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SUMMARY 

An original electror-capm gas chmmatagmpbic sssay has been developed for the 
quantitation of rnetoclopramide in human plasma. The method involves d&vat&&on with 
heptafluorobutyryl imidazole after alkaline extraction, acid backwash, and a further alkaline 
extraction, Plasma leve?s of metucIopramide as low as 5 Dg/l can be measured using 1 ml of 
plasma, and no i_nterference from related substzn&s or commonly prescribed drugs has been 
found_ 

The percentage recovery of drug from plasma ranges fmm 88% to virtually 100%. and the 
between-run variation in the assay is 4.3%. 

The assay has been used for the study of metoclopramide pharmacokinetics in man fol- 
lowing intravenous single-dose administxation. The resultant plasma concentration vs. time 
curwc was biesponential, with a terminal half-life of 5.0 h, and a distribution half-time of 
0.3 h. 

Metoelopramide [Maxokn~, 4amino_5chlo~~~2dietho3aminoe~y~~2- 
methoqbeqamide] is a potent anti+znetic and antispasmo&c age& strut- 
My relited to procainamide. Though metoclop&de has ‘been in use for 
over ten years, and many clinical tials of the drug have been conducted [l-3], 
detailed human phamacoketic studies of metoclopramide have been 
hampered by the lack of a sufficiently sensitive and specific assay. 

Vapious speckophotomefzic and thin-layer chromatqrap~hic assays for the 
drug are available F4,5B; however, such assays suffer both &om a lack of 
sensititi~ 3x1 the nanogram range reed Tar. human sti&es and from inter- 
ference from strucMy zelated compounds. 

ReceqtSy a nmss fragmeneographic-assay for metaclop&& has been de- 
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sc&ed_ Howewer, 5-ml sasnpliilg volumes were necessary to achieve adequate 
scznsitivlw IS]. A recent high-performaze liquid chromatographic assay also 
re@res similar large sampling volumes for the same reason t7] _ 

The pnsent paper describes an original electroncapture gas chromatographic 
(GC) assay for metoclopramide in plasma which is both sensitive and specific 
enough for pharmacokinetic studies in man; plasma levels of metoclapramide 
up to 200 @g/l can be measured using 1 mI of plasma, and no interference from 
rela+%zd drugs has been noted This method was developed independently of the 
somewhat similar method described by Tam and Ax&on 181. Their technique, 
though simpler, had already proved insuffZdentlg sensitive + our hands xvhiIe 
the present method was being developed PrelZminary phannacokinetic d&k 

obtained with tile method are incIuded in tl& report. 

Reagents 
Metoclopramide hydrochloride was provided by Beecham Research Labora- 

turies (Melbourne, Australia) and maprotiline, the internal standard, by Cib& 
Geigy (Sydney, Australia). The chemical structures of these compounds are 
sllOV?n in Fig.1. 
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Fk-l- chemical stnrctures of metoclopmmide and maprotihe, the internal sb&&_ 

Stock solutions (1000 pg/l) of both drugs were prepared in absolute meth- 
anol and stored at 3-4°C. Chloroform, hexane and methanol were all glass- 
dL&l.led ptior to use. Anhydrous diethyl ether (MaEnckrodt, St. Louis, MO, 
U&A.) was obtained in 450-g cans and used only within 48 h of opening. 3i- 

carbonate-carbonate buffer @H IO), sodium hydroxide solution (1.0 mol/l) 
and hydrochloric acid (0.1 mol/l) were prepared in distilled water. The 
derivatizing reagent, heptafluorobutyryl imidazole (HFBI) Pierce (Rockford, 
IL, U.S.A.) was obtained in ampoules and stored under nitrogen in glass septum- 
sealed containers at 4°C after opening. Unused reagent was discarded after 
a days. 

Frepamtion of plasma i&&cuds 
A 1000 ggjl tick solution of metoclopramide hydrochloride in absohrte 

methanol QZZS pspared and stored at 34°C. Appropriate a3iquots were removed 
and tmnsferred to assay tubes. Solvent was removed by getiffe evaporaaon 
under nitrogen, and immediately, residues were redissolved and e@Iibr&d in 
1.0 ml drug-free plasma. These samples we= then extracted and assayed by the 
technique described below. Ten different concentrations of metoclopramide 
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To a LO-ml human plasma sample (spiked or &om dosed subjects) in a 20-ml 
screw&p WHube were added 250 ~1 of a 1000 pg/l solution of the internaz 
stsndard in methanol. 1.0 ml biea&onaHaubonate buffer (pK IO), and 8.0 
ml &ethyl ether we= also added. The tube was capped aud drug and standard 
were extxacted by gentle miKing for 15 min. After centrif@ation at 2000 g 
for 4 min, the ether phase was transferred to another screw-cap tube and the 
aqueous phase reextractRd with a further 8.0 ml ether for 15 min. Following 
centrifugation, the two ether phases were combined and extracted twice with 
2.0 ml 0.1 mol/l hydrochloric acid for 15 min. Asker centrifugation and subse- 
quent combination of the two aqueous phases in another test-t&e, the samples 
were made alkaline w&h 1.0 ml sodium hydroxide solution (1.0 mol/l) and 
extracted into 10.0 ml chloroform for a f&ther 15 min. Layers were separated 
by centxifugation, and the aqueous phase was discarded, while the organic 
phase was transferred to a E&ml glass-stoppered test-tube. - 

The organic extract was evaporated under nitrogen using gentle heat (50- 
6O’C). To the residue were immediately added 20 yl HFBI, and derivatization 
proceeded at 75°C for 90 min. After cooling, the sample was &mlinized using 
2.0 ml bicarbonate-carbonate buffer (pH 10) and then extracted into 1.0 ml 
hexane for 2 min. 

The hexane phase, after cenmgation, was transferred to a N-ml ceni&uge 
tube and evaporated ti dryness. Immediately prior to chromatography, the 
residues were reconstituted in 50 ~1 hexane. A 3-r-l aliquot was then injected 
into the gas chromatograph. 

Gas chmnuztogmphic analysis 
The instrument used was a V&an 2700 gas chromatograph fitted with ascan- 

dium titide electroncapture detector. The coiled glass column (1.2 m X 2 mm 
I.D.) was packed tith 3% OV-101 on acid-washed, DMCS treated Gas-Chrom Q 
(SO--l00 mesh) (Applied Science Labs., State College, PA, U.S.A.). The column 
was conditioned at 250°C for 18 h prior to use. Chromatographic conditions 
we= as follows: injector port, foil =d oven temperatures were 275%, 275°C 
and 200°C respectively; nitrogen carrier gas flow-rate was 37 ml/m&; attenua- 

tion se&g, 128*10-10. Standing cusrent varied between 90% and 50% during 
the study. 

Peak height ratios were calculated by dividing the height of the peak due to 
metoclopramide by the height of that due to maprotjline. Calibration curves 
were constructed by plotslng peak height ratio as a function of metoclopramide 
hydrochloride concentration &g/l of plasma) using known concentrations of 
metuclopramide hydrochlotide in plasma. All assays were carried out in tip- 
lie&e. Least squares linear remetion analysis of the calibration c-es was 
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carried ouh_on a Kewlekt-PacErard prognunmable desk cdemr_ The eq.uation 
for the regre5sion me was subsequentEy used to cakxzlak unknown cons* 
tions of mekxlopramide hydrochloride in pkma from peak height ratio dak 

AEiquots (LOO ~1) of a 1000 fig/l metbanok solutiorz of metdclapMmide 
hydrochloride were! mixed with 2504 aliquots of a 1000 pg/l soMion of 
maproHine, and the solvent removed by gentle evaporation. Residues were 
de&at&d with 20 ~1 HFBf at 75°C for varying time pekds up ts 5 h, in order 
to determine the optimal reaction time fcr derivatkation. To stop the reaction 
ins&may, 2 d bicarbonate-carbonate buffer (pK IO) were added and then the 
compounds were extra&&into h-e. The achievement of optimal conditions 
was refktcted, as wiu be explained~later, in a I:1 peak height ratio of 
metoclopramide to maprotiline, as evidenced by GE. E=b point ti e+is se&km 
of the study was the mean of two determinations. 

TIxe derivatives of both metociopramide and maprotilirre were sub&&& to 
chemical ionization gas chromatigraphy-mzss spe&rometry (GC-MS) on a 

Fig.2. Cbemicd ionization mass speckurn of heptafIuorobx&yrie metoclopmmide. Carrier 
gas, methane (20 ml/min); cokamn packing, 3% OV-101 on CSaschrom Q (100-120 mesh); 
oven temperature, 270°C; injector temperature, 250°C; &SEE+, m/e 496. 
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Finn&an 3200 gas chrornatograph~~~ass spectxometer z&d were co-ed as 
the respective monoheptafluorobutgryl d&t&es (Fig. 2). 

Samples (1-Q ml) of drug-free human plasma were spiked with appropriate 
aliquots of a met&no& soh~tion of metiopramide hydrochloride (1000 ,ttg/l) 
togive plasma concentrations of X0,20, 50,100 5tRd 200 pg/l. Samples were 
mixed thoroughly and then extracted and assayed as described. Six replicates 
were analysed at each concentration. 

Recovery 
Pktsma standards of metaelopramide hydrochloride were prepared using 

appropriate &quo& of a methanolic solution bf metoclopramide hydrochloride 
(1000 Bgfl); the solvent was &&~orated and the residues reconstitutzd in 1.0 ml 
drug-free plasma. These standards were estracted and assayed as described. The 
plasma standards were then compared with aqueous standat& (prepared 
similarly, with the residues being reconstituted in 1.0 ml distilled water) and 
with derivatized standards, directly injected (i.e. not extracted). Concentrations 
of 5,20,50,100,150 and 200 pgfl were studied in triplicate. 

in fekfereme 
Over 30 substances, i&luding commonly prescribed drugs, were tested for 

interference in the assay procedure. Plasma samples (_.O ml) from treated pa- 
tients, or plasma samples spiked with therapeutic concentrations of the sub- 
stzmces, were extractid and assayed as described above, or methanalic solutions 
of some compounds at appropriati concentration levels were derivatized witi 
HFBf (after removal of solvent) and chromatographed as described previously. 

Pizannacokitzetic studies 
A IO-mg dose of metoclop&de hydrochloride was administered by intra- 

venous injetion over 1 min to a vohmteer. The subject, a 37-year old male 
weighing 67 kg, had been fasting prior &o dosing_ A PTFE catheter was inserted 
into an antecubital vein for the collection of blood samples. Twenty U&ml 
blood samples wefe collected at appropriate intervals over a 24-h period, with 
six samples being taken in the first hour. Samples were centrifuged immediately, 
the plasma being removed and stored at -20°C prior to analysis. 

RESULTS AND DISCXJSSION 

Acetylation has often proved fo be a useful derivatization ~rocedwxe prior a 
GC, andwiththe advent of the fiuorinated acylimidazokzs as deriGat.iGng agents, 
the potential app&ations of such reactions have intxeased enormously. Several 
&xstigatOrs have employed these reagenti tS facilitate qua&it&on of phenols, 
and primary =d secondary amines, especially by electron~pW GC [S-10]. 

De&a&&ion with HFBI has been t.+zd in the present study to qua&Me 
metaclopramide in plasma. The addition of seven flrtorine atoms to both meto- 
clopramide and its internal standard, maprotiline, p?ovides excellent sensitivity 



F&3_Timedependencyofthef onnationofthe~amidesoE100ngme~~optamideand 
!250ngmaprotilke.&ovmas&epeak heightratio ofthederivatives ofthetwosubstances. 

The dexivatizing agent, is unstable in the presence of moistue and every 
effortmmtbe made~ensureasanhy~~anenvlronm~~~ possibledtning 
the tzctw2 d+vatiz&ion procedure. The derivatized zampks themseives do not 
have an extremely long bench-life and must be chromatographed wit&n 2-3 
days of pnzparafion, 

Theexttrrctionp,xxed= desczibedcok.stsetsen~yofm~eextrac- 
tion, foUowed by an acid ha&wash, then a f&her alkaline -exMon, The 
final organic phase is evaporated to drynessand the residues d&v&ized An 
tslkahew;ishk&enused.tomoveex~~t andtoconveztanydiper- 
fhxoroacy2 de&at&x to monoperfhzoroacyknines. A second extrsction step is 
employed in the e&y stages to m animixe recovery of the- clrtrg, 

A @p&xl gas chwnatogram obtained tith.the method is ilh&z&ed in Fig,4_ 
Excellent resoWion of pe&s due to wtiline tzncl met0chp.ram.H~ is 
achieved at the operating conditions described, and there is no intefiwce 



Pig.4. Gas cbromatograms obtained with exfxacts from l.O-ml plssmasamplescoatainkg 
no metodopramide (left) and 30 ugfl metoclopramide (right). 250 ng maprotiline was used 
per nzl of plasma.. Dermatized metoclopnmide (T) is eluted at 8 min and derivatized 
maprotiline (R) at 11 min. 

Ifig.5. Calibration curpe for the quantihtion of metoclopramide h@rochIoride inplasna 
Wm 5to 200pglLPe~hei~tratioofdrugtostaadardisrelafed~~aconceu~tion 
of metwkipramide hyd.roehIoride by RI, = 0.009(c0A.xcxL)+ O.O32(P = 0.998)_ 



Tbs. ssay is qwzntitata=cl by expres&g the peak height ratio of 
meta&oprau&le * map3zotSue as a function of plasma concentition-of 
metucIoprm&ie hydrochloride. Standard cumes are @ear up to 20O~g/L with 

. . 
a mmmzd detectable concentraGon of 5 pg/l based on IA?-ml ssmpEugv~lumes_ 
coefficient of determination (3) values, as determined by Iinear regression 
&y&s, have ranged kom 0.985 to 0.999 (see Fig.5). Wlthin-nm (T&&z I) aud 
between-rm pm&ion studies have proved the re.Eabilfty and repmduci&Efy of 
this method; the average variation from day to day is 4.35%. As well, a study 
conducted to assess percentage recovery from plasma, compmed tith d&e&& 
injected deCvaG.zed standards, and tith recovery kom d&C&d water;ind&z&ed 
that mean percentages recovered ranged from 88% to virtually 100% (‘Fab1e.D). 

TABLE I 

WITHIN-RUN PRECISION 

R = 6 2t each concentrdon &died. 

10 10x5 f 1.95 
20 21.77 + 2.87 
50 53.15 2 2.36 

100 200.08-+ 7.94 .-. 
200 208.20 f 8.28 

TAEilX 11 

RECOVERY (%) 

n= 3ateachcon~enfzationstudied. 

CoIlCeIitntiOS Recovery (%)* R=overy (%)** 
h?P) 

5 101.4 101.3 
2c 108.8 105.9 

1:: 
106.3 94.9 
lOO_l 89.5 

150 102.7 90.5 
200 104.1 100.7 

*Compared with directly hjected, derivatized sbadar&_ 
**Compared with recovery from distilled ater. 

S,pecifSty of &e assay was estabEshed for over 30 drugs (Table JII) f&at 
w-e= thought likely to interfere, or which might po&bIy be t&en concurrently 
with metoclopramide. No such izzterfereuce was observed at normal therapeutic 
concentitions of these drugs. This method, in our experience, proved supxior 
to that of Tarn zmd AxeIson 181 which .we found insufEci=tiy se&t&e for 
phzmnaco~etic studies ia mm. The assay .for met&opramide developed 
persons&, uses a diffe=nt internal &am&m& maprotSne, wfiich is added pri0.r 
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DRUGS AND MRTAROLPPES TESTED FORINZ’ERFEREXCE IN ASSAY 

Ac&ykdicylic acid 
Carbarnazepine 
CZhkirdiazepaxide 
chlorimipramine 
Clonszepam 
Cyproheptadine 
Desipramine 
Desmethyhiiazepam 
Diazepam 
Dicyclornke 
Ergo&mine 
Ethosuxikide 
FtuphtkGzine 
Haloperidd 
Imipramine 
kvodooa 

Methdilazine 
Methysergide 
Nitrazepam 
Nortriptyzine 
oxazepam 
Phenobarbitane 
Phenytoin 
Prednisolone 
Prednisone 
procainamide 
Rochlorperazine 
Propranolol 
6alicylic acid 
Trifluoperazine 
Valproic acid 

to the first extmction, rather than prior to derivatization. It also uses a double 
extraction technique which results in bigher recoveries and better sensitivity. 
HFBI, the derivatizing agent, also gave higher yields of metoclopramide-HFB 
and maprotiline-HFB than did heptafluorobutyric anhydride. 

The assay has been used in preliminary pharmacokinetic stwlies in man; it 
appeaxs sufficiently sensitive to determine blood levels of metoclopramide after 
an k&ravenous dose of 10 mg. The relevant plasma concentration-time profile 
is shorn in Fig-G, and tie pharmacokinetic parameters cakuMed from these 
data are tabulated in Table IV. 

Fig-G. Concentrations of metoclopramide hydrochloride in human plasma after adminiska- 
tion of a IO-mg intravenous dose to a healthy male volunteer_ Plasma levels were followed 
for 24 h. 



PE-EARMACO-CP~ IN0NEsEn32~GT 

jub&& I (imous met43d43pdcIe 10 mg) 
1 5.0 h 

G 0.14 ?I-' 
Ckmanee(aFea) o.S41/k~ 
Vahrmeofdistdbution 6_79I/kg 
AUC(tratez) 158.21pg/l-h 

t; (Q) 043h 

km 2_1h-l 

The plksma concenkation-time profile was biexponential; data were found 
to fit a two-compartment open model with terminal half-life of the order of 
5 h, This would appear to differ Tom preliminary work published by Teng et al. 
[7] which suggested that data were best fitted to a one-compartment model 
w%h half-life of about 4.0 h, though further pharmacokinetic skrdies are re- 

suihea- 
From the results colkcted in Table IV, it would appear that metoclopramide 

is Wy rapidly and extensively distdbuted throughou% the body. Cksance is 
hi&, indicating rapid elimination of this drug, most likely by conjtgation and 
N-dealkylation [4,Ll, 12]_ 

Side effects experienced by the subject included dry mouth, irritability and 
mild disorientation (all in fhst 60 min) and very marked sedation at about 3 h 
after dosing, No attempt was made to corre?ate these effects with 
metoclopramide plasma levels_ 
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