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SUMIWRY 

A method employing solvent extraction and gas-liquid chromatography has 
been developed for the simultaneous determination of meperidine and its N-demethyl- 
ated metabolite, normeperidine, in biofl uids. Normeperidine is analyzed as the hepta- 
AuorobutyryI derivative. Using in fiame ionization detector, the lower limit of sensi- 
tivity of the method is 0_02&ml of biofiuid for both compounds_ 

Samples of plasma obtained from obstetrical patients, following a single 
therapeutic dose, were found to contain higher levels of meperidine than concurrent 
samples of amnioric fluid. Normeperidine could not be detected in either biofluid 
after a single dose. There is, however, 2 gradual xcumu!ation of normeperidine in 
plasma after repeated doses as determined in samples from cancer patients. 

The method can also be used to determine the disposition of meperidine and 
the accumulation of normeperidine in the cat. 

lNTRODUCTiOi’4 

Mepexidine is a narcotic analgesic thsrt is widely used for the relief of pain. In 
man, the major metabolic pathways of meperidine involve hydrolysis to form meperi- 
dinic acid, and N-demethylation to normeperidine, which is foliowed by hydrolysis 
to normeperidinic acid’“. Normeperidine is the only metabolite that has been shown 
to possess sign&ant pharmaco!ogic activity5 (Fi,. = I). Animal srudies have shown 
that the N-demethylated metaboiite is half 2s potent as meperidine as an analgesic, 
but twice as potent as a convulsant6.‘. 

Normeperidine has not been reported in human pl~ma after a single dose of 
meperidine. The purpose of this report is to describe a specific and sensitive method 
for the simultaneous determination of meperidine and normeperidine in biofluids. 
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Fig. I. Structurai formulae of meFeridine, normeperidine and the internal standard. 

MATERIALS AND METHODS 

Chemicals and reagenfs 
Meperidine kjdrochloride and normeperjdine hydrochloride were generously 

supplied by Dr. F. Nachod of the Sterling-Winthrop Research Institute (Rensselaer, 
N.Y., U.S.A.). The internal standard, 2ethyl-5-methyl-3,3 diphenyl-l-pyrofline hy- 
drochloride, was provided by Dr. H. R. SulIivan of the Lilly Research ‘Labs. (Indiana- 
polis, Ind., U.S.A.) (Fig. 1). 

The n-hexane and ethy1 acetate are spectral ,mde, all other solvents are reagent 
grade. Anhydrous ethyl ether is obtained from Fisher (Pittsburgh, Pa., U.S.A.). 

Aqueous solutions of meperidine, normeperidine and the internal standard, 
each at a concentration of 4 pg/ml, are prepared and kept refrigerated. 

Sample exiracrion from plasma 
The method for extrzction is adapted from that described by Inturrisi and Vere- 

beI9 for the extraction of methadone from plasma. 
To plasma (0.5-2.0 ml) in a 15-d siliconized cent&dge tube with a PTFE- 

lined screw cap is added 0.15 ml of the solution of internal standard, 0.25 ml of2.5 _rJ 
sodium hydroxide and 2 drops of octyl alcohol. The saInple is extracted with 5 mf of 
anbydrous ethyi ether by shaking for 5 tin in an automatic shaker and centrifuged 
for 5 min at 500 g_ The ethyl ether layer (upper) is carefully removed and saved. The 
extraction is repeated again with 5 ml of ethyl ether. The ether layers are combined 
and extracted with 5 ml of 0.2 hr hydrochloric acid by shaking for 10 ti and follov& 
by centrifugation for 5 min. The ether phase (upper) is aspirated and discarded. The 
acid phase is then washed with 5 _rnl of hexane by shaking for 5 rnin and centrifuged 
for 3 min. The he-e wash (upper phase) is discarded.~The washed acid phase is eade 
alkaline by addition of3 drops of 50 oA sodium hydroxide (pH >I I), and extracted by 
shaking with 7 ml of ether for 10 min. After centrifugation for 5 XX&X, the ether phase 
is qwefully trznskred to a 12-ml silicotied centrifuge t&e and evapora+Zd to dryness 
in a waterbath at 42”. 
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sQ@e .&TX f rQCfii?l frOl?t aniniOtiC j&id 
Same procedure as described above for~the extraction from plasma. 

Prepomiion of tlte tiept~J~tmrobtatyryl (HFB) derivative of nomteperidine 
+4 3 % solution (40 ,uE) of heptaBuorobutyryhmida.zo~e (HFBf) in ethyl acetate 

is added to the fmal dry extract, mixed and allowed to sit at room temperature in the 
dark for 30 min. The mixture is then dried by a gentle stream of nitrogen. The sample 
is reconstituted with 304 of cycfohexane by warming at 4O”, and 1-2~1 is injected 
into the gas chromatoo_@-aph. 

Gas-ciqud cfiromatogruplty (GLC) 
The GLC analysis is performed on a Varian Aerograph Model 2700 equipped 

with 2 flame ionization detector. The column is a 6-ft. long @ass spiral with 2 2-mm 
I.D. The packing material consists of 3 % OV-17 on %I-100 mesh Gas-Chrom Q. The 
temperatures of the detector and the injection port are 27.5” and 250”, respectively. 
The carrier gas is helium at a flow-rate of 34 ml/min. Hydrogen and air flow are ad- 
justed to give maximal detector response. Hydrogen ffow-rate is 30-33 ml/ruin, and 
air Bow-rate is 300-350 ml/mm. The oven temperature is 17.5”. Detector sensitivity 
is varied from 4 x fO_" to 16 x lo-” A/mV at full scale as required. 

Quantitation is performed by drawin, = in a baseline and measuring the peak 
height from the midpoint of the baseline. Calibration curves are constructed by plot- 
ting the ratio of the peak height of the compound to that of the internal standard 
a_gainst the concentration added. Standard calibration curves are obtained by adding 
meperidine and normeperidine in selected amounts from 0.04-l.Opg to 2.0 ml of 
plasma or amniotic fluid and extractin, = according to the above procedure. The 
amount of each compound in a sample is determined by converting the peak height 
ratio into the absolute amount of compound present. Linearity of the standard curves 
in the range from 0.Wl.Opg for both compounds allows for such conversion. The 
!ower limit of sensitivity is defined as the lowest point on the calibration curve which 
gives at least a 5 unit deflection above baseline at attenuation 4 x lG-ll. This was 
found to be O.O2yg/ml for both compounds in plasma and amniotic fluid. 

RESULTS AND DISCUSSION 

Many of the older methods for ffie determination of meperidine and norme- 
peridine in human biofluids are based on spectrophotometricmeasurements of methyl- 
orange complexesL4~7. These methods have been shown to be non-specifi&’ and 
limited in sensitivity. Both of these considerations are critical in any method to be 
employed in pharmacokinetic studies. A fluorometric method for mepcridine as de- 
scribed by Dal Cortivo et aLrQ has a lower limit of sensitivity of approx. 0.3 /g/ml. 
Recently several GLC methods have been reported for the quantitation of meperidine. 
Goehl and IDavison” reported a GLC method for meperidine with a lower limit of 
sensitivity of 0.1 &ml. In 1974, Stambaugh and WainerlZ published a method for 
cluantitatig O-001 pg/rnl of meperidine. These methods, however, do not also measure 
normeperidine Ievels. Klotz et al. l3 developed a method for both meperidine and nor- 



meperidine by analyzing normeperidine as the trifluoroacetyl derivative, with a lower 
limit pf sensitivity of 0.1 pg/ml. Chan rt hZ.14 reported a method for the simultaneous 
determination of meperidine and normeperidine using- C.arb&ax as the stationary 
phase, which claimed to be capable of detecting as little as O.OZ@g@rl of both com- 
pounds in a 5ml sample. Howeve r, we were not able to reproduce their method in our 
laboratory. The method we have developed supersedes most available methods both 
in sensitivity and by providing simultaneous quantitation of meperidine and norme- 
peridine. 

The conditions for the ext_raction of meperidine and normeperidine from bio- 
fluids were modified from the standard procedure for basic amine? to favor the re- 
covery of both compounds. For example, we found that while PI-butyi chloride would 
provide a good-recovery of meperidine, a more polar solvent such as ethyl ether was 
necessary for optimal recovery of normepericiine. 

Due to the close similarity in the chemical structure of meperidine and nor- 
meperidine, a commoniy used non-polar phase such as SE-30 was not sufficient to 
separate the two compounds over a wide range of temperature conditions. The rel- 
atively more poIar phases such as QF-I and OV-17 allowed baseline separation, but 
did cause a moderate amount of taiiing of the normeperidine. It was also found that 
although the linearity of the calibration curve for meperidine did extend down to 0.02 
pg/ml, the linear range for normeperidine could be extended only to 0.08 pg/ml. 

In order to overcome the problem of adsorption of normeperidine onto the 
packing material, it was necessary to form a derivative. A HFB derivative was chosen 
because it can be formed readily from normeperidine and results in a derivative with 
much improved column characteristics under the GLC conditions as described. Also, 
although not utilized at this time, the HFB derivative could be anaiyzed by an electron 
capture detector with a further increase in sensitivity_ 

Heptafluorobutyryl derivatives may be prepared from heptafluorobutyryl- 
imidazole (HFBI) or heptafluorobutyrylanhydride (HFBA). HFBI is preferred over 
HFBA because it does not release acid into the reaction mixture, an inert base imid- 
azole is produced instead. The derivative procedure is adapted from a general method 
described by F&ken and Trijbelsrs for aliphatic amines. Conversion of normeperi- 
dine to the HFB derivative was found to be complete in 30 min at room temperature. 
And in agreement with the above paper, it was essential that the reaction be carried 
out in the dark, otherwise a greenish yellow color results and the conversion is not 
reproducible. It was found that most of the excess reagent could be removed by drying 
with nitrogen. Cyclohexane was chosen as the solvent to reconstitute the compounds 
for GLC because it did not dissolve any of the more poiar by-products, and thus pro- 
duced chromatograms without any interfering peaks. Wit.1 the preparation of the HFB 
-derivative, it was possible to extend the linearity of the cal:bration curve of normeperi- 
dine down to 0.02 &ml. The method as described can routinely be used to measure 
as little as 0.02 pg/ml of meperidine and normeperidine with an initial sample volume 
of 1 ml of biofiuid. This high degree of sensitivity enables us to collect relatively small 
biofluid samples for pharmacokinetic studies. 

ExampIes of chromatograms obtained under the conditions described above 
are given in Fig. 2. The multi-step extraction procedure results in an extract that is 
free of interfering peaks. Iu most cases it was possible to introduce samples into the 
gas chromatograph every 8-10 min. 
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Fig. 2. Chromatograms of human plasma extracts_ Retention times: meperidke (M), I.8 min: 
normeperidine (N), 2.8 min; intemai standard (S), 4.2 min. (A), Extract of control plasma to which 
was added 0.40 .ug of meperidine (M), 0.40 jcg of normeperidine (N), and 0.40 ,rfg of internal stan- 
dard. (B), Extract of plasma from an obstetric patient who received a single dose of meperidine, 
ICO mg i.m. (C), Extrzct of plasma from a cancer patient who received 10 doses of meperidine, 75 
mg i.m. Detector sensitivity was 8 x 10-I’ A/mV at full scale. 

Fig. 2A shows the chrometo_- obtained from an extract of control plasma 
to which was added 0.4Opg of meperidine, 0.4Opg of normeperidine, and 0.4Opg of 
internal standard. The retention times are: 1.8, 2.8, and 4.2 min, respectively. 

Fig. 2B shows the chromatogram obtained from an extract of the plasma from 
an obstetrica patient who had received a single dose of meperidine, 100 mg intra- 
muscular (Lm.). The sample was collected 30 min after the administration of the dose. 
The internal standard was added to 1 .O ml of sample plasma and the extract prepared 
as described in Materials and Methods. As can be seen in Fig. 2B the extract contained 
meperidine, but no nom-rep&dine was detected. 

Fig. 2C shows the chromatogram of an extract of a 0.5ml plasma sample 
from a cancer patient who had received a total of 10 doses of meperidine, 75 mg i-m. 
The sample was collected I h after the last dose. It can be seen that the sample con- 
*tained both meperidine and normeperidine. 

The method was employed in the determination of the plasma and amniotic 
fluid concentration of meperidine and normeperidine in obstetrical patients after a 
single dose of meperidine. Amniotic fluid was obtained by amniocentesis at various 
times after the adininistration of the dose, and a blood sample was colfected at the 
same time. The results in Table T show that meperidine is present in amniotic fluid 
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TABLE I 

PLASMA AND AMNIOTIC FLUID LEVELS OF- MEPERIDINE EN-OkFETRICAL ?A- 
TZENTSAFTER A Sl!NG~Z xX3-mg I_% DG§E 

Subjec: We2k.s of Time after Meperidine level (pgjml) 
gestation dose (min) 

Plasma Amniotic J&id 

1 20 I.5 0.34 0.00 
2 20 30 0.32 0.02 
3 19 60 0.37 0.04 

4 20 I20 0.12 o.oi 

witin 30 II& after intramuscular administration, and the concentration remains 
Iower than that in plasma up to 3 k after tke dose. Mormeperidine did not attain de- 
tectable levels in plasma or amniotic fluid during that time period. 

The metkod has been used to compare the pIasma levels of meperidine and 
normeperidine in samples from obste*&cal patients given a single dose of meperidine 
with tke plasma levels from cancer patients given multiple doses. Table 11 shows the 
data obtained from some of these patients. AH samples were collected 1 k after ‘Lhe 
dose. 

TABLE II 

PLASMA LEVELS OF MEPERIDTNE AND NORMEPERIDINE IN PATIENTS RECEIVING 
SINGLE AND MULTIPLE LM. DOSES OF MEPERHXNE 

Subjects l-4 are obstetrical patients and subjects 5-S are cancer patients. 

Subject Dose (rng) Number Time after PIasma level (pgjmi) 
of doses &se (h) 

Meperidine Normeperidine 

1 IO0 1 1 0.29 0.00 
2 IGil 1 I 0.37 0.00 
3 100 1 3 0.07 0.00 

4 100 3.5 0.11 0.00 
5 100 _ 

; 
I 0.54 0.28 

; 75 75 IO 5 : 0.36 0.38 6.13 0.1s 

8 loo i0 4 0.16 0.48 

Tke data indicate tkat tke -peak plasma level of meperidine at L k after dosing 
was, on the average, somewhat kigker in those patients given multiple doses compared 
to those given a single dose. ?ke half-life of meperidine in normal volunteers after a 
single intravenous dose has been reported by Klotz et obU and Matker ef ~1,‘~ to be 
3.2 h and 3.7 k, respectively. Therefore, since tke dosing interval in the-cancer patients 
was 4-6 k, some accumulation of plasma meperidine could be expected. Bn agreement 
witk the resuks of Kl0t.z .9F @I_‘” ~10 nomeperidine wti detected In plasma up to 3.5 k 
after a si@c dose. h’owever, we do fkd relatively hi& levels of nomiepeti&e in the 
plasma of patients who have received muiti$e doses of the drug. Tke_haShfe of 
normeperidine in man is not known Et ap&?.rs that tkere is an accumu&ion of the 
IGdemetkyIated metabolite in plasma after repetitive doses, suggesting @at the half- 
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life of the metabolite is longer than that of the parent drug. This finding may have 
considerable clinical simmce since normeperidine has been show-n in animal studies 
to be 2-3 times as toxic as meperidine’. Meperidine and normeperidine produce both 
excitatory and depressant eff&cts with the excitatory e&&s predominant for normeper- 
idine. In animals toxic doses of normeperidine led to convulsions with varying de- 
grees of zespiratory depression, and eventually deatW’. Although the depressant 
eEects_can be completely antagonized by a narcotic antagonist such as ndoxone, 
Gilbert and MartSi have showu, in mice, that naloxone can only partially antag- 
oni& the convulsions prdduced by normeperidine. 

This method was also used to study the disposition of meperidine and norme- 
peridine in the plasma of a cat who received 4 doses of meperidine. Meperidine hydro- 
chloride (5 mg/kg, i-m.) was injected at 4-h intervals and blood samples were collected 
at various times from a chronic indwelling catheter. The results are shown in Table III. ’ 

It can be seen that meperidiue is rapidly absorbed after i-m. administration, 
and the levels fall rapidly during the first hour. Normeperidine was not detected in 
plasma unti 3 h after the first dose. With each succeeding dose, tie meperidine levels 
decline rapidly between the i/4- and the 4-h samples. In contrast there is a gradual 
accumulation of normeperidine in the plasma following each dose of meperidine. 
Thus the ratio of normeperidine/meperidine at 4 h after dosing is increased from 0.26 
after the first dose to 0.76 after the fourth dose. 

TABLE Iii 

PLASMA LEVELS OF MEPERIDINE AND NORMEPERIDINE IN A CAT FOLLOWING 
EACH OF 4 DOSES OF MEPERIDINE (5 m&g 1-M.) 
The dose was repeated at 4-h intervals. 

DOS? Time after PIasnm level (&ml) 
dose (h) 

Meperidine Normeperidine 

2nd l/4 
4 

3rd I/4 
4 

4th 114 
4 

6.02 
2.30 
2.00 
0.95 
0.74 
0.37 
0.39 

3.87 
0.51 

4.39 
0.78 

5.08 
0.93 

E 
::ii 
i-2 
oh0 
0.13 
0.32 

0.25 
0.36 

0.49 
0.71 

These results from the cat arc similar to those that we have found in preliminary 
studies in human subjects. The data indicate that N-demethylation is a major path- 
way of biotransformation of meperidine in both cat and man_ Also both cat and man 
show an accumulatioa of n&meperidine when given meperidine in re_peated doses at 
the usual therapeutic dosing interval. 
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The $ev&pm&of a s&i&z and s&&itiv~ method .for .th& ~&.&m&Sio~~ of 
me@e$%ne and ~ormepeti,dine will xi&&.p&uit us & $I.& ibe -phar&cokinetics .of 
nx@etidin& atid-nbrmeperidi& in &an-&$ in an~apimal tiod&the && -.-: .- : 
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