
-HEN-LAYER- CHROMATOGR_4PKTC DETERMINATION OF BARBTTU- 
;itTES AND PHEhPr’TQKN IN SERUM AM3 BLOOD 

SUMMARY 

A method is described for the measurement of bIood, serum and/or plasma 
fevels of hexobarbital, phenobarbital, cycfobarbital and phenytoin by ultraviolet 
refiectance~ phOtOMetry on thin-layer chromatograms. The lowest concentrations 
measured were 0.3-0.7 pg/mI. The accuracy was similar to that ofgas chromatographic 
procedures. For phenytoin determinations 5-(p-methyIphenyl)-Sp%enyIhydantoin 
may be used as interna standard_ The me&ad has been applied to clinico- 
plrar~~~~colo&al assays, to the measurement of cycfobarbitat elimination in man 
folkwing a therapeutic dose, and to the study of phenobarbitai kinetics in rats using 
serial blood samples. 

Direct densitometry of thin-layer chiomatogams is increasingly used as an 
aitemative to gas-liquid chromatoraphy (GLC) for the detenninarion of senobiotics. 
1~1 the field of barbiturate and phenytois analysis in biological fluids, the majority of 
recent& published methods involve GLC, thorrgh attempts have been. made to make use 
o’the good resolving power of thin-Iayer chromatography (TLC) for these substances. 
11. the procedures described up to now, TLC was followed by removal of the com- 
P -unds from the plate and quantitation by photometry in solutionz~’ or GLC;.“. 
b ternatively, the pIates were stained and the quantities contained ic the samples 
er imated bq’ visuai co_mparison v&h reference spots?. 

Since instruments are avaitable for reffectance photometry on thin-:ayer plates 
ir the rrltraviolet region, a possibility exists for the measuremerrt of barbiturates and 
p znytoin (diphenylhydantoin, DPH) by direct scanning of the ChromatoFams. In 
f~ t, appropriate procedwss have beeen described for the measurement of barb&u- 
K es, but they were onfy desi_med and recommended for the aEialysis of pharmaceu- 
ti,=lt preparations 8.9 me use of a similar method in a pharmacokinetic study has . 
bc :n reported for primidooe’O and in cfinico-pharmacofo@cal investigations for 
a bamazepinezl. 

The present report wilt describe a procedure utilizing photometry of TLC 



plates by which thempe~~tk COEUXEI~~~~~O~S of DPH &d various barbiturates can be 
measured in Stood, pksma or serum. The method has been applied to pharma~o- 
kinetic studies .+&ding those with multiple blood sampling from rats. 

Barbiturates and phenytoia in the forms of their saEts and also part@ in the 
fr s acid forms were obtained as commercial preparations. Where the free acids were 
not available, they were librated with potassium dihydroge% orthophosphate soiution 
and crys+Mized from water (hexobarbrtal) or benzene fcyclobarbitaI). 5(p-Met&i- 

pfienylj-S-PhenyrfrydaR~o~~ (MPPH) (EGA Chemie, Steinhelm. G.F.R.) was donated 
by Dr. Eriigmann (Universit~ts-KInderklinik, Tiibingen, G.F.R.). 

Standard. soEutions for TLC were prepared by dissofving the free acids to a 
concenrratioiz of 0.1 or 0.2 mg/ml in 1,2_0ichloroethane_ 

The MPPH internal standard was prepared as follows: 0.5 ml of a MPFif 
solution in methanol (5 _mg/m!) was mixed with 12.5 ml serum and made up to 25 mt 
with 0.9 “/, NaCI. The concentration then was 0. i mgiml. 

Organic solvenS were of ordinary grade purky and were distilled before use. 

From epileptic patients under oral wsament with DPM, phenobarbital and/or 
primidone blood was drawn usua!ly before administration of the morning dose. The 
serum was stored at 4” for not more than two weeks or at -20” for not more than 
eight weeks. 

A healthy female vofunteer (52 kg) was admin%tered a tablet of 0.2 e cycto- 
barbital calcium (Phanodorm@, Bayer, Leverkusen, G.F.R.) OR three successive days 
at f I pm. Blood samples were drawn on the following days between 8 a.m. and 8 
p._m. and heparkized. The plasma was stored at -20”. 

Female rats (X0-230 g) xvere treated for several days with phenobarbital (for 
detkls’see under Resnlts). Under iight ether arnaestheka 0,I-M g of blood was ob- 
tained from the retrobulbar venous plextzs with the aid of a heparinized capiflary”. 
Co!lection was made in a pre-weighed t&z cor?taining 0.01 ml hepa&&& saline 
(5 Mghd), rhe qrrantity being deternzined by weighing. It was immediately haemotyze3 
by the addiiion of I mf wizter. 

Esirmiim @he~~b&iiai, phenol-bird md DFH. Serum ( 1 ml) or baemolyzt d 
blood was mixed wi+b - 1 M potassium dihydrogen ortbophosphate sok~tion (0.1 IT ) 
and 0.4 g of amlmor;ium sufphate and extracted twice with 1.5 ml of dietfry ethe . . 
Phase separation was achieved by tentrikgarion at 3tJQ x g for 6 mic. Tire combinr d 
ether phases were extracted with i ml of 0.02 AI sodium hydroxide solutiorr and r :- 
moved zs compferely as possible- The aqueorrs Iayer was acidi6ed X,X$&I &I d of I ,f 
p~fa~~iirri: cXhy&ogeen otifi,t@~~~ph~te sofution and extracted mia wi& 1 ml )f 
ethyl acetate. The exsact was evaporated at 30-35” with a stream of nitrogen ia z 
3-ml tube wiir a gronnd-glass neck and a conical tip. The extracted ma:eriaI FV .s 
c~~ce&rated in the tip by rinsing the sides with 0.2 ml ethyl aeke and evapor& g 



&n. En SOme i~stancf%, 2 ml of serum were analyzed with doubling of the I 1@ 
?otassim d*Yeogen ofibopbosphate solution and the ammonium sufphate used $I 
_he first extraction. 

For the a&+ of DEE, h5PPE-I internzr standard (0.1 mi, corresponding t-0 
!Opgj ws added per mWiter of serum. Where suacient serum wa.s not available, 
J.5 ~IIE was m;xed With 0.05 mf of internal standard and worked up In the same manner. 

E.-CTrCzcf~on of CYc~~obarbirat. TO p12sM2 (2 ml) was added I ‘W potassium di- 
iydrogen orthophosphate solution (0.2 mi) and 0.8 g of ammonium sulpbate, and 
x&action was carried out with two I.5ml portions of diisopropyi ether. The or_eanic 
lhases were processed 2s described above For diet&h ether. 

TLC. Glass plates (20 x 20 cm) pre-coated with non-fluorescent silica gel 60 
:Merck, Darmstadt, GE-R.) lvere wzsshed to the upper edge with rhe solvent given 
,jeloW, dried and stored in a closed tank. Before use they were activated for 10 min 
x 103”. Saxnples were spo’cted OR a line I.5 cm above the lower edge 2 cm apart. 
Serum, plasma or blood extracts were dissolved in a defined volume (usuafly &I, SO 
or 100 ‘~1) of dichloroethane and afiquots were spotted with the aid of capiIIarq_ pipettes 
(Brand, WertheSq G.F.R.). The size of the aiiquot was chosen in such a way that 
quantities of I-2p.g of the substances could be expected to be present. Except in 
DEW analyses includiog a~ internal standard, sampfes 2nd standard solutions were 
spotted in aIternat.ing fashion. The quantities of standard compounds mostly varied 
between 0.4 and 4j1g. 

The solvent was chloroform-isopropanol (5: I) and the atmosphere was 
saturated with ammoSa vaponr by pIacin,o into the tank a Eat trough (16 x 2 cm) 
which contained 3 ml of 25% ammonia. Pre-equilibration of the system was per- 
formed for I h. The plates were developed to 2 height of 12 cm above the origin and 
dried for 30 min. The RF values obtained in this system are given in Table 1. 

Photamet~~~. Light remission was measured with a Chromatogramm-Spektraf- 
photometer (Zeiss, Oberkochen, G.F.R.) coupled to a potentiometric recorder 
(Servogor S; Metrawatt, Wimberg, G.F.R.). The wavelen,& was 240 nm for barbi- 
turates and 230 nm for DPH. The plate was moved al: a speed of 120 mm/m% under 
a slit of 14 x 2 mm. The chart paper speed was set at 120 mm/min. Peak areas were 
o&z&& as the products of height and width at SO’?/, height. DPH in samples spiked 
with _MPPK 5~s determined from the peak area ratio using a calibration curve (Fig. 
3. In analyses of barbiturates and DPH without ax internal standard, individual 
c; !ibraEion curves were constructed from the standard vabes run OR each plate. 

Recovery e_q~eri~~en~.y. Aqueous solutions of the drug salts m-ere added to the 
ai’gropriate b&k matee&, and the samples were processed 2s described above- In 
tl- = same way a calibration curve (Fig. 2) for the DPH determination using MPPH 

a* inter& standard was obtained. 

From the data in Table I and FI,. ‘Q I it can be seem that MPPH introduced as 

fn Tnaf standard for DPH determination by GLc13*Li was &SO separated from DPK 
jr? XC and can therefore be used here, too, as a standard. The five barbiturates in- 
Ye. !&ted were separated from_ one another except for cytlob2hit2f and barbital. 
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-_!XCWER~S OF BARJXTGR-4TE.S AND DPH (WITHOUT IN-FERNCtL STANf)PrRD) 
-ROM PAT BLOOD OR HUMAN SERUM OR PL_ASMA 

.~ 
8 bmpoand _Materiai Concentration Sa_mpie Solienf‘ ReCOSerl_ 

I‘w,mEl whne .-- 

(N 
(ttiean II 

&ti_D_) - 
1 exobarbifal blood 2-34 0.1 &ethyl&her 9425 8 

btood Q/z-77 0.5 diethyl ether SL +s 10 

: irenobsrb&if brood 2-25 0.1 diethyl ether loGf4 8 
blood OS-70 0.5 diethyl ether 81&O I2 
serum 13-51 1 diethyt ether 84&I 4 
serKIn 6.5-25 2 diethyl ether 74.53 - 
serum 0.3-S z &isopropyl &her _ ?3 -L 5 2 

Cyciobarbifal pfasmz 0.4-S 2 diisopropyl ether 7851 6 

DPH serum 0.744 2 diethyl ether 7255 13 

Due to evaporation of the ammonia from the plate, the barbiturate peak 
heights decreased with time, since free acids exhibiting lower absorbances were tib- 
erated. However, during the time of scanning, Le. from 3015 min after development, 
the decrease amouted to not more than 4%. 

The very good reproducibility of DPH measurements with MPPH as inrernal 
standard is refiected hy the calibration curve (Fi g. 2). Duplicate analyses on patient 
serum contaaitin,o 3-30 ,ug/lml resulted in an average deviation of 3.7 % in = 26). En 
five cases, the results of anafyses on 0.5 and I-mf serum samples were compared and 
found to deviate O;I an average by 4.3 %. Five duplicate determinations of cycfa- 
barbital in plasma (OS-2 @/ml) gave an average deviation of 5.4 %_‘ 

The results of DPH and phenobarbital measurements were in good agreement 
with those obtained by a GLC methodif on the same samples”. 

As an example for the application of the method, plasma levels of cyclobarbitai 

internal Stan- 



Phenobzrrbitsi ccncentrations in rat bfoad were compared in the steady-state 
&i-kg Searment via the drinking water or by once-dait~ gavage. Both treatrilent 



.-chedules produced ccmparabte blood IeveIs, but the variations during the day were 
,-omewhat -krgtr in the &MdS treated by gavage (Fig. 4). IF, the same way, hexo- 
arbital blood levels could be determined at shorr intervals after intraperitoneal 
ejection of 90 n&kg into fernafe rats. 

The experiments described show +&at TLC followed by direct UV photometry 
1 rovides a method of SufkkierIt sensitivity and accuracy for clinico-pharnacolo_c~ 
i nd pharmacokinetic investigations on barbiturates and DEL The chiomatogmphy 
i as preceded by an procedure in which smafrer volumes of solvent lvere 
Lsed than irk the majority of existing Methods. In studies where the presence of ad- 
cltional drugs can be excluded, the procedure cm be frrrther simplified by omission 
of the back-extraction into sodium hydroxide so&ion, and in barbiturate analyses a 
second barbiturate May be added as BQ internal standard16. The sensitivity of the 
photometric recoding Y*'~s increased by 8 factor of about 2 when the barbitrrrates 

were converted ta their salts by spraying with potassium hydroxide sofution’. Where 
suflicient mate&I was avaifabfe, this step was avoided, since it tended to produce 
uneven base fines. Exposure of the plates to ammonia vapour &ok&f before scannin$ 
did not prove advantageous in ow casa -, since the large Feaks produced faded rapidty. 
Under the conditions used here, the process of fading was close to completion and 
the decline during the tinre required for scanning did not influecce the results appre- 
ciabiy. 

Concerning sensitivity and reproducibility, the reported method is comparable 
to the best availabIe GLC procedurePJi-“, though the quantity of material required 
is higher than irr methods specially designed for the use in pediatrics”-“:. 

The DPH analyses using an internal standard have been carried out to a lower 
limit of 2pgfd. S-nailer concentrations down to 0.5 .ug/ml worrid be measurable 
upon addition of smaLler qrrantities of the internai stmdard. 

That the cy&barbitaE plasma level could be followed up to 44 h corresponding 
to MO= than faur half-lives after ingestion of a therapeutic dose, seems to prove the 
potential of quantitative TLC as a tad in the estabIi&ent of barbiturate phamaco- 
kinetics. 
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