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ABSTRACT 

Reversed-phase h igh  performance l i q u i d  chromatography was 
app l ied  t o  the  q u a n t i t a t i v e  de terminat ion  o f  a new glactam a n t i b i o t i c  
p i p e r a c i l l i n .  The procedure was app l i ed  t o  humanplasma and cerebros- 
p i n a l  f l u i d  samples. A f t e r  an e x t r a c t i o n  o f  plasmaor cerebrospinal  
f l u i d  by dimethyl  formamide, chromatogra?hic separat ion was e f fec ted  
on a bonded hydronhobic s ta t i ona ry  nhase w i t h  one mobi le nhase : 
methanol-phosphate b u f f e r .  Th is  assay was app l ied  t o  study human pharmaco- 
k i n e t i e o n  ten  pa t i en ts  w i t h  pu ru len t  men ing i t i s  du r ing  t h e i r  therapy. 
Simultaneous de terminat ion  o f  p i p e r a c i l l i n  i n  plasma and cerebrospinal  
f l u i d  one and two hours a f t e r  p i p e r a c i l l i n  per fus ion  showed a good 
penet ra t ion  o f  t h i s  a n t i b i o t i c  i n  human cerebrospinal  f l u i d .  

INTRODUCTION 

P i p e r a c i l l i n  sodium i s  a new semi-synthet ic p e n i c i l l i n  t h a t  

possesses a broad soectrum o f  i n  v i t r o  a c t i v i t y  aga ins t  gram- 

negat ive  and gram-posi t ive bac ter ia  i n c l u d i n g  anaerobes (1 - 2) .  The 
pharmacokinetics o f  t h i s  drug was descr ibed a f t e r  bo lus  intravenous i n -  
j e c t i o n  i n t o  hea l thy  vo lun teers in  which serum and u r i n e  concentra- 
t i o n s  were determined by a m ic rob io log i ca l  agar 
us ing  Sarcina l u t e a  ATCC 9341 as the  t e s t  organism (3).  

ind ica tes  t h a t  p i p e r a c i l l i n  sodium possesses a small h a l f - l i f e  
(54 minutes), r e l a t i v e l y  la rge  volume o f  d i s t r i b u t i o n  (22 l i t e r s )  
and low degree o f  p ro te in  binding ( 2 1  %) .  I n  animals ( r a t s  and mice) 

d i f f u s i o n  method 

The pharmacokinetic parameter o f  p i o e r a c i l l i n  sodium form 
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576 MEULEMANS ET AL. 

tissue d is t r ibu t ion  demonstrated highest concentrations in the 
l i ve r  and kidney, almost no d r y  oenetrated t o  the b r a i n .  I n  man 
p iperac i l l in  sodium i s  excreted mainly in the urine and i s  
unmetabolised (4-5-5). Evans ( 7 )  s tud ies  serum leve ls  in einht 
adul t  volunteers w h o  received a 15 ma oer Kg dose intravenously 
over 3 minutes and found tha t  two hours l a t e r  the serum level was 
down t o  12 ug Per ml and six hours l a t e r  t o  1.5 LIO oer ml ; the 

same p iperac i l l in  dose was a l so  given as a two hour infusion ; 
t h i s  level f a l l s  t o  an undetectable level s ix  hours l a t e r .  So i t  
i s  c l e a r  t ha t  the l imi t  of s e n s i t i v i t y  of the bioassay (about 1 ug 
oer ml) and i t s  aop l i cab i l i t y  don ' t  permit i t  t o  be followed 
rapidly and during a long time f o r  oa t ien t  theraoy. The oenetratton 
of t h e  drug i n  human cerebrosoinal f l u id  has not ye t  been investigated 
and i t  i s  important t o  know i f  p iperac i l l in  penetrates in f ron t  of 
i t s  broad spectrum of ac t iv i ty .  

MATERIAL A N D  METHODS 

a )  chrorlla_toornohic-n4uloment 
Analyses were performed on Waters Associates Liouid Chromatooraoh 

(Waters Assoc., Par i s ,  France) equipped with a model 440 absorbance 
detector,  a model 6000 A pump, a U6K universal in jec tor  and a 10 mV 

recorder. 

b )  so!vents_and_standards 
Freshly d i s t r i l l e d  deionized water was used thoughout the 

procedure. Methanol was analytical  grade (Merck, Darmstadt, Sermany). 
F iperac i l l in  sodium was kindly Given by Lederle (Lederle, Rungis, 
France). Phosphoric ac id ,  di-natriumhydrogen phosohate and 
dimethyformamide were analytical  grade (Merck, Darmstadt, Germany). 

c )  Ehrornntosranhlr-elunnt 
To 400 ml of methanol was added 500 ml of water, then 94 ml 

solution (0 .2  Y . 1 - l ) .  The pii of of a di-natrium hydropenohosphat 
the solution was ajusted t o  5 .5  w i t h  approximately 6 m l  o+ I ?I. 
phosphoric acid and the volume of the solution was completed t o  one 
l i t e r  w i t h  water. The mobile phase was f i l t e r e d  through a 0.6 
f i l t e r  (Yi71ioore Coro., Par i s ,  France) and degassed u s i n n  u l t rasonics .  

d )  In-vltro-snmeies 
Plasma Pioerac i l l in  sodium stock solution ( I  mg.ml-l) was 

d i r ec t ly  prepared in pooled human plasma and congeled i n  a l iquots  
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PIPEHACILLIN IN PLASMA AND CEREBROSPINAL FLUID 5 7 7  

a t  -8O'C. Each day of analysis an a l iquot  was decongeled and d i lu ted  
in pooled human plasma before use. 
- C S F  Piperac i l l in  sodium stock solution (100 pG.ml-') was 

d i r ec t e ly  prepared in pooled human C S F  and congealed i n  a l iquots  a t  
- 80°C.  I t  was decongealed before and d i lu ted  w i t h  C S F  f o r  standardi-  
zation. 

e )  !!?-v_lvo_-sa_rllolsr 

Ten oa t ien ts  with purulent meningitis were given 4 g of 
p iperac i l l in  sodium in 30 minutes'infusion each e ioht  hours ; 
before the th i rd  infusion a blood #is drawn, and two o r  one hour 
a f t e r  the infusions'  stoD blood and C S F  were drawn o f f .  Each 
sample was immediatly centrifuged. Plasma and C S F  were congealed 
i n  th ree  a l iauots  a t  - 8 0 ° C  with the  stock standard solution. Other 
pa t ien ts  with d i f f e ren t  therapy were a l so  included for  t h e i r  monitoring 
in t h i s  study. 

f )  Chemkal-assay 
- Extraction 

500 p1 of dimethylformamide (OIIF) vere added t o  500 u l  of 
plasma o r  CSF. The samples have been mixed ,  heated a t  60'C f o r  
twenty minutes, then centrifuged f o r  10 minutes ( a t  2 000 4 )  and the  
superna tan t  passed through 0.22 urn f i l t e r s  and in j ec t ed  i n t o  the  
chromatograph. 

- Chromatography 

P i p e r a c i l l i n  was quant i ta ted  on a reverse  phase system. 
25 'dl of the  e x t r a c t  was in j ec t ed  on t o  a P -  Bondapack C 18 (Waters) 
and e luen t  pumped through a t  1.5 ml . rn in- l .  The absorbance de tec to r  
was s e t  a t  254 nm a t  a s e n s i t i v i t y  of 0.1 absorbance uni ts  f u l l  s ca l e .  
Quan t i t a t ion  was based on peak heights recorded.Two standard curves 
were used : one on plasma and the o the r  one f o r  CSF. 

RESULTS 

chromatosraeh~c-seearptlon 
The re t en t ion  time of p i p e r a c i l l i n  was 3.6 minutes i n  the 

described conditions.  P i p e r a c i l l i n  had the  same re t en t ion  time i n  

plasma and CSF (FIG. 1).  No in t e r f e r ing  peaks were observed i n  our 
patients 'plasma f o r  aminoglycosides, thiamphenicol and chloramphenicol, 
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578 MEULEMANS ET AL. 

RETENT ION 

FIGURE I 

?; ! 3 4 5  

B 

T I M E  min 

Chromatographic separation of Piperaci l l in  in  extractsof 
plasma ( A )  and cerebrospinal f lu id  ( B )  . The dashed l ines  
are  for  theblanksof  plasma and CSF. 
Column : u Bondapak 
Mobile phase : (Phosphate buffer : methanol, 50:40 V / V )  
Flow r a t e  : 1.5 ml/min .  Sample volume : 25 P I  f o r  plasma or 
CSF extract .  
Detector : 254 nm 

c18 (Waters) 

vancomycin, ampicillin (druos which were i n  Dlasma for  patients’theraDy). 
I n  these conditions we have n o t  seen metabolites of piperaci l l in  in human 
plasma or  CSF. Also when we moved the retention time t o  I4 minutes by 
changing the mobile phase, we have n o t  found 
the parent d r u g  ; i t  was described in  the l i t e ra ture  for  
animals (8) .  

metabolites Pore nolar than 
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PIPERACILLIN IN PLASMA AND CEREBROSPINAL FLUID 5 79 

CONCENTRATION m c g l m l  

FIGURE 2 

Standard curve f o r  plasma ( m )  and CSF ( 0  ) p i p e r a c i l l i n  
determinations.  Chromatographic peak he ich t  exqressed a s  a 
function of concent ra t ion  i n  plasma. 

ReEverY 
The two standard curves showed nood l i n e a r i t y  i n  the range 

s tudied  (FIG. 2 )  recovery of t he  assay was t e s t ed  using two procedures : 
by adding known amounts of drug t o  plasma o r  CSF of pa t i en t s ,  and by 
d i l u t i o n  of e leva ted  plasma and CSF o f  pa t i en t s .  

mlsi€!iyi:y 

The l imi t  of s e n s i t i v i t y  of the metnod was determined on pool 
plasma and CSF, and by d i lu t ion  of known samoles. The limit of 
detection could be evaluated t o  0 .5  pg/ml i n  the  described method 
(peak height 4 m m ) .  B u t  i f  we s l i g h t l y  change the  volume of 
in jec t ion  (100 p l )  and the s e n s i t i v i t y  of the de tec tor  (0 .05 U . A . )  

we were ab le  t o  de t ec t  0 .1  Ug.rn1-l which i s  l a rge ly  su f f i c i en t  for 
c l in i ca l  purposes. 
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TABLE I 

Recovery o f  piperacillin from plasma and CSF 

Amount measured* 
(ug /ml )  

Amount added 
to plasma (ug/ml 

Recovery 

2 

5 
10 
20 
30 

Amount added 
to CSF (ug/ml) 

2 

5 
10 

20 
30 

1.9 
5.5 
9.5 

22 
31 
1.8 
5 
8 .9  

2 1  

30.5 

95 
90 
95 
90 
97 
90 

100 
89 
95 
98 

x Each value represents the mean o f  duplicate analyses. 

TABLE 11 

Recovery of piperacillin from plasma and CSF by dilution 

Plasma o f  patients 

( N.ml-l) 
Dilution 

Plasma A 54 

Plasma B 32 1 0 

CSF A 30 

CSF B 18 

CSF C 12.8 

I 

53 

2 
32 
15 
7 

98 
96 

104 

100 
94 
88 

30.5 101 
15 I 100 

I 93 7 

17 
9 
5 

12.5 
6.5 
3.5 

95 
100 
111 
98 

101 
109 

x Each value represents the mean o f  duplicate analyses. 
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P I P E R A C I L L I N  I N  PLASMA AND CEREBROSPINAL F L U I D  

Residual value i n  

t he  infusion 
( ug .ml-1) 

1 4 
2 3 
3 4 

Patient i n  plasma before 

581 

Time of prelevment 
( a f t e r  30 minutes' 
infusion of 4 g r .  
piperaci 11 i n )  

1 Hour 
1 Hour 
1 Hour 

(u9 .ml-1) 

p-e_~WS_io_~ 

Intra-assay var ia t ion  was studied on three  plasmas and CSF 
which where determined ten fo ld  o n  the same day. In plasma f o r  a 
concentration of 34 pg.rn1-l the  coe f f i c i en t  of var ia t ion  was 2.5 % 

and fo r  18 pgml-' i t  was 4 % and 5.3 % f o r  8 ug.rn1-l. In CSF f o r  a 
concentration of 22 ug.rn1-I the  coe f f i c i en t  of var ia t ion  was 3 .5  X 
and 4.2 r f o r  10 pg.rn1-l i t  was and 6 4: f o r  5.4 ug.ml-'. 

Inter-assay var ia t ion  was calculated on the  same olasmas and CSF 

which were stored a t  -80°C and assayed ten times a t  d i f f e ren t  days. 
For plasma of 34, 18, 8 ~g.rn1-l  the in te rassay  var ia t ion  was respec- 
t i ve ly  5 .1  %, 6 %, 7 . 2  X and f o r  CSF of 22 ,  10, 5.4 ug.rn1-l t he  
in te rassay  var ia t ion  was respectively 4.5 %, 5 %, 3.5 %. (The 
coe f f i c i en t  of var ia t ion  was defined with one standard devia t ion) .  

54 
38 
32 

TABLE I11 

P ipe rac i l l i n  values in plasma and CSF a f t e r  an infus ion  
(30 minutes, 4 grammes) 

30 
22 

5 

------------------- 9 hour First prelevment 
8 7 days l a t e r  I 4 !  

I I I 

4 hours First prelevment a 12 days l a t e r  

3 t i r s t  prelevment 

8 

9 3 2 hours 

10 4 2 hours 2 days l a t e r  
3 12 days l a t e r  I 

Amount I Amount 
neasured measured 

4 0 1 4 1  ---5r---- -----IT---- 
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582 MEULEMANS ET AL. 

Pa:le_nL!!alues 
Each pa t i en t  received 4 g r  of p ipe rac i l l i n  i n  30 minutes ' infusion, 

each e ight  hours during t h e i r  therapy which las ted  a few weeks. A t  
the beginning of the  treatment a f t e r  two infusions and before the  
beginning of the th i rd  infusion a residual plasma was drawn of f  ; 
then one o r  two hours l a t e r  the infus ions '  s topped  and a plasma and 
a CSF sample were drawn o f f .  For a few Datients their c l in i ca l  evolution 
needed a f t e r  several days another control of olasma and CSF (see t ab le  110 

DISCUSSION 

The HPLC ana lys i s  f o r  the determination of p ioerac i l l in  i s  a 
simole, sens i t ive  and r e l i ab le  method. I t s  advantages over microbio- 
logical assays a re  evident because of i t s  a b i l i t y  t o  d i f f e ren t i a t e  
between the various an t ibac ter ia l  ac t ive  soecies in a samole : a 
s i tua t ion  which i s  very usual i n  c l i n i ca l  treatment of meninaitis ( 9 \ .  

The other advantage i s  the rao id i ty  of the assay which could be done in 
l e s s  than f ive  minutes f o r  the chromatographic Drocess and t h i r t y  
minutes fo r  the samoles' extraction steo.  Also the good limit of 
s ens i t i v i ty  oermits t o  monitor oa t ien ts  which have a low value i n  
plasma and CSF. The dimethylformamide extraction of o iae rac i l l i n  from 
plasma and CSF i s  the most o rac t i ca l ,  althought fo r  CSF the determination 
of p iperac i l l in  could be made d i r ec t ly  on the samnle ; other l iqu id-  
l iquid extractions could be oerformed w i t h  a good recovery 
acetate and chloroform-pentanol ( 3  : 1) give a Good extraction coe f f i c i en t  
which is>80 5 which i s  s imi la r  fo r  o ther  6-Lactamines (10-11-12). 

rapidly between pH 6 t o  8 (from 10 t o  30 %) ; heating plasma or CSF a t  
60°C w i t h  dimethylfomamide doesn' t  a l t e r  the s t a b i l i t y  of the drug and 
the surpernatant can s tay  a t  ambient temperature fo r  a t  l e a s t  a day. 

The pharmacokinetics'parameters t h a t  we calculated w i t h  the values 
of tab le  111, give an ha l f - l i f e  of 2 hours 24 minutes, a volume o f  
d i s t r ibu t ion  of 66 l i t e r s  ; these oarameters a re  in agreement w i t h  those 
o f  the l i t e r a t u r e  (3-4-7). The mean value i n  CSF was the same a t  one 
o r  two hours (10 and 10.5 ug.ml- ) and showed a good penetrarion o f  the 
drug i n  the cerebrosoinal f l u id .  T h i s  preliminary study showed important 
individual variation tha t  explained the necessity of determination of 
p iperac i l l in  i n  plasma and CSF for a cor rec t  c l in i ca l  monitoring of 
pa t ien ts  w i t h  meningitis. T h i s  assay oermitted such s tudies .  

e thyl -  

Aqueous solution of p ipe rac i l l i n ,  plasma o r  CSF lose  t h e i r  a c t i v i t y  

1 
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