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SUMMARY

.' A gas chromatographr‘ method for the determmatlon of phenobarbltal in
: sahva has been - developed Phenobarbital is: conve:ted into its bispentafiuorobenzyl
" derivative: by extractive alkylation at pH 9 with 0.1 M tetrabutylammonium ion as
. extrdcting agent and 61 M pentaﬁuorobenzyl ‘bromide as alkylatmg reagent m

,methylene chloride. A reaction time of 20 min is required.

L Quantxtatlon is eficcted by eIectron-capture detection in a gas chromatograph
‘ eqmpped with a pre-column venting system for removal of methylene chloride and
'pentaﬁuorobenzyl bromide. This proceduie allows: the dn‘ect mtroductlon of the

i reactzon mixture into the gas chromatograph

E A 60-ng amount of phenobat:bh.al in 100 ul of human sahva can be determmed
'WIth a preczszon of 1.9 / (S D ) and 2 recov;ry of 93 /

) ‘mmouucnov

, Good ‘gas chromatographlc (GC) propert:es ‘can be conferred upon barbi-
turates by alkylatxon. Several alkylation procedures have -been proposed, e.g., flash
- methylation with - tnmethylanihmum hydroxide! and alkylation with pentafluoro-
- benzyl {PFB) bromide in the presence’ ‘of tnethyla.mm“z. Extractive alkylation has also
_ been used for. the derivatization. of barbiturates®. The barbiturate is extracted in
- anionic ‘form as an ion. pair with a quatemary ammonium ion into an orgamc Pphase
- that contains the alkylatma reagent; methyl lodlde. S
S * This. pl:mczple has been used in this mvestxgat.on in the alkylatxon of pheno-
barbltal with PFB bromide. The PEB. group is an excellent electrophore that gives a
I:ugh electron-mpt!ne detecto;: (ECD) respm:ls.e“—u Extractwe alkylation with PFB

bto;mde ‘has been used in the detefmmation of pent:.zecme and theophylhnes in -
,semm at the Ranograms per millilitre level." :

.. " The’organic phase from the extract:ve alky!atxon wiﬂ contam in addztlon to

:_{the denvatwe, an excess of. PFB brozmde. wf_uch wﬂl chstm:b the quantxtatlon. Biffer-

Tent methods for separatmg the excess. of teagent from the denvatwc have been used,

,such as evapora.tx(n'xs o extractlonznto a.n aeueous pbase“ 5; separatwn on asilica gel




,'{,celumnl" and couplmg of the reasent t Al

be. ext:acted_ 'gvlf:h water“ .

“GC f.o perrmt' the mjeetlon of iarge saﬁlple vo, » : the .
‘feaction’ mixtare'* and group separation of samp!e components”—"‘ In' ﬂ:us study, -
a sunple ventmg system of a new desigan. has ‘been made. It gives a’constant: ﬂow of
" carrier gas during the chromatograp}nc ptocess, whlchls of fundamental xmportance "
in electron-capture gas chromatography.” - .. ‘

" This paper describes the. determmatmn of phenobarbﬁ:al in huma.n sahva by
'Axtractlve a.lkylatlon with PFB bromide, removal of’ eXCess of reagent by the pre-,
column ventmg system and electton—capture detectlon o .

: EXPERIMENTAL

A pparatus ! ‘ ‘ o
© . Gas chramatograpl 1. A Vanan Model 1400 gas chromatograph with a ﬂame
~ ionization detector was used, equlpped thh a glass column (150 x 0.2 em LD), -
, packed ‘with 3% OV-17 on Gas-Chrom Q (80—100 mesh). The column temperature

_was 240° and the flow-rate of" nitrogen carrier gas was 30 ml/mm -
oA Vanan Model 1400 gas chromatograph eqmpped with 2 ©Ni ECD was Lsed
and modified as shown in Fig. 1. The glass pre-column (115 X 0. 3cm I.D) and the
. glass’ analytxml column. (140 x 02 cm 1.D.) were ‘filled with the sarite ‘packing as
above. The flow-rate of ‘nitrogen carrier gas was 20 ‘ml/min. The temperature-of the
: pre—column (mjector block) was 280° that of the analyt;cal column 270° and that of
the detector 300°.
7 - Mass spectrometrv The denvatlves Were 1dent1ﬁed by mass spectrometry MS)
m an LKB 9000 mstmment aftera GC separatlon ona glass column (210 X 0 4 cm

no

. N ‘, .,'-_f," "; B [ *
. Fxg.l Layout ot' appc.rattb 1= Septum, ..-’—~ mjectcr block 3 pre-co!umn (1/4 in. % 3 mm
RS R » 3 § BL X c* long); 4= stamless«stee} reducing union’ €1/4in. to.1/8in.); 5 = porous, metal plug;
6.7, ‘8. 9 = tozsle valves. (Whitey OGS lA), 10 = rieedle valve (Nupro B—.,SA), 11 = analytical
column; (140 X02cm LD); 12 = stamlesa-steel redueer (IIS )yt 13 = stainless-steel restrictor

- (0.009 in. LD x: 15 mm); 14 = detecto: ‘base; 15 = = SNi ECD.cell. Togg!e valves 6 and 7 are con-

necmd tod by staml&ss-steel tubmg whxch is soidered to 4 Normaﬂy, valvm 8 and 9 arec!osed. They_




: tPhenobarbltaI and: hept&barbxtal were of pharmacopoelai grade Methylene chlonde'
: and tt-heptane (Uvasol) were supphed by Merck (Darmstadt G F R. )

. Derzvatuattorz , i T '

R To 1 mI ‘of 0.1 M tetrabuty}ammomum hydrogen sulphate in phosphate buffer
(pH 9) was added I.ml of" ‘methylene chloride containing 1 mg of phenobarbital (or
i heptabarbxtal) and 1 mg of octacosane (internal standard). PFB bromide was added
and the tube shaken for a certain time (see Fig. 4). The reaction was stopped with 1 ml
“of 1 M sulphunc acid and the mixture was shaken for 2 min before centrifugation.
. ‘A 1-pl volume of the organic phase was m_lected mto ‘the gas chromatograph equipped
: 'thh a flame lomzatxon detector

Detennmcztwn of the electran—capfure response
-PFB - derivatives of phenobarbital and heptabatbztal were - synthesxzed in
rmllzgram amounts. Solutions in n-heptane were injected in the gas chromatograph
fitted with a $Ni ECD ‘The ;mmmum detectab!e amount was calculated as descnbed
' prevmusly22 S . : ’

Detennmatzon of phenabarbttal in saliva : )

" A 100-pl volume of saliva was mixed with 10 pl of 0.1 M trisodium phosphate
ina test—tube (PH ~ 9 in the solution). Then 0.5 ml of 0.1 M tetrabutylammonium
. hydrogen sulphate in phosphate buffer (pH 9) and 500 zi of 0.1 M PFB bromide in
“miethylene chloride: ‘with heptabarbital (ea. 150 ng/ml) were added. The tube was
- shaken mechanically for 20 min: After the addition of 3.0 ml of n-heptane, the tube

was shaken gently for 2 few seconds and centrifuged for 2 min at 2000 rpm.
A ‘I-p1 volume of the organic phase was injected into the gas chromatograph
then 10 sec after the injection, valves 6 a.nd 7 (Fig: 1) were closed for 20 sec.

RESULTS AND Drscussm\: .

1713 ventmg system o .
' - The priaciple of the ventmg system is- shown in Flg 2. At the beginning of the
. chromatogr“phxe protess, the system is run in the “open mode”. When compounds
of interest are eluted from the pre-column, valves 6 and 7 are closed:and the system
‘is run in the “closed’ mode” for a suitable period to allow the compounds to enter the
_analytxcal column. The valves are’ then: re-opened in order to remove remaxmng
: sample components from' the pre-colum;x :
~Tests - with known s&mples of PFB denvatwes of phenobarbltal and the
: mtemal standard showed that the main patt of the reagent'and the solvent had passed
“the: pze-column 10 sec after- the injection and. the PFB derivatives had passed the
j pre-column after a further 20 sec. Complefe transfer of -the. PFB denvatxves to the
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- ctosed mode —=—-»
"Fig. 2. Schcmatlc dzagram of ﬁow i1 the GC ventmg system B

analytlcal column could obvmusly be obtamed by nmmng the svstem in the closed
~mode” durmg the penod 10-30 sec a:ter the m]eCtIOI! Thxs is the pmcedure recom-
mended in the Experimental section. - -
“The sw1tchmg of .the valves does not mﬂuence the separatlon eﬂiclency of the
system Runs with n-heptane solunons of the PFB derivatives gave: -the same number
of theoretical plates when the ventmc system was closed during the. whole procedure
and during the period 10-30 sec.
: A typxml chromatogram from 2 phenobarbxtal—contammg sahva sample.
treated accordmg to the techmque descnbed is given in. Flg 3a- A blank runis showu
in. F;g. 3b.
The unpo::tance of the ventmg system is d.monstrated in Flg. 3c whxch shows.
‘a chromatogram obtained with the same sample as in Fig. 3a when the. chromato-
graph was run in the. “closed mode” during the whole chromatograpluc process.
" Tests showed that the venting system was capable of removing more than
.10 times of the amounts of PFB bromxde and methylene chlonde that are present'
from the denvatlzatxon. S k , ‘

Extractzve alkylatmn of pherobarbztal ‘
" Extractive methylatxon of phenobarbital has prevxously been stuched w:th .
carbon dlsulphxde as organic phase, methyl iodide as alkylating reagent and different
quaternary alkylammonium ions as extraction agents3 001 M tetrahexylammomum
1on and 0.03 M methyl iodide gave a quantitative reactlon within S5min. -~
- The optunum e‘\tractlon of phenobarbital as. ap ion pair’ with quatemary
ammomum ions is obtained at pH 9-12, and an extraction constant of 10+-% was ,
found with tetrabutylammomum as counter- mn and chlorororm as orgamc phase
, “In the present work, methylene chloride was’ pteferred asthe organic solvent.-
l:-rom the extraction data above, it could be estimated that 0.1 M tetrabutylammomum ,
at pH 9 would glve an extraction of at Ieast 90%; of phenobafbxtzl as an ion pair?.
S -The mﬁuence of the: conoentratnon of the alkylating reagent (PFB bromide) -
' Qn the rate of PFB phenobarbxtal and PFB heptabarbztal fofmatzon 1s demonstrated )
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Figz. 3. Chromatograms from human saliva. (2) Sample spiked with 64 ng of phenobarbital (Phen)
per 100 ul. (b) Blank chromatogram with internal standard (IS) heptabarbital. Injection of samples in
““open mode™. “Closed mode™ for 20 sec, 10 sec after injection, then “open mode™ agzin. (c) Same
sample as in @). “Closed mode” during the whole chromatugraphic process. Electrometer setting:
4-10710,

in Fig. 4. A quantitative yield was obtained with 0.1 A PFB bromide with a reaction
time of 20 min or more.

ldentity and properties of the derivatives

~ The derivatives were identified by MS. Walle? found that two PFB groups are
coupled to the phenobarbital molecule by alkylation with PFB bromide. The MS
studies confirmed that bis-PFB derivatives also were obfained by the extractive
alkylation method used in this work.

The derivatives showed good chromatographic propertics. No adsorption
losses could be observed even when only 2 few picograms were injected, and peaks
with good symmetry were obtained.

- The minimum detectable amount was 5-10~*" molefsec for the PFB derivatives
of both phenobarbital and heptabarbital. This corresponds to an injected amount
of less than 1 pg, under the chromatographic condmons used, which is in good agree-
ment with the results of Walle?.

Determinatior: of phenobarbital in saliva
’ Interest in the determination of drugs i in sahva has increased recently, partic-
ularly as it is easy to collect a large number of samples from the same subject?—28,
Heptabarbital was used as the internal standard as it reacts with PFB bromide at the
same rate as phenobarbital (Fig. 4), and PFB heptabarbxta} has only a slightly longer
retentlon time than PFB phenobarbital.



The time :'for : a.»sin'g‘le; analyf‘s’ié '_l’_sr'“a_bAdvAitfé‘S, mm, aad xt Ai'si.;gbs‘éi_hvle -'.to_

more than 30 analyses per day. -
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