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A B S T R A C T  

A selective altd sensitive method  for t:ae delermin:t l ion o f  pii ilr,'miide in human  [~lasma is described. A 
i-ml al iquot  o f  p lasma was exlr | lcled with 10 ml or  hexane- i soamyl  aEcohol (99.5:(1.5, v/v) (ext rae6on 
el~ciency 86%) af ter  addi l ion o f  50 t41 or  2 A~t a m m o n i a  and  20 ld o f  aqueous  strychnine solution { 100 ng 
per io ttl} as internal s tandard ,  G a s  chrom. ' l tography was per formed with a J & W  I )B- I .  30 7,~ × 9.53 mm 
I.D. s~parat lon column,  film thickness 1.5/tin. using an n i t rogen-phosphorus-sens i t ive  detector.  The  assay 
wa~ ,,~ .... ~l'l tl-'~ ~,:oncentration range 3.75--'-250 ng/ml ( r=0 .999) .  with a lower  limit o f  detection or  1-2 
ng/ml. The  pr¢~.'k, ion was determined using spiked plasma s.'maplm; (10 and 50 ngfinIL with coefficients o r  
var ia t ion o f  3.5 and 3.1% 0ntr : t -day:  Jr--5) and  4.6 :rod 4 .1% (inter-day: n = 4 ) .  in the range 3.75-150 
ng/ml, the accuracy o f  the assay was 3.M,%. The  itluLhud w~L.-, u.wd ;'o," the d~termiwtt lon o f  pi, ' i tramide 
p lasma concent ra t ions  in pal ienls  receiving inlra- o r  pos l -opera l ive  'mldgesia. 

I N T R . O D U C T I O N  

Piritramide [piritramid, pirinitramide, l'-(3-cyano-3,3-diphenylpropyl)-(l,4'- 
bipiperidinc)-4'-carboxamide] is a synt!,etic opioid it |  which is used for prcmedi- 
cation as well as for tat;a- and post-operative analgesia [2-4]. The determination 
or plasma piritramide concentrations for the eva!uafion of  pharmacokinetic pa- 
rameters in patients receiving post-operative analgesia requires a sen'.;.~ti.ve assay, 
especially in the later phase of elimination, Thin-layer chromatographic (TLC) 
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[5], high-performance liquid chromatographic (HPLC) [6-8] and gas chroma- 
tographic-mass spectrometric (GC-M5)  [9] procedures suitable tbr separation or 
identification of piritramide in standard solutions have been reported, but no 
data were given about plasma extraction procedures and quantification. There- 
fore, we developed a gas chromatographic assay for the determination ofpir i t ra-  
mide plasma concentrations which is linear down to about 4 ng/ml. 

E X P E R I M E N T A L  

Reagents ami chcJ,,ticals 
Aqueous piritramide injection solution (7.5 mg/ml) was obtained from Janssen 

(Neuss, Germany). Standard solutions (750 ng/ml) were prepared by addition of 
10 ltl of  the injection solution to 100 mi of  doubly distilled water or methanol. 
Strychnine was purchased from Sigma (Deisenhofen, Germany). All other chem- 
icals were obtained from Merck (Darmstadt,  Germany) and were of  the highest 
purity available. 

Apparatus aml GC conditions 
The plasma coi~centrations w,,~re determiued by gas chrc~matography (Hewlett 

PacKard GC 5890 Series ~!) using a nitrogen-phosphorus (NP)-sensitive detector 
equipped with a J&W DB-1, 30 m x 0.53 mm I.D. separation column, film 
thickness !.5/ma. The eondition,~ for the gas chromatograph were: injector tem- 
perature 300"C; detector temperature, 300°C; oven temperature gradient, 290"C 
for 9 rain, 50*C/rain, 310°C for 10 min; helium was used as carrier gas (19 ml/ 
minL with 3.2 ml/min hydrogen gas flow tc:~ the detector and 100 rnt./min air flow 
to the detector. Injector p:wa: ,.~tcr~;: ,~n-colun~a mode, sep~z-~ purge 15 ml/min. 
A time-programmable Hewlett Packard l iP  3394A integrator was used for print- 
ing chromatograms and for data calculation. For  best graphic results, the in- 
tegrator attenuation was programmed: ATT 2 z or A'I'T 23 for the strychnine 
peak, ATT 2 ° for the piritranaide peak and ATT 28 fox" the background signal. 

Plasma sample preparation 
A l-ml sample of plasma, spiked with 200 ng of  strychnine in 20 Ill of  doubly 

distilled water as internal standard, yeas alkalinized with 50 Itl of 2 M ammonia. 
Afterwards, piritramide and strychnine were extracted with 10 ml of  hexane- 
isoamyl alcohol (99.5:0.5, v/v) by vortex-mixing (30 s). After centrifugation (3000 
g, 5 rain), the organic layer was evaporated under vacuum and the residue was 
redissolved in !00 ~i of i.oluene--ethanol (1:1, v/v). A l-pl aliquot of this solution 
was injected into the separation column. 

Calibration curves, precisioll and recovery 
For calibration, plasma standards spiked with fixed amounts of the internal 

standard and with piritramide concentrations ranging between 3.75 and 2250 
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ng/ml were prepared and assayed as described above. Calibration curves were 
plotted by corm'elating the peak-height ratio of  piritramide to strychnine against 
the corresponding piritramide concentrations. The accuracy of  the method was 
evaluated by assaying plasma samples spiked with known piritramide concentra- 
tions. The intra- and inter-day precision data of  the assay were estimated by 
measuring plasma standards with 10 and 50 ng/rnl piritramide on d::y ! (n = 5) 
and on the three following days. The extraction eificiencies were detcrmhmd by 
comparison of  the detector signals obtained from methanolic piritramide solu- 
tions without extraction and from spiked piritramide plasma samples extracted as 
described above at a concentration of  75 ng/ml (the intert:al standard, dissolved 
in methanol, was added to the organic phase after the extraction procedure). 

Application o f  the method 
The assay was used to determine piritramide plasma concentratio,~.s in patients 

receiving intra- and post-operative analgesia. Piritramide had been applied via a 
cubital vein catheter tis a bolus, whereas h_~parinized blood samples were with- 
drawn via a superior caval vein catheter (placed for medical indications) within a 
period of 37 h. After centrifugation (30013 g, 5 min) the plasma samples were 
assayed as described. 

RESULTS AND DISCUSSION 

Piritramide (t%r structure see Fig. 1) is a iipophilic synthetic opioid which is 
easily extracted from aqueous solutionz by organic solvents under alkalin, ~, condi- 
tions. The best extraction results were obtained using hexane-isoamyI :,icohol 
(99.5:0.5, v/v) (extraction efficiency 86%), whereas n-heptane-isoamyl a!cohol 
(99.5:0.5, v/v) (extraction efficiency 67%), diethyl ether (23%) and hexane (0%) 
were less useful or not useful. Toluene extracted piritrarnide well (96%), but 
shaking or vortex-mixing resulted in emulsions. With ethyl acetate, plasma peaks 
interfered with the strychnine peak in the chromatogram. Since strychnine 
showed comparable extraction properties and an appropriate retention time, and 
since this substance is usually not present in human plasma, it was used as an 
internal standard. 

At a signal-to-noise ratio of  3:1, the lower limit of detection for spiked piritra- 

CN 7 
cHseHs-~ / ~  

Fig. I. Structure of  piritramlde. 
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T A B L E  I 

A C C U R A C Y  O F  TI.IF. A S S A Y  

S H O R T  C O M M U N I C A T I O N S  

C o n c e n t r a t i o n  o f  p i r i t r a m i d e  (ng /ml )  

S p i k e d  F o u n d  

Acc uracy"  
( % ) 

3.75 3,84 2.35 
7.50 7.6~ 2.39 

I0.00 11.33 13.35 
15.00 14.56 2.92 
25.00 24, 18 3.29 
37.50 38.35 2.26 
50.110 4o.88 0.24 

150.00 149.93 0.04 

%I,.'a n 3.36 

'" C a l c u l a t e d  a c c o r d i n g  to  rer. 10. 

mide p lasma samples  (1 111 injected) was  a b o u t  I - 2  ng/ml using the N P  detector .  
The assay  was l inear in the concen t ra t ion  range  studied: 3.75--2250 ng/ml  ( r  = 

0.999). In the low concen t ra t ion  range,  3 .75-150 n2/lnl, the least squares  regres- 
sion line had a slope o f  0.005947 and  a y- in tercept  o f  -0.00203 (where 3' is the 
p i r i t ramide /s t rychnine  peak-he ight  ra t io  and  x is the p i r i t ramide  concen t ra t ion  in 
ng/ml)  with a coefficient o f  corre la t ion  r = 9.9999. The .accuracy  o f  the me thod  is 
shown in Table  I; the theoretical  concen t ra t ions  (spiked concen t ra t ion)  agreed 
well with the assayed concent ra t ions  ( found  concent ra t ion)  with a m e a n  accuracy  
o f  3 .36%. F o r  intra-  and in ter-day precision studies, the m e a n  ,concentrat ion,  
s t anda rd  deviat ion and coefficient o f  variat ion are shown in Table  II. 

The assay  was used for the de t e rmina t ion  o f  p i r i t ramide  concen t ra t ions  in 
p lasma samples  d rawn  f rom the super io r  caval  vein in pat ients  receiving int ra-  or  

T A B L E  It 

! N T P . A -  A N D  I N T E R - D A Y  P R E C I S I O N  F O R  P I R I T R A M I D E  

S p i k e d  c o n c e n m t t i o n  
( ng /ml )  

F o u n d  concen!  r a t i on  
( m e a n  4- S . D . ) ( n g / m l )  

Coeff ic ient  o f  v a r i a t i o n  
(%) 

hr t ra - t kO '  ( n  = 5 )  

10 10.0 4- 0.35 3.5 
50 48.4 4- 1.52 3.1 

l l~ler-dt  O" ( n  = 4 )  

I0  9. I 4- 0.42 4.0  
50 52.7 4- 2.18 4.1 
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Fig. 2. C h r o m a t o g r a m s  of  plasma samples wi thdrawn f rom a patient before (A) and 30 rain af ter  (B) 
in t ravenous appl icat ion of  3 mg o f  pir i t ramide (peak I = strychnine: peak 2 = piri tramide).  The  piri tra- 
mide concentra t ion  calculated fro,n c h r o m a t o g r a m  B was 15 ng/ml. The  in tegra tor  a t tenuat ion  was set ~,s 
follows: A T T  23 for the strychnine peak.  A T T  2 ° for the pir i t ramide peak and  A T T  28 for the backgrouud  
signal. 

pos t -opera t ive  analgesia .  Fig. 2 shows  c h r o m a t o g r a m s  o f  p lasma  samples  with- 
d r a w n  f rom a pa t ient  before (A) and  30 min af te r  (B) in t ravenous  appl icat ion o f  3 
mg o f  pi r i t ramide.  The  p i r i t ramide  concen t ra t ion  calculated fro.n-, : zh romatogram 
B was 15 ng/ml.  Fig. 3, as an example ,  depicts  a p i r i t ramide  concen t ra t ion  v . z r s , ' ¢ s  

t ime curve f rom a n o t h e r  pa t ient  af ter  in t ravenous  appl ica t ion  o f  15 nag. 
C o m p a r e d  with the previously publ ished me thods  which al low separa t ion  or  

identif ication o f  "'-:"" "" p!xtuatnzue [5-9], ou r  rncthod offers the possibili ty o f  de termin-  
ing p i rh r amide  concen t ra t ions  in h u m a n  plasma.  The  assay is l inear over  the ",vide 
concen t ra t ion  range  which is observed af'.er in t ravenous  appl ica t ion  o f  pir i t ra-  
mide and  it is sensitive enough  for the de te rmina t ion  o f  the low concen t ra t ions  in 

1000' 
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0 ,5 1 '0 1 '5 
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2'o 2's 3'0 3's to 
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Fig. 3. Concentration rersus time curve obtained from a patient after application of 15 mg of piritramidc. 
The plasma samples wcrc whhdrawn from the ~.upcrior caval vein. 
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the later elimination phase. N o  interfering peaks were observed in plasma sam- 
ples from patients receiving variou:', supplementary drugs. 

In conclusion, our method should be useful for the estimation of  pharmacoki-  
netic data of  piritrarnide in man. 
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