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ABSTRACT 

A procedure f o r  q u a n t i t a t i o n  o f  th iamphenico l  i n  serum and 
ce reb rosp ina l  f l u i d  was developed u s i n g  h igh-pressure l i q u i d  chro-  
matography. The d r u g  was e x t r a c t e d  f rom b i o l o g i c a l  samples w i t h  
methanol and separated by reverse-phase h igh-pressure l i q u i d  
chromatography, D e t e c t i o n  and subsequent q u a n t i t a t i o n  were p e r f o r -  
med a t  254 nm by o n - l i n e  u l t r a v i o l e t  spect rophotometry .  A f t e r  t h e  
i n t ramuscu la r  a d m i n i s t r a t i o n  o f  a s i n g l e  dose o f  1 CJ o f  thiamphe- 
n i c o l  t o  a p a t i e n t ,  a poor t ransmiss ion  o f  t h e  drug across t h e  
hematoencephalic b a r r i e r  was demonstrated by  t h i s  assay. 

INTRODUCTION 

The p r o p e r t i e s  o f  th iamphenico l  (TAP), a broad spectrum 
a n t i b i o t i c  w i t h  an a n t i m i c r o b i a l  spectrum s i m i l a r  t o  t h a t  o f  
ch loramphenico l ,  would be p a r t i c u l a r y  u s e f u l  nowadays. T h i s  a n t i -  

b i o t i c  i s  a more s o l u b l e  weak base (pKa 
i t  i s  o n l y  s l i g h t l y  bound t o  plasma's p r o t e i n s  (+ 10 %),  and i s  n o t  

i n a c t i v a t e d  i n  t h e  body by  me tabo l i c  Drocesses (1) (2)  ( 3 )  ( 4 )  ( 5 ) .  

i m p o r t a n t  i n d i c a t i o n  f o r  t h e  use o f  t h iamphen ico l .  Only a few 

7.2) t han  ch loramnhenico l ,  

The d i f f e r e n c e  i n  t o x i c i t y  o f  these two p roduc ts  would be an 
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MEULEMANS ET AL. 146 

r e s u l t s  have p r e v i o u s l y  been r e n o r t e d  concern ing  t h e  plasma k i n e t i c s  

and on t h e  c r o s s i n g  o f  th iamnhenico l  t o  t h e  ce reb rosp ina l  f l u i d  (61  
( 7 )  (8 )  ( 9 )  (10) (11) ( 1 2 ) .  Several methods have been desc r ibed  f o r  

t h e  d e t e r m i n a t i o n  o f  TAP i n  b i o l o g i c a l  m a t e r i a l s ,  i n c l u d i n g  m ic ro -  

b i o l o g i c a l  assay, c o l o r i m e t r y  and gas chromatography w i t h  v a r i o u s  
d e t e c t o r s  (13)  ( 1 4 )  ( 1 5 )  (16 ) .  

The m i c r o b i o l o g i c a l  assay, i n  which a cup -p la te  method i s  

used w i t h  p a s t e u r e l l a  b o v i s e p t i c u s  and sa rc inea  l u t e a  as t e s t  orga- 

nisms, i s  i n a c c u r a t e  when o t h e r  a n t i b a c t e r i a l  agents a r e  admin i s te -  

r e d  t o g e t h e r  and when th iamphenico l  i s  me tabo l i zed  i n  a c t i v e  

compounds. The c o l o r i m e t r i c  procedure i s  t i m e  consuming and l a c k s  

s e n s i v i t y .  The gaz chromatographic assay w i t h  d i f f e r e n t  modes o f  

d e t e c t i o n  seems t o  be t ime  consuming due t o  t h e  e x t r a c t i o n  and 

d e r i v a t i z a t i o n  procedures t h a t  a r e  r e q u i r e d .  High-oressure l i q u i d  

chromatography (HPLC) has been l a r g e l y  used f o r  d e t e r m i n a t i o n  o f  

chloramphenicol (17)  (18) (19). The chemical analogy c f  these two 

a n t i b i o t i c s ,  which d i f f e r  o n l y  by a group on t h e  benzene r ing  and 

a l l owsa  more l i p o p h i l i c  comportment f o r  ch loramphenico l ,  i n d i c a t e s  

by t h e i r  p a r t i t i o n  c o e f f i c i e n t ,  t h e  p o s s i b i l i t y  o f  a s i m i l a r  beha- 

v i o r  i n  h igh-pressure l i q u i d  chromatography (20)  ( 2 1 )  ( 2 2 ) .  I n  t h e  

p resen t  study, t h i s  technique o f f e r s  an o n o o r t u n i t y  t o  d e t e c t  

th iamphenico l  i n  plasma and ce reb rosp ina l  f l u i d .  T h i s  method i s  as 

r a p i d  as t h e  methods f o r  ch loramphenico l ,  and has t h e  same s p e c i f i -  

c i t y  and accuracy. A c o n c e n t r a t i o n  o f  0.5 1-19 th iamphenico l  v e r  m l  
c o u l d  be measured on sample as small  as 100 1-11. ThiamDhenicol g l y c i -  

n a t e  i s  t o t a l l y  hydro lysed i n  th iamphenico l  a l coho l  i n  plasma and 

c o u l d  n o t  be determinated i n  t h i s  case, 

MATERIAL AND METHODS 

a )  ch.omatosraehlc-esulement 
A Waters ALC/GPC 204 l i q u i d  chromatoaraph was used (Waters 

Associates, P a r i s ,  France). I t  c o n s i s t e d  o f  a model 6000 s o l v e n t  

d e l i v e r y  system, and U6K u n i v e r s a l  i n j e c t o r  and a model 440 U.V.  

absorbance d e t e c t o r .  Absorbance was recorded on a 10 mV c h a r t  
reco rde r .  
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THIAMPHENICOL IN SERUM 147 

b)  salventr-and-standards 
F r e s h l y  d i s t i l l e d  de ion i zed  wa te r  used th roughou t  t h e  proce- 

dure.  Methanol was a n a l y t i c a l  grade (Merck, Darmstadt, Germany). 

Thiamphenicol a l coho l  was k i n d l y  donated by  CLIN-MIDY , P a r i s ,  

France. 

c )  Chramatograeh~c-eluent 
The mob i l e  phase c o n s i s t e d  of a m i x t u r e  o f  wa te r  and methanol 

(80 : 20, V / V ) ,  oassed through a 0.6 vm f i l t e r  ( M i l l i p o r e  Corp., 

Bedford, Mass. , U.S.A.)  and deaerated by u l t r a s o n i c s .  

d) I!-vltr"_sameles 
$ m ~ m  Thiamphenicol a l coho l  s tock  s o l u t i o n  (100 w.rn1-I) was 

d i r e c t l y  prepared i n  pooled human plasma and congealed 

i n  a l i q u o t s  a t  - 80°C. An a l i q u o t  was decongealed and 

d i l u t e d  i n  pooled human Dlasma b e f o r e  use. 

Thiamphenicol a l c o h o l  s tock  s o l u t i o n  (10 vg.rnl-') was 

d i r e c t l y  prepared i n  pooled human CSF and congealed i n  

a l i q u o t s  a t  - 80°C. It was decongealed b e f o r e  and 

d i  1 u t e d  w i t h  CSF f o r  s tandard i  s a t i o n .  

CSF 

e)  In -v l va - lamPles  
One p a t i e n t  was g i ven  th iamphenico l  g l y c i n a t e  i n  o h y s i o l o g i -  

c a l  s a l i n e  ( e q u i v a l e n t  t o  1 g o f  th iamphen ico l )  i n t ramuscu la r l y .  

Blood and CSF were drawn p r i o r  t o  i n j e c t i o n  and a t  v a r i o u s  t imes  

u p  t o  12 hours.  A l l  t h e  more d i f f e r e n t  h o s p i t a l i z e d  p a t i e n t s  

were t a k i n g  o f  b lood f o r  a t e s t  one hour a f t e r  i n t r a m u s c u l a r y  
i n j e c t i o n  of one g o f  th iamphenico l  g l y c i n a t e .  An a l i q u o t  of  each 

sample was dosed one day a f t e r  exner iment  and o t h e r s  a l i q u o t s  were 

s t o r e d  a t  -30°C and - 80°C up t o  t h r e e  months b e f o r e  a n a l y s i s .  NO 

s igns  o f  decomposit ion were observed and i d e n t i c a l  de te rm ina t ions  

were found. 

f )  Chemical assay 

- &wactil! 
100 u l  of methanol was added t o  I00 v 1  o f  plasma o r  CSF 

and s tandard s o l u t i o n s .  The samples were mixed, t hen  
c e n t r i f u g e d  f o r  10 minutes ( a t  2000 g) and t h e  supernatant  
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148 M E U L m S  ET AL. 

passed through 0.22 pm f i l t e r s  and injected in to  the  
chromatograph. 

- Chrornatogr?ehi 
A reverse phase system was chosen t o  quant i ta te  thiamnheni- 
co l .  100 p1 o f  the ex t r ac t  was in jec ted  on t o  a ,-Bondanack 
C-18 (Waters) and eluent pumped through a t  1 ml/min. The 
absorbance de tec tor  was s e t  a t  254 nm a t  a s ens iv i ty  o f  
0.005 absorbance units f u l l  sca le .  Similar r e s u l t s  was 
obtained a t  268 nm a t  a sens iv i ty  o f  0.01 absorbance uni t s  
f u l l  sca le .  Quant i ta t ion  was based on peak heights recorded. 
Two standard curves were used : One on plasma and the o ther  
f o r  CSF. 

(ONC ENT RATIONpiml 

FIGURE 1 

Standard curve f o r  serum m and CSF 0 thiamphenicol determinations. 
Chromatographic peak height expressed a s  a function o f  concentration 
i n  serum. 
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FIGURE 2 
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T I M E  fmin) 

Chromatographic separa t i on  o f  th iamphenico l  (TAP) i n  e x t r a c t  o f  
serum (A) and o f  ce reb rosp ina l  f l u i d  (CSF-B). The dashed l i n e s  a r e  
f o r  t h e  b lanks o f  serum and CSF. 
Colum : u bondapak C 18, 30 cm x 4 mm 1.d (Waters Assoc ia tes ) .  
Mob i l e  phase : (water  : methanol, 80 : 20, V / V ) .  
Flow r a t e  : 1 ml/min. Sample volume : 100 p1 f o r  serum e x t r a c t  
and f o r  CSF e x t r a c t .  

RESULTS 

C h r o r n a t o g r a e h l c - s e ~ a ~ a ~ ~ o ~  
Id i t h  t h e  c o n d i t i o n s  descr ibed,  th iamphenico l  had a r e t e n t i o n  

t ime  o f  5 minutes and chloramphenicol had a r e t e n t i o n  t ime  o f  17.5 

minutes i n  t h e  same system. Thiamphenicol i n  Plasma and CSF e x t r a c t  
had the  s m e  r e t e n t i o n  t ime  ; i t  was t h e  same i n  aqueous s o l u t i o n s  
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150 M E U L W S  ET AL. 

of the d r u g .  No i n t e r f e r ing  peaks were observed in chromatogramms 
of plasma o r  CSF. The more polar metabolized forms of thiampheni- 
col were eluted i n  the f i r s t  peaks due t o  plasma o r  CSF and were 
undetectable f o r  t h i s  reason. 

R G ! ! E Y  

By assaying in v i t r o  samples of known concentrations against  
standard curves obtained from pool control samples, recovery from 
serum and CSF was calculated and found t o  be quan t i t a t ive .  

from pa t ien ts  a t  the  f i r s t  hour a f t e r  i n j ec t ion ,  recovery was a l so  
found t o  be quant i ta t ive  f o r  serum. 

By assaying i n  vivo samples of elevated concentration obtained 

Wl~~Wl~yjty 

A thiamphenicol concentration of 0 .5  ugh1  serum of CSF could 
be accurately determined (peak height 5 m m ) .  

TABLE I 

Amount added Amount added Amount Recovery 
t o  serum ( vg/ml) t o  CSF (ug/ml) measured 

(ug/ml 1 
1 

2 

5 

8 

10 
1 
2 
5 

8 

10 

0.97 

1.95 

4.9 

7.83 
10.15 

0.98 

1.97 

4.95 

7.92 

10.10 

Recovery o f  Thiamphenicol from Serum and CSF 

*Each value represents the mean of dupl ica te  analyses 

97 

97.6 

98 

97.9 

101.5 

98 

98.7 

98.9 

99 

101 
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THIAMPHENICOL IN SERUM 151 

TABLE I 1  

Recovery o f  th iamphenico l  f rom serum by  d i l u t i o n  

Serum A 

Serum B 

Serum C 

Serum o f  D i  1 u t i o n  Amount 
pa t i  e n t s  measured 

( lJg/ml) ( ug/ml) 

5.4 0 

1/2 
1/4 

1 /2  
1/4 

1 / 2  
1 / 4  

6.3 0 

10.4 0 

5.4 

2 . 6  
1 . 2  
6.9 
3 .O 

1.5 

10.4 

5.1 
2.5 

Recovery 

100.0 

96.2 

80.9 
100.0 

95.2 

95.2 
100.0 

98.0 

96.2 

'Each va lue  rep resen ts  t h e  mean o f  d u p l i c a t e  analyses.  

P rec i  s i on 

In t ra -assay  v a r i a t i o n  was determined by  assaying a serum 

--------- 

sample i n  two separate runs on t h e  same day. Fo r  a c o n c e n t r a t i o n  o f  

5 u g h 1  t h e  v a r i a t i o n  c o e f f i c i e n t  was 2.8 'X and f o r  8 ug/ml i t  was 

3 % and 0.9 % f o r  12 Vg/ml. I n t e r a s s a y  v a r i a t i o n  was c a l c u l a t e d  by 

d i v i d i n g  a serum sample i n t o  5 p o r t i o n s  which were s t o r e d  a t  - 30°C 
and - 80°C and assayed a t  d i f f e r e n t  weeks d u r i n g  a f i v e  weeks 

pe r iod .  For  a c o n c e n t r a t i o n  o f  5 pg/ml, t h e  v a r i a t i o n  c o e f f i c i e n t  

( w i t h  one s tandard d e v i a t i o n )  was 3 . 1  % and a t  a c o n c e n t r a t i o n  

o f  12 ug/ml i t  was 1.5 %. 

!at ient-values 
The k i n e t i c s  o f  th iamphenico l  i n  serum showed a p e r i o d  o f  

e l i m i n a t i o n  o f  5 1 /2 hours i f  we used a monoexponential represen-  

t a t i o n  f o r  one n a t i e n t  ; h i s  i n t r a m u s c u l a r  i n j e c t i o n  (1 qram o f  

t h iamphen ico l )  g i v e s  a maximum val.ue o f  5.4 vg/ml ; i n  ce reb ros -  
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MEULEMANS ET AL. 1 5 2  

p i n a  f l u i d  

(0 .6 t o  1.2 

(1 9 IM) d 

D I S C U S S I O N  

t h e  va lues o f  t h e  c o n c e n t r a t i o n  were v e r y  low 

p g h l ) .  Two o t h e r  p a t i e n t s  w i t h  t h e r a p e u t i c  doses 

d n ' t  show th iamphenico l  i n  ce reb rosp ina l  f l u i d .  

The procedure desc r ibed  above i s  more s p e c i f i c  and s e n s i t i v e  

than  t h e  w i d e l y  used c o l o r i m e t r i c  and m i c r o b i o l o g i c a l  methods ; 

i t  i s  e a s i e r  t o  pe r fo rm than  t h e  gas chromatographic assay. T h i s  

method i s  a l s o  l e s s  t i m e  consuming ; t h e  l a r g e s t  s t e a  was t h e  

c e n t r i f u g a t i o n  f o l l o w i n g  e x t r a c t i o n .  The l i m i t  o f  s e n s i v i t y  c o u l d  

be decreased by means o f  two processes : F i r s t ,  a l a r g e r  sampling 

volume (1 m l  serum) and e t h y l - a c e t a t e  e x t r a c t i o n  ( 2  m l )  f o l l o w e d  

by evapora t i on  and r e d i s s o l u t i o n  i n  mob i l e  phase (50 v l )  before 

i n j e c t i o n  ; secondly, t h e  wavelenght must be s e t  a t  268 nm a t  

TABLE I 1 1  

Ana lys i s  o f  c l i n i c a l  samples f rom t h r e e  p a t i e n t s  r e c e i v i n g  

th iamphenico l  t he rapy  (1 g, I . M .  a t  t = 0 ) .  

Time o f  pre levment  Amount' Amount' 
a f t e r  I . M .  i n j e c t i o n  measured measured 

(hours)  i n  serum i n  CSF 

P a t i e n t  A 1 5.28 0.7 

3 4.32 0.6 

6 2.40 0.9 

9 1.76 0.8 

12 1.52 0.8 

P a t i e n t  B 1 10.40 - 
P a t i e n t  C 1 6.30 - 

'Each va lue  i s  t h e  mean o f  d u o l i c a t e  analyses.  For  p a t i e n t  B 
and C t h e  l i m i t  o f  d e t e c t i o n  was lowed t o  0 .1  u g h 1  i n  CSF sample 
and no th iamphenico l  was measured. 
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THIAMPHENICOL IN SERUM 153 

0.01 f u l l  sca le  s e n s i t i v i t y  ; t h i s  orocedure was n o t  u s e f u l  f o r  

o u r  c l i n i c a l  samples where serum o r  ce reb rosp ina l  concen t ra t i ons  

o f  th iamphenico l  were above t h e  l i m i t  o f  s e n s i v i t y .  The metabo- 

l i s m  o f  th iamphenico l  as p r e v i o u s l y  quoted i s  n o t  s i g n i f i c a n t  and 

d i r e c t  de te rm ina t ion  o f  th iamphenico l  seems t o  be s u f f i c i e n t .  

I n  s p i t e  o f  t h i s  f a c t ,  samples c o u l d  be dansy la ted  o r  s i l y l a t e d  

and separated i n  a reve rse  phase system and i t s  m e t a b o l i t e s  

(g lucu rocon juga ted  and acylamine) q u a n t i t a t e d .  The f i r s t  r e s u l t s  

ob ta ined  by t h i s  method, show a poor t r a n s f e r  o f  t h e  d rug  i n t o  t h e  

CSF and, f o r  two p a t i e n t s ,  th iamphenico l  was r e s n e c t i v e l y  6.3 and 

10.4 pg/ml i n  serum a f t e r  (1 gram in t ramuscu la ry  i n j e c t i o n )  one 

hour  ; no th iamphenico l  i n  CSF was d e t e c t a b l e  a t  t h e  same t ime .  

These f a c t s  c o u l d  be exp la ined  by t h e  p o l a r i t y  o f  t h i s  molecule 

i n  comparison o f  t h e  p o l a r i t y  o f  chloramphenicol which e n t e r s  

i n v e s t i g a t e  i n t o  CSF i n  a s i r y i f i c a n t  p r o p o r t i o n .  Indeed, we need 

t o  f u r t h e r  i n v e s t i g a t e  t h i s  s u b j e c t .  T h i s  s imple method seems t o  

be v e r y  u s e f u l  f o r  such s t u d i e s .  
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