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DETERMINATION 017’ BARBITURATES AND THEIR METABdLITES IN 

SMALL PLASMA SAMPLES BY GAS CHROMATOGRAPHY-MASS 

SPBCTROMETRY 

AMYLOBARBITONE AND $-T~YDIZOSYARIYLOB:ARUITONE 

Techniques for the nlea~urement of amylobarbitone and its principal metab- 
elite, 3’-liyclrosyamylol~eri.,itone in loo-/./I plasma samples are described. The 
metllocls which employ a mass spectrometer as a gas chromatographic detector 
may be used to determine 0.01 ,q/ml of the drug and 0.05 ,ug/ml of the metabolite 
and vzcre developed initially to permit pharmacodynarnic studies in human newborn. 
With minor modification, they are applicable to other barbiturates including 
butobarbitone, pentobarbitone and the metabolites 3’.hydroxybutobarbitone and 
3’-hydroxypentobarbitone providing scope for more general ph,arrnacodynamic 
stuclies with barbiturates where sample size precludes conventional assay. 

Investigation of clrug metilholism in newborn infants is in genera1 hindered 
by analytical problems in the quantitation of clrugs and metabolites in limited 
volumes of blood. In a study of drug osidation in the newborn we required to measure 
the elimination half-life of amylobarbitone (I) and the concentration of its principal 
metabolite 3’-hydroxyamylobarbitone (IV) in neonatal plasma during several days 
after exposure of the child to the drug. Published assays for I and IVx*2 were 
not sufliciently sensitive for such measurements in the IOO-zoo ~11 plasma samples 
avaifable by serial capillary blood sampling. The required sensitivity and precision 
of measurement was obtainable using mass spectrometry (MS). 

More commonly an instrument for structural identification, a mass spectrometer 
may, by monitoring one or more abundant fragment ions, become a highly sensitive 
and specific detector, especially when coupled to a gas cl~romatograpl~~~4. Quanti- 
tative assay from biological material normally requires that response to sample 
should be measured relative to that of a co-extracted reference compound. This 
may be the same compound labclled. with stable isotopes which can act also as 
a carrier in the separation proceclure and in minimising adsorptive loss of sample 
in gas chromatography (CC) G-7. Alternatively, the reference may be a close analogue, 
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distinctly eluted by the gas cl~ron~atograpl~N~D, in which case if adsorptive loss of 

sample in the column or GC-MS separator is cncountercd, this must now be eliminated 
by couvcntional protcctivc dcrivntisntion. 

The barbiturates arc particularly amenable to quantitation by the second, 
more gcncral approach. GC behaviour IS optimised by n~ethylation~O and the N,N’- 

dimethyl derivatives of barbiturates with an aliphatic side-chain R (I-VI) have 
abundant fragment ions in common in their mass spectra IL. Furtlicr, since estraction 
conditions within this group are coniparablc, one mcmbcr may provide the internal 
reference for another. 

In this cornmunicxtion we report tile development of assays based on single 
ion monitoring of fragment ions in the nlass spectra of mcthylatcd barbiturates 
as tliey elute from the gas cliromatograpIi. Tllc metliocls liave lower limits in 
determination of I ng for an~ylolxn’l~itonc and 5 ng for the nietal~olite in zoo-@ 
aliquots of plaslnn and hnvc been used in monitoring blood levels in newborn children 
after single therapeutic closes of tlic drug to the mr)tliers prior to birth. 

I =t atllylobirrbitorlc -cI-I,cI-I,cI-I(cI-I:,), 
I I -- l~iitolxwl~itrmc -cIqx&I-I,cI-I~, 

II I a pcntolxwbitonc 
IV 3 3’.h~tlros~nluylobarbitono 

-Cl-I(C~_[:,)CM,CI-I,CI-I:, 
-CI-I~CH,C(~.lI-I)(C;li,)~ 

\ = 3’-ll)‘clr’osyl~~lto~i~rl~itcllc -ClI,CM,Cl-I((~I-I)CI-I, 
\‘T. = ~‘-tl)‘clrosvl~~rltot~~~r~itotlc 

VII = ~~hc.nobari,itolIc 
-cl-I(cI-l,,)cI-I,cI-I(~~I~I)CI-[, 
-C,,l.Io 

._ 

MATERIALS AND 3IZSTHOIX 

Combined GC-MS w&s carried out using a Varian 1400 gas chromatograph 
coupled to an AEI MS 12 mass spectrometer. A 6 ft. x 1/H in. Pyres column packed 
with 3 74 OV-I on Gas-Cllrom (2 (loo-xzo mesh) was used with on-column injection 
(block temperature, 250 “) and helium as carrier gas. A silicone mcrnbranel” separator 
was employed at 240 O. At a helium flow-rate of 40 ml/min the mass spectrometer 
source ionisation gauge indication was 5 x 10’” torr and analyser I x IO-’ torr. 

The mass spectrometer w;as operated nt R.P. Soo (source slit, 0.005 in. : collector 
slit, 0.010 in.); source temperature, 250°: accelerating voltage, S kV, unless used 
with an accelerating voltage alternator (AVA)3; trap current, 250 {A; ionising 
voltage, 23 eV and electron multiplier, r.S to ~5 kV, In ion monitoring modes, 
masses for detection were initially selected using a porfluorokerosene (PFIC) marker 
bleecl. After withdrawal of the WK., line refocussing was effected during the elution 
of standard barbiturate derivatives from the gas chromatograph, Output from the 
hea.d ampliAer, modified to incorporate a xooo MS;, grid resistor, via the bandwith 
filter at I C/set and main signal amplifier, was taken to a multi-range potentiometric 
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recorder. Refcrcnce spectra tvere recorded on I-pg samples at 4 scqclecade magnet 
scan using a Digital Equipment Corporation3P S/I computer for data reduction 
and column bleed background subtraction. 

Tctran~ctllylamn~oniutn llydroside (TMAH) obtained as a 24 “/0 aqueous 
solution was cvaporatcd to dryness and reconstituted in methanol (OJ M) . Dimethyl 
sulphatc-21-1, (99.5 o/0 ‘+I,) was used in preparing N-01-1, barbiturate derivativesl3. 
Solvents were analytical grade ancl were not redistilled. 

The purity of barbiturate llydrosy metabolite reference samples was established 
by thin-layer chromatography (TLC) (silica gel : chloroform-acetone, g: I) and 
by GC after methylation, [lJC]l~ydrosyan~ylobarbitone and [l~JC]liyclroxypento- 
barbitone were prepared from the parent drugs ( [lJC]arnylobarl~itone 6.2 &i/mg, 
and [W]pentobarbitone 14~3 ,Ki/mg) by incubation with rat liver microsomal 
preparationsl‘l. The products were separated by differential solvent extraction. 
Their purity was confirmed by TLC, radio-GLC and GC-MS after methylation. 

Plnsml nssuy 

Plasma samples were stored at - 20 0 until analysis. 
($) Awylolnvbilouc (I), To an alicluot of plasma (40 to IOO l.61) in a 3-ml capacity 

tapered vial, internal standard, sodium butobarbitone in water (25 ng in IO hrl) 
was added and the 111-I adjusted to 5-6 by addition of _c M NaHJ?O, (IO ~1). 

Ether (water saturated, 1.0 ml) was added, mixed (I min, “Vortes”), centrifuged 
(zoo0 r.p.m, 5 min) and o.S ml of the ether layer transferred to a further tapered 
vial and evaporatecl under nitrogen at room temperature. The residue was Anally 
reconstituted in 0.1 M ‘l3IAI-I in methanol (IO yl). I cl1 was injected on to the gas 
cliromatograph (140 O, 40 ml/min) forming the N,N’-dimethyl derivatives on the 
columnl”. The mass spectrometer response was monitored at ~tt/c 169. Calibration 
for amylobarbitone added to plasma against a constant level of butobarbitone was 
achiovccl as a plot of amylobarl~itone/butol~arbitone derivative, peak height ratio 
at ?tt/c I@ against amylol~arl~itone concentration. 

Alternative procedures (,ii)a and b were evalutated for 3’.hydroxyamylo- 
barbitone (IV). . 

(ii@. To an aliquot of plasma (100 ~41) was added sodium phonobarbitone 
in water (40 ng in IO 1~1) as internal standard, NaHJ’O, (10 yl, 4 M) and ether 
(1.0 ml), A concentrated extract was made as for amylobarbitone and then recon- 
stituted in diazomethane, in ether-methanol, IO: I (zoo [A) left at room temperature 
for 30 min, cvaporatcd (nitrogen) and finally taken up in methanol (IO @). I ,A 
was injected on to the gas chromatograph (170 O, 40 ml/min). After clution of di- 
methyll~ydr~syamylobarbitonc, recorded at ~)c/e 169, the accelerating voltage was 
switched to a preset lower value using the AVA in its manual mode, to record 
the response to dimetl~ylphenobarbitone at ,IU/C 175. Calibration was effected as 
response ratio at W/L: 169 to 175 against hydrosyamylobarbitone concentration. 

(ii)b. To plasma, buffered to pH 5 as in (ii)~., hydroxypentobarbitone (V) 
was added (Go ng in IO ~41 of methanol), The aqueous phase was extracted twice with 

. lieptane/I .5 7: isoamyl alcohol (I ml), An etller estract was then made and methylated 
as in (ii)& W/C rGg was monitored for both sample and reference. A column tem- 
perature of 160 o at a helium flow-rate of 40 rnl/rnin was used, 

GC with flame ionisation detection was effected on extracts of large plasma 
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samples (z ml) using a Pyc 104 gas chromatograph with a G ft. x 1/4 in. O.D. 
Pyres column packed with 3 Y0 OV-r/Gas-Chrom Q (IOO-no). 

RESULTS AND DISCUSSIOX 

The tendency of barbiturates to adsorb on to GC columns preventing 
quantitation at lower levels is widely recogniscd and is conveniently overcome 
by methylation, Use of the on-column mcthylating reagent TMAWO resulted in 
quantitative conversion of the parent compout~ds I, II and III to their N,N’-di- 
methyl derivatives.The hydrosylated bnrbituratcs I\‘-VI clid not react reproducibly 
with this reagent or with the alternative trin~etl~yluniliniun~ hydroxide; they could, 
however, be reproducibly methylated with cliazon~etllanell. Column conditions and 
retention times of the dimethyl derivatives are given in Table I, 

The mass spectra of the dimethyl derivatives of I-III and V-VII have been 
reportedll. The spectrum of the NJ’-dimethyl derivative of hydroxyamylobar- 
bitone (IV) (Fig. I) conforms to the pattern for barbiturates with an alkyl side- 
chain, R, which have fragment ions at W/C 169 and 154 in commonll, carrying a 
substantial fraction of the totn.1 ion current (Table I), Monitoring NC/E rGg, O,I ng 
of dimetl~ylamylobarbitone and o .J ng of dimetllyll~ydro.xyamylobarbitone injected 

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 
m/e 

Fig, 1, Mass spectrum of N,N’-~imctliyl-3’-liyclrosy~~~i~ylo~~~r~ito~~~ rtt 23 eV. 
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on to the gas chromato~aph were detectable with a signal-to-noise ratio of G : I, 

Response in each case was linear to IO ng. 

OH OH 

CH,CH, 

0 

m/e 169 m/e 184 

Losses of dimethylamylobarbitone were apparcnCly negligible through column 
and GC-MS separator. The detection limit was 0.0 2 ng and response at 0.1 ng was 
not signiftcantly enhanced in the presence of a roe-fold excess of the deutcrated 
(C2HJ2 derivative as carrier. Losses of the dimethyl derivative of the mctabolite, 
IV, were significant; the linear regression for concentration against response indi- 
cated an absolute loss of about 0.1 ng. However, this proved not lo be tile limiting 
factor in making the measurements required in plasma. The assays described are 
based on a carrier-free approach with scparntely elutcd internal references. 

The extraction yield of amylobarbitone (pK’, 7.56) (ref. 15) from 100 ,ul 
of plasma at pH 5 into ether was determined using the W-labelled compound 
and found to be 95 f 11.2 % at IO ng (S,D., ?t = G) and 105 rt 14.r o/o at 100 ng 
(SD., u = 6). The micro-estraction technique adoptecl is essentially as described 
for phenobarbitone (pK a 7.36) where recovery was judged to be completelo. 
Butobarbitone (p& 7.SG) provided the internal reference for amylobarbitone. 
These compounds have similar extraction properties, a suitable rclrttivc retention 
time of their dimethyl derivatives and a comparable detector response per mole 
at ,rjc/e 169 (Table I). Calibration for amylobarbitonc in plasma (IOO ,~l) against 
added butob:uWone was linear PC the ‘range 4 to IOO ng (Fig, 2), one tenth of the 
lina.1 estract being injected on to the gas chromatograpll. Reproducibility of 
measurement from plasma at 20 ng WLS =tr 2.2 76 (SD,, IZ = 6) and at IO ng it 
was =t 5.2 ‘:i,. Below this level the standard deviation rises and at z ng it was 
& 20 %, an uncertainty discussed in the following section, 

Recovery of hydroxyamylobarbitone (IV) from IOO ,~l of plasma at PI-I 5 
into ether was S5 & 2.0 "A, (S.D., 71, = 6) at IOO ng and S3 & 4.0 (;/o (S.D., u = G) 
at ro ng as determined with the l~C-lal~elled compound. Disparity in retention times 
between the dimethyl derivatives of I and IV togetller with artefact formation 
in the TMAI-I methylation of IV prevented drug and rnetabolite measurement in 
a single plasma cstract. A separate reference was required for IV. In early work 
this was co-extracted phenobarbitone (VII) recording W/C r6g for clitnethyl IV and 
W/C 175 (9.3 % C) for dimethyl VII after diazomethane methylation of plasma 
extracts, Calibration for hydroxyamylobarbitone in plnsma from 5 to IOO ng per 
Loo-$ aliquot was linear as a plot of peak height ratio W/C rGg to 175 against plastna 
concentration (IJig. 3). Reproducibility of estimation at 30 ng was rt 4,7 % (SD., 
IZ = 6) and at 15 ng f 7.0 YO (SD., 12 = 6). 
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I 
10 20 30 40 50 60 70 100 

AMYLOgARBlTONE IN PlASMA(ng/O.lmI) 

Fib'. 2. Calibrntion for arnylotarbitone rccovcrcd from x00 pl of plasma against tutobarbitone 
as the rcI’crcncc (R = o.gg5). IXacll value is the Illf2illl of cluplicatc estimntions. 1%2producibility 
is discussed in the test. 

3.0 - 

2.0 . 

1.0 * 

10 20 30 40 50 60 70 80 90 100 

TOTAL METABOLITE IN PIASMA(nglO.l ml) 

Fig. 3, Culibrntion for 3’-hyclros~amylobnrbitonc rccovcrccl from 100 pl of plasma ngrinst 
phcnobnrl~itono as the rcfcrcncc (I? = o.ggg). Each v;rluc is the mean of cluplicntc cstirnations. 
Iicproclucibility is cliscrtssccl in the test. 

Satisfactory results were obtained with phcnobarbitone as the reference for 
hydroxyamylobnrbitone, however, a subsequent requirement for metabolite mea- 
suremcnt in cases where phenobarbitone had also been used therapeutically led 
to a modilied procedure and the adoption of hyclroxypentob,zrbitone (VI) as the 
reference. A prior Ileptane/isoamyl alcohol extraction step (RETHODS (di)b) was 

introduced, sybstantially removini free drug followed by recovery of IV and VI 
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into ether. Recovery of VI, chccltcd with the 1%labelled material was Sg =t: 3 “/u 
(SD., 18 = G). Reverting to single ion monitoring at nt/e 169 (Table I), calibration 
for IV against VI was linear in the range 5 to I00 ng per x00-@ aliquot of plasma 

(R = 0.995). 

Figs, gb and gd show control plasma extracts with recording of nc/e 169 in 
the region of elution of the derivatives of I and II (Fig, 513) and jrl/e rGg and 175 

for the derivatives of IV and VII (Fig, sd). Interference from co-chromatograplhg 
impurities contributing to response at tllese mass-to-charge ratios is minimal for 
measurement made within the calibrated range for I and IV. At high electron 
multiplier and recorder gain, distinction between electronic instability and intcr- 
fering ionisation becomes equivocal, Repeated injection of O,I ng of dimcthyl-I 
and 1.0 ng of dimethyl- results in a standard deviation of f 5.1 0/o in the 
measurement of I reflecting instrument instability, variance in background ionisation 
and simple errors in peals height measurement at high amplification. However, 
recovery from IOO ,~l of plasma containing ‘I ng of I and IO ng of II with injection 
of one tenth of the final methylated estract results in a standard deviation of 
& 20 yO in the measurement of I, A principal contribution to this uncertainty 
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Fig. + Plasms conccntrntiolls in an adult nfter nn oral dose of sodium nmylobarbitonc (zoo mg). 
l , Amylobarbitonc (tilla = 16.4 h & 3,x): A., 3’-hydrosyamylobnrbitonc by GC-RIS cnch 
mcnsurcd in x00-pl plnsmn samples: 0, amylobi~rbitollo by GC with fli~l~lc ionisntion clotcction 
iI 2.0-1111 plELSlllU Si~lll~~lCS (II/p = 14-3 11 -+. 4.6). 
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is inferred to be ionisation of random co-chromatographing material from solvents 
and plasma which becomes significant at high gain. 

Refinement of separation procedures with the possible inclusion of carrier 
might well permit greater accuracy in mcasuremcnt of I below 1: ng in plasma. 

Plasma levels of nmylobarbitone were measured in an adult at intervals 
during 5 days after a zoo-xng oral dose. The half-life of rG.4 % 3.1 1~ determined 
using roe-~1 aliquots of plasma was in goocl agreement with a value of 14~9 & 4.6 11 
obtained by GC with flame ionisation detection after estraction of 2.0 ml of 
plasma samples (Fig. d), Levels of metnbolitc were measured in four further IOO-,uZ 
samples: the concentration fell from 0.5 /kg/ml at r6 Ii to 0.25 jxg/rnl at 43 11 after 
the dose. Plasma assays wit11 conventional GC detection have limits in the order 
of 0.2 itg/ml for I and IV after recovery from at least 2.0~ml samples1*2. 

*.l~ methods described have been used in a comparison of amylobarbitone 
plasma half-lives in mothers and newborn infants after administration of the 
drug to the mothers prior to birth. A more than twice prolonged plasma half-life 
was observed in the children following placental transfer of the drug from the mother. 
The results of this study will be published in detail elsewhorels, Fig. 5a shows the 

(Cl 

(b) 

(cl) 

Fig. 5. Chromnto~rams of control pl;LsmiL cstrw9.s a11c1 of $wnn cstracts from a child Go h after 
birth following a zoo mg i,m, dose of soclium nmylobarbitonc to the rnothcr bcforc clclivcry. 
(a) Dit~~cthylamylobarbitonc (pcnlc A) and the rcfcrcncc rlinx!thylbutobrtrbitone (peak U) a?. 
w/c ~69 from 50 /./I of the child’s plusnxr. The nniylobnrbitonc conceutration was 0.35 pg/ml, 
(b) Control for Fig. 5~ (c) Dimcthyll~ydrosy~~~~ylob~rl~itot~c (pcdc 1-I) at w/c r Gg nncl $ha 
refcrcncc climcthylpl~crlobarbitonc (pcnlc 1’) at m/s 175 from ICIO /cl of the child’s pkwnn, .‘l’ho 
conccntrntion of mctnbolitc was o.ao pg/ml. (cl) Control for Fig. 5c with tho ncldition of 
climcthylamylobrrrbitonc (pale A). 
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clwon~atogran~ at w/e 169 from an extract of 50 ,~l of plasma taken from a child 
Go 11 after birth, The level of aniylol~arl~itonc was 0.35 ,q/ml. The concentration 
of metabolite (Fig. 5~) mcasurecl at the same time after the dose in a furtller Ioo ,ul 
of phasma was 0.20 pg/ml. 

CONCLUSIONS 

l3y using a mass spectromctcr as a. GC detector, high sensitivity and specificity 
in barbiturate and hydroxy metabolito mcnsuremcnts are obtainable after N- 
methylation. After therapeutic dosage, determinations may be made through several 
biological half-lives in the limited volumes of plasma obtainable by capillary 
blood sampling. Satisfactory precision is attained without refinement of separation 
procedures or recourse to a stable isotope carrier assay. While fully evaluated and 
in use only for amylobarbitone and its metabolite. the methods are in principle 
applicable to other barbiturates including butobarbitone, pcntobarbitone 
their 3’-hydroxy metabolites. 

and 

We thank Professor C. T. I)OLLlxRY for his interest and encouragement and 
Dr. BEATRICE KRAUER for clinical collaboration. The Lilly Research Centre are 
thanked for a reference sample of hydroxyamylobarbitone. 

I Ii. B~L~sum~h~r~~1, S, B. Lucas, G. 12. 
(1870) 564. 

MAWSW AND I’. J, S~aro~s, BP. J. Plrawracol., 3Q 

J, Gaovn AND P. A. 'ROSELAND, Clirr. CAir~r. A&I, zg (1970) 253. 
C. C. !%'ID%LY, ik.0 1.1. IhIOT, 1. l:IUES AND l<. RYIMGE. .471& C/WW., 38 (1QGG) 1549, 
C.-G. HAMMA~, B, I-~OLXfITEDT AND R. RW~AGE, ktraf. Oloclrorz,, 25 (IQ,GS) 352. 
B. SAMUELSSON, &I. ~IAJIllZRG AN13 c. c, SWG3LY,.‘fWI!. BiOChCW., 3s (1971) 301. 
r. 12. GAFIWEY, C.-G. I-Id\irfhlAl<, n. ~IOI.bISTI~~T ~\XD R. IX. &bZ~AIION. Auu!. C/UJPZ., 43 (1971) 

7 

9 
9 

IO 
11 
12 
13 
I4 
I.5 
IG 

17 
IS 

307. 
U. AWN, Ii. GREEN, Et H~RLIN AND l3. SAMUIXSSON, Bioclrorr. l3iophys, Rcs. Corn.. ‘13 (rQ71) 
5x9. 
I<. \v. 1;IZLLY.J. Ch'OW~O~J'., 54 (1971) 345, 
S. I-I. KosLoW, I?. CATTABI~NI ,wD E. COSTA, Scirwx. 176 (1Q72) 177, 
G. W. ST&VENRON,A~~~. Ckem., 38 (IQ&~) 1Q48. 
J. N, T, GILBERT, l3. J. MILLAWD AND J. W. POWELL, J. Phnvm, Plmwaacot., 22 (1970) 8Q7. 
J. 12. ~~AWIXS, It. hIAI.LhUY AND V. I?. \b'If.LfAX1S, J, Chleot?talogv. Sci,, 7 (196~) Ggo. 
I-I. P. MAT<TIN AND J. L. l2nrsco1.r., At&. Clrcrrr., 38 (IQGG) 345. 
D. S. I)AVIES, I?. L, GIGON ANDJ. Ii, GILLETTE, J3ioc/rcr~r. P/rn~wmcol., 17 (IQ&~) 1563. 
D, Ai DOORNBOf AND R. A. 13E hnWV, ~%mwiaco/. ~~‘CCk6~,, 104 (I#?) 233, 
~~~~\ALLMHIIG. 5. AGIJWLL, R, JELLING AND L, 0. Ron~$us, lZw.J. cXrz, Phn~r~ncol,, 3 (1971) 

I\, &I. hWSo;u, pcrsonnl cornmimication. 
8. KRAUER, G.1-L I~RABPAN. I?. M. WILLIA~W, R. A. CLARE, C.%', DOLLIZI~Y ANI> D.F. HAWKINS, 
C&t. PAnrmacol. Tircv., in Iwcss. 


