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SUMMARY 

The performance of a number of liquidsolid systems, consisting of mixtures of buffers 
(O-O.5 M) and methanol as mobile phase and methyl-silica as stationary phase, were investi- 
gated with respect to their use in the separation of 1,4-benzodiazepines by reversed-phase 
high-performance liquid chromatography with W detection at 254 nm. Phase system 
selectivities and column efficiencies were determined. A nomogram is presented from which 
the chmmatographic parameters can be calculated. 

A complete separation of nine benzodiazepines within 12 mhx has been achieved, using 
methyl-silica as the stationary phase and 50% methanol as the eluent. 

The results were applied to the development of a method for the determination of 
therapeutic ‘Ieveis of diazepam and its metabolites in human serum, urine and saliva. The 
first step in the analysis, the estraction of diazepam and its metabolites from serum and 
mine, was ako investigated and good recoveries were achieved. A low detection limit 
(0.2 ng) and high precision were obtained_ The concentrations of diazepam and its metab- 
elites in human serum, urine and saliva were determined after both single and multiple 
oral doses of diazepam (and oxazepam). 

INTRODUCTION 

Since the early 196Os, benzockzepines have been widely used as minor 
~knquillizers, sleep inducers and muscle relaxants. A number of methods 
are available for determining benzodiazepines and their metabolites in body 
fluids, such as W spectrophotometry, pokography [l-4] and gas [5-73 
and liquid. chromatography [S-II]. m spectrophotometry and pokog- 
raphy are ndn-spe@ic and .only give Momnakion about the overall concentra- 
tioti of a drug .+nd its metabolites. Gas chromatography of the intact benzo- 

. 



diazepines is possible, but the gas chrsm&ogmphlc analysis of the metab- 
elites often mquires tkeir derivatization into more volatile compounds, with 
possible problems. 

Liquid ckromatograpky has a greater mm&er of possibilities for adjusting 
the selectivi~. Mareover, kecau~ of its milder working conditions, it appears 
to be tke most suitable teckniqJe for tke analysti of thermally labile, kydro- 
FhiliC and hydropkobic compounds. Until now only a few papers hawe de- 
scribed tke quantitative and qualitative analysis of benzodiazepines and their 
metabolites using hi&performance liquid chromatography (HPLC). The 
limit of detection of these methods is often insufficient for the needs of 
pbarmacokinetic e xperiments, especially attherapeutic levels, ‘Ibis paper reports 
tke determination of diazepam and its metabolit+ in human serum, mine 
and.saliva, after both single and multiple oral doses of diazem (or oxazepam). 

In man, diazepam is metabolized to desmetkykliazepam, oxazepam and 
3-hydroxydiazepam. Diazepam is rapidly absorbed after oral administration. 
A single oral dose of 10-15 mg resuhs in peak levels in serum in tke range 
200-300 ng/ml within 2 h. However, there is a wide variation between individ- 
uals. chronic oral administration of 5 mg of diazepam tkree times daily results 
in steady&h serum levels of about ZOO-400 ng/ml. 

Desmethyldiazepam is the major metaboliti of diazepam in blood_ At 
steady-s&ate levels the concentration of desmetbyldiazepam is close to or 
even may exceed that of dlazepam. The greater part of tke metabolites in 
urine occur as glucuronide conjugates, while only very small amounts of dim-z- 
pam are present. Dete rmination of the metabolites of diazepam in urine re- 
quires hydrolysis of tke urine samples. As a consequence of tke low stability 
of benzodiazepines under alk&ne and acidic conditions, enzymatic hydrolysis 
by means of #l-glucuronidase is often preferred. 

This paper describes the separation and q-tit&ion of benzodiazepines 
in serum, saliva and urine at therapeutic levels using a highly selective and 
efficien% r~ersed-phase adsorption system by HPLC with W detection. 

The liquid ckromatograph was constructed from commercially available 
and custom-made parts and consisted of a tkermostated glass eluent reservoir, 
a high-pressure pump (DMP 1515, Grlita, Giessen, G-F-R.), a flow-tkrougk 
Bolrrdon-type manometer acting as damping device, a septumless sampling de- 
vice Model U6K (Waters Assoc., Mlford, Mass., U.S.A.), a thermostated column 
(stainless-steel precision-bore tubing, I.D. 2.8 mm, 0,D. 6.35 mm and length 
10 cm), a single-wavelength detector (Waters 440) operating at 254 nm, a 
flat-bed potentiometric recorder (BDS, Kipp & Zn., Delft, The Netherlands) 
and a computing integrator (Spectra Physics, Autolab, System I). Tke damping 
device consisted of a flow-througk Bourdon tube and a flow resistance. 

Cohnms were packed by means of a donble-headed k&k-pm pump 
(DMP 1515, Orlita) supplied witk a manometer and eigkt flow-througk Bourbon 
tubes. 
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Chemic& and maferids 
Organic solvents of analytical-reagent grade (Merck, Darn&a&, G.F.R.) and 

doubly distilled water were used. For the dete rmination of very low concentra- 
tions, extraction solvents of high purity (Chrom AR Nanograde, Byk-Mallinck- 
rodt, Wessel, G.F.R.) were used. 

Buffer sohtion of pK 9.5 was prepared by adjusting the pH of saturated 
ammonium chloride soh~tion to 9.5 with concent&& ammonia solution. The 
buffer soltions used in the mobile phase systems were prepared from 0.05 M 
solutions of phosphoric acid, sodium hydrogen phosphate and sodium di- 
hydrogen phosphate. The benz~pines were kindly donated by Hofpmann- 
La Roche (Mijdrecht, The Netherlands) and Wyeth (Amsterdam, The Nether- 
lands). 

The methyl-silica was prepared as follows. Silica (SI 60, Merck) with a 
particle size range of 63-200 pm was gro-und in a rotating mob. The ground 
materials were classified to a particle size range of 7-8 pm by means of an 
air cla.&fier (Alpine MZR, Augsburg, G.F.R.). A mixture of 30 g of classified 
microparticulate silica, 1200 ml of toluene and 300 ml of dimethyldichloro- 
&lane (DMCS) was refiuxed with stirring for 72 h. After washing the modified 
silica with toluene and methanol the silica was &h~~ed with methanol for 6 h. 
The modified silica was then washed with &ethyl ether and dried at 90”. 

The enzyme B-D-glucuronide glucuronohydrolase (G-0251, Type B-l, Sigma, 
St. Louis, MO., U.S.A.) had an activity of IO6 Fishman -units per gram of selid. 

The biological samples were obtained from volunteers receiving a single 
dose and from patients receiving benzodiazepines th~~peutic&y_ 

Column packing 
Cdumns were packed using a slm technique, 0.45 g of the methyl-silica 

was dispersed lh 2 ml of carbon tetxachloride and then p@xd in a pm-column 
(I.D. 4.6 mm, 0-D. 6.35 nun and length 30 cm), to which the column, closed at 
the bottom by a frit and a closed high-pressure valve, was attached. The pre- 
column was replenished with carbon tetrachloride. Then n-hexane was pumped 
into the tube, until the pressure increased to 500 bar. At this pressure, the valve 
at the end of the column was unscrewed. As a consequence of the change in 
viscosity (carbon tekhloride 0.9? cP and n-hexane 0.32 cP), the pressure 
drop over the cohrm decreased. Affx?r this pressure drop the pump was turned 
off. When the pressure had fallen completely, the cohnnn was removed and 
placed in the liquid chromatograph. The remaining n-hexane was removed by 
injecting three 2-ml volumes of ethanol. Then the system was ready for use. 

Chromafognzphy 
The capacity ratios were dcd!&ed from the retention times of the Senzo- 

diazepines and of an unre&arded compound (potassium periodate), The selec- 
tivity coefficients of a pair of compounds were calculated as the ratio of their 
cap&~ ratios. The theoretical plate height for a compound was determined 
from its retention time and half the peak width at 0.6 of the peak height. 

Frepmatian of $he biobgicaZ samples 
Urine .sampZes The urine was collected during 24 h. After adjusting the pH 



of the urine to 5.0 with 2 M hydrochloric acid, a concentiti solution of 
50& &its of &&xuronidase per milrilitre of urine was added. After incubation 
at 39” for 5. h the samp&s -WEE coded to room temperature anci then -the 
benzodiazepti~ were ez&xacti. 

Sdiua samples_ Saliva samples were co&cted from the patients immediately 
after taking the blood samples. The saliva was centrifuged and decanted. 

(1) Transfer 1 ml of sample, 1 ml of buffer (pH 9.5) and 1 ml of sa_M 
potassium chloride. solution [I31 into a 2O-ml cenfxifuge tube. (2) Add 10 ml 
al diethy ether, mix for6Osec(J#Mmix~), centrifuge (1OOOg ftx5min), 
freeze and decant the ether phase. (3) Repeat step 2 on the aqueous phase. 
(6) Combine the ether phases, add 3 ml of 6 M hydrochloric acid, mix for 
60 set, freeze and discard the ether phase. (5) Add to the aqueous phase 1.8 ml 
of 10 M sadium hydro%ide solution and I ml of buffer (pH 9.5), and repeat 
steps 2 and 3 on the aqueous phase. (6) Combine the ether phases and evap- 
oratz the solvent. (7) Dissolve the residue in 100 pl of ehzent. Aliquots of 
10-6OplwereanaIyzedbyHPLC. 

The determina tion of the higher levels does not reqzire the complete extrac- 
Son procedure. In those instances (more than 500 ng/ml), a single extraction 
ftlfils the demands of a relatively low background. In order to achieve a rapid 
md efficient separation of the organic and aqueous phasesafter mixtig, the 
eAraction flask is placed in liquid nitrogen. The aqueous phase freezes within 
50 set and the organic phase can be decanted easily. The total extraction 
procedure takes Iess than haLfan hour, 

RZSULTS AND DISCUSSION 

The chaise of the phase system for a chromatograptic separation she-uld be 
b‘ased on the equation for the resolution, R,-, for two components j and i: 

x+&em G = ~j/~j = selectivity coefficient; pi = capacity ratio of compound i; 
Nz = number of theor&ical plates for compound i. 

In order to determine benzodiazepines and their metabolites at very low 
concentrations in serum, saliva and urine, the parameters of the chzomat~- 
graphic process should be chosen so that both the resolution and the detection 
limit are adequate. The Aationship between the maximum outlet concentra- 
tion of the solute in the mobile phase, c__ max. and the amount injected, G&, is 
expressed by 
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Fig. 1. Nomogram of eqn. 1. 

capacity ratios are favourable fop achieving low detection limits and an adequate 
resolution. 

From eqn. 1, a nomogram can be constructed (Fig. I). The sektivi~ 
coefficient and hence the capacity ratio of the subsequent compound can be 
found if the other parameters are ‘known. In the same way, the theoretical 
plate number for a given phase system or the resolution can be obtained if 
the other parameters are known. 

The nomogram is *used as follows. Combining eqns. 1 and 2 it can be 

concluded that for minimum peak broadening and therefore a mnnimum 
outlet concentration, the resolution .must be as low as practicable. In order to 
qua&if&e two components, i and j, the resolution must be equal to at least 4. 
The line connecting pi = 5 and R_E = 4 intersects the auxiliary line A at point P. 
If 1500 theoretical plates are available, it can be found that the selectivity 

coefficient, 5, is 1.12 or pi = 5.60. 
8imilarly, if the capacity ratios and therefore the selectivity coefficient 

and the plate number are known, the resolution can be found easily. The line 
driiwn through N= 150Qand~ = 1.12 intersects the line A at point P. This 
means that if K j = 5 the resolution will be 4. 

Phase system seiec fiuity 
The capacity ratios and selectivity coefficients of successively dutcd benzo- 

diazepines were measured as a function of the pH of the mobile phase. The 
results are given in Table I. 
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pH = 2.4 pH=4.2 pH" 5.9 pH= 7.0 

.Ki r- P Ki r- P Ki rji JG rji 

o-00 - 1.04 - 1.10 - 1.54. - 
1.77 - 3.69 3.55 3.17 2.88 4S5 2.69 
2.93 l-66 5.58 1.51 4.54 1.43 5.85 1.42 
6.75 2.30 7-22 1.29 5.63 1.24 7.32 1.25 
6.99 1.04 6.91 0.36 4-45 0.79 7-34 1.07 
7.33 1.05 7.58 1.10 6.39 1.44 7.97 1.02 
0.86 012 3.41 0.45 5.95 0.93 8.09 1.02 
8-88 10.3 8.69 2.55 7.09 1.19 9.27 1.15 
9.94 1.12 10.5 1.21 8.01 1.13 10.6 1.14 
0.94 0.09 5.74 0.55 8.82 1.10 Il.9 1.12 
2.90 3.09 4.84 0.84 12.0 1.36 13.8 1.16 
9.00 3.10 12.7 2.62 10.1 0.84 14.1 1.02 
2.24 0.25 3.08 0.24 7.73 0.77 15.2 1.08 

11.3 4.91 20.1 6.53 18.1 2.34 20.7 1.36 
30.0 2.73 62.6 3.11 52.0 2.87 62.2 3.00 
2.40 0.08 5.82 0.09 45.2 0.87 91.2 1.47 

If other conditions remnin the same, the capacitg ratios decrease with 
inLme&ng methand content and the seIectivity coefficients decreas e regu- 
laxly with in creasing methanol coi&nt. Hence there is no difference in the 
order of elution. However, on changing the pH of the mobile phase, it c81z be 
seen that both the selectivity coeS5ent.s and the capacity ratios are affected. 

Lr Fig. 2 the plot of log K versus pH is given for a number of benzodiazepines. 
R&veen pH 4 and 6 the traces intersect and, as a consequence, tbe order.of 
eMion will he inverted. 

In order to detect very low amounts of, e.g., desrnethyldiazepam, one has 
to ue buffer of 10~ PH. Because of the dependence of the maxbmni outlet 
concentration on the capacity factor, it is preferable to elute first those com- 
ponerrts which are present at the lowest concentration. fn order to adjust the 
capacity factors to more appropriate vahuzs (e-g_, ~>2), the met&m01 content 
of the mobilephase can be decreased. 

Fig. 3 shows the sepzuation of a test mixture of benzodiazepines, showing 
the excellent selecGviQ of the phase system. It can be concluded that the phase 
system can ‘be appl-;ed for qualitative determinations. In this vvork, the deter- 
mination of diazepam and its metabolites in particular has been investigated. 

C*mposi& of the extmctibn solvent 
The extraction of the benzodiazepines from the biological matrix is an 

important step in this type of trace analysis, on the one hand to remove inter- 
fering s&stances and on the other to enrich the 5enzodiazepines_ I!Senzodiaze- 
pines are weakly basic compounds with p& values ranging from 1.7 to 12.0. 
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Fig. 2. Plot of the logtithn of the capacity ratio vem~.~ the plki of the mobile phase (40% 
methanol). 

The distribution of these basic compormds between a..~ organic solvent and . 
an aqueous solution depends on the pH of the aqueous phase and on the p& 
value of the henzodkrzepines. The total distribution coefficient of a base B, 
defined as the ratio of the concentrations in the organic and the aqueous 
phases, excluding side reactions, can be expressed by 

(3) 

where the subscripts org and aq refer to the organic and aqueous phases, 
respectively. 

The composition of the extraction solvent determines the value of &. 
From eqn. 3 it can be seen that pH>>pK* is favourable for obtaining high 
distribution coefficients, i.e., high recoveries. Many data are available in the 
ISz&ure on the effect of the composition of the organic phase on the distri- 
bution of the benzodiazepines. However, many of those d&a were obtained 
with extraction solvents containing highIy W-absorbing constituents (e.g., 
toluene or benzene). The use of this kind of solvent adversely affects deter- 
minations St the nanogram level unless the orgzuzic phase has been eiraporated 
completely. 

A number of extraction solvents were investigated. Table II gives recoveries 
for dizzepan extracted from an aqueous sohztion (1 &g/ml). 

The h&best recoveries were obtaiued with &ethyl ether, the addition of 
n-hexane deereas& the refzoveries and incEeasetf-~*ifi. 
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0 2 c 6 6 + time(min) 
F?f;3,ZPLC separation ofatestmixtwe ofninebemodiezepines_Cokmn:LOcrn x 2.8mm 
LID_, meth>Mca 60. EZuent: methano%-phasphate buffer (0.05 M, pH 6.0)(1:1) Flow- 
rats9.3g~l~see.Feaksrl= ?-~onitrazepam,Z=bromazepam;3=;litrazepam;4=ox~ 
piWl;b= dermrethylckilordiazepoxide;6=hydrolEydiazepam;7=c~o~azepoxide;S=des- 
methyl&azepam;9=diazepam- 

Table III gives recoveries of diazepam and its metabolites extracted from 
water, urine and serum, with coefficients of variation in the range &XII 20 to 
1000 ng/ml in parentheses. The recoveries given in Table IfE we& obtained 
after addition of 1 ml of saturated potassium chloride sulutim in the fkst 

TABLE II 

RJXOVEXlEX3 OF DIAZEPAM FROM AN AQ~OUS SOLUTIOX ( 1 p&d) EXTRACTED 
WITHDITFWERE~ SOLlTENTS 

EktractionsaIvent(%,~Jv) Ftecoverg 

-Pam 
n-I-iexme Dietkyi CPropanol (%) 

ether 

zoo - - 52.0 
50 50 - 70.1 
89 49 2 68.1 
48 49 3 69.9 

40 60 -. 79.6. 
- It30 - 58.3 
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extraction step, otherwise lower recoveries were obtained (e.g., 16% P,ss for 
desmethyldiazepam). 

Bepizmtion of urine samples 
The urinary metaboites of .dkepam, i.e., oxazepam, desmethyldiazepam 

and 3-hydroxydkzepam, are present mainly as glucuronide conjugates. As a 
consequence of the high pokriw of these conjugates, the assay of the metab- 
ol.ites of diazepam in uriue rec@res either a completely different phase system 
and a modified extmction procedure or an enzymatic hydrolysis. Because of 
diffku&ies in the extraction of the conjugates we chose to hydrolyse them 
into the free benzodkzepines. The optimal conditious for the hydrolysis were 
found to be pH 5.0 and 37”. 

The hydrolysis is coti@ete after 5 h; a longer period of hydrolysis results 
in lower recoveries, owing to the low stability of the compounds of interest. 

Precikion and linem’ty of the method 
The Linearity and precision of the quantitative determination of benzo- 

diazepines by EiPLC were investigated by injecting different amounts of benzo- 
diazepines. Table II11 includes the coefficients of variation for test mixtures 
of diazepam and its metabohites. The coefficients of variation range from 

0.0001 A _u. 1 

0 2 4 6 min 

1”” 

Fig. 4. HPLC separation of a test mixture of I ng of diazepam and 2 ng of its metabolites. 
Column as in Fig_ 3. E%znt: mec&anol-phosphate buffer (0.05 M, pH = 7.0) (2:3)_ Flow- 
rate: 20.3 pl/sec. Pe8ks: 1 = 0xazepaRl; 2 = hydraxydiazepam; 3 = desnzethyMiazqamam; 4 = 
dimepain. 
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I ’ * l l * ’ ’ 1 1”““~ 
0 5 10 15 20 --) min 0 5 10 15 20 + min 

Fig. 5. Chromatogram of an extract from serum of patient B (10 mg of diazepam daily). 
Conditions as in Fig. 4, except fiow-rate = 2.9 pi&c. Peaks: 1 = oxazepam; 2 = hydroxy- 
diazepam; 3 = desmethyldiazepam; 4 = diazepam_ 

Fig_ 6. Chzomatogram of an extract from saliva of patient J (40 mg of dkzepam daily). 
Conditions as in Fig. 4, except flow-rate = 3.6 pl/sec. Peaks: 1 = caffeine; 2 = oxazepam; 
3 = hydroxydiazepam; 4 = desmethyldiazepam; 5 = diazepam_ 

1.3% for 20 ng of diazepam injected to 0.2% for 1000 ng of oxazepkn injected. 
The linearity of the calibration graphs, characterized by the correlation coef- 
Gcients, was deermined to be from 0.99990 (diazepam) to 0.99998 (oxazepam), 
The sensitivity of tie system, defined as the slope of the graph of peak area 
versus amount in&cted expressed in integration units, ranged from 7.43 to 
9.34 mV-sec/ng. 

Fig. 4 shows the separation of a test mixture of d.Wepam and its met&- 
o&es, and it can be estimated that the limit of detection ranges from about 
200 to 340 pg. 

Application of the me#hod to biological specimens 
In order to test the method, sm, urine and saliva levels in tiolunteers and 

ambulant patients were determined. The resuks are given in Table IV. 
MO measurable amounks of desme#hyM.iazepa.uz were seen zzfker single doses 

of-5or 10 mg, in contrast with chroniq doses [lb]. It appears frrom Table IV 
that &ter a single dose of 5 mg of diazepam, the serum levels of diazepam of 
the two vohu~tee~~ aff 2 h are about the same. However, subject ELM_ showed 
remarkably high concentrations of desmethykliazepam after both 2 tend 9 h, 
which is more or less valid for the other metabotites. From a few atalwlant pa- 
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tie&s %ennn, t2diva and urine sampks were analysed for diazepam and is 
m&abo&es. Ml of them received dkzepam orally daily and used it chronical.ly 
fti* at least 2 weeks.‘kW of the patients also received other drugs. The tie was 
co&~%& during 24 h, but there was 30 special time for taking the blood or 
s&a sampks. 

Table IV gives assays of semm teds .for patients receiving. various -corn- 
pou@s as co-medication. Comparison of patient C, receiving 5 mg of diazepam 
daily, and the vohnteers receiviig the same dose (J.P.N. and R&L) shows 
the gzeat difference between the levels after single doses and chronic admin- 
istration. The values in Table Iv are in ag.reement with those given in the 
lSera* [14,15]. 

Fig. 5 shows a chromatogram of an extract from serum of patient B. It can 
be seen that the co-medicants do not interferewith the compounds of interest. 

Patient J is inkresting because of the extensive co-medication involved. 
Many of. the cimgs used give acidic metabolites in blood and urine, some of 
which will not be extracted with the procedure described above, while others 
are separated c~omatographically from f&e benzodiazepines. In none of these 
instances is the assay hampered by the co-medication. 

The determination of saliva fevels of benzodiazepines in comparkon with 
urine and/or serum levels is interesting; however, only a few data are given in 
‘Ihe Literature CIS, I?] _ Fig. 6 shows a chromatqram of an extract Tom saliva 
>f patient J (see Table IV). 

It is potable that in the saliva from patient B the amounts of oxaze_pam and 
3-hydroxydiazepam are higher than those of diazepam and nordiazepam, 

I ’ 0 * ’ l 1 , l * ’ l l 

0 5 10 15 amin 0 5 10 15-_gmin 

Fig. 7. Chromatic of an extmzt from urine of patient L (30 mg of oxazepam daily). 
Conflitions as in Fig_ 4, except flow-rate = 2.9 fil/sec. Peaks: ‘I = oxazepam, 

Fig. 8_ Chromatogmm of an extmct frczn urine of patient d (40 mg of diazepaxn daily). 
Conditions as in Fig. 4, except flow-rate = 3.6 ,xl/sec. Peaks: 1 = oxazepan; 2 = hydroxy- 
diazepam; 3 = desmethyHiazepatn_ 



component Concentration Total amount Percentage 
offreemefab-- inark? .- coajugatea 
ditehurine .(nghd) 
~wzha 

10. - - 

~I%= 32 14,740 99.8 
~ethyldbepxn 76 4,990 98.6 
3-I.sy&oxydizzeparo 37 8,230. 99.9 

while in patient J the amounts of desmethyklkze~ and diazepam axe much 
higher ati those of oxaze-pam anO 3-hydroxydiazepam-It can be koncluded 
from Table IV that them are gmat kSivid~ dSferences in the serz~m to saliva 
ratio for diaqxm and its metabolites, which k&a& that further studies 
&odd be devoted to the &iIity of the determination of saliva levels in order 
to determine serum levels. An advan+ae is the greater availability of saliva than 
bkmd. caffeine and theophylline sdxdanm from coffeeusudy~presentin 
saliva do not interfere with the benzodiazepines. A disadvantage could be the 
varyiq ansounts of s&va delivered -by the patients. The same occurs with 
single voidiags of mine. Urine was colkcted from patients d and L d-g 24 h 
and-then analysed (Table ZV)- Patient L received 30 mg of Sem&a@ (o-e-) 
daily from which oxmm giucuronide is the only urinary metabotik (e 
Fig. 7 j. 

Fig_ 8 shows a chromatx~gmm of a urine egtract from patient J. It can be 
,sxn that the rsuiZs agree well with the literature [I?] _ AEhou# most benzo- 
diazepines are z&jug&&, small amounts of fme benzodiazepines Can be found 
in urine. 

T&k V gives the urine results for patient J, who was receiving 40 mg of 
diazepam dG.ly. 

CONCLUSIONS 

It can be concluded that reversed-phase HPLC is a valuable technique for 
the assay of bemmdiazepines and their metabolites in sem.m and saliva. As a 
comeme of the hydrolysis necesssy with undue samples, the method is 
time consumk g in this inskmce. The phase system shows a good select%~ 
towards ail of the benzodkzepines examined, which means that by varying 
the pH practical problems can be solved Future research will %e de&ed 
to the more rapid analysis of urine samples. 
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