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S ensitive determination of pethidine in body fluids by gas
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Abstract

We have presented a simple and sensitive method for determining pethidine, a narcotic analgesic drug in body fluids by
gas chromatography–tandem mass spectrometry (GC–MS/MS). Pethidine and 49-piperidinoacetophenone (internal stan-
dard) were extracted from body fluids with Bond Elut C columns; the recoveries were above 85% for both compounds.18

The calibration curves for blood and urine showed good linearities in the range of 1.25–40 ng/ml. Its detection limits
(signal-to-noise ratio53) were estimated to be approximately 0.5 ng/ml of whole blood and urine.
   2003 Elsevier Science B.V. All rights reserved.
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1 . Introduction pethidine or pethidinic acid [2–4]. Pethidine was
widely and most frequently abused by persons

Pethidine (meperidine) is a narcotic analgesic working in anaesthesia units in the US [5]. Thus it is
drug, which is widely prescribed in therapeutic necessary to detect and identify pethidine in human
practice; it is predominantly am-opioid receptor body fluids with high sensitivity. We have reported
agonist, and it exerts its phamacological action on sensitive methods for determining pethidine in
the central nervous system and the neural elements in human body fluids by gas chromatography–surface
the bowel [1]. Pethidine is readily absorbed after oral ionization detector (GC–SID) [6] and GC/surface
administration, and rapidly metabolized to nor- ionization organic mass spectrometer (SIOMS) [7].

GC–tandem mass spectrometry (MS/MS) has
enabled sensitive and selective determination of*Corresponding author. Tel.:181-562-93-2435; fax:181-562-
target compounds from many impurities; it has been93-2649.
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paper, we have presented that pethidine in body tions. For pretreatment, the columns were washed
fluids can be determined with very high sensitivity with 10 ml of methanol and 15 ml of distilled water;
by GC–MS/MS. this treatment was repeated twice. Eight milliliters of

distilled water and 1 ml of 1M NaHCO solution3

were added to 1 ml of whole blood or urine samples
2 . Experimental with or without the compounds. In the case of whole

blood samples, each mixture was spun down at 3500
2 .1. Materials rev. /min for 15 min, and the supernatant was loaded

onto a pretreated column. In the case of urine
Pethidine–hydrochloride and 49-piperidino- samples, the mixture was applied to a column

acetophenone (internal standard, I.S.) was purchased without centrifugation. After washing the column
from Tanabe Seiyaku Co. Ltd. (Osaka, Japan) and with 15 ml of distilled water, the compounds were
Aldrich Chemical Co. (Milwaukee, WI, USA), re- eluted with 3 ml of chloroform–methanol (9:1). The
spectively; their chemical structures are shown in organic layer was evaporated to dryness under the
Fig. 1. Other chemicals used were of analytical flow of nitrogen. The residue was dissolved in 25ml
grade. Bond Elut C columns and a CP-SIL 8CB- of methanol, and a 1-ml aliquot was subjected to the18

MS fused-silica capillary column (30 m30.32 mm GC port using a 1-ml plunger-in-needle syringe.
I.D., film thickness 0.25mm) were obtained from
Varian (Harbor City, CA, USA) and Chrompack

2 .3. GC conditions
(Middelburg, The Netherlands), respectively. A 1-ml
plunger-in-needle syringe was obtained from Ito

GC analyses were performed on a Varian CP-3800
Seisakusho Co. Ltd. (Shizuoka, Japan). Human blood

gas chromatograph with a split-splitless injector
and urine samples were obtained from healthy

(Walnut Creek, CA, USA) coupled with a tandem
volunteers.

mass spectrometer. The chromatograph was fitted
with a CP-SIL 8CB-MS fused-silica column. The

2 .2. Extraction of compounds with Bond Elut C18 column temperature was maintained at 1008C for
columns

1 min and then programmed at 208C/min to 2908C;
the injection temperature was 2508C. Helium

We extracted pethidine and I.S. from body fluids
(99.9999%) was used as a carrier gas at a flow-rate

with Bond Elut C columns. The procedure fol-18 of 1.6 ml /min. The samples were injected in the
lowed Suzuki’s method [11] with slight modifica-

splitless mode, and the splitter was opened 1 min
after the completion of the injection.

2 .4. MS conditions

The instrument used was a Varian Saturn 2000
ion-trap tandem mass spectrometer. Mass spec-
trometric measurements were performed in the posi-
tive ion chemical mode; methane was used as CI gas.
MS conditions were as follows: interface tempera-
ture, 2608C; manifold temperature, 458C; trap tem-
perature, 2108C; ionization current, 10mA; electron
energy, 70 eV; and detector voltage, 1.6 kV. The scan
speed was 1000 amu/s, and scan was performed in
the segments 2 and 3. The MS/MS method parame-Fig. 1. Chemical structures of pethidine and 49-piperidino-

acetophenone (I.S.). ters for pethidine and I.S. are summarized in Table 1.
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Table 1 major fragment ions appeared atm /z 174, 202 and
MS/MS method parameters in the present method 220. For 49-PAP, the base peak wasm /z 162; small

Acquisition segment peaks of fragment ions appeared atm /z 167, 114 and
70.2 3

Fig. 3 shows the total ion chromatogram (TIC)
Compound Pethidine 49-PAP

and mass chromatograms of pethidine (20 ng/ml)Run time (min) 4.0–7.5 7.5–12
and I.S. (40 ng/ml), extracted from spiked humanMass range (m /z) 150–255 100–210

Mode Resonant Non-resonant whole blood. Background noises were very small,
Precursor ion mass (m /z) 248 204 and both peaks were clearly found in mass chromato-
Isolation window (m /z) 4.0 3.0 grams. The compounds were also extracted from
Excitation rf (m /z) 109.3 89.8

spiked putrefied whole blood; pethidine was iden-Excitation amplitude (V) 0.48 30.0
tified in 2.5 ng/ml whole blood. In the MS mode,Monitored product ions (m /z) 1741202 162
many impurity peaks were found in TIC, the peak of
I.S. was hardly discernible (data not shown).

3 . Results and discussion 3 .2. Reliability of the present method

3 .1. Product ions and mass chromatograms of We quantitated pethidine in spiked human whole
pethidine and I.S. extracted from human body blood or urine by mass chromatography; the peak
fluids area ratio of both product ions,m /z 174 plus 202 to

162 was used for quantitation. The calibration curves
The product ion profiles for pethidine and 49-PAP for whole blood and urine were drawn by plotting six

are shown in Fig. 2. For pethidine, the peaks of different concentrations of pethidine, using 40 ng/ml

Fig. 2. Product ion profiles of pethidine (upper panel) and I.S. (lower panel). The amounts of injected pethidine and I.S. were 0.8 and 1.6 ng
on-column, respectively.
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Fig. 3. Total-ion chromatogram (TIC) (upper panel) and the mass chromatograms of product ions of pethidine (m /z 1741202, middle
panel) and I.S. (m /z 162, lower panel), extracted from 1 ml of spiked human whole blood (20 ng of pethidine and 40 ng of I.S.).

of I.S.; they gave good linearities in the range of chromatography. The coefficients of intra-day varia-
1.25–40 ng/ml pethidine in whole blood and urine. tions were 12.9% at 4 ng/ml and 14.1% at 20 ng/ml,
The equations andr values were y50.0299x2 respectively (n55); those of day-to-day variations
0.0623 and r50.986 for whole blood, andy 5 were 12.7% at 4 ng/ml and 14.4% at 20 ng/ml,
0.0393x 2 0.0884 andr50.989 for urine. The de- respectively (n55). The C.V. values of the present
tection limit (signal-to-noise ratio53) for pethidine method were above 10%; the difference of the
was estimated to be 0.5 ng/ml for both whole blood ionization efficiencies among separate experiments
or urine. would be one of the causes of such high C.V. values.

Several researchers quantitated pethidine by SIM This may be due to the difference of coexisting
of conventional EI-MS [12–14]. Their detection impurities in the extracted samples. The use of
limits were 25 ng/ml (plasma) [12], 0.17 ng/ml deuterium-labeled pethidine as I.S. could improve
(serum) [13], and 1 ng/ml (breast milk) [14]. The the reproducibility, as in the quantitation of
sensitivity of our present method is almost compar- midazolam in human body fluids by high-perform-
able to the previous methods. ance liquid chromatography–fast atom bombarde-

The recoveries of pethidine and I.S. were de- ment–mass spectrometry (HPLC–FAB–MS) [15].
termined by mass chromatography; the peak areas in
whole blood spiked with known amounts (4 or 20
ng/ml for pethidine and 40 ng/ml for I.S.) of the 4 . Conclusion
compounds were compared with the peak areas of
authentic samples. The recoveries of pethidine from This is the first report describing the determination
whole blood were 109617.1% (mean6SD, n54) at of pethidine in human body fluids by GC–MS/MS.
4 ng/ml and 109610.9% at 20 ng/ml; that for I.S. The present method is highly selective for detecting
was 89.4612.4% (n58) at 40 ng/ml. and identifying pethidine in human body fluids. GC–

To check reproducibility of our present method, MS/MS may be applicable for the identification of
we quantitated 4 and 20 ng/ml pethidine, spiked to pethidine in putrefied body fluids or samples con-
whole blood using each calibration curve by mass taining many impurities.
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