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A method for the determination of ethotoin snd its p-hydroxylated and dealkyhted 
metabolites in urine has been developed_ Etbotoin end the metabolites were extrected fkom 
acidified urine with ethyl acetate and silytated before injection inta a combined gzs Aroma- 
togreph--mass spectromekx Four psrtly ic?entified metabolites were recorded, brrf their 
exad qua&if&ion wes not gmsihle as pure reference substances were not avzihkble. 

The limit of sasitioity wzs Ear below the amounts of ethotoin and of its metabolites 
found in tine from patients treated with therqeutic doses of ethotoin_ 

Recentiy, the a&epileptic drug etkotok-3 (Pegsnone) was shown by our 
group fro exkibit dose-dependent kinetics [I]. The purpose of the preset in- 
ues@&iczn pws to develop 8 method for the quantitative detemi?zeion of echo- 
tiin and its metialites ezMed in urine in order to elari& the meckanism 
bekkxd tke dose-dependent kinetics of ef&oto~b_ 
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(Rockford, XL, U.S.A.) was of specially purified grade. Giucurouidaselaryl- 
suIpb.atase was obtaiued from Eoehringer (Mannhelm, G.F.R.). 

Reference substances 
The structures of etbotii and its metioli&s are shown in Fig-l. E&atoin 

and its dealkylzted met&o&e (5phenylhydantoin) were don&d by Abbott 
L&s_ (North Chicago, Ill., U.S.LL). The two internal skndarck, mephenytoin 
aud heptamd, were donated by sapldoz (Bqsle, Switzerland) and Ciba-Geigy 
(Bale, Switzerland), respectively. The p-hydroxylated metabolite was folated 
from human uriie and purified. hEetaholit.es III, IV, V and VI were exka.&xI 
from urine and purified, but were not isolated in a pure state. 
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Fig.1. Metabdic pathways of etho’ain in rrtan. 

Isoiation and ptqification. rMetabolites III, IV, V and VI ware extracted from 
urine samples with ethyl acetate and cleaned by column chromatography on 
silica geI with ethyI acetati-hexame (1:X). 

The uriue remainin g after this extraction was hydroLy& witfr giuCu~~tik/ 

asylsulpha~. The p-hydroxyl&ed mekholitfs tiesed was exkicted with 
ethyl acetate and cIe&ed by columm chramak~ptrJr on silica g& with ethyl 
acetaten-hexane (1 :Z), followed by two reay&Eations from ethyI acetate- 
n&sane (19). The melting point of tie compound and its W spgctrum in 
ethand, as weII as the acid prop~9533 ax@ tie w SW of tfie eompo~& 

-I ,-. aad some of i% dezktives, wez determiacxt, ., 

:. 
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Identi~~tion.Theidenti~oftheisola~p-hydroxyEatebethotoLnwascon- 

f&met2 by the fallowing an&ytk.& da*& The main pe&s in the mass spectnrm 
were 16 m/e higher thsn the corresponding peaks in the msss spectrUm of etha- 
toin, The compound could be s&&&d z& two positions md acetylated at one. 
The unchanged compound was 8 we& acid, but its ac&yl&ed derivzkive was 
neutral. The UV spectrum and the meKing paint were in good agreement w&h 
those of synthetic 3=ethyl-5-(p-hydroxyphenyl)hydantoin [2]_ No definite 
proof 9~~8s obtahred that the hydrrxylation i%.ks place in the pam-position, but 
p-hydroxylation has been shown to be a major metabolic pathway in DWR for 
phenytain [3,4] end other B-phenylhydantoin derivatives [5], the phydrox- 
ylated metabolite was found in urine from dogs treakd with ethotoin [2] and 
m-hydmxylation of phenytoin occurs to a slight extent ES]. 

The exact struck form&e of metiohtes ?Z& IV end VI have nat yet 
been proved. The compounds could be formed in small amounts in vitro from 
ethotoin, deslkylated ethotoin and p-hydroxylsted ethotoin, respectively, in 
alkaline solution. The mass spectm of the unchanged compounds (TIE, IV and 
VI) and of their silylates may point to en oxidation in position 5 in the 
hydantain ring system [Z] . 

‘Fhe mass spectra of met&ohte V and of its silylated derivative could be ex- 
pkined by the assumption that the metabolite had arisen kom etbotoin in 

which the phenyl group had been converted into the 3,4_dihydroxy-l,5_cyc]a- 
hexedien-I-yl group. This metnbalic pathway has been shown to be open for 
phenytoin [7]. F’uithemo~, this vvoerkd be in agreement with the fact that the 
metabolite had no acidic properties. 

No compoundhatigtwophenoliehydrosy~groups,asshownfor phenytoin 
ES] wzis observe& 

Mess spectiameby. A combin& gas chromatogmph--mass spectrometer 
(LKB 9OQO) was Used. The conditions useci for the maSS spectra were as fol- 
lows: ion&&ion energy, 70 eV; kap current, 68 PA; sccele=ting voltage, 
3500 V. Tables 1 end IE give the 11185s spectra of ethotoin, its met&o&es and 
the internal stendsrd es unchanged and as silylated compounds, =SpectlVelY. 

EX~TUC~~UR aRd derimfiusfiun of non-cunj~afed metaimiites. To a 50-yl 
urine sample in 8 centrifuge tube 1 rnI of 0.1 N acetic acid and 100 ,~l of 
mephenytoin solution (6.X gfl in ethanol) 8s intern& &nd& were tided. The 
szunp!e wes mixed with 3 rni of ethyl acetate for 5 min. After cent&Tug&on, 
the orgsniu phase ws knsferred into a tapered t&e and evapmzbd to dryness 
in 8 &B%%IIX of nitmgm. The residue was derivztizd with 50 ~1 of BTSA for 15 
znin and diluted with 100 ~1 of toluene. A volume of I ~1 was injected into the 
combined @s chmm&agrziphiness spectrometer. 
E~frcrcti~ and deh&zatimt of fatal p-izydmxykted metaboiites. To a 50 ~1 

urine sample in a centrifuge tube, ZOQ @I 0.1 M s&c acid were added. After 
the &&ion of 5 &I. of giucmniW/~&&p~, the tube was I& for 18 h 
at 37”. The suhsewent pmeedure was as descr&ed far the nonconjugnted com- 
pounds* 

If an@ the phyc$roxykM .&&aIite vzxs to be-mexsured, gas chmrnato- 
gmphy v&b affame-i~nizati~zkdeteCtor cotid be used. Tfie pmcedure %vas then 



‘Z&&ES SPEC=l=EtA OF IZFF’EI-EN (My)), DEALFXLATED ETHOTO~ (DA-SrO), p- 
XYDROmLATED 2TEmIN @-%-rn) AXE) M%TABom m, lv AND v 
Fragmeds bdow iC0 m/c -d/or v&h intensifies below 10% have heen omitted. Tixe results 
,gim aa3 &tie iIzt~~;ti~. _ _.__~. __- 
m/e ET0 DA-IFlY p-H-m Metehdite Metebolite Metidite 

(md.*.206) i;n&ecI?6) (moI.wt.220) EL Iv V 
_-_---~-_ 

103 
104 100 m- 

100 100 89 
37 35 100 

105 36 62 87 
119 32 
120 86 
121 la0 99 
132 10 
133 20 18 24 
135 41 
14s 25 
149 29 
174 13 
176 40 

191 26 
192 30 

202 22 204 56 i 
EX 

220 59 
238 19 
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because complete isolation of the compounds was not feasible. The concentra- 
tions were estimated by comparison of the areas under the peaks in thigas 
c~nm;PtogramsofthemetaboLites~~ehe~ underthepeakinagzschro- 
matqrarn of the dealkylated metabolite of ethotoin (5-pbenylbydantoin). JL 
flame-ionization detector wss used. 

Extructi~on and formztion of deriuutives 
Ethotoin itself could be extracted quan&&ively with dicfrlo~methane [9]. 

However, it was necessary to use a more polar extraction medium such as ethyl 
acetate, as some of the ethotoin mekbolites are rather poh. The fact that 
several of the metabolites are weak acids could not be utilized in a cleaning 
procedure as ethotoin and most of its metabotites a-e unstable in dk&.ne solu- 
ti0l.l. 

For most of the compounds, the extraction recovery was approximately 
100% (only 75% for metabolite V). 

Silylation of ethotoin, of the internal standard, of p-hydmxylated ethototi 
and of metabolite III proceeded readily at room temperature, but the deal- 
kyk&ed ethotoin and metabotites IV and V reacted more slowly, especially in 
low concentrations. This effect might be due to adsorption of the non-silylated 
compounds OR the glass walk, but a&z 20 min the derivatizations were found 
to be aJmost quantitative. 

Hyddysis of conjuguteed mefubolites 
‘The only conjugated metabolite found in noticeable amounts was p-hydrox- 

ylated ethotoin. Enzymatic hydrolysis of conjugated p-hydroxylated ethotoin 
under the couditions described was found TV be quantitative (or at Ieast maxi- 
mal) after 12-15 h. Acid hydrolysis with concentrated hydrochloric acid was 
not possible as it gave rise to some decomposition of the p-hydroxylated etho- 
toin released. 

Qpid mass fragmentograms for the determination of etbotoin, dealkylated 
metabotite, metabolite IV z+nd nonconjugated p-hydroxylated ethotoin, of 
standards and of urine es&ads Fran blaEk urine and from wine from a patient 
treated tith ethotoin are shown in Fig.2. Metabolites III, IV, V and VI could 
not be measured exactly as ILo reference xvi”& knows concenfxati0n.s was avail- 
able. The concentrations were estirnak3 &on t&e areas of the p&s in the gas 

tAxomatQ~as dtibedabove. 
OV-1 or OV-101 co&d be used as the column material. OV-17 yielded no 

sqaratior, of the sSy1 d&v&&es of etbotoin, of dealkylated e&hot&z and of 
meWMite IV. ARhough they vaxe measured at different charm&, slight inter- 
fe=nce from the lattq was observed at the channels measuring ethotoin and 
deaHq&ted ethotoirb 

eOnceming the co@- metabo~~, only p-hydroxyf&ed ethotoin was 
found in noticeable amounts (a trace amount of conjugated metabolite V was 
0-j. Ef was measured as t&d minus fqee compound (the ftee compound 
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Fig.2. Mass frzgmentograms of urine extracts. (A), blank mine v&b added Stan-: etbo- 
toin (EIJO), nomconjugati p-bydroxylated etbotoin @-H-GLY)), de&cylated etbotoin (DA- 
ETO), metiboiite LV (ETO-Iv) and mepbenytoin (internal standard, IS.:. (B), blank tine 
with added internal ~&anti. (C), urine from patient treated with 2 g of etbotoin; the con- 
centrations found 3.5, 5.5, 280 tid 450 mgll wer e for ethotoin, nonconjugekd p-hy- 
droxylated etbotoin, deatkylated etbotoin and metabolite TV, respectively- 

being about 2% of the t&tai). As no inkfering compo~ds were found w&h the 
Same retention tie as p-hydroxylated ethotoin, it could be meaSurecE as accu- 
r&&y with a gas chromatograph equipped with a f&xne-iotition detector (see 
bdOW). 

Interfering material in urine extracts from patients not treated with ethotoin 
was never observed. 

Mass spectra of reference m&xi& and mass spectra of peaks in gas chroma- 
tograms from urine extracts were in agreement (identical after subtraction of 
the background). 

‘Fhe specSi&y of the gas chromatographic method for the deternGn&ion of 
tatal p-hy&osyI&ed ethotain was checked analyzing 20 urine sannph?s by both 
gas chromatography and mass hagmentography [concentration range 300- 
1608 mg/r (l-5 mmole/B); coefficient of correlation 0.915; the slope was not 
s&nEca&y &fferent frozxl unity, and no saq$e conce&ration differed by 
more than 8% as deter&&d by f&e two methods] _ 

. . ‘.._ 



Recmery 
Recoveries of ethotoin and its non-conjugated metabolites tkrougk the whole 

procedure were not investiga~ intensively as they varied in parallel witk the 
recowery of the internal staudard (range 75-9O%),.and no effort was made to 
increase the recove~?es. The recovery of the conjugated p-kydroqG&ed metab- 
olit~ could not be determined exactly as uo refererxe tiaterid was available, 
but the same amounts were found whether the urine samples were hydrolyzed 
for 15,18 or 24 h under the conditions described. 

Semitidy 
Less than 1 ng (5 mole), corresponding to 5 q/l (25 pmole/l), in 50 ctl of 

urine could &y be measured qumtit&ively by mass fragmentography for 
ethotoin and ali of the metabofites mentioned. The gas chromatagraphic met& 
od was reliable down to 50 mgjl (lower con~nBtiom, in some urine samplS5 
after single doses, were measured by mass fmgmentography). 

QuantifGtive determination 
Standard curves were prepared from gas chromatograms or mass fragmeuto- 

grams of urine extra& to which known amounts of ethotoin snd its metab- 
olites had been added. The ratio of the peak keigkt of tie compound det;er- 
mined to that of the corresponding internal standard was plotted against the 

’ concentration. A linev rehttionship was obtained for & of the compouuds (see 
Fig.3). 

200 

Fig.3. Sbnd2rd curves for ethotoin (ETO), non-conjug~ted p-h~drorghted ethotoin (p-I-5 
ETO), dealkylatr?d ethotoin (DA-m) and metabdite IV (Sao-rV). R = ratio bet- tke 
pea!c heights of the compounds an.sQsed and that of the in- SW&S& 

Tke concentration range found &er appl&$.ion of the dose range I.%- 
4.25 g of ethotoin per day is shown in Table III. 

The de*& and their =&gShme fo: d&-dent kinetics of ethotuin 
will be published ekewkere [lC?E __ 

- 1. 
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TABLE m 
EXCRETTGN RANGE OF EZ’HGTOIN AND M.S MEZFABOLmES EX LTmE FROM FIVE 
PATIENTS UNDERGOING CONTINUOUS TRE%TMENn’ FRTH ETKGTGiN (e4 g PER 
DAY) - 
Compound Concentration Ekoeted a.moun+s 

=nge @WI) (% of applied dcxe) 

Ethofmin 3- 38 0.2- 2.9 
Tot& p-hydrorylated ethotoin 3oa-1600 14 -32 
Non-conjtrga~kd p-hydraxyyhted ethatoin S- 30 0.4- 0.8 
Des.).kylated ethotoin 90-1445 5-a--l-t.3 
MeQboliB N 300--1200 Li -36 
MetaboolitesIEp+V+VI O-S- 2.2 
Total aa -76 

We thank Mrs. !&uin J&rk&i and Mrs. Elk&&h Bemer Nielsen for skilfd 
z&&an=, and Dr. Gordon Johansen for valuable suggestions concerning the 
mtUNS.Ctipt. 
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