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The barbiturates in addition to their therapeutic application as hypnotics, an-
ticonvulsants and anaesthetics, are often used as drugs of addiction, sometimes
alone or associated with other drugs or alcohol. Therefore they are involved in
many accidental and suicidal poisonings, especially in France [1]. During the
last ten years 20% of the necropsic samples analysed in our laboratory contained
barbiturates.

The determination of barbiturates in biological fluids, particularly in blood, is
of great interest in forensic toxicology and clinical pharmacology and numerous
procedures have been reported. Thin-layer chromatography [2,3], UV spectro-
photometry [2-4], gas chromatography [5-13], gas chromatography coupled with
mass spectrometry [12,13], high-performance liquid chromatography (HPLC)
[14-22] and immunoassays [23-28] have been applied. Prior isolation from bi-
ological samples was usually necessary, using organic solvent extraction, or non-
ionic resin absorption [29-31], or simple deproteinization for phenobarbital [18].
The methods are often time-consuming and sophisticated.

This study was undertaken in order to develop a rapid, simple and sensitive
procedure for the identification and quantification of barbiturates in blood and
urine using HPLC after deproteinization or extraction. The analysis was carried
out on the most frequently encountered barbiturates in France.

EXPERIMENTAL
Reagents and glassware

All reagents were of analytical-reagent grade. Acetonitrile (RS per HPLC),
methanol (RS per HPLC) and diethyl ether (RPE) were obtained from Carlo
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Erba (Milan, Italy), perchloric acid (Normapur), trisodium phosphate (Nor-
mapur) and methylene chloride {(Normapur) from Prolabo (Paris, France) and
distilled water (‘“‘for injection”) from Laboratoires Aguettant (Lyon, France).
All glassware was washed with 3% RBS 25 biodegradable solution obtained from
Biolyon (Dardilly, France ), then rinsed with distilled water and dried before use.
All glass centrifuge tubes were rinsed first with acetone, then with the extraction
solvent.

Standards

Barbiturates currently used as drugs in France examined were amobarbital,
barbital, butalbital, butobarbital, cyclobarbital, heptabarbital, hexobarbital, me-
thohexital sodium, phenobarbital, proxibarbital, secobarbital and vinylbital.
Barbiturates not currently used as drugs in France examined were aprobarbital
(possible internal standard }, butabarbital, mephebarbital, pentobarbital, thial-
barbital and thiopental. The internal standard was methaqualone. All the bar-
biturates were kindly supplied by the respective manufactures and methaqualone
by Houdé-ISH Laboratoires (Paris, France).

Stock solutions of each drug were prepared in methanol at a concentration of
1 mg ml~' and stored at 4°C. They were diluted to 0.1 mg ml~! for preparing the
calibration standards. Methaqualone (or aprobarbital) was used as an internal
standard.

Apparatus and chromatographic parameters

The chromatographic analysis was performed on a component system consist-
ing of a Waters Model 510 pump, a Waters Model WISP 712 automatic sample
injection module and a Waters Model 490 programmable multi-wawelength de-
tector, set at 0.1-0.01 a.u.f.s. and at 230 nm for thiopental and thialbarbital anal-
ysis and 198 nm for the other barbiturates. The detector was monitored with a
Waters 840 data and chromatography control station. A uBondapak C,g column
(30 cmx 3.9 mm L.D., particle size 10 um, ambient temperature) was connected
to the detector. The mobile phase was acetonitrile-distilled water (35:65, v/v) at
a flow-rate of 1 ml min—".

Procedure

Whole blood, serum, plasma. Into a 5-ml haemolysis tube were pipetted 50 ul of
the internal standard (methaqualone or possibly aprobarbital) methanolic so-
lution (0.1 mg ml—'). Following evaporation to dryness, 0.5 ml of the sample to
be analysed and 100 ul of 40% perchloric acid were added. After vortexing for 1
min, the mixture was centrifuged for 10 min at 2800 g, then 20 ul of the super-
natant were injected into the chromatograph for analysis. A calibration graph
was simultaneously run under same conditions. The ratio between the peak area
of the sample drug and that of the internal standard was calculated and plotted
against the concentration of the drug after analysis of blank samples spiked with

inereaging concentrations of each drug (2, 4, 10 and 20 ug ml~") and a constant
amount of the internal standard (methaqualone or aprobarbital, 5 ug?.
Urine. A 0.5-ml volume of urine was pipetted into a 25-ml centrifuge tube,
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followed by 2 ml of 0.02 M perchloric acid. The unconjugated fractions of barbi-
turates were extracted with 6 ml of diethyl ether. After shaking for 10 min, the
liquid was centrifuged for 10 min at 2800 g. Exactly 5 ml of the solvent phase were
transferred into a centrifuge tube containing 50 ul of the internal standard solu-
tion (0.1 mg ml~!) and evaporated to dryness at 45°C*. The residue was dis-
solved in 100 ul of mobile phase, vortexed for 30 s and centrifuged or filtered. A
20-ul volume of the clear liquid was injected into the chromatograph. A calibra-
tion graph was run under the same conditions as for the blood fluids from blank
urine spiked with drugs.

The above urine extraction procedure can be applied to 0.5-g samples of gastric
content homogenates or to blood for determining the barbiturates whose reten-
tion times are short (proxibarbital, barbital). A subsequent purification may be
necessary (see the procedure indicated under Selectivity).

RESULTS AND DISCUSSION

Table I and Fig. 1. show the retention times and a chromatogram of several
barbiturates and methaqualone after evaporation of the methanolic standard so-
lutions and injection of the residues dissolved in the mobile phase.

Fig. 2 shows chromatograms for a blank of whole blood: (A) after deproteini-
zation, (B) after spiking with phenobarbital, amobarbital, secobarbital and me-
thaqualone and deproteinization, (C) after diethyl ether extraction followed by
purification, (D) after spiking with barbital, phenobarbital, butalbital, amobar-
bital and secobarbital, before diethyl ether extraction and purification, metha-
qualone being added in the last ether phase, and (E) after spiking with
proxibarbital, barbital, phenobarbital, amobarbital and aprobarbital, before die-
thyl ether extraction and purification. Fig. 3 shows a chromatogram from a nec-
ropsic blood sample from an abuser who had taken barbiturates and alcohol shortly
before his death (murder by fire arm).

After choosing the determination wavelengths and the internal standards, the
validity of the method was exclusively tested on whole blood and especially with
phenobarbital, amobarbital and secobarbital, because these barbiturates are the
most commonly encountered in cases of poisoning in France and in therapeutic
uses. Further, the analysis of plasma, serum and urine is easier.

Choice of detection wavelength

As pointed out by Kraak and Crombeen [32] and Stout and De Vane [33],
interferences may be observed at low wavelengths. We tested five wavelengths
(198, 220, 230, 240 and 254 nm) to choice that which gave the best response,
because the volume injected (20 ul) is low, considering the volume of the depro-
teinized liquid (600 ul). The results obtained are given in Table II. For most
barbiturates 198 nm was selected; for thialbarbital and thiopental, 230 or 240 nm

*When aprobarbital was used as internal standard, 10 ul of the standard solution (0.1 mg ml~'} had
to be added directly to the sample because its extraction parameters are similar to those of the other
barbiturates.
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TABLE I
RETENTION TIME OF DRUGS

Flow-rate: 1 ml min—2.

Drug Retention time Retention time Retention time
(mean of ten relative to relative to
injections ) methaqualone aprobarbital
(min) (internal standard) (internal standard )

Proxibarbital 3.80 0.22 0.28

Barbital 4.50 0.26 0.33

Mephebarbital 6.30 0.37 0.46

Phenobarbital 7.10 0.41 0.52

Cyclobarbital 7.30 0.43 0.54

Butobarbital 7.48 0.44 0.55

Butalbital 8.00 0.47 0.59

Butabarbital 8.00 0.47 0.59

Heptabarbital 9.70 0.57 0.71

Hexobarbital 10.14 0.60 0.74

Amobarbital 11.20 0.68 0.82

Pentobarbital 11.50 0.68 0.84

Vinylbital 12.35 0.73 0.90 ’

Secobarbital 13.50 0.79 0.99

Aprobarbital 13.60 0.80 1.00

Methaqualone 17.00 1.00 1.25

Thialbarbital 20.50 1.20 1.50

Thiopental 21.00 1.23 1.54

Methohexital sodium 27.00 1.59 1.98
818

) 5 0 15 26 25 min

Fig. 1. Chromatogram of barbiturates and methaqualone after direct injection of a solution into the
mobile phase with detection at 198 nm. Peaks: 1=barbital; 2=phenobarbital; 3=butalbital;
4=amobarbital; 5 =secobarbital; 6 = methaqualone; 7=thiopental (200 ng of each compound).

gave better results. We ascertained that the interferences at low wavelengths de-
pend on the composition of the mobile phase. No inferference occurred using the
described procedure for the barbiturates and the other drugs tested. The baseline
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Fig. 2. Chromatograms of {A) blank of whole blood after deproteinization; (B) blank of whole blood
(0.5 ml) spiked before deproteinization with 5 ug of (1) phenobarbital, (2) amobarbital, (3} seco-
barbital and (4) 5 ug of methaqualone as internal standard; (C) blank of whole blood after diethyl
ether extraction and purification; (D) blank of whole blood (0.5 ml) spiked with 0.5 ug of (1) barbital,
(2) phenobarbital, (3) butalbital, (4) amobarbital and (5) secobarbital before diethyl ether extrac-
tion and purification and (6) 5 ug of methaqualone added to the last ether phase; (E} blank of whole
blood (0.5 ml) spiked with 0.5 ug of (1) proxibarbital, (2) barbital, (3) 1 ug of phenobarbital, {4)
amobarbital and (5) aprobarbital before diethyl ether extraction and purification.

L A L i —

[¢] S 10 15 20 min

Fig. 3. Chromatogram of post-mortem blood; concentrations found were (1) 4 ug ml~" for phenobar-
bital, (2) 7.20 ug ml~* for amobarbital and (3) 9.20 ug ml~* for secobarbital with (4) methaqualone

as internal standard.
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TABLE II

DETECTION RESPONSE AT 0.1 aufs. OF THE TESTED DRUGS AT DIFFERENT
WAVELENGTHS

+ + + =Very good response; + + = good response; + =poor response; + =bad response.

Drug 198 nm 220 nm 230 nm 240 nm 254 nm
Barbiturates currently used as drugs in France:
Amobarbital +++ ++ ++ ++ +
Barbital +++ ++ ++ ++ +
Butalbital +++ ++ +4 ++ +
Butobarbital +++ ++ ++ ++ +
Cyclobarbital +++ ++ ++ + + +
Heptabarbital +++ ++ ++ ++ +
Hexobarbital +++ ++ ++ ++ +
Methohexital sodium +++ ++ ++ + +
Phenobarbital ++ 4+ ++ + + ++ +
Proxibarbital +++ ++ ++ ++ +
Secobarbital ++ ++ ++ ++ +
Vinylbital +++ ++ ++ ++ +
Batrbiturates not currently used as drugs in France:
Aprobarbital +++ ++ ++ + +
Butabarbital +++ ++ + + +
Mephebarbital +++ +++ ++ + +
Pentobarbital +++ ++ + + +
Thialbarbital ++ ++ +++ 4+ 4+ + ++
Thiopental ++ ++ +++ +++ ++
Internal standard:
Methaqualone ++ + +++ +++ +4++ +++

instability which may be observed at 198 nm depends on the sensitivity adopted;
at 0.01 a.u.f.s. the analysis did not exhibit any difficulties.

Choice of internal standard

As possible internal standards we tested some barbiturates (aprobarbital, bu-
tabarbital mephebarbital and pentobarbital), not currently used in France, and
methaqualone, classed as “Narcotic-Table B” in France and therefore not used
as a sedative or hypnotic drug. Considering the respective retention times (Table
I), we chose methaqualone because it is well separated from the sample barbitu-
rates, However, the use of aprobarbital, which also gives a good response, is pos-
sible, except for the determination of secobarbital (similar retention times).

Recovery

The percentage extraction of phenobarbital, amobarbital and secobarbital (2
and 4 ug ml—!) was measured using the deproteinization conditions described
and methaqualone as the internal standard. For the assay, the tested drugs were
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TABLE III

WITHIN-DAY AND BETWEEN-DAY REPRODUCIBILITY

Drug Concentration Coefficient of variation (%)
(pgml™')
Within-day Between-day
Phenobarbital 2 13.30 6.22
4 7.10 9.80
10 8.00 13.60
20 4.60 6.80
Mean 8.25 9.10
Amobarbital 2 16.00 12.40
4 10.30 9.70
10 9.20 12.00
20 6.30 10.80
Mean 10.45 11.22
Secobarbital 2 18.00 5.70
4 3.40 12.60
10 4.90 8.00
20 8.50 5.60
Mean 8.70 7.80

added before the deproteinization procedure and the internal standard was added
to the supernatant after deproteinization. For the blank, drugs and internal stan-
dard were added together to the supernatant, after deproteinization. Peak-area
ratios of the assay chromatograms were compared with those obtained from the
blanks. The mean recoveries of the three tested compounds were greater than
86%.

Calibration

The linear regression parameters for the calibration graphs were determined;
the relationships were linear between 2 and 20 ug ml~"'. The correlation coeffi-
cients were 0.994 for phenobarbital, 0.998 for amobarbital and 0.999 for
secobarbital.

Reproducibility

The reprocucibility of the analysis (six determinations) was tested for pheno-
barbital, amobarbital and secobarbital with methaqualone as internal standard.
The results are given in Table II1. The within-day coefficients of variation were
between 3.4 and 18% with respective mean values of 8.25, 10.45 and 8.70%. The
between-day coefficients of variation over a period of two weeks were between 5.6
and 13.60% with respective mean values of 9.10, 11.22 and 7.80%.

Detection limits
The detection limits for quantitative determination were 0.2-0.4 ug ml~%, de-
pending on the barbiturate.
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Selectivity

Chromatograms of blank whole blood obtained with only the deproteinization
procedure showed no background interference from endogenous constituents (Fig.
2A, except for proxibarbital (retention time, tg =3.80 min) and barbital (tg=4.50
min). In such an eventuality, the following procedure has to be adopted: extrac-
tion with an organic solvent (diethyl ether or methylene chloride) from acidic
medium, back-extraction into dilute alkaline phase (0.01 M Na;PO,), as de-
scribed by Mangin et al. [22], and re-extraction into an organic solvent after
acidification of the alkaline layer; the last solvent phase is removed into a cen-
trifuge tube containing 50 pl of internal standard solution (0.1 mg ml~') and
evaporated to dryness*; the residue is dissolved in 100 ul of mobile phase and 20
ul are injected into the chromatograph. Under these conditions, no interference
from endogenous compounds was observed (Fig. 2C).

Several drugs were also tested for possible interferences. No interference was
noted with morphine, codeine, ethylmorphine, papaverine, noscapine, cocaine,
lidocaine, dextromoramide, pentazocine, clomipramine, desmethylclomipra-
mine, imipramine, desipramine, trimipramine, desmethyltrimipramine, amitrip-
tyline, nortriptyline, levomepromazine, chlorpromazine, diazepam, nordiazepam,
clotiazepam, aspartam, salicylic acid, acetylsalicylic acid, benzoic acid or sac-
charin. Proxibarbital and barbital cannot be determined in samples that also
contain acetaminophen (tz =4 min) or caffeine (i =4.2 min), which are extract-
able under the same conditions.

Remarks

For the determination of thialbarbital and thiopental, whose retention times
are long, the flow-rate of the mobile phase can be increased to 2 ml min ~!, with
UV detection at 230 nm. This method is also useful for the determination of
methaqualone, taking a barbiturate with a shorter retention time than the inter-
nal standard.

CONCLUSION

The proposed procedure provides sufficient sensitivity, reproducibility, selec-
tivity and rapidity for the determination of barbiturates. It is suitable for both
clinical pharmacology and forensic toxicology.
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