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SUXlhlARY 

A Coulson detector 1x1s been used in the gas chromnto~rtl~~ll~ of medazrpam 

:tnd its major blood metabolites. In contrast to electron capture detection. a11 ap- 

proximately equal response 1. ‘; i IS obtained for each compound, and it \vas possible to 
remperature programme the column. Esrracts from spiked samples ofrat blood plnsma 

gave clean cliromtttograms \vitliout the need lY)r back estraction and clean up. 

There is al present widespread interest in tbc ust’ of 2:s chromatogrttphy for 

the analysis of rhe l.-Lbcnzodiazepine drugs and their nxtabolites in body fuids. In 

the case of the v. idcly used drug diazeptim tend the cllemicall_v similar compound 
mcdazcpam. the most commonly used procedure involves the me of electron capture 
detection, follotving separation of the intrwt benzodiazepines on silicone stationary 
phases’-‘_ Qusnritication of these compounds tit the low levels found following single 
tbempeu~ic doses requires a clean-up procedure, usin, ‘y back estraction from dilute 
acid’-5. It is. however. possible to omit this lengthy stage when dealing wirh the re- 
latively high levels found after chronic administration or overdose5-4*“. 

The electron capture detector has a relatively poor response to medazepam 
and its demetbylated metabolite Ro 5-292F5_ In addition. medazepam has a rather 
short retention time relative to the solvent front. and the peak resulting from this 
compound is susceptible to interference from solvent impurities and volatile co- 
estracred material. In the ztnal_vsis of this compound ii would obviously be advan- 
tageous to use ;t detection system that would have a greater response and that would 
be amenable to temperature programming. Mass spectrometry is an obvious possi- 
bility, but is prohibitively expensive for most estttblishmcnrs. Amongst the less es- 
pensive detectors, gas cliromaro~rtlpliv of EIW benzodiazepines using a thermionic 
detector \v;ls reported by Swarm’. However, tbedetectordesign used in this \vork proved 
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unsuitable for: use with biological samples and low levels of benzodiazepines’. 
Successful thermionic detection of the benzodiazepines in biological samples has been 
reported by Mallach et aL9, who separated medazepam and its metabolites on an 
OV-25 column using a temperature programme. This method was applied to serum 
and urine samples although relatively large sample volumes were required_ 

Our approach to this problem has been to make use of an electrolytic conduc- 
tivity detector based on the principle described by Coulson”. Use of dilute acid so- 
lutions has increased the sensitivity of this detector towards the nitrogen containing 
benzodiazepines”. 

hlATERIAL AND METHODS 

Apparatrrs 

The apparatus used in this work consisted of a Pye 101 Series gas chromato- 
graph to xhich.an electrolytic conductivity detector had been fitted. The detector used 
in this work was essentially the same as the one used by Jones and Nickless in their 
work on the detection of pesticides and other complex organic chlorine compounds”. 

The reduction of the column eluates was performed by mixing the eluates with 
hydrogen (70 ml/min) and the Sases were then passed over a nickel wire catalyst, 
which was heated to S50’ in a microcombustion furnace. 

All reagents were obtained from BDH (Poole, Great Britain) and were of 
analytical grdde. The benzodiazcpines were obtained from Roche Products (Welwyn 
Garden, Great Britain). 

COlLIflLm- 

The separations described in this work were achieved on tvvo columns: (a) 
A 1 ft. x 4 mm. I.D. silanized glass column, packed with 3:1-;; OV-225 on Gas- 
Chrom Q (60-50 mesh)_ (b) A 6 ft_ :=I 4 mm. l-D_ silanized @ass column, packed with 
3:.L OV-17 on Gas-Chrom Q (60-SO mesh)_ 

It has been shown” that the major blood metabolites ofmedazepam are diazc- 
pam and the demethylated compounds Ro 5-2925 and Ro 5-2180 (Fig. I)_ Each of 
these compounds contains one chlorine and two nitrogen atoms per molecule, and 
one mdle of each of these is therefore expected to yield, on comp!ete reduction, one 
mole of hydrogen chloride and two moles of ammonia_ 

Preliminary separation of medazepam and its metdbolites was carried out on 
an OV-225 column_ The detector response which was obtained using a 3-ppm hy- 
drochloric acid solution” was consistent with a conductivity change due to a nitrogen- 
containing compound_ When a boric acid scrubber was introduced between the fur- 
nace and the detector to remove ammonia from the gas stream, no response was 
obtained to the benzodiazepines, indicating that hydrogen chloride was not able to 
reach the conductivity cell. Good detector responses were still obtained to organo- 
chlorine pesticides with the boric acid scrubber in position_ These preliminary results 
suggested that ammonium chloride was being formed downstream from the furnace, 
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and was condensing onto the tube \valls as the temperature fell below the sublimation 

point of 335 ‘_ The residual mmnonia ~1s responsible for the observed conductivity 
change_ 

Standard solutions of medazepam and its tnettlbolites desmetii~lmedazepam 
( Ro 5-2925), dittzepsm and dcsmeth~ldiazepam (Ro S-2 1 SO) were prepared in acetone- 
hesane (2O:SO) and chron~atographtd on the OV-225 column, using a base liquid of 
3 ppm hydrochloric acid in the conductivity cell. Linear detector response was obtain- 
ed for all compounds over the ranse 10 to 500 ng. The detection limit for each 
cornpound was ttpprosimruely SO ng_ this being the level which gave a response twice 
as large as the noise level. 

A teliiperrtture-progrsmliied separation of the four benzodiazepines was at- 
tempted on the OV-225 column, consisting of isothermal operation at 210’ for 2 min 
followd by a temperature itxrease of 6”/nGn to 240’. The detector response was 
found to be dependent on the column temperature. The resistance of the base liquid 
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was found to decrease with column temperature when water was used, and increase 
in the case of dilute (3 ppm) hydrochloric acid_ This indicated an increase in the rate 
ofammonia dissolution in theliquid, due to bleed from the stationary phase- This was 
not unexpected 4s OV-225 is a c_vanopropylsilicone polymer_ Removal of the bleed 
using a scrubber was clearly not feasible as this would have prevented detection of 
the benzodiazepines. The scrubber would in any case have been rrtpidIy saturated. 

To overcome the problem of nitrogenous bleed, chromatography was carried 
out on the methylphenylsilicone OV-17, usin g a carrier gas (argon) floGrate of50 mli 
min, and an identical temperature progamme. A satisfactory baseline was obtained, 
and the programme was capable of sepxatin g medazepam from the solvent front_ 

Application to biological samples_ The major advantage in the use of the 
electrolytic conductivity detector is the selectivity which it offers_ It-dilute acid is used 
as the base liquid, then unique response to nitrogen-containins compounds can be 
obtained”_ The Coulson detector should render lengthy estraction and c:etm-up 
procedures unnecessary_ The appIication of this device to the analysis of drugs in 
body fluids was evaluated by the chromatographic analysis of extracts from spiked 
rat plasma samples. 

A 25ml sample of rat blood 
Ro 5-2925 and Ro 5-2ISO to sive a 
pound. The plasma was buffkred to 

plasma was spiked with medazepam. diazepam, 
solution of concentration 2 i&ml for each com- 
pH 9.0 with 10 ml of borate bulk and extracted 

with two IO-ml aliquots of diethyl ether. The combined extracts were evaporated to 
dryness and the residue KLS dissolved in 100 ,rl of acetone-hesane ( 1 :a)_ One 111 of 
this solution was chrornato~r~phed- 

RESULTS 

Chromatograms that were obtained under isothermal and temperature- 
programmed conditions are shown in Fig_ 2_ It cxn be seen that, under isothermal 
conditions, the medazeptlm peak is close to the solvent peak. Although no major 

taj (t4 
IncrecselrnrnutP 

__-Z%):_.. .._..__ _ 2! -s 240’ -._I_ _.._. 

Fig. 2_ isothermal (a) and tcmper~turc-progr~mmcd (b) separations of mednzcpnm and its major 
mrtabolita. 1 = Medazepamr 1 = Ro 5-2915: 3 = diazepam; 4 =-- Ro 5-llS0. 
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problem is presented in this CZX-, it is desirable that the medazepani peak should be 
moved away from the solvent peak by temperature programming. When this was 
carried out the medazepam peak was moved away from the solvent peak but a sloping 
baseline was obtained. Tile reason for this is uncertain as standard solutions _gave 
ciu-omatograms with level baselines. The magnitude of this elrect is not, however, 
considered large enough to preclude tile use of this technique for clinical samples. 

DISCt_!SSIOX 

Tile sensitivity of the present device to medazepum and its mctaboiites may be 
improved by the use of a quartz gas-liquid contactor ~xiiich could be heated above 
the sublimation temperature of ammonium ci~ioridt. in addition. pilot esperiments 

!lave si~own that greater sensitivity to these benzodittzepines can be obtained by 
performing tile hdrogenation over ;I platinum rather than a nickel catalyst. This 
results in the production of hydrogen chloride only. \vi-hich gi\-es rise to ;t larger con- 
ductivity change than an equal quantity of ammonia”. The most promising mode of 
operation of the Co&on detector for the detection of nmhzepmn and its metttboiites 
will probably be found by usin g the detector in the osidative mode. using high purity 
\\ater ;I?; base liquid. The response of the detector in the osidative mode should be due 

to both rile ch1orir.c and nitrogen ;mms in the benzodiazepines, and greater sensitivity 
should therefore be obtained. 

The nickel catalyst reduction system should prove more suitable for rile 7- 

nitrobcnzodiazcpine, nitrazcpam. which contains no i~aio~en atom in the nx~iecuie_ 
The muin metabaiites of this compound result from the reduction of the nitro group, 
and are not strongly electron capturin, _ c**’ I-kc of the conductivitv detector for tile _ 
analysis of nitrazepam and its mctt~boiitcs si~ouid tixrefore have advantages over 
the eiccrron capture detector in terms of response to the 7-amino and 7-acetamido 

mctaboiitcs. Respome of the conductivity detector to the nitrazepam system has been 
studied by Hr~nt’~. v.3~ found that the detector gave similar responses to nitrazepam 
and its 7-amino nictaboiite_ 

The detection ofn~edazeptun and its n~etaboiitts by ti~reiectroiyticconductivity 
dctcctor !las been investigated and the anomalous response to these compounds 11x 
been espiaincd. It has been demonstrated that, unlike the electron capture detector, 
the cicctroiytic conductivity detector can be usefully employed for temperature pro- 

grmmncd wpsrations. provided that the chrom~~to~_rrtphic coiunm is correctly chosen. 
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