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The $rformames of 2 number of liquid--solid systems. coassisting of mixtures of water 
sad methanol as liquid phase and methyl silica as solid phase, were investigated wiffi respect 
to their use in the separation of barbiturates by high-pressure liquid chromatography 
(HPLC). Phase system sekctivities and column efficiencies were determined. 

The results were applied to the development of a rapid method for the determination of 
trace a~~~ounts of barbiturates in bled. Tbe fist step in the arnalysis, the extmtion of bar- 
biturates from Mood. was also investigated and good recoveries were arhieveci. Tbe extracts 
tiere ~atyzed by HPLC using uitreviolet detection at 220 m. A low detection limit and 
high prevision were obtained. An amount of 5 ng bexobarbiti, for example, cm be deter- 
mined with a precision of f15W md 5 m with e precision of k 0.3%. The time cm.zrse of the 
concentration of hexobarbikzl in the senim aud saliva of man after an oral administration of 
400 mg is demonstrated. 



plied. The former method is non-specific while the latter is motiy restricted to 
tie determination of the drug itself at overdose levels. Some papers have de- 
szibed the thermionic detection of barbiturates, by means of which analyses at 
therapeutic levels became possible [5,6]. In order to determine the more hy- 
drophilic metabolites, derivatiation steps [‘i’] are necessary. Such steps, how- 
ever, seriously invalidate the quantitative analyses. 

The low working temperatures and the many possibilities of adjusting the 
phase system selectivity combined with high efficiencies make high-pressure 
liquid chromatogkphy (EWLC) very suitable for the analysis of thermklly la- 
bile, hydrophilic and hydrophobic compounds. Because the metabolites of a 
drug are more hydrophilic than the drug itself, it is appropriate to choose a. 
phase system with a hydrophobic stationary phase, in which the more hydro- 
philic compounds are elukd first, which pe_-its easier detection and determi- 
nation of low concenkations of metabolites. 

The separation and quantitation of barbiturates in pharmaceuticals by EIPLC 
on a strong ion exchanger has been reported previou4y [S]. This paper de- 
scribes the separation and quantitation of barbiturates at therapeutic levels in 
serum and saliva by high-pressure liquid-o&d chromatography with UV detec- 
tion using a highly selective hydrophobic adsorbent. An improved extraction 
procedure for barbiturates, which is a modification of a procedure described 
elsewhere [S] , is also presented. 

EXPERIMENTAL 

Appam fus 
A high-pressure liquid chromatograph (Siemens SP 100) equipped with 

a UV detector (DuPont, Model 83’7), a high-pre= sampling valve (Valco Cv- 
6-UHPa), a linear potentiometic recorder (Gaerz, Servogor RE 542) and an 
electronic integrator (Spec&a-Physics, Autolab System I) was used. Sta.inless- 
steel 316 tubing with an I.D. of 2.8 mm, an Q.D. of 6.35 mm and a length of 
10 cm were us& for the construction of the coltzmn. In order to prevent con- 
tamination of the seperation column, a precolumn (500 X 9 mm) was instA.M. 

Chemicals and muteri& 
In all experiments, doubIedisti&d water and organic solvents of analytical 

grade (Merck, Darmstadt, G.F.R.) were used. The components for the prepara- 
tion of the extraction solvent were freshly tIi&&d. 

The methyl silica was prepared from n~wkzed silica (LiChrosorb §I 60, 
Merck) treated with di.methyMicMorosilzne, as described previously [9]. The 
pre*ohmm was filled w&h 63-200 pm s&m&d silica (SE 60, Merck). 

Procedures 
Chromafogmphy. In or&r TV pack the coi~mmn, 0.8 g of methyl silica was 

added to 5 mI of a mixttrre of tetzabromoethane and chloroform (sp. gr. 1.62) 
and dispersed titxasotictiy in the &@d. The sh&y was &en pIaced in a wide- 
bore tube to which the eoIumn, cbsed at the bof;tam by a &it* was attached. 
2,2,4Trinx&&yl~~e was then pumped inti t&z t&e with 8 h&h fIov+rate . 
at 1000 bar, di&@ng the s&my into the cofmna. After fiBin& tie zoIum.n 
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wzissuecess~ely eiuted with ZOO nd ofxetuneand 100nmlofethhanolinorder 

to remove t&e dispersion liquid and! finizUy with E30 nxl of eluent.Thepre- 

colwnn wasfilledby~singadrypacking~hmi~~e, 

ThecapwiQ r&iosv?erec&Aated from the retentiontbnesoftbe barbitu- 
&es and of an unretarded compound, far which potassium &mm&e was used. 
The sekkivity coefficients of pairs of compounds were c&uM& ss the rat20 
of their capacity ratios. 

The theoretical platehei&tforacompaund ~pascalc&&zd from itsreten- 

tion tie z-md half the peak tidth at 60% of tie peak height. 
The samples were dissolved in the eluent and injected by meaElS of a high- 

pressuresamplingv&ve with 8 sample loop of 13.6 gtl forthetheoreticalplate 
height measurements and of 104 ~1 for the quantitative determinations in se- 
Ruzz a& saiiva. 

&traction. The full scheme for tie extraction of bzwbitur&es from serum 
and saliva with n-hesane-diethyl ether-n-propanol (49 :49:2) (HEP) is out- 
lined in Sheme 1. 

En order ti obtain a rapid and efficient separation of the o&c and aque- 
ous phases &et mixing, the extrztion mixture is centrifuged and then placed 



in .&quid nitrogen. The aqueous phase freezes within 60 set and the organic 
pbse can be decanted easily. The total extwction procedure takes Iess than I h. 

The analysis of closely rehkd compounds such as a drug and its metabo- 
WZS, present in very low conceutraticms in a smdll amount of sample, by KPLC 
places great demands on the magnitude of the selectivi~ coefficient, the capac- 
iky ratio, the theoretical plate height and the extraction procedure IW- High 
s&ctivi~ coefficients, reJ.&iwely small cap&~ &.ios and small theoretical 
plate heights, CCK&&CI with an extza~tion procedure with high selectivi~ and 
high recoveries for the removal of interfering compounds, are the requirements 
for achieving low detection limits with adequate resolution. In practice, a com- 
promise b&veen detection limit and resohtion has to be found. 

In earlier work 191, the iemar$able seketivity of methyl silica toowti com- 
pounds with closely related structures such as psychopharmaceuticals and suf- 
pha drugs wa,s reported. In order to test this type of adsorbent for the sep- 
aration etnd determination of barbiturates, a systematic inwestigation with 
respect to column efficiency and selectivity was made. The precision of the 
quantitative determination of barbiturates by HPLC and the influence of the 
extraction procedure on the determination of bwbiturates & serum were dso 
inwstiiated. 

, 

E%.se system sek2tivity 
The capacity ratios and selectivity coefficients of successively elukxi barbitu- 

rates were .measuxed as a function of the percentage of methanol in the mixture 
with water used as the mobile phase. The retention behaviour of barbiturates is 
dependent on pH and therefore the use of a buffer should he favourabIe. It was 
found, however, that this technique ieads to non-reproducible capacity ratios 
and to low selectitity coefficients. Therefore, no buffer but distilled water 
alone was used. 

The results are shown in Tabie I and Fig. 1. The effect of the methanol con- 
tent on the capacity ratio and sdectivity coefficient of barbiturates is two-fold: 
(i) owing to the mater lipophility of methanol compared with water, the ca- 
pacity ratio decreases with increasing methanol content, and (ii) the sekctivi~ 
coefficienfs change kregul&y with tie methanol content_ In general, the selec- 
tivity coefficient decreases with increasing methanol content. Far some pairz 
of compounds, however, the se!e&wi#q coefficients has a pronounced maxi- 
mum or minimum at a given methanol content, 

No correktion bebeen the pKa values of the bwbituraks and their r&en- 
Son ~~zviou~ could be fotmd. The sy&em&ic effect, of stz~~cm increments 
on tie log rci vdues cannot be observed deady, mainly because of the lack of 
the number of systematic changes io one of the substituents. Some effects are 
deady sjrstematic: the m&hylene increment, accorc&g ti log #i = a + bn, 
where 0 and b are C~EIS%I& and R is the number of C&XXI atoms in &he a&y1 
&sin, a *e in 8 Pr&Ous paper f91p and the effect of adoubb Mnd in 
the sII@ chain, not attached dire&y to the ring. : 

The optid composition of the eknt rq@red to fuB.l ..tfIe. dim&- of 

. . 



25:75 30:70 4o:so 50:50 . 

*i rji “i rji Ki ‘ii Ki ‘ii 

Barbitd 3.58 - 2.49 - 2.57 - 2.05 - 
Heptobarbitd 5.79 2.62 3.82 2.53 2.02 2.29 2.22 2.25 
Phenobarbital 6.OS 2.05 3.85 2.02 2.05 2.02 2.27 2.05 
_NhbarbitaI 7.35 1.2x 5.25 l-36 2.72 2.33 2.62 2.27 
BaroW 9.27 2.25 7.26 2.36 3.57 1.31 1.69 2-05 
Brdlobahbitd 21.1 2.22 7.29 2.02 3.65 2.02 2.77 2.05 
Bntobarbiti 14.8 1.34 10.3 2.41 4.71 1.29 2.25 2.27 
Cydobsrbitd 25.5 1.04 20.4 2-02 4.78 2.02 2.30 2.02 
Hexobarbital 20.4 2.32 24.4 2.38 6.36 2.35 2.85 2.24 
MephobabItd 26.6 2.30 27.6 I.22 7.06 2.11 2.98 1.05 
Heptdarbital 29.2 I-09 29.8 2.23 7.82 2.22 3.29 2.20 
Vinylbit& 32.3 L-12 22.3 2.23 9.03 2.26 3.62 2.10 
Pentibarbital 33.6 1.04 22.9 2.03 9.39 2.04 3.69 1.02 
Amobarbitd 35.0 2.04 24.3 2.06 9.49 2.02 3.80 2.03 
Secobarbitd 48.8 I.39 34.3 I.41 22-6 2.33 4.61 2.23 
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small capacity ratios and high selectivity coefficients can easily be found from 
Table I an+ Fig. 1. A methanol content of about 40% seems to be a good com- 
prdmiseinthisrespect.Somepalrsof baEbifu&escannotbe separatedwith the 
phase system investigated_ However, in practice these barbiturates are seldom 
&minis&d together in one dose. On the other hand, ail barbiturates shorrld be 
separated with sufficient resol~~tion in order to allow accurate chromatograph- 
ic identification. 

CO~URIR efficiency 
Some workers Ill, 121 predicted an enormous improvement in column ef- 

ficiency if small particles, of the order of a few micrometres, and a narrow size 
distribution were wed. Small particles lead to large pressure drops and the 
lack of high-pressure pumping and injection systems delayed the development 
of HPLC until about 10 years ago. Since then, the improvement in column 
technology reported in several papers confiied the effect of small particIes on 
the theoretical plate height [13,14]. In practice, good column packings can be 
obtained with particie sizes down to about 5 pm. 

For adsorption chromatography on hydrophiic surfaces, the reported col- 
umn efficiencies are generally better than those for adsorption chromatogra- 
phy on hydrophobic surfaces, e.g., with chemically bonded materials such as 
C8 and Cl8 [15]. This effect was mainly attributed to the larger particles used 
on the one hand and to a slow mass transfer in the hydrophobic layer on the 
other. Recently, the synthesis of a short-chain modified silica, which shows es- 
cellent selectivity and efficiency, was reported f 161. 

In this work, a methyl silica of smaJ.l particle size was used. Fdr a number of 
barbiturates with capacity ratios ranging from 2 to 12, the theoretical plate 
height, FI, was measured as a function of the mobile phase velocity, u. The 
wsults are plotted in Fig. 2. 

The flatness of the H versus u ewes indicates a rapid mass‘ transfer on this 
type of support, opposite to the effect observed on CB and C& bonded phase 
materials [15]. As can be seen, the convective mixing is also sma!l, o&g to 
the use of small particles wd an appropriate packing procedure. 

This @vestigation demonstrates that with methyl silica, higfiIy efficient, 
smalLdiameter columns can be prepared, which are very suitable for We anal- 
ysis. The abiity of methyl silica cohunn.s to separate barbiturates is illustrated 
by Fig. 3, which demonstrates the separation of six barbiturates in about 2 
min. 
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Fig. 2. N versus u curze for severs! barbiturates, measured on a column filled with 5-jrm 
methyl silica as stationsry phase zad methanol-water (2 : 3) as mobile phase. c), Fhenobar- 
bital; A, butobarbital; 0, hexobarbikt; 0, secobarbital. 

Fig. 3. HPLC separation of a test mixture of sir barbiturates on methyl silica. Column, 
100 X 2.8 mm; packing, methyi silica; eluent, methamA--water (1 : I); W cietection at 205 
ntn. I = Fotassium chromate; 2 = phenobarbital; 3 = baro&l; 4 = butobarbitel; 5 = hexobar- 
bital; 6 = PinyibitaI; 7 = secobarbital. 

u=l erg P 
Kx= = - &Ix (1) 

w+%$ * Ix-l, 1 f ~JIH’I &q 

where the subxripts erg, and sq refer to the organic and aqueous phases, 
respectively, pcHx is the ptition coefficient to the umEs.so~iated acid RX. 

The composition of tie extzaction solvent determines f&e v&e of &x. 
Fmm eqn. I. it can be seem that pM << pl?, is favourabk for obtaining high 
dktribrrtion coefficients, i.e., b&h recoveries. From tke &z&ure, many data 
[IV, 181 are av&abZe oc t&e efkt of the composition of the organic phase 
on the distribution of babikrrates. These data show that bigMy LipopMk bar- 
biturates can be extm&ed qumtit&ively from aMi.fied soiutions titb ROR- 
polar solvents such as hexsne and ii&t petxo1eur.n. For less EipopMic barbitu- 
r&s arrd the metaboEites, more polar &vents such as dietbyl ether and ehloro- 
form or mixtures of non-polar axd polar solvents have to be used in order to 
0htaIn good rec0verk.s. 
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Fig. 4 Influence of the extraction procedure on the background_ Column, 100 X 2.8 mm; 
packing, methyl silica; eluent, methanoI-water (2 : 3); UV detection at 205 NIL (a) Test 
mirtm of Jx barbitu&es; (b) serum background before backextraction; (c) =wm back- 
ground after backer&action. 

these interfering serum constituents, the extrtxtion procedure w8s amended. 
The barbituratecontaining KEP phase was shaken with a sodium phosphate 
solution of pH 11.7. According to eqn. I, a high pK value promotes the disfri- 
bution of scids towards the aqueous phase. Owing to their high pKa tiue~, 
the bwbikYates will be extrwted completely from the orgtic into the aqueous 
phase, while 2 number of non-acidic compounds will rem& in the organic 
phase and can be removed. The aqueous phase is acidified and the barbiturates 
a~ back-&ted with KEP, This extension to the extraction procedm R- 
suits in a clean extract, host without interfering substsxxces in the elation 
range of the barbiturates, as shown in Pi. 4~. 

Fig. 5 shows the propotion&ty of peak area trnd injtz&f3Z tiount-of hexct- 
: 
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Fig. 5. Linearity and precision. The darhed lines show 3 x the standard deviation. y = 5.18- 
10s -z - 6.20 -lo’, where x = amount injected (kg) and y = peak aza (irV *se&). 

barbital measured over the range 20-5000 ng. The dashed lines show the con- 
fidence limits for * 3 times the standard deviation (99.7% reliability). The rela- 
tive standard deviation is 0.3% for 50 pg/n& 3% for 5 pg/ml and 15% for 
0.05 pglml. The sensitivity of the whole system, defined as the slope of the 
cuNe of the peak area versus injected amount of compound (hexobarbital), 
expressed in integration units (I.U.), is 5.18 PV -sec/ng, calculat+?d by linear 
regression. 

The linearity of the calibration graph is characterized by the correlation co- 
efficient, which was determined to be 0.99984, indicating the very high lineari- 

ty- 
The standard deviation of the baseline noise, measured during the same 

period of time as the peak integrai, was 385 PV -set, corresponding to about 
0.8 ng of hexobarbitai. The detection limit of hexobarbital for a signal to noise 
ratio of 3 is about 2.4 ng. 

The recovery and reproducibility of the extraction procedure were tested by 
extr&io~ of knoffn mounts of barbiturates of different lipophilicity added to 
distilled water and to blank serum. The relationship between the added and 
determined amounts of a number of barbiturates after extraction from distil- 
led water and blank serum is shown in Fig. 6. The rczoveries of tie highly iipo- 
phi& hexobarbital and secobarbital for both wahr and serum ranges from 90 
@ 95%. For the Tess lipophihc phenobarbital, a smdler recovery (water 70% 
a.& sentm 50%) was found. 

The reproducibiity in all extractions was about 3% at IO &ml and 10% at 
f figj&, *dic&ing that the precision of the total determination is mainly 
dam by the extraction. Fig. 7 shows the separation of six widely used 
b&u-&s (300 ng of each), added to blank serum and extracted as de- 
&bedaE?ove- 

& order to ehr&ratc possible errors during extraction, one of these barbitu- 
-&ea m be chosen as an int.ernal standard for the determination of the others- 

. 
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Fig. 6. Recovery of some barbiturates estracted from serum and water- The dashed lines re- 
present 100% recovery. 

Time course of concentrution of hexobarbital in blood and scrlivc: after oral 
administnztion 

In order to test the metlmd with na_$urd samples, blood &d saliva from man 
were examined after oral &mini&&i&n of 400 mg of hexobarbital in solid gel- 
atine capsules. Blood and saliva ssznples were taken at increasing time inter- 
vals. 

To 1 ml of serum or centrifuged saliva (5 min. 2500 rpm), 3.5 Crg of amobar- 
bital were added as internal .s&ndaEb md the sample was then treated BS de- 
scribed above. The extract was analyzed by HPLC 

Figs. 8 and 9 show *he chromatograms of the extracts of serumandsaliva 
samples, respectively. from the same subject. The concenWon -es ob 
tained from another subject are shown in Fig. I.0 and agree we3 with results 
ob”ained by o&es workers in similar experiment-s 151 ~c81EI& gaS chrom&agra- 
phy. From Figs. 8 and 9, it can be seen that f&e determination of met&&es, 
which are expected in the chromatogram before the ha&i&t+ is hindered by 
iM.erfetig comporinds present in the extra& 

: 
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Fig. 7. Analysis‘ of six barbiturates extracted from serwn. Eniectiom 104 fl from 500 @ of 
solution obtahed from I ml serum. to which I.5 fig of each component was added. andi- 
tions as in Fig. 4. 1 = Phenobarbital; 2 = cyclobarbital; 3 = hesobarbital;4 = beptabarbitai; 
5 = emobarbital; 6 = secobarbital. 

HEX0 

Fig. 6. Cbrometogram of an extract from serum of man after ad administration of 400 mg 
of hexobarbital in solid gel&tine capsules. Sample t&en at 6 h after administration. Condi- 
tions as in Fig. 4. HerobarbiW peak cosmsponds to 160 ng; amobarbita! peak come.~pond~ 
to 700 ng. 

0 2 4 6 s d time [min) 0 1 2 3 c -0 timcthl 

Fig. 9. CbrO~tOgam of an extract from saiivm of man after oral adminktration of 400 mg 
of herobarbital is s&d g&the caps&es. Sample taken 2.6 h zfter administration. Condi- 
tions as in Fig. 4. %?xob.erbital pe& correspo~~d~‘t~~ 140 ug; amobarbieal peak corresponds 
to7OOIzg. 



The m& conclmions can be -arized as folloTivs: 

$) 
(iii) 

(iv) 

Methyl silica shows excellent selectivity towards the barbiturate& 
Highly efficient cohmms can be prepared with methyl silica as adsorbent. 
Rapid trace analysis of. barbiturates in body fluids at submicrogram levels 
is possible. 
In order to determine metaholites, the extraction procedure has to be 
3ltered in order to remove interfering compounds. . 
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discussions, the CL.AN.A.G. Institute (Zaandarr, The Netherlands) for the 
kind gift of the pure ba.rbikr&es and Mr. F. Broekhoven for his technical as- 
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