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SUMMARY 

A sekctive, sensitive and precise gas+iquid chromatographic method for the determina-- 
tion of diphenglhydantoin in micro samples of blood plasma is described_ After a double 
extraction with chloroform containing an analogue of diphenytkydantain as an internal 
standard, the drug and standard are N.N-dimethyiated in alkaline aqueous solution with 
metbyl iodide followed by extraction into acetone. Tke metkylated derivatives are separated 
@IS chmmatographically and measured using a flame-ion&&ion detector. The lowest con- 
centration of diphenylhydantoin in plasma which can be measured in a 100-4 ssmple is 
1 pg/ml. which is well below the normal therapeutic concentration of LO-20 &g/ml ir. 
plasma. The met&&ted derivatives of diphenylkydantoin and the internal standard have 
been identiaed by their proton magnetic resonance spectra and mass spectra. 

INTRODUCTXON 

Diphenylhydantiin (5,54iphenyihydmkGn, phenytoin, DPH) is used in the 
therapy of epilepsy and it Erzs been shown that knowkdge of the blood level 
of &is drug is helpful in tire control of seizures in patie&.s. Various methods 
far the determination of DPH ESK$ 5-Q?-hydroxyphenyE)-5-phenylhydantoin 
jHPPI3f, the principal metaboI%e of DEW in msn, ixs well 85 of other anti- 
con-t drugs in biwiogiml maW, hawe EXXZR repoti [I-35]. analyses 
using calorimetry, ukrmio!et spedrophutomeky and fluorimetry [l-4], 
tlrin_faytX Chmatogrsghy [I, 51, radioimmunoassay [S, 71, spin immune- 
assay [Sl and pdmgrtqhy ES] have been carried out. 

Gasiiquid ch.rom&ogr~~phi~ (GLC) defxxmimtions [IO-351 have the 
sdvsotage of being faffieientiy sensitive and ~qxdic, so that several a&icon- 

-IFL&IUI& -can be defzmined sim&aneu&y. 1~ some of these procedmk, the 



a&es are prepa,nA prior to GLC. Some workers [al] prepare ttiethylsiiyr 
@‘MS) derivatives, but the most common approach appears to be the con- 
v&on of the a&epileptics into methylated products with diazomethane [22, 
231, dimetbyl sulphate 124253 or the flash-methylating reagents tetramethyl- 
ammonium hydroxide [26-291 and trimethylamlinium hydroxide [19, 
30--351. 

Recently, heptabarbital and cyclobarbital have been convert& intd their 
dimethyl derivatives by alkaline extraction of biological fluid with methyl 
iodide in acetone at room temperature [36]. In our work, an adaptation of this 
m&ylation procedure is used for the GLC determination of DPH in p&xsma. 
With known amounts of 5-(p-methylphenyl)-5-phenylhydantoin (MPPH) as an 
internal standard in the extraction solvent, there is no need for accurate 
aiiquot measurements during extraction, derivative formation and chromato- 
graphy. After a double extraction of 160 ~1 of plasma sample conMnin.g the 
w, DPH and MPPH are dissolved in aqueous alkaline solution, methylated 
with methyl iodide in acetone and extracted into acetone. 

cm-. 29 
+2CHI 3 C 2HI 
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-Q 

: DPH 

These compounds are gas chromatographed and identified as the N,N- 
dimethylated derivatives of DPH and MPPW, 1,3disnethyl-5,5diphenylhydan- 
toin (DPH-Me, ) and 1,34methyl-54p-methylphenyl)-5-phenylbydantoin 
(MPPH-Me2 ), respectively. 

OPTIMIZATION OF THE PROCEDURE 

Extraction 
DPH and MPPH are best extracted from plasma and -aqueous buffer solu- 

tions into chloroform at pH 5-7 (for DPH p&’ = 5.33 [37]). A peak of an 
unidentified physiological component with a retention time of approximately 
12 mm under the GLC conditions outlined below disappears *en the plasma 
is extracted with chloroform (pH 6.8), the orgtie et rm in&o 
aqueous solution (pH 13) and the aqueous extract back-extracted into chkxo- 
form (pH 7.2) (Fig. I). 

The metbylation reaction of DPH and MPPH in a mixture of waker (b&f+ 
and methyl iodide in acetone followed by extra&ion of the methyh&d 
derivatives.in~o the organic phase is pHdependent. By shaM.ng.ZO pg of DPH 

_. with 0.5 ml of aqueous buffer solutfon of variable pH and I ml of a 4% (vtu) 



1.5 lb i 
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Fig. 1. Gas chromatograms of 100-&l plasm;r extracts subjected to the procedure described. 
A, Drug-free plasma. single estractioz; B, drug-free plasma, double extraction; C, peaks of 
DPH-Me, and MPPH%e, from plasma containing 15 pglml of DPM (2 rg of MPPH per 
sample)_ GLC conditions: 3% OV-225 on Chromosorb W HP; nitrogen flow-rate. 35 mllmin; 
column temperature. 234O ; a 3~1 diquot of 200 rl of chloroform extract was injected. 

solution of methyl iadide k acetone at raom temperature for I h followed by 
GLC vlalysis of the evapolated orgtic phzz.se & pK > 13, only one methylated 
derivative is produced_ At pH 11.5, two reaction products are observed, 
where= at pH < 11 DPH is not methylated. A sin& c~omatog~~ptic peak 

appears after metbylation of DPH and MPPH with buffer of pK 13 (0.47 M). 
These rezction products hzwe been ide&ified as the N~-dimethylated deriv- 
atives of DPK 9nd MPPK (DPK-Mel zmd MPPK-Mel , respectively). The rate 
of formation of DPK-Me, and MPPK-Me, is not increased by sh&ing the 
w&ion mixture in a Thgter b&h at ekmti temper&me (22-70”) and is al- 
most completed within 36 nain prt room temperature. Optimal reaction yields 
me obkined with a reaction time betwzen 1 and 2 h. The ratio of aqueous 
buffer solution to acekone in the reaction m&&we does not seem to be CriticA 
For the methyl&ion of micro amour& (O-3 ~lg of DPK and 2 @g of MPPK) 
*ere is no change in re&An yield and reproducibility when using 
50-300 & of buffer of pK 13 (0.47 M) md 0.6-2 ml of a 4% solution of 
methyl iodide in acetane (IO’-BY-fold in aces)_ 

-GLC response curves which correlate pesk area v&h the amount of 3X33- 
Me, an& MppEfXe per sample offer the pa&h- of dete=Cng total 
yi&& (double e&rz&ian tmd derivative form&ion) for DPH and MPPH in our 
procedure. For 2 clg of DPK in 100 & of pbnrnle and 2 m of MPPi3 extracted, 



methylated and chromatographed under stz&?ard optimal conditions, the 
total recoveries are 64% (coefficient of variation, CY = 3.5%) for DPH and 
63% (CY = 4.5%) for MPPH (nine determinations). 

Stability 
A freshly prepared plasma standand solution of 20 Bg/ml of DPH was 

compared with a standard solution of the same drug kwel, kept at -18” for 
2 months and with a similar standard solution produced by diluting an aqueous 
alkaline (0.1 N NaOH) solution of DPH, which had been refrigerated for 2 
months, with &sh plasma. The variations in the GLC peak area ratios were 
insignificant. 

Solutions of DPH-Mq and MPPH-Me, in chloroform awaiting GLC were 
examined by repeated injection of aliquots of the same extract. It was found 
that these extm&s, re~erated v&en not in use, are stable for several days. 

Interference from otizer drugs and the metabolite HPPH 
So far, no interference has been observed from other antiepileptic drugs, 

including phenobarbital and primidone, by analyzing plasma samples of 
patients receiving anticonvulsant therapy. A mixture of plasma from 5Q pa- 
tients receiving a large number of commonly prescribed drugs has been 
examined by our procedure, and no drug has been found to iuterfere. 

In addition, micro amounts of barbital, allobarbital, allylisobutylbarbital, 
cyclobarbital, heptabarbii, phenobarbital and HPPH together with DPH and 
MPPH were methylated with methyl iodide. The methylated derivatives of 
the compounds investigated did not interfere in the DPH assay and were 
separated chromatographically from each other by using a temperature pro- 
gramme. Therefore, a simuhaneous quantitative determination of these drugs 
and the metabohte HPPH should be possible. 

Extrcction from urine 
The method for the determination of DPH in plasma was applied to urine 

samples. Yohunes of 100 yl of drug-free urine an8 100 ~1 of urine containing 
2 pg of DPH (2 pg of MPPH per sample in the extraction solvent) were ex- 
tmcted, methylated and &&matogmphed. There was no interfering peak in tie 
blauk and the peak area ratio was approximately uniw. 

MATEEUALS AND IWZSHODS 

Human blood and pkzsma 
Fresh human blood, mixed with CPD a&icoagule& (Fenval Division, Trav- 

en01 Labs., Brussels,, Wgium) is centrifuged for 26 min at 3600 rpm(P250 g)- 
Plasma and plasma stwdard solutions of DPH are stxxed at -18”. 

Reagenti 
DPH and MPPH~ were obtained from Parke, Davis & Co., Detroit, Mich., 

USA.; and chloroform, acetone and methyl iodide &om h%ezck titadt, 
1G.F.R. AlI of the solvenfn and reageds used were of analytical grade and were 

1 specially testedfarpx&y by earryingout blankruns. 



Buffer of pH 7 contain& 35.22 g of K&PO4 -(t3.26 M) and 12.65 & of 
N& EfpBa -2&O (0.41 i@) in 1000 ml of x%&ill& water (T&-id, Merck). 

Buffer of prr 13 (0.47 icr) conwed 37.28 g of KC1 (0.50 M) and 18.84 
g of NaOH (0.47 M) in 1000 id of distilled wa$er (Titrisol, Merck). .’ 

Buffer of pK 13 (0.04’8 M) was obtained by diluting buffer of pH 13 (0~47 
-Af) I:10 with distilled water. 

0.1 N NaOM soh~tion (Titzisol, Merck) was used, 
ov-225, 3% on Chromosorb w HP, IOO-220 me&, was obtied from 

Supelco, BeUefonte, Pa., USA. 

Phsma standards contaln~ I-30 pg/ml of DPH are prepared by adding 
0.25 ml of a solution of DPH confxxining 40-1200 @g/ml in 0.1 N NaOH 
solution to drug-free plasma to a tot?& volwe of 10 ml. 

Extra&ion procedtrre and derivafive formation 
To .IOO.pl of plasma standard solution of DPH are added 100 ~1 of buffer 

of pH 7 and 2 ml of chloroform contzining 2 pg of the internal standard 
(MPPH). The glass-stoppered tube (100 x 18 mm) is shaken for 10 min on a 
mechanical shaker at 200 rpm and centrifuged for 5 min at 4500 rpm 
(2700 g). The aqueous phase is removed by aspiration and discarded. The 
organic phase is transferred into a similar glass tube and shaken with 1 ml of 
buffer of pM 13 (0.047 M) for 10 min at 200 rpm. After cenegation for 
5 min at 4500 rpm, the aqueous phase is tmnaferred into a third glass tube 
and the organic layer is discarded. The aqueous extract is neutralised by the 
addition of 600 ~1 of buffer of pH 7 and shaken for 10 min at 200 rpm with 
4 ml of chloroform. The mixture is centrifuged for 5 min at 4500 rpm, the 
aqueous phase removed by aspiration andthsorganic extra&transferred into 
a glass-stoppered conical centrifuge tube (100 X 9-22 mm) and evaporated 
to dryness under a stream of dry nitrogen at room temperature. To the dry 
residue are added 100 ~1 of buffer of pH 13 (0.4’7 M) and 600 ,ul of a 4% 
(v/v) sohztion of methyl iodide in acetone. The .wple in the stop*& tube 
is mixed on a Vortex mixer for a few secoads and then shaken mechanically 
for 1 h at 200 rpm and mom temperature. The superr~atzmt organic layer is 
transferred into a similar centzi!Zuge tube using a capillary Pasteur pipette and 
evaporated to dryness under a stream of dry nitrogen at room temperature. 
Chloroform (200 ,KI) is added to the dry retidue and, after mixing for a few 
seconds, a 3yl aEquot is it@&ed “on-cc&mm” into the GLC unit. 

nicxm GCV gas chmatograph with flame-ioni&iorr detector 
(F&Q& &otrotics Model CES 204 inte@atur axd a W C W Model IZOO- 
recor&r were used. The cohmm was a 5 ft. X 2 mm I.D. glass cohm~~ packed 
* 3% OV-225 @he~~y~cyartopropyImethyWicone) on Chromosorb W HP, 
LoQ-I2Ct me&, conditiowd for 24 h at 245O Q&II nitrogen at a flow-hate of 
26 nd&ain. The ~fo&xving ffoxwates were used in the GLC analysis: nitrogen 
&auier @tsj, 35 m&n.@ hydrogen, 30 ml/i&n; air, 330 ml&in; Temperatu~ 
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w-2 234” in the column, 200” in the injectar and 300” in the detector. 
Under these conditions. the retention times of N,N&methyl&-ed DPH and 
MPPH were approximately 3 and + min, respectively (Fig. IC). 

k standard curve for DPH in pLasma was prepared by analyzing plasma 
standard solutions according to the procedure described above. Ratios of the 
area of the drug peak (DPH-Me, ) to that of the i&zrnal standard peak @@PM- 
Me,) were plotted against concentrations of DPM (Fig. 2). Peak areas 
men? mea.sur@ automatically with an Infotronics Model 204 integrator, which 
corrects for baseline variations. The standard curve was linear for DPH plasma 
concentrations in the range I-30 gl/ml (2 pg of MPPH per sample) and 
therefore &lows the use of peak-sea ratios for tie analysis of unknown 
samples_ 

Fig. 2. Standard curve for DPH in plasma (2 ug of MPPH per sunple): peakarea ratio of 
DTH-Me, to MPPH-Me3 2s a frrnction of DPH pksma comentration Points and verti- 
Cal bars represent the mean t standard deviation of three separstte determinations at each 
concentration. The -straight line was calculated by the method of least squares (correlation 
coefficient = 0.9988). 

RESULTS 

MiBQ+m amounts of DPM and MPPK were methyl&& sep-z&ely w-it& 
methyl iodide in aqueous alkaline s&&ion at room temper&are, followed by 
extraction of the reaction products into acetone. 

The rqM& compounds were identified by their proton magnet& 
resonance (PMR) spectra and lltass spm fMS) as H,%dimethy~-5,5&phenyL 
hydantoin (DPH-Me, ) and ~,3aime~yr-~-me~y~pheny~)~h~y~y~- 
toi- (MPPH-Me& The PMK spectra of DPEE-MeI and MPPH-IpIzez in-deutxxaked 

I ehlorofonn were M on a Varian EEA-100 spe@tmm~&er t&h tf2tameetfryf- 



silane as internal reference. Mass spectra were recorded on an AEI-MS 30 
double-beam mass spectrometer with a direct intet probe at 50” and &&on 
energy 75 eV with perfluorokerosene as mass marker. 

DPH--Me, : m.p. 
PMR: 

MS: 

MPPH-Me, : m-p. 
PMR: 

MS: 

190-192: 
2.82 ppm (S ), N(I)CH, ; 3.14 ppm, N(3)=& ; 7X-7.5 
ppm, aromatic protons. 
m/e 280, M’; peaks for M - CH, NCQ, M - C, HS, 
M - CH, MCOPII%I-i3 and Cs HS CNCH3 +- 
114-116”. 
2.36 ppm (6 ), p-c, m, -CH, ; 2.80 ppm. N(1)CHS ; 3.12 
ppm, N(3)-cH, ; 7.x-7.45 ppm, aromatic protons. 
m/e 294, W; peaks for Lsi - C, M, * CH, C6 rm, CNCH, + and 
Cg&CNCH3*. 

These d&a are in gwci agreement with those reported by other workers 
for methyl&d derivatives of DPH [23,25,29,38] _ 

Response ewve 
The linearity of the detector (FLD) response was demonstrated by injecting 

mixtures of various amounts of both DPH-Me, and MPPH-Me, into the gas 
cbromatograph. Peak-area ratios of DPK-Met to MPPH-Me2 are plotted against 
the ratio of the amount of DPH-Me, to that of MPPH-Me, in the sample. The 
response curve was linear in the ranges 0.26-2.6 Erg of DPH-Me2 and 0.58-2.3 
pg of MPPH-Me2 in 200 JJI of chloroform (3 ,ul injected). 

Standard curve and working standard curve: precision and reproducibClity 
A tst.andard cume prepared by analyzing plasma standard solutions of DPH 

is shown in Fig. 2. For three independent determinations at each level, the 
coefficient of variation was fess than 10% in the concenfxation range of 
l-30 yg/ml of DPH in p?.asma (Fig. 2). The reproducibility of standard curves 
over the course of 2 months was examined by performing control analyses 
with concentrations of 5, 15 and 30 &ml of DPH in plasma simultaneously 
with the defxrmination of unkmwn samples. Each individual working standard 
curve showed a linear relationship between the peak-area ratio and DPH plasma 

TABLE L 

PEAK-AlU3A RATIO OF DPM-Me, TO MPPH-Me,, STANDARD DEVIATION AND 
COEFFECXENl- OF VARIloTION OF WORKING STANDARD CURVES PREPARED 
BY Al!%XL%.fNG PLASMA SAMPLES OF 5, 15 AND 30 pglml OF DPH OVER TE%E 
CQUFSE QF 2 MONTHS (2 pg OF MPPH PER SAMPLE) 
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concenfxatiun, but there were minor day-to-day variations in this ratio. The 
results are given in Table 1. 

The bwest concentration of h3PH that can be qua.nti~tivdy detemineci in 
plasma using a IQ&crl stxinpb is 0.5-I fig/ml. Mine test samptes of DPH in 
plasma v&b concentrations unknown to the analyst were prepared in the szune 
way as plasma standzd solutions. %%ree separate detern&&ians were made of 
the w&nown sanaples arrd of three contxoIi SampLes with p&w_na levels of 5,15 
and 30 pg/d of DPH, Pkrna concentrations were ev&&ed by means of the 
simuItieotiy pr~ducfzd working stznM curve. The resuks are listed in 
Tabb 11. 

Comparkm of two GE@ meUzo& 
The procedure described here for the de-in&ion of DPH kvels in plasma 

was cornpzed with another GLC method by tux@zing plasma from nine pa- 

tients undergoing trez&nent v&h DPH by meztns of the two methods. The 
rest&s were in good agreement (Table III). 

TABLE m 

CO~MPARBON OF TWO GLC METHODS FOR THE DETERkt~ATIOM OF DPH 
PLASMA CONCENTRATIONS 

Method 1 is a routine determination of the DPH pksma level in the management of 
epileptics performed at the Department of Clinical PlzxmacoIogy, University of Berne: 
double extraction of DPH and k%PPH is followed by flash-heater methylaCion with tri- 
methylanilitium hydmside (391 and ckromatagraphy of drug and internal standard. 
Concentrations are rounded off. Coefficient of eation is ks than 5% for three separate 
determinations of each stxmpte in the range 4-N rg!ml of DPH. Method 2 is the proce- 
dure described in this paper with three separate determinations on each sunpIe_ 

Sample Concentrztion determined Mean concentration 2 standard deviation 
by Method 1 detetiined by Metkod 2 

trfz/mu GAzl~~ 

I 7 8.0 i 0.5 
2 32 31.4 L Q-3 
3 26 26.6 f 0.8 
4 IO LO.6 c 0.6 
5 9 9.4 * 0.3 
6 42 39.7 L 1.2 

: 22 9 20.6 9.6 f t 0.8 0.2 
9 I 1.9 r 0.1 



J+iy samples an be extracted and chrom&qgraphed in 2 days. xt is planned 
to make the method more rapid by mesns of automatic injection of a&a&s 
awaiting gas chromatagraphy. 

Most of the reported specophotbmetic, thin-layer and gas chromatographic 
methods of analysis for DPK and other anticonvulsant dnxgs use 1 ml or more 
of plasma for a single determination, tiereas our method requires micro 
amounts of biological m&-eriaL In addition t-o the aspect of sensitivity, “px- 
column” d&at&e form&ion ‘is performed in our proced’ure. Some of the’ 
adnatages of c‘preaoh.mm” compared with “on~ohunn” metbyfation of 
IX’!3 and MPPK are that tie reaction conditions can be controlled, excess of 
reagents can be eliminated prior to GLC, extract&e methyl&ion with methyl 
iodide in acetine is .z Luther clean-up step and chloroform extracts of the 
methyl&& d&v&ties awaiting GLC are stable. 

The authors are gcatefui to Parke, Davis & Co. for samples of DPK, MPPK and 
KPPK and to C&a-Geigy, Bale, Switzerlzmd, for samples of barbital, allo- 
Subit&, all$3sobutyrbarbital, cydobarbital, heptabarbital and phenobarbital. 

They &a& Mr. A. Ktipfer, Department of Clinical Pharmacology. Univer- 
s&y of Berne, Berne, Switzerfand, for his help in obtaining p?.asma specimens 
from patients under DPH therapy, and Dr. 3. Vogt, Physico-Chemical Institute, 
University of Basle, B&e, Switzerland, for recordLag and discussing proton 
magnetic resonance and mass spectra. They also thznk Mr. P-K. Degen, Ciba- 
Geigy, Basle, Swi&x&znd, for helpful diaxssions. 
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