ed  from 

o t h e r  compounds i n  t h e  serum (Fig.  5 ) .  Furthermore,  we d id  no t  

f i n d  any i n t e r f e r e n c e s  from o t h e r  b a r b i t u a t e s  o r  from o t h e r  

common drugs  such as phenyto in ,  t e g r e t o l ,  t heophy l l ine  and 

carbarnazepine. The t e s t  i s  l i n e a r  between 5-50 mg/L. The 

between-run c o e f f i c i e n t  of v a r i a t i o n  over a 30-day pe r iod  of t i m e  

i s  8.6% (mean 19.8; N = 2 1 ) .  S ince  t h e r e  i s  no sample 

p r e p a r a t i o n ,  t h e  t e s t  i s  s u i t a b l e  f o r  emergency work a s  w e l l  as 

f o r  f u l l  automation. 

In a d d i t i o n  t o  t h e  problem of p r o t e i n  dena tu ra t ion  i n  t h e  

column w i t h  o rgan ic  s o l v e n t s  repea ted  i n j e c t i o n  of serum p r o t e i n s  

d i r e c t l y  on t h e  column even tua l ly  r e s u l t s  i n  adso rp t ion  of some 

of t h e  serum p r o t e i n s ,  as w e l l  as nonpolar compounds, on t h e  

i n l e t  of  t h e  column. We t r i e d  s e v e r a l  methods t o  remove t h e  

build-up of t h e s e  p r o t e i n s ,  a l l  of which seemed t o  work w e l l .  

Fo r  example, every 50 samples,  o r  whenever t h e r e  i s  inc reased  

column p r e s s u r e ,  t h e  f i r s t  few m i l l i m e t e r s  of t h e  r e s i n  of t h e  

i n l e t  i s  removed and r ep laced  wi th  f r e s h  p a r t i c l e s .  We a l s o  

t r i e d  t o  r e v e r s e  t h e  d i r e c t i o n  of t h e  column every 50 i n j e c t i o n s .  

A pre-column would a l s o  be  e f f e c t i v e  i n  t r app ing  serum p r o t e i n s .  

Af t e r  300 sample i n j e c t i o n s ,  w e  d i d  n o t  exper ience  any p res su re  

build-up o r  d e t e r i o r a t i o n  i n  column performance. 

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



670 

- c / 

SHIHABI, DYER, AND SCAR0 

1 

I 
2 3 

L. 
Figure  5 .  Represen ta t ive  chromatogram of 1: p a t i e n t  serum f r e e  from 

p e n t o b a r b i t a l ,  2 - p a t i e n t  t r e a t e d  w i t h  p e n t o b a r b i t a l ,  
and 3 - aqueous s t anda rd  50 mg/L. (P = p e n t o b a r b i t a l  
peak; t i m e  f o r  P = 6 min). Serum, 2 pL was i n j e c t e d  
d i r e c t e d  on to  t h e  column, e l u t e d  as desc r ibed  w i t h  
d e t e c t i o n  a t  2 5 4  nm. 

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



SERUM INJECTION FOR PENTOBARBITAL ASSAY 67 1 

This  method can be extended t o  a n a l y s i s  of o t h e r  compounds. 

For example, phenobarb i t a l  shows s i m i l a r  changes i n  t h e  capac i ty  

f a c t o r  as compared t o  p e n t o b a r b i t a l .  However, f o r  r o u t i n e  assay  

of  phenobarb i t a l  w e  used an e l u t i o n  so lven t  of 5% a c e t o n i t r i l e  i n  

15 mmol/L phosphate b u f f e r  a t  pH 10.4. We found t h e  r e g r e s s i o n  

a n a l y s i s  f o r  phenobarb i t a l  between t h i s  method and an immunoassay 

(TDX, Abbott Labora to r i e s ,  I r v i n g ,  TX) of 1 = 1.055~ - 0.1197; I 

= 0.982. 
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