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Abstract 0 A method is described for the determination of meperidine
and its pharmacologically active metabolite, normeperidine, in blood,
plasma, and urine using gas chromatography with nitrogen-phosphorus
detection. Structural analogs of both meperidine and normeperidine were
used as internal standards. Unlike previously reported assays, this pro-
cedure was sensitive and convenient enough for use in pharmacokinetic
studies of both meperidine and normeperidine following single doses of
meperidine. The assay was sensitive to 5 ng of meperidine/ml and 2.5 ng
of normeperidine/ml extracted from a 1-ml biological sample. The be-
tween-assay coefficients of variation at these concentrations were 9.4 and
10.4%, respectively.

Keyphrases O Meperidine—gas chromatographic analysis in blood O
Normeperidine—gas chromatographic analysis in blood after single dose
of meperidine O Gas chromatography—analysis of meperidine and
normeperidine in blood 00 Analgesics—meperidine, gas chromatographic
analysis in blood

Normeperidine (I), the N-demethylated metabolite of
the analgesic drug meperidine (II), is pharmacologically
active (1) and may cause seizures in humans (2). Therefore,
blood levels of I should be determined when delineating
the side effects and drug interactions that occur with II.
To carry out such studies after single doses of II, a sensitive
and specific gas chromatographic (GC) assay for I and I1
in biological fluids was developed. The assay allows mea-
surement of IT up to 24 hr and I up to 48 hr after a single
dose of I1.

Previously published methods with adequate sensitivity
for the measurement of I in plasma after a single dose have
involved GC-mass spectrometry with selected ion moni-
toring (3, 4), radioimmunoassay (5), or GC using elec-
tron-capture detection (6). GC methods with flame-ion-
ization detection (7-10) may be satisfactory for deter-
mining therapeutic concentrations of II, but have marginal
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sensitivity for the determination of plasma I concentra-
tions (7-9) following single doses of the parent drug.

This report describes the GC determination of I and I1
using a nitrogen-phosphorus detector, which is highly
selective toward nitrogen-containing compounds such as
IT and its derivatives. The assay is significantly faster and
more convenient than previously reported GC methods,
and is applicable to whole blood, plasma, or urine.

EXPERIMENTAL

Materials—Meperidine hydrochloride and normeperidine hydro-
chloride were obtained!. Heptafluorobutyric anhydride and sodium cy-
anoborohydride were obtained commercially2. Normeperidinic acid n-
propyl ester (III) was synthesized by a previous method (6). N-ethyl-
normeperidine (IV) was synthesized as will be described. All other
chemicals and solvents were analytical reagent grade.

Synthesis of N-Ethylnormeperidine Hydrochloride—Sodium
cyanoborohydride (100 mg) was added to a solution of normeperidine
hydrochloride (250 mg) and acetaldehyde (0.5 ml) in 50 ml of 50% aqueous

1 Kindly supplied by Sterling-Winthrop Research Institute, Rensselaer, N.Y.
2 Aldrich Chemical Co., Milwaukee, Wis.

0022-3549/ 82/ 0200-0166$01.00/ 0
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Figure 1—Chromatograms of extracts containing normeperidine (I)
and meperidine (II). Key: A, plasma containing 28 ng of II/ml; B, urine
sample containing 108 and 1300 ng/ml of I and I, respectively; and C,
plasma containing 10 ng of I/ml. GC conditions are described in the text;
and 1 =11;2=1V;3=1;4 = 1II;5 = heptafluorobutyryl derivative of
I and 6 = heptafluorobutyryl derivative of II1.

ethanol. The solution was stirred and the pH was maintained at 6-7 by
the dropwise addition of aqueous sodium acetate. After 2 hr, the pH was
adjusted to 2 by the addition of concentrated hydrochloric acid. This
procedure was done in a fume hood because hydrogen cyanide is
evolved.

The solution was extracted twice with 20-ml portions of methylene
chloride. The extracts were discarded and the aqueous phase was brought
to pH 12 with aqueous sodium hydroxide. The basic aqueous phase was
extracted twice with 20-ml portions of methylene chloride, and the
combined extracts were dried over anhydrous potassium carbonate and
then evaporated under reduced pressure. The oily residue was dissolved
in 3 ml of absolute ethanol, acidified to pH 2 with concentrated hydro-
chloric acid, and then diluted with 25 ml of anhydrous ether, added in
portions with stirring and scratching with a glass rod. The product slowly
crystallized and was collected by filtration and air dried. A white crys-
talline powder (57 mg) was obtained, mp 170.5-172° [lit. (11) mp 171°].
GC analysis indicated a purity of >99.5%.

Instrumentation—GC analyses were performed using an instrument?
equipped with dual nitrogen—phosphorus detectors. The nitrogen (carrier
gas), air, and hydrogen flow rates were 30, 50, and 5 ml/min, respectively.
Columns used for 11 analyses or for simultaneous II and underivatized
1 analyses (urine) were 1.8 m X 2-mm i.d. glass. The columns were con-
figured for on-column injection, packed with 2% polyethylene glycol and
2% potassium hydroxide on 100-120 mesh chromatographic diatoma-
ceous earth?, and operated at 190° for determination of Il in blood and
205° for simultaneous determination of I and IT in urine. Columns used
for derivatized I analyses were 1.8 X 2-mm i.d. glass, packed with 3%
methy! silicone liquid phase on 100-120 mesh base-deactivated chro-
matographic diatomaceous earth® operated at 205°.

The injection port and detector temperatures were 250 and 300°, re-
spectively. A strip-chart recorder® was used for recording chromatograms.

3 Model 5711A, Hewlett-Packard, Avondale, Pa.

4 Carbowax, 20 M potassium hydroxide on Gas Chrom P, Applied Science Lab-
oratories, State College, Pa.

58P2100 DR, Supelco, Bellefonte, Pa.

6 Model 9176, Varian Co., Sunnyvale, Calif.

o 2 4
MINUTES

Figure 2—Chromatograms of extracts of drug-free plasma and urine
specimens. Key: A, plasma extracted for 1I; B, urine extracted for both
Iand II; and C, plasma extracted for [ and derivatized with heptaflu-
orobutyric anhydride.

All extractions were carried out by agitating for 3 min on a multiple-tube
vortex mixer’; an analytical evaporator® was used for evaporating solvent
from extracts with a nitrogen stream.

Assay Procedure—A flow diagram of the extraction procedure is
shown in Scheme 1. To 1-ml samples of whole blood, plasma, or urine
contained in 13-mm X 100-mm culture tubes were added 100-u1 aliquots
of an agueous solution of the internal standards, 111 (for normeperidine)
and IV (for meperidine). Methanolic 2 N potassium hydroxide (0.5 ml)
was added, and the samples were extracted with 3 ml of toluene.

After centrifuging for 5 min, the aqueous layers were frozen by placing
the tubes in a dry ice-acetone bath, and the toluene layers were poured
into culture tubes containing 0.5 ml of 0.2 N sulfuric acid. The tubes were
vortexed for 3 min and then centrifuged. The aqueous layers were frozen,
the toluene layers discarded, and the aqueous acid layers were allowed
to thaw. Aqueous 2 N potassium hydroxide (1 ml) was added, and the
samples were extracted with 2 ml of toluene and then centrifuged.

At this stage, if the concentrations of I and 11 were expected to be high

1mi Blood, Plasmo, or Urine
Internal Standards
KOH, Toluene; vortex

Discard
lToluene ] Aqueous
Phase
; vortex _]
H9504 I » Discard
GLC tor meperidine if

Toluene
L KOH, Toluene: vortex j
not analyzing nor= Discard
meperidine. Simultaneous Toluene | » Aqueous
determination 3' [ ] Phase
meperidine an
normeperidine in urine. L HySO4 ; vortex —]
&sto,, [, Discard

Toluene
|: KOH, Toluene; vortex j
GLC for meperidine if

Discard
also determining Toluene L—> Agqueous
normeperidine. Phase

Heptafluorobutyric Anhydride
Anhyd. K2CO3, 60°C, 15min

[ Hys0,

Toluene

L KOH; vortex j
Tol Discard
} oluene l—-> Aqueous

Phase

L H750,. vortex j
Discard
Vdue"e [——b Aqueous

Phase

GLC for normeperidine

Evaporate to Dryness
HFB derivative

Reconstitute with Butyl Acetate

Scheme [—Flow diagram of extraction procedure.

7 Model VB-1, Kraft Apparatus, Mineola, N.Y.
8 N-Evap model 111, Organomation Associates, Shrewsbury, Mass.
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Table I-—Day-to-Day Variations of Identical Plasma Samples

Meperidine (II)

Normeperidine (I)

20 50

20.1 49.6
3.0

6.1

Concentration given, ng/ml
Concentration found, mean ng/ml
Standard deviation, ng/ml
Coefficient of variation, %

©O B

o o
it et

20O

100.0 200
100.0
6.0 9.6
6.0 4.1

2.5 5 10 20 50 100

2.3 5.0 10.4 20.8 50.0 98.8
0.2 0.4 0.5 0.8 11 1.9
0.4 8.4 5.2 4.0 3.9 1.9

200z

100

10

BLOOD MEPERIDINE AND NORMEPERIDINE
CONCENTRATIONS, ng/ml

1 1 1 ] ] ]
0 8 16 24
HOURS

Figure 3—Blood II (m) and I (®) concentrations following adminis-
tration of 50 mg iv of II; blood II (Q) and I (O) concentrations following
administration of 100 mg po of Il in @ human subject.

-

(e.g., as in urine), the toluene extracts were analyzed by GC for both I and
II. The retention times were 2.30, 2.75, 4.00, and 4.95 min for II, IV, I, and
I11, respectively. The extraction recoveries of I and II from urine averaged
70 and 73%, respectively, over the concentration range of 1-20 ug/ml.

The toluene extracts from blood or plasma were back-extracted with
0.5 ml of 0.2 N sulfuric acid. The sulfuric acid layers were made basic with
1 ml of 2 N aqueous potassium hydroxide and extracted with 0.5 ml of
toluene. The toluene layers were transferred to vials containing anhy-
drous potassium carbonate (~40 mg) to dry the solvent. Aliquots (2-4
ul) of the toluene extracts were injected into the chromatograph for
analysis of II. Examples of chromatograms from plasma extracts are
presented in Fig. 1. The retention times of II and the internal standard
(IV) were 3.30 and 3.85 min, respectively. Extraction recovery from blood
over 5-200 ng/ml averaged 67%.

Heptafluorobutyric anhydride (10 ul) was added to the remaining
toluene extracts. The tubes were capped and heated at 60° for 15 min on
a heating block to derivatize I and its internal standard. After cooling to
room temperature, 2 ml of 2 N sodium hydroxide was added and the tubes
were vortexed for 5 min to destroy excess heptafluorobutyric anhydride.
Following centrifugation, the toluene layers were transferred to clean
tubes containing 1 ml of 0.2 N sulfuric acid.

After extraction for 1 min and centrifugation, the toluene layers were
transferred to small vials and evaporated to dryness under a nitrogen
stream. Buty! acetate (50 ul) was added to reconstitute the samples, and
2-6 ul was injected into the chromatograph for analysis of I (Fig. 1).

The retention times for the heptafluorobutyryl derivatives of I and III
were 2.48 and 3.05 min, respectively. Extraction recoveries from blood
averaged 66% over 2.5-100 ng/ml. Chromatograms of blank plasma and
urine extracts (Fig. 2) were free from interfering peaks under the ex-
traction conditions employed. The detection limit for each substance was
~1 ng/ml for 1-ml plasma samples.

Standard Curves—Standards were prepared by spiking drug-free
blood, plasma, or urine samples with known amounts of drug and internal
standard. Standards with at least four different concentrations over the
expected range were run with each batch of samples and used to construct
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standard curves. The amounts of IV added were 2.5 ug for urine and 50
ng for blood or plasma; the amounts of III were 1 ug for urine and 25 ng
for blood or plasma. Regression equations relating peak height ratios of
standards to their concentrations were used to determine concentrations
of I and II. The regression lines were linear over all concentrations studied
(0-200 ng/ml for blood, and 0-20 ug/ml for urine) and passed through
the origin.

Analytical Variables—Between-run precision was determined by
analyzing identical plasma standards with six consecutive runs. Coeffi-
cients of variation for six concentrations representative of the therapeutic
ranges found in plasma are presented in Table I.

Pharmacokinetic Study in a Human Subject—A healthy male
volunteer, age 38 and weight 72 kg, was given 50 mg iv of meperidine
hydrochloride over 1 min. One week later, the same subject was given 100
mg po of meperidine hydrochloride in solution. Twelve blood samples
were collected over the 24 hr following drug administration and plasma
separated for analysis of I and II (Fig. 3).

RESULTS AND DISCUSSION

Losses of basic drugs due to adsorption on glassware and/or GC col-
umns may be variable and reduce the precision of an assay if the internal
standard is not chemically similar to the drug being measured. Therefore,
an internal standard that is a structural analog of IT was used. Sharp peaks
and baseline separation of Il and IV (the internal standard) were obtained
on both polyethylene glycol-potassium hydroxide (Fig. 1) and base-
deactivated methy! silicone columns. Good reproducibility was obtained
even at concentrations as low as 5 ng/ml (Table I). Consequently, this
assay can be used to measure plasma II concentrations for as long as 24
hr after a single dose.

The described procedure is suitable for the analysis of large numbers
of samples and its sensitivity should greatly facilitate studies of the kinetic
behavior of normeperidine in meperidine drug interactions and in pa-
tients with disease states in which normeperidine kinetics may be altered

(2).
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