
trum of the ethotoin-I1 system was the summation of the spectra of the 
two components. Again there was no evidence of complexation between 
the two compounds. The formation of an insoluble complex between 
nitrofurantoin and I1 may explain the decrease in the dissolution rates 
from both the nitrofurantoin-I1 physical mixture and the coprecipi- 
tate. 
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Abstract 0 A GLC procedure for the determination of meperidinic and 
normeperidinic acids in human urine is described. After the extraction 
of any interfering meperidine or normeperidine, the urine samples are 
dried and the acids are reesterified using ethanol-sulfuric acid. The re- 
sulting meperidine and normeperidine are then extracted and quantified. 
With this method, the urinary excretion of these metabolites was followed 
in five subjects who received a single meperidine dose of 36 mg/m2 im. 
This method represents an improvement over the previously described 
methods for meperidinic and normeperidinic acids and can be applied 
to clinical situations. 

Keyphrases Meperidine metabolites-meperidinic and normeperi- 
dinic acids, GLC analyses, human urine 0 GLC-analyses, meperidinic 
and normeperidinic acids in human urine Analgesics, narcotic- 
meperidine metabolites, GLC analyses in human urine 

The pharmacokinetics of meperidine (I) were described 
previously (l), and its metabolites were identified (2). 
Unchanged meperidine was identified in the urine along 
with the N-demethylated metabolite normeperidine (II), 
meperidinic acid (III), normeperidinic acid (IV), and 
conjugated esters of these acids (Scheme I) (2).  These 
initial studies were limited to high drug doses due to the 
limitations of the analytical colorimetric method. 

The  recent development of more sensitive GLC assays 
for meperidine in serum (3) and for meperidine and nor- 

meperidine in urine (4) permitted the study of the phar- 
macokinetics and metabolism of meperidine in humans 
using usual clinical doses ( 5 ) .  A sensitive method for the 
det,ermination of urinary levels of meperidinic and nor- 
meperidinic acids has not been reported previously. This 
report describes a GLC technique for the analysis of these 
metabolites using small aliquots of urine samples. 

EXPERIMENTAL 

Ten milliliters of urine, 1 ml of 5 N NaOH, and 5 ml of chloroform were 
shaken for 10 min in a 50-ml glass-stoppered centrifuge tube. Then the 
tube was centrifuged, and 9 ml of the aqueous phase was transferred to 
a 50-ml round-bottom flask and evaporated to dryness by freeze drying. 
Absolute ethanol, 9 ml, and 1 ml of sulfuric acid were added to the residue, 
and the resulting mixture was refluxed for 3 hr. 

After cooling, 1 ml of the reaction mixture was added to a 15-1111 
screw-capped centrifuge tube containing 2 ml of 2.5 N NaOH. Chloro- 
form, 100 pl ,  containing an internal standard (lidocaine, 20 pg/ml), was 
added to the solution, and the resulting mixture was vortexed for 30 sec 
and centrifuged for 5 min. A 5-pl aliquot of the chloroform layer was then 
injected into the chromatograph'. 

The analysis was carried out using a hydrogen flame-ionization detector 

Perkin-Elmer model 3920 
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Table I-Recovery of Meperidine following the Esterification of 
Urine Samples Containing Meperidinic Acid" 

Meperidinic Meperidine Conversion 
Acid Added, pg/ml Recovered, pg/ml and Recovery, % 

10 7.73 f 0.15 77.3 f 1.3 
7 6.46 f 0.15 78.1 f 2.2 
5 3.76 f 0.32 75.3 f 6.4 
2 1.48 f 0.08 74.2 f 4.3 

a Figures represent the mean f SD for three analyses. 

and a 2-mm i.d. X 1.8-m coiled glass column packed with 3% OV-17 on 
100-120-mesh Gas Chrom Q2. A column temperature of 175" and an in- 
jector and detector temperature of 250' were used. The gas flows were: 
hydrogen, 60 ml/min; air, 500 ml/min; and nitrogen carrier gas, 55 ml/min. 
Under these conditions, the retention times of meperidine, normeperi- 
dine, and lidocaine were approximately 4.4,5.2, and 6.8 min, respectively 
(Fig. 1). 

Following chromatography, a baseline was drawn and the peak heights 
of meperidine, normeperidine, and lidocaine were measured. The ratios 
of meperidine and lidocaine peak heights and normeperidine and lido- 
caine peak heights were calculated, and the concentrations were obtained 
from the standard curves. 

Standard curves for meperidinic and normeperidinic acids were con- 
structed by the analysis of urine samples to which known amounts of the 
meperidinic and normeperidinic acids3 had been added. The concen- 
trations ranged from 20 to 1 pg/ml. The standard curves were described 
by the equations y = 1 9 . 6 ~  + 0.9 with a correlation coefficient ( r )  = 0.99 
for normeperidinic acid and y = 3 . 9 ~  - 0.4 ( r  = 0.99) for meperidinic acid. 
The percent conversion and the percent recovery were calculated by 

+ 

I 111 

i 

I1 

Scheme I 

IV 
+ 
H 

/N\ 

Applied Science Laboratories, State College, Pa. 
Standards supplied by Sterling-Winthrop Research Institute, Renssalaer, 

N.Y. 

Table  11-Recovery of Normeperidine following the 
Esterification of Urine Samples Containing Normeperidinic 
Acid" 

Normeperidinic Normeperidine Conversion 
Acid Added, pg/ml Recovered, pg/ml and Recovery, % 

- 

10 
7 
5 
2 

7.85 f 0.25 
5.30 f 0.18 
3.72 f 0.15 

78.5 f 2.5 
75.8 f 2.6 
74.5 f 3.1 

1.45 f 0.03 72.5 f 1.5 

Figures represent the mean f SD for three analyses. 

comparing the final meperidine and normeperidine concentrations with 
known standards. 

For the i n  uiuo study, five healthy volunteers were given a single 36- 
mg/m2 im injection of meperidine hydrochloride4. Venous blood samples 
were collected a t  0.5, 1, 2, 4, 6, 8, 12, and 24 hr and were analyzed for 
meperidine by previously described methods (5). The cumulative urinary 
output in each subject was collected 1,2,4,6,8,12, and 24 hr after dosing. 
The volume and pH of these samples were measured, and then t,he 
samples were frozen for analysis a t  a later date. The 24-hr cumulative 
excretion of meperidinic and normeperidinic acids was determined using 
10% aliquots of each sample and analyzing the pooled samples. 

RESULTS AND DISCUSSION 

The percent conversion of meperidinic and normeperidinic acids to 
the corresponding ester and the recovery of meperidine and normeperi- 
dine are presented in Tables I and 11. The mean percent recovery of 
meperidine from urine samples with initial meperidinic acid concen- 
trations of 2-10 pg/ml was 76.0%. The mean percent recovery of nor- 
meperidine from urine samples with initial normeperidinic acid con- 
centrations of 2-10 mg/ml was 74.8%. The low recoveries were probably 
due to incomplete esterification and degradation of the molecule during 
the esterification process. Due to the difference in retention time and the 
similarity of the molecules, meperidinic and normeperidinic acids can 
he assayed at  the same time without interference. The limit of detection 
was approximately 10 ng/ml of urine. 

All subjects displayed normal serum meperidine concentration-time 
curves, with a maximum a t  1 hr and with biological half-lives of 2.8-3.4 
hr. The amount of meperidinic acid excreted varied considerably from 
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Figure 1-Gas chromatogram of an  extract after the  esterification of 
10 m l  of control h u m a n  urine containing no  drugs (left) and 10 ml of 
h u m a n  urine containing I0 pg of meperidinic acid/ml and I 0  pg of 
normeperidinic acidlml (right). Key: A, normeperidine; B, rneperidine; 
and C, internal standard. 
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Table 111-Cumulative 24-hr Excretion of Meperidinic a n d  
Iqormeneridinic Acids 

Meperidinic Percent Normeperiainic Percent 
Subject Acid, mg Dose Acid, mg Dose 

1 8.89 1Z.8 3.56 7.1 
2 6.49 i2.8 4.73 9.5 
3 13.91 27.8 4.17 8.3 
4 4.49 9.0 2.22 4.4 
5 12.98 26.0 6.51 13.0 

subject to subject (Table HI) ,  and the 24-hr cumulative excretion of 
meperidinic acid accounted for between 9.0 and 27.8% of the administered 
dose. These results are consistent with the previously reported findings 
for these metabolites of 10.3-40.9% of the administered dose when 
200-1180 mg (over 20 hr) (2) and 100 mg (6) of meperidine were admin- 
istered. 

The 24-hr cumulative excretion of normeperidinic acid ranged between 
4.4 and 13.0% of the administered dose (Table 111); these results are also 
consistent with previous studies of normeperidinic acid, which accounted 
for 2.7-28.3% of the administered dose (2,6). No other attempt was made 
to quantitate the conjugate esters of meperidinic and normeperidinic 
acids, which accounted for 0-16.1 and 3.8-22.3% of the administered dose, 
respectively. 

The hourly excretion of meperidine, normeperidine, and meperidinic 
and normeperidinic acids was followed in one subject (Table IV). The 
meperidine excretion rate reached a maximum of 3.50 pg/ml hr a t  2 hr. 
Meperidinic acid also reached its maximum at 2 hr with a rate of 10.24 
pg/ml hr. The maxima for normeperidine and normeperidinic acid were 
reached a t  6 hr with rates of 0.60 and 2.64 pg/ml hr, respectively. 

The described GLC procedure is reliable and easily performed, and 

Table IV-Hourly Excretion of Meperidine, Normeperidine, and  
Meperidinic and Normeperidinic Acids by Subject 3 

~~ 

Meperidine, Normeperidine, Meperidinic Normeperidinic 
Acid, mg Acid, mg Hour mg mg 

1 0.01 0.00 0.61 0.00 
2 0.44 0.08 1.28 0.36 
4 0.46 0.06 1.12 0.34 
6 0.56 0.28 3.37 0.81 
8 0.08 0.08 1.49 0.58 

12 0.04 0.24 2.68 0.89 
24 0.19 1.07 3.36 1.19 

Total 1.71 1.81 13.91 4.17 

it can be applied to the study of the pharmacokinetic and metabolic pa- 
rameters of meperidine in humans using average clinical doses. 
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Abstract A simple, rapid, and sensitive simultaneous quantitative 
determination of phenylpropanolamine and chlorpheniramine in human 
urine by GLC, using a nitrogen specific detector, is described. After al- 
kaline extraction from urine, phenylpropanolamine and chlorphenira- 
mine are analyzed directly by GLC, without a derivatization step. Pro- 
methazine was used as the internal standard. The total assay time is less 
than 30 min. The method is useful in studies of pharmacokinetic and 
pharmacological interactions of drug combinations. 

Keyphrases Phenylpropanolamine-GLC analysis in presence of 
chlorpheniramine, human urine 0 Chlorpheniramine-GLC analysis 
in presence of phenylpropanolamine, human urine 0 GLC-analyses, 
phenylpropanolamine and chlorpheniramine simultaneously, human 
urine Adrenergic agents-phenylpropanolamine, GLC analysis in 
presence of chlorpheniramine, human urine Antihistaminics-chlor- 
pheniramine, GLC analysis in presence of phenylpropanolamine, human 
urine 

Phenylpropanolamine has been identified and quanti- 
tated by a spectrophotometric method after periodate 
oxidation (1) according to the original method of Shinn and 
Nicolet (2). This method was time consuming in compar- 
ison to GLC for phenylpropanolamine and chlorphenira- 
mine analysis (3-7). 

GLC, using a nitrogen selective detector, is sensitive and 
allows specific detection (8-11). 

The purpose of this work was to develop a simultaneous 
quantitative method for the determination of phenyl- 
propanolamine and chlorpheniramine in human urine by 
GLC with a nitrogen specific detector. 

EXPERIMENTAL 

Instrumentation-The gas chromatograph' was equipped with 
flame-ionization and nitrogen detectors2 connected to a recorder3 with 
a scale range of 1 mv. The stainless steel column (2.17 mm X 2 m) was 
packed with 3% OV-l4 on 100-120-mesh Gas Chrom Q5 and conditioned 
a t  260" for 34 hr with 35 ml of nitrogen (U quality)/min. 

The chromatographic conditions were as follows: injected quantity of 
sample, 1-2 pl; injector temperature, 240'; detector temperature, 280"; 
column temperature, 230" in isotherm; carrier gas (nitrogen U) flow rate, 
35 ml/min; hydrogen (U) flow rate, 30 ml/min; air (medical quality) flow 
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