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The 4-phenylpiperidine synthetic analogues of narcotic analgesics, for 
instance pethidine and phenoperidine (ethyl-%phenyl-l-(3-hydroxy-3-phenyl- 
propyl)-piperidin+4_carboxylate) have been the subject of some major re 
search programmes in our laboratories. Recent studies on the use of nakcotics 
in hospital practice showed that pethidine, morphine, diamorph&e and pheno- 
peridine were the four most widely used potent analgesics [l] _ In particular, 
phenoperidine which is 50 times more potent than pethidine, was used ex- 

clusively in surgical theatres and intensive care units. 
The metabolic fate and -disposition of pethidine, the oldest synthetic nar- 

cotic, in both animal and human subjects have been extensively studied [2,3] _ 
However, very little is known about- the bi&ransformation and pharmaco- 
kin$ics of its closely related analogue, p_henoperidine. The purpose of this 
paper is to presen! a report on_ the choice of some phenoperidine analogues 
and the development of one for use as an internal standard to-determine 
plz@ma _le~& of ~henopkkidine kiter intravenous adminktration to healthy 
voluriteks_ 

‘5 -$+a 3. gas _chrom&raph, all glass &y&-em, fitted wit& a phosphorus- 
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nitrogen detector and linked to a Hitachi chart recorder Model 56 (Perkin- 
Elmer, Beaconsfield, Great Britain) was used. This instrument was operated 
with coiled glass column (1 m X 4 mm 0-D.) silanised with hexamethyldisila- 
zaue (HMDS; Chromatography Services, Merseyside, Great Britam) before 
use and packed with various stationary phases. The operating temperature for 
the injector and detector was 35O”C, and also a suitable one for the column. 
Gas flow-rates were nitrogen (carrier gas), 30 ml/min; hydrogen, 5 ml/m& 
and air, 100 ml/mm The temperature of the rubidium bead in the phos- 
phorus-nitrogen detector was adjusted ‘ti optimum condition before use. 
other apparatus used: lo-ml and 15-ml capacity centrifuge tubes with well 
fitting screw caps (Sovirel, Levallois-Perret, France); 15-ml capacity stoppered 
evaporation tubes with finely tapered bases. All this glassware was cleaned by 
soaking overnight in a 2% solution of RBS 25 (chemical Concentrates, RBS, 
London, Great Britain) in water, then rinsed thoroughly with methanol and 
hot tap water followed by distilled water. These tubes were subsequently 
&an&d by rinsing with HMDS in re-distilled chloroform (3%, v/v), and dried 
at 250°C overnight, ‘Ibis treatment of glassware was found to be necessary 
to eliminate possible loss of drug due to adsorption to the glass wall [4] _ 

Ma ferials 

The following materials were used: chloroform, dichloromethane, diethyl 
ether, methanol and n-hexane, all of AnalaR grade and freshly re-distilled; 
sodium hydroxide solutions (5 A? and 0.1 N, ether-washed); phenoperidine 
hydrochloride and R3757 hydrochloride, a phenoperidine analogue (Janssen 
Pharmaceutics, Beerse, Belgium); practolol hydrochloride and propranolol 
hydrochloride (I.C.I., Macclesfield, Great Britain); oxprenolol hydrochloride 
(Ciba Geigy, Macclesfield, Great Britain) a n-butyl reversed ester analogue of 
phenoperidme (synthesised in own laboratory)_ 

Gas--Eiquid chromatography 
Metbanolic solutions of phenoperidine and possible internal standards 

were injected onto the following chromatographic systems at various oven 
temperatures. 

Sysfem I_ Supelcoport (SO-100 mesh) coated with 3% OV-1, in a coiled 
glass column (1 m X 4 mm O-D_)_ 

System 2_ Supelcoport (SO-100 mesh) coated with 10% SP-2100, in a 
coil& glass column (1 m X 4 mm 0-D.). 

The columns were conditioned at 20°C below ‘that of the maximum recom- 
mended temperature of the relevant stationary phase for 24 h. Each column 
was then danizecl twice in situ with 20~11 aliquots of I3MDS before use. 

Compounds which were investigated es possible internal standards were: 
practoiol, propranolol, oxprenolol, metoprolol, a reversed ester analogue of 
phenoperidine [1-(3-hydro~-3-phenylpropyl)-4-phenyl4pi~~d~ol~-butyl 
ester] and R3757, a phenoperidine analogue with longer side chain [ethyl- 

4-phenyl-l-(5 hydroxy-5-phenylpentyl)-piperidine&carboxylate] _ 
Retention times, resolution and symmetry factors of the analytical peaks 

of these compounds for various gas-liquid chromatography (GLC) systems 
were determined and the most suitable compound for use as internal stan- 
dard was then established_ 
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General procedure for the de termination of phenoperidine in plasma 

Blood samples were obtained by venous puncture after intravenous admin- 
istration and collected iu heparinis ed polythene tubes. The red blood cells 
were separated from the plasma by centrifugation (3000 g for 10 min). A 
plasma sample (2.5 ml) diluted with distilled water (2.5 ml) in a 15-ml glass 
centrifuge tube was made alkaline (pH 10-12) with 20 yl 5 N sodium hy- 
droxide solution and the internal standard R3757 (60 ~1 of a methanolic solu- 
tion equivalent to 50 ng/ml) was added. The alkaline solution was extracted 
with 12 ml of diethyl ether-ciichloromethane (4-l) using au automatic shaker 
at a speed of 40 rpm for LO min. The organic layer was then separated from 
the aqueous by centrifugation (2500 g for 15 miu) aud was mferred careful- 
ly into a 15-ml evaporation tube. The extract was then evaporated to dryness 
at 50-55°C on a water bath. An aliquot of re-distilled n-hexane (20 ~1) was 
added to dissolve the dried extract. The stoppered tubes were then stored 
at -20°C before GLC analysis. An aliquot (l-2 ,ul) of the final concentrate 
was injected into the GLC system. The concentration of phenoperidine present 
in the plasma sample was determined from the ratio of the peak height of 
phenopericiiue to that of the internal standard. Calibration graphs were pre- 
pared as follows: methanolic standard solutions of phenoperidine and internal 
marker were added to the drug-free plasma to cover a concentration range of 
5-80 ng/ml). 

Recovery, selectivity, reproducibility and storage 
Recovery. Eight replicate samples of phenoperidine in plasma (20 ng/mlj 

were extracted and evaporated to dryness as described in General procedure. 
The internal standard, R3757 (50 ng/ml in methanol), was then added to 
each tube and evaporated to dryness and 1.5 ~1 aliquots injected onto GLC 
System 2 as described earlier. These results were then related to the 100% 
value obtained from standard methanolic solutions containing phenoperidiue 
20 ng/ml and R3757 50 ng/ml. 

SeZeciivity. Samples of plasma from patients on a variety of drugs were 
analysed to find out if they produced peaks after chromatography which in- 
terfered with those of phenoperidme and R3757. 

Reproducibility. Seven replicate samples of phenoperidine in plasma (20 
ng/ml) were assayed by the General procedure and the peak height ratios of 
the drug to the marker were calculated. 

Storage. Samples of plasma were analysed immediately and after storage 
at -20°C for seven days. 

RESULT AND DISCUSSION 

Choice of GLC system 
Two GLC systems were investigated and their performance is summarked 

in Tables I and II and Fig. 1. Both System 1 (3% OV-1) and System 2 (10% 
SP-2100) were satisfactory for the analysis of phenoperidine, The reversed 
ester analogue of phenoperidine was not resolved by any of the GLC systems 
investigated, and considered unsuitable for use as an internal standard. Com- 
pounds such as propranolol, practolol and metoprolol were considered un- 
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TABLE I 

PER.FORMANCE OF GLC SYSTEM 2 

G&is coIumn (1 m x 4 IIXII O.D.) packed with 10% SP-2100 on SupeIcoport (80-100 
mesh); column temperature, 275°C. 

Retention Symmetry factor Resolution between 
time (min) (limit 0.95-1.05) ; marker (> 1.0) 

Phenoperidine 6-O l-03 - 

Proprandol 1.2 1.00 2.8 
PC3CtOlOl 2.1 0.98 2.7 
Metoprolol 0.8 1.01 3.1 

TABLE II 

PERFORMANCR OF GLC SYSTEM 1 

Glass column (1 m x 4 mm O-D_) packed with 3% OV-1 on Supelcoport (SO-100 mesh); 
columu temperature, 235°C. 

=Wz RetentiOl3 Symmetry factor Resolution between 
time (min) (Iimit 0.95-1.05) marker (> 1.0) 

Pheeoperidine 3.0 1.00 3.8 
R3757 
(internal standard) 5.3 0.98 - 

suitable as internal standards because their retention times in the systems 
investigated were much shorter than that of phenoperidine (Table I)_ 

Recovery, selectivity, reproducibility and storage 
The GLC System 1 (3% OV-1 on Supelcoport, 30-100 mesh) was chosen 

for routine analysis because phenoperidine had a shorter retention time at a 
lower operating column temperature (Tables I and II). 

The reIative recovery of phenoperidine from human plasma was 88.8 + 2.7% 
During the course of these studies, it was estabhshed that substances in sam- 
ples obtained from patients on a variety of drugs, parf3cularly morphine, dia- 
morphine, pentazocine, pethidine and methadone did not interfere in the 
analysis of phenoperidine. 

Repeated assays of the same plasma samples containing phenoperidine 
indicated that the reproducibility of the peak height ratio of phenoperidine 
to -intemaI skxIard was 100 f 1.42%. Calibration graphs for phenoperidine 
were linear over the range of 2-80 ng/mI (Fig. 2). The graphs were found to 
be reproducible when repeated ten times during the studies, 

Sampks of plasma whether fresh or stored at -20°C for seven days did 
not give- peaks that would interfere with the measurement of peaks corre- 
sponding to phenoperidine and the internal standard in the chromatogram 
(Fig. 1); There was no appreciable loss of the drugs from the~samples after 
storing at -20” C for seven days_ 
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TW in sin cimcentmtioo of pkmperidine (nglhrl) 

Fig_ 1. Chromatogram of phenoperidine (P) 25 ng per ml and internal standard, R3757 
(R) 50 r&ml after extraction from plasma, using GLC System X(3% OV-I) with column 
temperature at 235” C. 
Fig_ 2, Typical calibration graph of phenoperidine in plasma 

APPLICATION 

This procedure has been used in preliminary studies on the plasma con- 
centration-of -phenoperidine in volunteer subjects. These studies were krried 
out during the administ&io_n of repeated doses of arpmoniv chloride since 
@vious investigations have shown that the disposition of pethidine is infhl- 
enced by urinary pH [5]. After overnight fasting, subjects were given a bolus 
dose of phenopgdine (15 lug/kg, intravenous) and blood samples (approxi- 
mately 8 ml) were rtirn@v&-- at : fr&i+nt , int@ from ti intravenous can- 
nula. The. conceq@ation of ~he~operidine i& &sqk w& measured by the General pro&tie; . -. ._ . .__ _ - .-- .--. - 

An example of the pk&rni profile of a.male vo&&&iS&t (age 26 years, 
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-weight 65 kg) obtained in this preliminary study is shown in Fig- 3, There 
is a rapid decEne in the plasma concentration of phenoperidine followed 
by a secondary rise between 30 and 40 min. The concentration of the drug 
then declined more slowly and phenoperidine was still detected after 120 min, 
A separate study has shown that the secondary rise was largely abolished by 
concurrent treatment with antacid (Andursil, 10 ml at lo-min intervals for at 
least 1 h during the course of the study). It is probable that the secondary 
peak may be due to the elimination of the drug into the acidic gastric fluid, 
foRowed by its subsequent reabsorption in the small intestine_ 

A more detailed report of this work is in preparation. 

Time (mid 

Fig. 3. Profile of plasma concentration of phenoperidine with time after an intravenous 
dose of 15 pg/kg to a male subject- 
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