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BIOLOGICAL SAMPLE INJECTION FOR OPEN 
TUBULAR LlQU ID CHROMATOGRAPHY 

Michael J.  Capacci and Michael J .  Sepaniak* 
Department of Chemistry 

University of Tennessee 
Knoxville, Tennessee 37996-1 600 

ABSTRACT 

Two i n j e c t i o n  p rocedures  f o r  open t u b u l a r  l i q u i d  chromatogra- 
phy have been e v a l u a t e d  f o r  t h e i r  a b i l i t y  t o  d i r e c t l y  sample 
h i o l o g i c a l  components in minute volumes of body f l u i d s .  The 
t echn iques  p rov ided  R.S.D.s i n  peak h e i g h t s  of less than  12% f o r  
i n j e c t i o n s  of low nL volumes of human serum sp iked  w i t h  a test 
compound. A dynamical ly  modif ied open t u b u l a r  column was employed 
t o  s e p a r a t e  t h e  ant i - tumor d rug  doxorub ic in  h y d r o c h l o r i d e  and two 
of i t s  m e t a b o l i t e s .  

INTRODUCTION 

One of t h e  advan tages  of c a p i l l a r y  l i q u i d  chromatography is 

t h e  ve ry  s m a l l  sample volumes needed f o r  a n a l y s i s .  T h i s  is p a r t i c -  

u l a r l y  t r u e  f o r  open t u b u l a r  columns, which g e n e r a l l y  have i . d . s  

less t h a n  50 urn and i n j e c t i o n  volumes i n  t h e  low nL range (1 ) .  T h i s  

c h a r a c t e r i s t i c  of open t u b u l a r  l i q u i d  chromatography (OTLC) l e n d s  

i t s e l f  w e l l  t o  t h e  b i o a n a l y s i s  of minute  volumes of body f l u i d s  

*Author t o  whom correspondence should be addres sed .  
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3366 CAPACCI AND SEPANIAK 

(e.g., the  i n t e r s t i t i a l  f l u i d s  i n  s o f t  t i s s u e ) .  Many at tempts  have 

been made t o  ob ta in  reproducib le  and r e l i a b l e  methods f o r  sample 

i n j e c t i o n  in c a p i l l a r y  l i q u i d  chromatography, which do not degrade 

the  chromatographic e f f i c i ency  of the  c a p i l l a r y  column. These 

methods inc lude  using a heat  gun(2) ,  methods of s p l i t  i n j e c t i o n ( 3 ) ,  

a "hear t  cut"  i n j e c t i n g  process(4) ,  and the  use of an in te rna l - loop  

valve i n j e c t i o n  device(5) .  These techniques have been successfu l  

t o  some ex ten t ,  but a r e  not genera l ly  appl icable  t o  d i r e c t  biolog- 

i c a l  sampling. I n  t h i s  paper, we w i l l  descr ibe  and compare two 

methods of sample i n j e c t i o n  f o r  OTLC which should be use fu l  fo r  

d i r e c t  ( i n  vivo)  biosampling. The open tubular  column used i n  t h i s  

work was an e lec t roe tched  b o r o s i l i c a t e  g l a s s  c a p i l l a r y ,  which was 

dynamically modified by incorpora t ing  the  su r fac t an t  ce ty l t r ime thy l  

ammonium bromide (cent r imide)  i n t o  the  mobile phase(6). The 

s u r f a c t a n t  e l e c t r o s t a t i c a l l y  a t t aches  t o  the  inner  su r face  of t he  

open tubular  column, thereby forming a t h i n  l aye r  of l i p o p h i l i c  

s t a t i o n a r y  phase. The ion  pa i r ing  c a p a b i l i t i e s  of t h i s  mobile 

phase make i t  wel l -sui ted f o r  the  sepa ra t ion  of b io log ica l  samples, 

which o f t en  conta in  components t h a t  vary in i o n i c  s t a t e  and 

p o l a r i t y ( 6 ) .  

METBODS AND WTJ3RIALS 

Column preparation 

The column used was drawn from b o r o s i l i c a t e  g l a s s  c a p i l l a r y  

tubing (Kimble Glass Co.), using a Model RSL g l a s s  drawing machine 

obtained from Al l tech  Assoc ia tes ,  t o  dimensions of 24 pm i.d. by 6 

m in length.  Electro-etching of the  column was performed a s  

descr ibed by Jorgenson(7). 
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BIOLOGICAL SAMPLE INJECTION 3367 

Chromatography 

The mobile phase used for this work was: acetonitrile: 

methanol: pH 6 .86  phosphate buffer solution ( 2 5 : 1 0 : 6 5 ,  respective- 

ly), which was also 2.5 mM in cetramide. On-column fluorescence 

detection was performed using a Spectra Physics Model 171 argon ion 

laser, 488 nm, for the excitation of NRD-amines (A emission = 540 

nm) and anti-tumor drugs (X emission = 585 nm). Fluorescence 

emission signals were isolated with a Model H-10 monochromator from 

Instraments SA and detected with a RCA Model lP28 photomultiplier 

tube. Photocurrents were processed with a Model 126 photometer 

from Pacific Precision Instruments. Chromatograms were recorded on 

a strip chart recorder. This on-column detection scheme was 

reported previously(8). 

Chemicals 

The antitumor drugs, doxorubicin hydrochloride, and its 

metabolites daunorubicin hydrochloride and daunorubicin aglycon, 

were supplied by Rhone-Poulenc (Paris, France). Methyl anine 

(Fisher Scientific) was derivatized with NBD-chloride (Regis Chemi- 

cal Co.) using a procedure given by the chemical supplier. HPLC 

grade solvents were used in the preparation of the mobile phase. 

"Heating" injection techniques 

The "heating" injection device is shown in figure la. Injec- 

tion us ing  this device involves controlled heating of a small 

portion of the inlet end of the column to force the mobile phase 

inside that portion of the column out and, upon cooling, allow for 

introduction of the sample solution into the column. The device 
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3368 CAPACCI AND SEPANIAK 

c o n s i s t s  of a l a r g e  f o r c e p  clamp anchored t o  a base. Aff ixed t o  

each s i d e  of t h e  t i p  of t h e  forceps  is a s p l i t  g l a s s  rod wi th  a 

s i n g l e  wire running through i t s  l e n g t h  which is  connected t o  t h e  

i n n e r  g l a s s  s u r f a c e  by e l e c t r i c a l l y  conduct ive pa in t .  The two 

s e c t i o n s  of g l a s s  are p o s i t i o n e d  a c r o s s  from each o t h e r  c r e a t i n g  a 

hollow tube which f i t s  snuggly around t h e  open t u b u l a r  column. 

This  tube c o n s t i t u t e s  t h e  h e a t i n g  element p o r t i o n  of t h e  

device.  The wires are connected through a t ransformer  t o  a 

v a r i a b l e  v o l t a g e  r e g u l a t o r  which permi ts  c o n t r o l  of t h e  r e s i s t i v e  

h e a t i n g  occur ing  at t h e  hollow tube. I n  order  t o  use t h i s  device ,  

you must f i r s t  d i sconnec t  t h e  column from t h e  pumping source ,  then  

c l o s e  t h e  hollow g l a s s  tube around t h e  i n l e t  end of t h e  OTLC 

column, t u r n  on t h e  power supply f o r  a predetermined amount of  

t i m e ,  p lace  t h e  t i p  of t h e  column i n  t h e  sample you wish t o  i n t r o -  

duce i n t o  t h e  column, a l low t h e  column t o  cool  whi le  i n  t h e  sample, 

remove t h e  device  from t h e  column, and f i n a l l y  reconnect  t h e  column 

t o  t h e  pump s o  t h e  s e p a r a t i o n  can be performed. The column is 

equipped wi th  removeable f i t t i n g s  which would enable  d i r e c t  body 

sampling by p l a c i n g  t h e  i n l e t  end of t h e  column i n t o  a needle  which 

has  been i n s e r t e d  i n t o  the a p p r o p r i a t e  reg ion  of the  body. We have 

previous ly  demonstrated t h e  sampling of nL volumes of i n t e r s t i t i a l  

f l u i d s  from tumors us ing  a c a p i l l a r y  tube(9) .  

"Sample tube" injection technique 

This  technique f o r  sample i n t r o d u c t i o n  involves  a s p i r a t i n g  

sample i n t o  a smal l  s e c t i o n  of narrow-bore g l a s s  tub ing  ( t h e  sample 

tube) .  The sampling tubes  used in t h i s  work were 4 cm l e n g t h s  of 
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BIOLOGICAL SAMPLE INJECTION 3369 

B 

Figure 1 (a) "Heating" inject ion apparatus; A,  detector; B ,  OTLC 
column; C ,  pump; D,  clamp; E ,  transformer and power 
supply 

(b) "Sampling tube" injection apparatus: A, detector; B ,  
OTLC column; C,  pump; D,  conventional union; E ,  
sample tube; F ,  coupler. 
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3370 CAPACCI AND SEPANIAK 

the  drawn c a p i l l a r y  used €or  t h e  column. Once f i l l e d  wi th  sample, 

t h e  sampling tube is connected t o  t h e  pump v i a  a convent iona l  union 

and t o  t h e  column v i a  a s p e c i a l l y  prepared zero  dead volume union 

( s e e  f i g u r e  l b ) .  The sample tube-column union is  a modi f ica t ion  of 

a connect ion device  used t o  couple  a d e t e c t o r  t o  a c a p i l l a r y  LC 

column(l0). The connect ion between t h e  tube and t h e  column is  

accomplished by using a 1/16" s t a i n l e s s  s t e e l  union which is  

d r i l l e d - o u t  t o  an i.d. of 0.082". A piece  of t e f l o n  tubing is then 

placed through t h e  i n n e r  h o l e  of the  union t o  c r e a t e  a t i g h t  f i t .  

Shr inkable  PTFE tub ing  i s  then placed around t h e  end of t h e  column 

and the  end of the  sample tube,  care must be taken t o  be s u r e  t h a t  

t h e  end of t h e  column and tube a r e  f l u s h  wi th  the  end of t h e  tub ing  

placed over i t  ( s e e  i n s e r t  in f i g u r e  l b ) .  With t h e  ends of t h e  

column and sample tube t r e a t e d  i n  t h i s  way, they f i t  t i g h t l y  i n s i d e  

t h e  t e f l o n  tub ing  i n s i d e  t h e  union. Vespel f e r r u l e s  are then put 

around t h e  sample tube and column and t h e  connect ion process  is  

completed by c a r e f u l l y  t i g h t e n i n g  t h e  n u t s  of t h e  union. 

RESULTS AND DISCUSSION 

Both techniques  are wel l - su i ted  f o r  sampling b i o l o g i c a l  

systems. S ince  extremely small sample volumes are requi red  € o r  

a n a l y s i s ,  samples can be taken f r e q u e n t l y  without  harm t o  t h e  

organism being s t u d i e d .  However, each technique has  i ts  advantages 

and disadvantages.  S ince  t h e  "heat ing" method involves  t r u e  

"on-column'' i n j e c t i o n ,  t h e r e  is less chance f o r  s o l u t e  band 

d i s p e r s i o n  t o  occur ,  because t h e r e  are no f i t t i n g s  or  o t h e r  

coupl ing methods i n  t h e  system t o  c o n t r i b u t e  t o  band d ispers ion .  A 
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BIOLOGICAL SAMPLE INJECTION 3371 

comparison of t h e  column e f f i c i e n c i e s  f o r  t h e  "hea t ing"  and "sample 

tube" i n j e c t i o n  t e c h n i q u e s ,  f o r  i n j e c t i o n s  of a NBD-dervatized 

methyl  amine s o l u t i o n ,  y i e l d e d  a 9% lower p l a t e  h e i g h t  f o r  t h e  

former i n j e c t i o n  t echn ique .  It is  expec ted  t h a t  t h e  i n j e c t i o n  

r e l a t e d  band d i s p e r s i o n  would be even more s e v e r e  f o r  t h e  sample 

tube  i n j e c t i o n  p rocedure  i f  extreme c a r e  had no t  been t aken  i n  

p r e p a r i n g ,  f i l l i n g ,  and connec t ing  t h e  sample tube.  

The p l o t  shown i n  f i g u r e  2 i l l u s t r a t e s  t h e  e f f e c t s  of h e a t i n g  

t i m e  and a p p l i e d  v o l t a g e  on i n j e c t i o n  volume f o r  t h e  h e a t i n g  

t echn ique .  The p l o t  relates t h e  peak h e i g h t  of methyl amine-NBD t o  

t h e  amount of t i m e  t h e  h e a t i n g  a p p a r a t u s  is s u b j e c t e d  t o  v o l t a g e .  

Two s e p a r a t e  v o l t a g e s  were used f o r  t h e  t r ia l s .  Both cu rves  r e a c h  

a c o n s t a n t  v a l u e  a f t e r  a l e n g t h  of t ime which depends on t h e  

v o l t a g e  a p p l i e d .  The h e a t  g e n e r a t e d  i n  t h e  h e a t i n g  tube  i s  

conducted a long  t h e  column, r e s u l t i n g  i n  an " i n j e c t i o n  l e n g t h "  

( L I )  of sample w i t h i n  t h e  column which can be g r e a t e r  t h a n  t h e  

t u b e  l e n g t h .  I n  t h i s  work t h e  h e a t i n g  tube  was approximately 2 cm 

i n  l e n g t h  and t h e  v a l u e  of LI (as observed w i t h  a microscope)  was 

abou t  8 c m ,  when a v o l t a g e  of  1.2 v o l t s  was a p p l i e d  f o r  two 

minu tes .  Th i s  co r re sponds  t o  an i n j e c t i o n  volume of 40 nL. 

There a r e  many pa rame te r s  and c o n d i t i o n s  which i n f l u e n c e  

LI. It is impor t an t  t o  a d j u s t  and c o n t r o l  c o n d i t i o n s ,  such as 

t h e  thermodynamic p r o p e r t i e s  of t h e  mobile  phase,  h e a t i n g  tube  

p o s i t i o n  on t h e  column, a i r  c u r r e n t s  nea r  t h e  i n j e c t i o n  dev ice ,  and 

h e a t i n g  t i m e ,  so  t h a t  t h e  v a l u e  of LI is both r e p r o d u c i b l e  and 

n o t  s o  l a r g e  as t o  cause i n j e c t i o n  r e l a t e d  band despe r s ion .  
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3312 CAPACCI AND SEPANIAK 

Figure  2. P l o t  of peak h e i g h t  vs. h e a t i n g  t i m e  f o r  "hea t ing"  
i n j e c t i o n  technique.  The upper and lower p l o t s  a r e  
f o r  appl ied  v o l t a g e s  of 1.2 and 1.0 v o l t s ,  
r e s p e c t i v e l y .  

Equat ion 1 relates the  p l a t e  

(HI) t o  t h e  column l e n g t h  (L 

height  caused by t h e  i n j e c t i o n  process  

and L1(11). 

The c a l c u l a t e d  va lue  of HI f o r  our condi t ions  was 0.09 m. 

The c o n t r i b u t i o n  of HI t o  t h e  t o t a l  p l a t e  h e i g h t  was s u f f i c i e n t l y  

s m a l l  so  as t o  provide f o r  b a s e l i n e  r e s o l u t i o n  of t h e  an t i tumor  

drug doxorubicin hydrochlor ide  and two of its metabol i tes  ( s e e  
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BIOLOGLCAL SAMPLE INJECTION 3373 

F i g u r e  3. 

I I 1 1 
5 10 15 

TIME (rnin) 

S e p a r a t i o n  of an t i - tumor  d rugs .  I n j e c t i o n  w a s  done  
w i t h  t h e  " h e a t i n g "  t e c h n i q u e .  The compounds i n  
o r d e r  of e l u t i o n  are: d a u n o r u b i c i n  ag lycon ,  
d o x o r u b i c i n  h y d r o c h l o r i d e ,  and 
d a u n o r u b i c i n  h y d r o c h l o r i d e .  

f i g u r e  3). The u t l l i t y  of t h i s  t e c h n i q u e  f o r  d i r e c t  b i o a n a l y s i s  is 

l a r g e l y  dependent  on t h e  s e n s i t i v i t y  of t h e  d e t e c t o r  employed. 

Using l a s e r - b a s e d  f l u o r e s c e n c e  d e t e c t i o n  f o r  c a p i l l a r y  LC, we have 

r o u t i n e l y  o b t a i n e d  minimum d e t e c t a b l e  i n j e c t i o n  q u a n t i t i e s  i n  t h e  

low pg t o  h i g h  f g  r a n g e ( 8 ,  2 ) .  A d e t e c t i o n  l i m i t  of one pg c o r r e -  

sponds t o  a c o n c e n t r a t i o n  i n  a 40 nL sample of a p p r o x i m a t e l y  25 

ppb. The t h e r a p e u t i c  l e v e l s  f o r  d o x o r u b i c i n  h y d r o c l o r i d e  i n  plasma 

are i n  t h e  20-200 pph r ange ,  i n d i c a t i n g  t h e  p o t e n t i a l  u s e f u l n e s s  of 
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3374 CAPACCI AND SEPANIAK 

t h i s  t echn ique  f o r  t h e  d i r e c t  b i o a n a l y s i s  of t h e  ant i - tumor d rug  

and its m e t a b o l i t e s .  

The r e p r o d u c i b i l i t y  of t h e  "hea t ing"  i n j e c t i o n  t e c h n i q u e  was 

e v a l u a t e d  u s i n g  a h e a t i n g  t i m e  which co r re sponds  t o  t h e  f l a t  

p o r t i o n  of t h e  p l o t s  i n  f i g u r e  2. E i g h t  i n j e c t i o n s  of samples 

c o n t a i n i n g  NBD-derivatized methyl  amine were performed. The 

r e l a t i v e  s t a n d a r d  d e v i a t i o n s  i n  t h e  peak h e i g h t s  ob ta ined  were 12% 

u s i n g  e i t h e r  t h e  mobile  phase or human serum as t h e  sample 

s o l v e n t s .  

The main d i sadvan tage  of t h e  "hea t ing"  i n j e c t i o n  t echn ique  is  

t h e  inconvenience of having t o  t a k e  t h e  sample a t  t h e  s i t e  of t h e  

s e p a r a t i o n ,  o r  hav ing  t o  t r a n s p o r t  t h e  column from t h e  sampling 

s i t e  t o  the  s e p a r a t i o n l a b o r a t o r y ,  t hen  r econnec t  t h e  column t o  t h e  

pump and r e a l i g n  t h e  d e t e c t i o n  o p t i c s .  In any e v e n t ,  r a p i d ,  

r e p e t i t i v e  a n a l y s i s  is not  p o s s i b l e  w i t h  t h e  "hea t ing"  i n j e c t i o n  

t echn ique .  The "sample tube" i n j e c t i o n  t echn ique  has  t h e  advantage 

of being a b l e  t o  t a k e  samples a t  a r a p i d  rate a t  a s i t e  away from 

t h e  s e p a r a t i o n  experiment .  OTLC u s i n g  t h e  "sample tube'' i n j e c t i o n  

t echn ique  should prove u s e f u l  f o r  pha rmok ine t i c  and b i o d i s t r i b u t i o n  

s t u d i e s .  R e p e t i t i v e  samples can be t aken ,  s t o r e d  d i r e c t l y  i n  t h e  

sample tubes  (pe rhaps  wi th  f r e e z i n g ) ,  t h e n  analyzed s e q u e n t i a l l y  

u s i n g  a s i n g l e  OTLC column. Care must be t aken ,  however, t o  i n s u r e  

that  t h e r e  is no e v a p o r a t i o n  or d e g r a d a t i o n  of t h e  sample i n  t h e  

t u b e  between t h e  t i m e  t h e  sample i s  t aken  and t h e  s e p a r a t i o n  is  

performed. The volume t o  be i n j e c t e d  can be v a r i e d  i n  t h i s  i n j e c -  

t i o n  t echn ique  by s imple  changing t h e  l e n g t h  of t h e  tube employed. 

Th i s  makes f o r  an e a s i l y  a d a p t a b l e  system of a n a l y s i s .  
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The "sample tube'' i n j e c t i o n  t e c h n i q u e  was a l s o  t e s t e d  f o r  

r e p r o d u c i b i l i t y  u s i n g  bo th  mob i l e  phase and human serum s o l v e n t s .  

Three  sample t u b e s  were used,  and each tube  was t e s t e d  f o r  a t o t a l  

of e i g h t  i n j e c t i o n s ,  f o u r  i n  each  m a t r i x .  The r e l a t i v e  s t a n d a r d  

d e v i a t i o n s  f o r  t h i s  means of s ampl ing  ranged between 5 and 8% f o r  

i n d i v i d u a l  t u b e s ,  when u s i n g  the same test sample as was used t o  

e v a l u a t e  t h e  r e p r o d u c i b i l i t y  of t h e  o t h e r  i n j e c t i o n  t echn ique .  

Although t h e  d imens ions  of t h e  t h r e e  t u b e s  were almost i d e n t i c a l ,  

t h e  In t e r - sample  tube  r e p r o d u c i b i l i t y  was  r a t h e r  poor.  T h i s  is 

p o s s i b l y  due t o  d i f f e r e n c e s  i n  t h e  p e r m e a b i l i t y  of t h e s e  v e r y  

narrow-bore t u b e s ,  which makes i t  d i f f i c u l t  t o  comple t e ly  f i l l  each 

t u b e  by s i m p l e  a s p i r a t i o n .  The mob i l e  phase s o l v e n t  y i e l d e d  a 1-2% 

b e t t e r  r e l a t i v e  s t a n d a r d  d e v i a t i o n  t h a n  d i d  t h e  b i o l o g i c a l  m a t r i x ,  

bu t  t h e  b i o l o g i c a l  u s e f u l n e s s  of t h e  "sample tube" i n j e c t i o n  

t e c h n i q u e  i s  s t i l l  i n t a c t .  
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