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SUMMARY 

A method is described for the mass fragtnentographic determinaEion of di- 
pfrenyihydantoin 2nd its m2i11 metabolite, 5-(4hydtorcypEreoSiI)-5_plrenylErydantoi~ 
(4-OK-DPEf). in human pfasma as their dime&y1 and triraethyf derivatives, respec- 
tively. T&e derivatives 213 formed by usm g the recently described extractive alkyd- 
ation technique. Pentadeuterated 4-05DPH is used as the inter& standard. Fol- 
Iowing acidic hydrolysis of the pIasma sampIe, conjugated 4-OH-DPH and3 indi- 
rect&, the dihydrodiol metabollte, S-(S.Cdihydroxy-:.5-cyctohexadien-t-yI)-Sphe- 
nyfhydartoin. are measured. Using ICKI-,uI plasma sampfes, the lower limit of detec- 
tier; is aborrt 10 ng/lml (0.03 nmole/mf). 

The major netaboiite of diphenyIhydantoin (DPH) in man and rats is S-(4- 
fiydrox~~~henyl)-5_phe~y~~yda~~oin (4-OH-DPI!QL, *hi& is found in the urine mainly 
conjugated with glucuronic acrd’. fn dogs, mera-hydroxyE2tion to (5OH-DPH) 
represents the major pathwayS. 

The elimination of DPH is dose-dependentGd and t%o hypotheses ha%e been 
proposed in order to explain this dependence_ The first is that the eirmination is 
characterized by saturation or Michadis-LMenten kinetics’, and the other is product 
inhibition of DHP metabolism by 4-OH-DPHs.9. The evah~~&on of these hypotheses 
in man requires the mezsurement of the plasma conc&ntrzEion of COH-DPK. 

A co2orimetric method has been described by Dill et CZE.~O brat it is not sensitive 
enough ho measure unconjugated COH-DPH in p&ma. The gas chromatographic 
(CC) measuremerit of A-OH-DPK using derivatiitroz ‘r~ith either trimethylsrIy1 
grorrp9 or Bash meti>-Iation= has been described_ When a flame ionization detector 
is used, these procedures are not sensitive enough to detect unconjrtgated 4-OH-DPH 
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in p;asma. Recently, A&ert ei ~1.~~ described a higk-pressure liquid chromatographic 
procedure for semu2.trng and measrrrk~g &OH-DPK m plasma, brtt this method re- 
quires tke admi&stration of radioactively fabefled DPH’“. This paper describes f&e 
appLc&ion of extractive alkyfationz’ in Ehe mass frz_gmento,mphrc determination of 
DPH, 3-OH-DPE and 4--OH-DPH in plastic 

Reference dmgs 
DPK, 4-OH-DPK, MM-DPK, 5-(3,4_dihydroxyphenyE)-5_phe~y~hyd~~~~i~ 

(3,44i8H-DPH), 5-(4-hydroxy- 3-methoxyph~nyl)-5-pheQy~kyd~~~o~~ (3-CH,O,4- 
-OH-DPEZ) and 5-(2,~rt,ihyQroxyp~~~y~~-~-pk~~y~~~d~~~o~~ (2,4-diOK-DPK) nere 
gifts from Parke, Dais & Co. (Detroi& Mfch., U.S.A.). Tke internal standard, 5(+ 
merhylpkenyl)-5-pkenqlhydantoln (G--C!&-DPH), was purckased from Aldrick (Beerse, 
Belgium). Tke df’nydrodiot metabolite of DPH [5-(3,&Iihydroxy-I &cyc!ohexadien- 
l-yl)-5-phenyIhydarrtoinl was ~&ted and purified from tke urine of rats fed with 
0.2 O? of D$%I in the dieG6. 

5,5’-rW’C]Dipkerrylhydsntoin (50.5 mCi/mmole) was purchased from New 
Englad Nuclear Corp. (Bostoon, Mass., US.A.) .znd 4-OH-[G-LCCfDPH was synthe- 
sized from potassi-am f”C]cyanide according to the method of Henze and IsbeWirze. 
TetrabutyIamnoniwn hydrogen sulpkate (TBA-KSO,) was purchased froirr Lab 
Kemi (Stockhokn, Sweden). The TBA-HSO, WE, prepared a.s a 1 M solution in 0.2 N 
soditrm kydro_xide and extracted twice with methylene &chloride. Tfre extracter’ ‘“A- 
HSOG solutioo resulted in a lower base-fine in the c’nrom2tograns when an ng 
OII ;i gzs ckromatogrzph. Trime~hylztiliinium hydroxide (TMAE) was prepareo as 
described by &o&am-Hanssea and O,e t lg. Tke external stzndard, %bromophen- 
antkrene, w.zs purchased frorrr Lzb Ken& 

All orker ckemicaEs were of rezgent grade. 

5-(~-~y~oxy-35-d~deilrero~~~e~y~~-j-FRe~yf~ydm2torn (4OSDPH-d,1_ G--OK- 
DPH was stirred with an excess of bromine in chloroform; a~ room temperature. This 
rezciion wzs foliowed by gzs ck.rorr,rrto_~phy of the trime’thjrl derivatives obtziced 
by injectmg a mixture of T_MAH and a potion of the reaction mixture. The reaction 
was complete after 28 k znd o&y 5-(~-kydro~y-3;5arbromophenylb-_phenylhJrdan- 
rain co&d be detected. Ets iderrtity eras established by combined gas chrornato_rrq~k~ 
EESS spectronetry (@Z-MS). The crude dibromo compound dissolved in metkanol- 
O-d wz.s stirred with deuterlum gas irr the presence of pa!Iadwm 02 carbon. The ex- 
change of brotie for dewerium K’ZS monitored by GC. After 0 k, tke reaction was 
SFOpped, the catalyst was removed by E&ration and the reaction mixture was evapa- 
r&&d to dryness. The residue, -I-OE-DPR-dz,, wizs characterized by GC-MS (Table I) 
snd rkia--!zyer CkromatQgraph; (TLC). 



coadirions produced ~metkoxybenzopkenone-6,“1, rr-kick, on prolonged keating with 
aluminium chloride, gave 4-hydroxybemophenone-ds”. 4-OK-DPK-d, R as obtained 
when 4-hydroxybenzopkenone-& was subjected to reaction with ammonium car- 
bonate arid potassium cyanide in fused acetamideL7. The product was characterized 
by GC-MS (Table 1) and TLC. 

A Varian f&IO gas chromato@aph was used with a &me ionization detector 
{FID) and sr 1.2 m x 1.4 mm &ES column packed with 3 % OV-17 on Gas-Chrom Q 
<80--100 mesh). Tne temperature of the injector was 290”, the column 225” and the 
detector 250”. 

Mass spectrunzeEry 
An LKE 9000 combined gas chromato_graph-mass spectrometer was used. 

The flash heater temperature was 270”. The glass column (1.3 m x 2 mm) contamed 
3 % OV-17 OL: Gas-Chrom Q (SO-100 mesh); the column temperature was either 250” 
or 270”. For mass fra_aentography, z multipIe loo detector (MID) wzs used. The 
follo~inpng m/e settings were used for the methyl derivatives: 283 @I%), 310 (3-OH- 
DPK 2nd 4-OK-DPH), 3 I2 [4-OK-DPK-da. 315 (4-OK-DPK-d,), 340 (3,ddiOK- 
DPH, 2,4-diO,K-DPK and 3-CCf,0,4-OK-DPK) 2nd 342 (dihydrodiol-DPK). ?he 
ionization voltage v+as 20 eV. 

Urzcor@gGre& QOH-DPN. The foflou-iag procedure was developed for the 
measurement of unconjugated 4-OH-DPH in p&ma by the mass f=gmentographic 
method. In a small disposable glass tube, a &I-ml plasma sampIe wzs buffered with 
0.05 mi of 3 M T&-hydrochloric acid, pK 7.5, and 0.1 ml of internal standard (IO 
,W&III of 4-OK-DPK-d, )was added. The so&ion \VZS edrzcred witk I.5 ml of 
methyl isobutyt ketone (water-saturated) for 10 min. After centrifugation, the or- 
g&c pkase was removed with a Pasteur pipette and transferred in to a tube contarnmg 
0.2 ml of I H sodium hydroxide solution. The tubes were sh&en for 20 mia and cen- 
ttifuged. The organic phase was removed and disczrded. To the aqueous phase, 
0.05 mf of I M TBA-KSO, (in 0.2 N sodium hydroxide solution) was added, followed 
by I.5 ml of methylene dichforide (cotrtainin g 0.1 ml of methyl iodide}. ‘RIP tubes 
were shaken mechanically for 30 min. FolIowing centrifugation, the foiver, organic 
phase was carefully removed and trans&rred in to a clean. conic&tipped, test-tube. 
The solvent was removed either under a gentle floiq of nitrog~r~ nitk the tubes in a 
sand-bath @l-35”) or by placin,o the tubes in it hood overnight at room temperature. 
The residue was dissohad in OXi QII of methanol and l-4 ,LLI were injected into the 
LKB 9000 instrument for GC-AMS. 

&?f&gfz&?d 4OH-DFR. To a &&ml p&ma sample, 0.05 ml of internal 
standard (10 ~g/ml of 4-OH-DPH-dJ and 0. f ml of 20 N hydrochloric acid were 
srdded. TLEe tubes were covered xvi& alumi~~ium foil and hezfted In a water-bath at 
95” for 60 min. After coolin,q 0.1 ml of sodium hydroxide sofution and 0.05 ml of 
3 M Tris-hydrochloric acid, pK 7.5, were added. The pK of tubes at random was 
checked with J_i~mus paper so as to ensure adequate adjustment of the pR. The samples 
were then processed zs for unconjugated 4-OH-DPH. 



The overall scheme of the procedure used for the determination of DPK and 
its hydroxyfated met&&es in plasma is given In Fig. I. When methyl isobutyl ketone 
is used for the extraction of plasma buff&red to pK 7.5 with Tri-hydrocfiforic acid, 
the recavery of [“C$DPK and CUK-~4C]DPK is greater than No/:. Falio\ving 
centrifugation, the organic phase is removed and added to I ml of I 11’ sodium hy- 
droxide and mixed. The recovery of DPK and 4OK-DPH In the aqueous (sodium 
hydroxide] phase in this back-ex&acGcn step is -mater thax 99%. The volume and 
concentration of sodium hydrotide during back-extraction are critical. 

I 1 N NzOrr 1 

The extraction of aniors frrom an aqrreous alkaline phase as ion pairs with 
quaternary ammonium ions into aa organic phase rvhere the anions are afkyfa&zd” 
h.& been applied recently to analysis of 2 ncrrnber of drCrgsZf-27_ The te&&que of 
extract& &ylation was adapted in order to determine the plasma concentration of 
DPK and its hydro~yIated neta.bolite_. E The optima: conditions ~OF extractive alkyI- 
ation were studied by GC-FIG. For these strrdies. DPK, 45K-DPK and 4CK3- 
DPK sere Esed in a final v~tume of I ml. The concent_rrtion of sodium hydro_xide 
and TBA-MSO, zi;d the time of exuactlon were varied. The organic phase contained 
100 ,ul of methyf iodide in 5 ml of methylene &Ioride. After the reaction was compIet- 
ed and the methyfene chloride had been evaporated, &e resrdue was dissoked in 50 pf 
of ethyf acetae coctaafning 9-bromophenant-hrene as an externai standard. ‘ibe 
pczk heights were compared ~5th the extelz& smdar6 a& quantitated asing [“Cl- 
DFK arrd 4OH-f’ClDPK_ The influence of the concentration of TBA-HS04 and 
t&r-e 03 the extractive akylatian of QOK-DPK is shown in Fig. 2. The optimaE 
conditions fond fobr the extractiive alkylatia,, 7 of 4OK-DPK were L _V sodium hy- 
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ReactIon irmf Iminutes) 

Fig. 2. Infiuence of concentration of tetrabutykrnmonium ion OIL the err&active aikqlation of 4OH- 
DPH. Concentration of COH-DPH: 25 rrgiml in f N NaOH. Orgamc phase: 5 ml of methqlene dr- 
chloride containing 100 el of methyl lo&de. Temperature: 23 ‘_ Concentratcon of tetrabutylammo- 
nium hydrogen sulphate: 9, 0.02; 3, 0.05: a, aJO: A, 0.20 mh4. 

droxide m the presence of 0.2 M TBA-HSO, using an extraction time of 36 min. 
The concentration requirements for sodium hydroltide and TBA, and also the time 
required for extractive aikyi&an, were greater for 4-OH-DEW than for either DPH 
or 4CH,-DPH. Ethyl iodrde co&d also be used as the alkyIating agent, bm under the 
above conditions complete extractive alkylation either required a reaction time of 
120 min or the temper&me had to be increased to 50” with. shorter mixing times 
(Fig. 3). 

Tbe folIowing DPH derivatives were successWiy analyzed by extractive 2L 

kylation: DPH, CCH,-DEW, &OH-DPH, 3-OH-DPH, 2,4-diOH-DPH, 3-CH9,4- 

Fig_ 3. IInfluence of reaction temperature on the extractrw akyktron of 4-QK-DPK usmg ethyl 
io&de. Concenkzcion of COH-DPH: t5pg/rzl in NaOH and 0.2 mM tetrabutyIamm~nn.rm ion. 
Organic phase: 5 mt of methylene chioride contakiog loOpI of ethyl iodide. Temperature. @, 33’, 
0, SO’. 



OH-DPH, 4-OH, 4’-C&-DPH and 4,4’-diOH-DPH. The catecboi metaboiite, 3,4- 
diOH-DPI-F, was &gra&d nader rhe afkaline conditions used and could not be 
measure& The dihydrodio~ metabolite L& ‘as not measured under the corxiitions de- 
scribed. 

Stidard curves fur 4-OH-DFH prepared by using 1 ml of plasma sampks 
and measured by GC-FED are iimzar from 9.5 to 19 &ml and from 19 to 199 ,~ccgjmL 
The use of GC-FID is not sewsltive ezougb to mezsure COH-DPH at levels befow 
9.5 &ml vAtbout the appearance of interfering peaks. 

With the use of an MID, the extractive aIkyIation procedure produces reiiable 
and reproducible resuks for wconjngated 4-OH-DPH i= plasma. En a single day, it 
is possrbk to prepare, in duplicate. a standard cun’e for eight sanples plus 49-59 
samples from patrents (a toti of E 16 tubes). Further, DPH and 3-(3H-DPK can be 
dekxmined in the sane sampfes. A frzgnentogam is shown in Fig. + for 3-OH-DPK 
and L-OH-DPH added to drug-free control plasma and for a pfasma sample from a 
patient administered DPH. With a columr~ temperature of 2Xl”, 3-OH-DPH and 4- 
01-5DPH caaFL be separated and measfred with injection af samples every I.5 min. 
In order to detect DPH also, the temperature of the cokmm can be dzcxeasetl to X9”, 
permiGing adequate separation of the three compounds. StzIIdard curves for DPK 
determined by the general procedure are shown in Frg. 5a for concentrations from 
9.92 to 9.2 ,qzfmE and 9.5 to 5 &ml. Standard curves for conce&rations from 5 to 



4Opg//mf are also linear. Fig. 5b strobe the staandard curve for 4-OH-DPH from O.GI 
to l&ml in pfas~z and fOF 3-OK-DPE from O.OE to %25pg/m~ in pfa~ma. The 

fewer knit for detection is about 0.01 ~@III ~OF DPH or its hydroxylated metabolites. 
_bti’&orr& the protocof outlines the procedure starting with tOOftl, plasma sampIes 
from newborns have been analyzed using IO@ of capillary plz~rna~~. 

TABLE I 

COk4PARISON OF _hfASS SPECTRA OF INTERNAL STANDARDS 

56 of 
base peak 

mte 

The concentration ofconjugzted 4OH-DPEI is cakrrfated from measurements 
made after acid hydrolysis of the plasma sample. The present procedure does not 
measure OihydradioEDPK directly. Hox?ever, with acid hydrolysis, the dl%ydrodiol 
mefzbolite of DPH forms equal amounts of 3-OH-DPK and 4-OG-DPHL6. ?XE Mea- 



surement of S-OH-DPM m the acid-hydrolyzed sample would then measure iadirectiy 
the dihydrodiol metabolite. En wntrast to the dog in map 3-OK-QPH does not appear 
to be a signikznt metaboEt2. If 3-OH-DPH is assumed to be absent or an insignlfi- 
cant metabolite in man, &en the above c&u!ation should give as indirect measxire- 
ment of the dG&ydrodrol metabofite. In support of this assumption. we have detected 
on$y small amounts (40 &ml) of unconjugared 3-OH-DPH in the plasma of pa- 
tients, except uremic patients, whe_r9 we have observed concentrations of unconjn- 
gted 3-OH-DPH in plasma of 20-80 &ml. Further, the amount of 3-OH-DPH 
released &ring acid hydrolysis in most patients varied between 5-10 % of the totar 
b-OH-DPH measured after acid kdrolysls. T&s, the following cakulation -was 
considered sufkiently accurate to determine cor?jugated $-OH-DPH. Conjugated 
QOH-DPK &as calcf;Iated by subtracting both the unco;rjugated 4-OH-DPR and 
the amomxt of 3-OH-DPif rekzsed by acid h>droEysis from the total COH-DPK 
measured after acid hydrolysis_ The quantitation of the dihydrodiol-DPH metabolite 
was caiculated as twice tire acid-hlrdrolyzed 3-OH-DPH. Assuming that dfhydrodiol- 
DPM was GOE present but mstead that 3-OH-DPK was conjugated, these calcufations 
would give, at most, a IO?& error in the value for conjugated (I-OH-DPH. 

Originally, 4OH-DPW-d, was used as tie inter& statadaFdT but two problems 
were encouotered. Firstly. the deuterimm atoms kere exchanged during the acid 
hydrolysis step used in +&e measurement of conjugated 4-OH-DPH, and thus the 
COH-DPH-d, bad to be added after hydrofysis. Secondly7 small but signikant vari- 
a-ions in the day-to-Jay analysis of ihe same plasma were observed and occasionally 
duplicates wor?Id be markediy difierent and, although not evakated, this ef’ikct was 
felt to be due to exchange of deurerkxx atoms during the Eandhg of the samples. 

As the internal standard ~OH-DPK-6, can be added before acid hydrolysis 
because deuterium is not exchanged nnder tfiese corrditions, the variance noted in 
day-to-day rtlns cr within a daily run Kere significantly decreased. The results In 
I able fI show that a 2.&U 7: van&on was noted in six separate measurements on 
e.xh of four plasmas using G-OH-DPX-d,, whereas the variation was 7.8-16.0 oA for 
4-OH-DPH-d,. 



-4 sensiti\e znd specific mass fra=gnentogr@ic method has been developed 
for the detection of DPH, unconjugated 3-OH-DPH and I-OH-DPH in 0.01-0.~-mi 
samples of pfasma. The use of 4-OH-DPH-d 5 BS an internaf standard gives exceUent 
reproducibitity. After acrdic hydrolysis of the origmal plasma sample, analysis by the 
method described persm&s the calcufation of the concentration of csnjugtted +--OH- 
DPH. In addition, the dihydrodiof-DPH metaboIite czn be determrned indirectly 
from the 3-OH-DPH peak. 
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