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3hydroxy substituent to glucuronic acid; yielding: a .w+er+oluble glucuronide 
metabolite that is excreted in urine E3-61. Other minor.metabolites- have .- _.... heeniden~~,butnoneIsofq-ti~tive~~o~~_’_~. .'I -‘I.-- -. :. : 

Several gas chromatographic methods are available for quantitation of 
lorazepam and lorazepam glucuronide in body fluids following therapeutic 
doses of lorazepam in humans. One approach involves acid hydrolysis -of the 
benzodiazepine nucleus to the corresponding benzophenone d&v&v& ]417]. 
This method is used successfully, but the extraction, d_erivatixation, andclean- 
up steps are timeconsuming- and lead to considerable sample loss,. due to 
aliquot taking. Quantitation of lorazepam is also possible using electron- 
capture gas-liquid chromatography- without prior deriv.atixation [S-lo] ..This 
report describes a rapid and sensitive method for assay of loraxepam and its 
glucuronide metabolite requiring minimal clean-up and no derivatization. The 
applicability of the method is illustrated in a study of the pharmacokinetics 
and bioavailability of lorazepam in a healthy human volunteer. 

EXPEFUMBNTAL 

Apparatusandchmnzatographiccortdifions 
The analytic instrument is a Hewlett-Packard Model 5750 gas chromato- 

graph equipped with a 63Ni electron-cap ture detector (ECD). The detector 
is operated in the pulsed mode with a pulse interval of 150 ssec. The column 
is coiled glass, 6 ft. X 4 mm I.D. packed with 3% OV-17 on 86-100 mesh 
Chromosorb W -HP (Supelco, Rellefonte, Pa., US-A:). The carrier gas-is ultra- 
pure helium (Matheson Gas Produdts; Gloucester, Mass., U.S.A.) at a flow- 
rate of 50 ml/min. The purge gas is argon-methane. (95:5), at a flow-rate 
of 80 ml/min. Operating temperatures are: injection port, 300” ;. column, 
230”; detector, 320°. Before being connected to the detector, a new column 
is conditioned at 325O for 4 h with no carrier flow, followed by 48 h of con- 
ditioning with a carrier flow as described above, 

At the beginnkq of each working day, the column is-primed by injection 
of 2 to 3 drug-free “blank” plasma extracts. 

Reagents 
The following reagents are used: pesticide grade certified benzene (Fisher 

Scientific, Fair Lawn, N.J., U.S.A.), certified iso&myl alcohol (F-g), ana- 
lytical reagent grade toluene (Mallinkrodt, -St. Louis, MO;,.U&A:), ahsOlute 
ethanol (lMC Chemical Group, Terre Haute, Ind.; U&L), and reagent grade 
K&PO, (Malhnkrodt). Solvents are used without further distillation. . 

Reference standards 
Pure samples of lorazepam and the structurally similar benzodiaiepine 

derivative, oxazepam (Fig. l), were kindley supplied by Wyeth Labs. (Radnor, 
Pa., U.S.A.). A lO-mg amount of each Compound is dissolved in 2-3 ml of 
absolute. ethanol, then diluted to 100 .ml with doubledistilled, water. The 
stock solutions are stored in amber hot&s at_ 4”) and are stable under .the.se 
conditions for up to 1 year. Working &&l&da, dontai&ng .O).iel.O.gg& 
are prepared as needed by appropriate dilution with double&stilled, water. 
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Preparation of sztnpks: intact hazepam in plasma 
Oxazepam serves as the internal standard. A- 5O_crl volume of stock solution 

‘Cl.0 yg/ml) containing 50 ng of oxazepam is added to a series of conical 40- 
ml centrifuge tubes equipped with PTFE-lined screw-top caps. A l-ml sample 
of .‘%mknown?’ plasma. is added to e&h of the tubes. Calibration standards 
are prepared by adding -12.5,25, 37.5, and 50 ng of lorazepam to consecutive 
tubes; Drug-free- control plasma, preferably taken from the experimental 
subject prior to lorazepam admmistmtion, is added to each of the calibration 
tubes and to one additional drug-free blank Calibration standards are ana- 
lyzed together with each set of unknowns. 

Extra&on procedure 
-A 6-ml volume of benzene (containing 1.5% isoamyl alcohol) is added to 

all tubes. The tubes are agitated gently in the upright position- on a vortex 
mixer for 30 set, then centrifuged at room temperature for 10 min at 400 g 
(Portable Refrigerated Centrifuge Model PR-2; head No. 269; International 
Equipment, Boston, Mass., U.S.A.). The organic layer is transferred to a 
conical 13-ml centrifuge tube. The procedure is repeated, and the combined 
organic- extracts are evaporated to dryness at 40” under conditions of mild 
vacuum. Care is taken to ensure that the residue is rinsed from the sides 
of the tubes. The final dry residue is redissolved in 50 ~1 of toluene (con- 
taining 159f1 isoainyl alcohol), of which l-3 ~1 is injected into the chroma- 
tograph. 

Lowepam and lorazepam glucwonide in urine 
And@s of intact lorazepam in 1 ml of urine proceeds exactly as de- 

scribed above for plasma. 
Loraxepam glucuronide in urine is quantitated using the aqueous remainder 

following extraction of intact lorszepam. The aqueous phase is washed .with 
10 ml of ether, centrifuged, and the organic phase aspirated and discarded. 
The sample is heated to 40” under conditions of mild vacuum for 15 mm to 
ensure removal of any remaining organic solvent. A quantity of 0.1 ml of 
each urine sample is transferred to another 40-ml conical centrifuge tube; 
1.0 ml of 1 M KH,POe buffer (pH approximately 4.6) is added, Enzymatic 
cleavage of lorazepam glucuronide is ‘achieved by addition of 30 ~1 of Glu- 
sulase (Endo Labs., Garden City, N.Y., U.S.A.), a commercial preparation of 
snail intestinal juice containing approximately 175,000 units of fl-glucuro- 
nidase and 35,000 units of sulfatase per ml. The resulting mixture is agitated 
gently, then incubated for 12-18 h at 37” in a temperaturecontrolled in- 
cubation room. Following incubation, the pH of each tube is adjusted back 
to 7.0 by addition of approximately 0.65 ml of 1 IV NaOH. -4 quantity of 100 
ng of oxazeparn, the internal standard, is added to each tube, and lorazepam 
(25, 50, 75, 100, 150 and 200 ng) is added to the calibration tubes. (Larger 
amounts of standards are used for analysis of lorazepam glucuronide in urine 
since high concentrations of this metabolite are present in most samples.) 
Extraction then proceeds as described for intact lorazepam in plasma, except 
that S-10 ml of solvent are used for each extraction to avoid em&ion for- 
-mation. 



Clinicaiphamcok~t~ s&&y .: -2, : .I...r. :.-__. 1 ::;:__ -::.:>.;;~i;.;-.;-.: _ _, ;. I:.. . 1.1: -.:r._~- .:’ 

: A.: healthy -23-yesr-old: female :voiunteer particip#xd &er~~giving.~written 
informed consent; Single - 4mg doses :. of. ,loraqzepam ‘-were _- admiziisteredi On 
three occasions in -a cross-over study; .ti$b at ~leastone .week elapsirigt between 
trials. Modes. of &ministration Were: -5-min.. intravenous- Wusion;=d&oid in- 
tmmusculsr injection, and oral .ingestion’.in .the fasting -sWe titi- ~lOO&--of 
water. Multiple venous blood samples -were dravm during 48 .h;; and &U.-urine 
collect& in divided samples -for 72 h,. following- each ‘dose: Coticsntratioti i.if 
iAack larazepam in plasma, and -of .lorazepsm and f&xzepam glu&ronide:in 
urine,werequantitafedasdescribedabove_ .I‘.. :-. ---1 -- . . . . ‘- .:S.~ . . . :_- .- -: 

Plasma lorazepam concentrations following each -mode of admmistmtion 
were analyzed by iterative weighted non-linear least-squares regression anaIysis 
as described in detail elsewhere. f3, II; 121 .:The--folIowing pharmacokinetic 
variables .were determined following intravenous injection, of 1oraZepam: 
distribution- half-life, elimination half-life; total volume of distribution; and 
total clearance. Following oral andintramuscul&r dosage, the -follow&g variabl& 
were determined: lag time, prior to the start of absorption; absorption half- 
life, and elimination half-life. The systemic availability (completeness of ab- 
sorption) of ora and -mt%amuscular lorazepam was determined from .the 

A 
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tot-d mea under the .pkma concentration curve (AUC) calculat+d from the 
phazmacokinetic fun&on, and upon -72-h urinary excretion. :of lorazepam 
gluc&o&d& AUC and 72-h excxetiou after the two extravascui& ‘modes of 

. : 
clmumshtion were compared with those observed followiug iqtravenous 

k&&ion of-the -same doti [it, 13,141’. 

Ri23uL~ ~- 
.- 

: : 
Eud~tin.of ihi method 

Under- the described izouditions, the retention times of oxazepam and 
lorqepam are 2.4 and .2.7 miu, respectively (Fig. 2). The chromatograpbic 
peaks prlobably :do iitjt: Cckrespotid~ to- -the intact compounds, btit rather to 
quiuazoliue carboxaldehyde derivatives formed by oncolumn rearrangement 
[IO, 15.-181. 

The relation between plasma lorazepam concentration and the lorazepam- 
to-oxazepam peak height ratio is kear up to at least-50 ng/ml. Analysis of 34 
standard ckves co~~structed on different days over a period of 6 months 
indicated that the correlation of peak height ratio and lorazepam~concentra- 
tion is always 0.99 or greater. The day-to-day coefficient ofvariation in the 

slope of the calibration curves was 8.6%. 
The sensitivity limit of the method is l-3 ng of lorazepam per ml of origkd 

sample. Coefficients df variation for identical samples were: ate 25 ng/ml, 
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2.8% (n 7‘ ‘~6~;‘&.~~~.5_ng/nil, 4.5% (R = 8); at 6.25 n&ml, 4.3% (n = 11); at 
2.5 ng/ml,’ 5.1% (t% k .lO). Residue analysis indicated that extraction of both 
oxazepam and’loazepam is more than 95% complete. 

A series of. 171 $asma samples from pharmacokinetic studies, each analyzed 
in duplicate, was assessed to determine the replicabibty of identical samples 
(Fig. 3). The correlation coefficient between duplicate samples was 0.99, 
with an overall mean deviation of 5.2%. 

.- ‘_I 
Phmnacokinefic study 

Fig. 4 shows plasma lorazepam concentrations, together with pharmacoki- 
netic functions, following intravenous, oral, and intramuscuhu administration 
of lorazepam to the volunteer subject. Disappearance of lorazepam from 
plasma following intravenous infusion proceeded with two exponeiiltial phases, 
with an apparent eiimination half-life during the Wminal or “beta” phase of 
10.6 h (Table I). The total volume of distribution was l-62 l/kg, indicating 
reasonably extensive drug distribution. Following oral ad.mE&ation, a short 
lag time elapsed prior to the start of absorption, after which absorption pro- 
ceeded as an apparent first-order process with a half-life of 14.3 min. A pe+k 
concentration of 44.4 @ml was measured in the sample drawn 1.0 h after 
the dose; elimination thereafter proceeded with a half-life of 10.8 h. After 
intramuscular injection,. no lag time was observed, but the absorption phase 
had a somewhat longer half-life of 73.2 min. A peak level of 36.2 ng/ml was 
measured in the 2.5-h sample. The apparent elimination h&f-life was 13.9 
h, slightly longer than foBowing intravenous and oral adminktmtion.. Based 

T_ABIaE I 

PHARMACOKINETI C VARIABLZS FOR LORAZEPAM 

~VaxiabIe R0L.e of acid&ration 
I.. Intravenous oral beamlILicuIer 

Distribution h&-IIfe (min) 5;l - - 

EIliminationhall-life(h) 10.6 10.8 13.9 
TotivolumeoftXstribntiorn 

(I/kg) 1.62 - - 

TotalcZearanee(ml/nia/kg) 1.77 - - 

Lagtime@ii~rto&trtof 
L abgorptibn(min) - 11.3 0 
Peek pI&zrla~conCenrxatidn 

~(W=U -. - 44.4 36.2 -. 
Timeofpeakconcentration. 

.@after+=) - Lo 2.5 
~@rfg.t~_ebsorption .- 
~~hidf-life-(min) 14.3 -73.2 

-*2ir&&!tion ofIorazepazm _: : 

.z'~~u-nide(% ofdose). 94.6 32.4 72.2 

systerpic~paifability.(~) 
EasqdonAl?2..: -: . . -. : ; 

: 
ZOO 

..- .‘. I$g&t?qon .ginaiy:e+&ion 
-93.4 -. 

__. : of~I+azepku $+ux&ie -- 2. 82.4. 72.2 .,- - ., ;_ ._ 
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Fig. 5. Urinary excretion of lorazepam glucuronide during 72 h after single 4-w doses _ _ 
odrmrustered by three different routes to the healthy volunteer subject. 

on AUC, the systemic availability of oral lorazepam was lOO%, and 93.4% 
following intramu~ular injeci&z (Table I). Based upon 72-h urinary excretion 
of lorazepam F&.rcuronide following each mode of administration, the sys- 
temic availabihty of oral lorazepam was 82%, and that of intzamuscular lora- 
zepa& 72% (Fig. 5). Urinary excretion of intact loraxepam accounted for 
less than 0.4% of the dose following all three routes bf administration. 

DISCUSSION 

This report describes a rapid and sensitive method for quantitation -of 
lorazepam in plasma, and of Iorazepam and its glucuronide metabolite in u&e. 
The method utilizes direct extraction of lorazepam together with the~$nkrnal 
standard, evaporation of the organic solvent, and injection of the redissolved 
residue directly into the chromatograph. Blank samples of plasma and urine 
are consistently free of contaminants in the areas corresponding to retention 
-times of oxazepam amd loraxepam. Therefore, extensive clean-up procedures 
are unnecessary. Since chromatographic peeks corresponding to both -com- 
pounds are Gaussian, peak heights ratb Si than peak areas were used to quan- 
titate detector response [19], thereby making an electronic integrator un- 
necessary. Studies utilizing gas chromatography combined with mase:sp&&ros- 
copy indicate that the chromatographic peaks co&&pond to ~quinazoline 
carboxaldehyde derivatives of oxazepam and lorazepam, formed by~onkol~mn 
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&%rrangement and loss of a molecule of water [IO, 15-IS] . -This thermal 
rearrangement does not influence the reliability of the method. Standard 
curves are always linear and have shnilar slopes from day to day. Further- 
more, peak height ratios following repeated injection of the same sample do 
not vary by more than 2%. It is evident that the same technique can be used 
for qua&it&ion of oxaxepam, simply by reversing the roles of oxazepam and 
1orazepam. 

.Tbe use of this method obviates the need for acid hydrolysis of the benzo- 
diazepine derivatives to corresponding benxophenones. Although acid hydro- 
lysis allows good sensitivity and specificity, it involves multiple steps, is tune- 
consuming, and results in sample losses due to ahquot taking. In our ex- 
perienc%, the hydrolysis .method also requires redistillation of solvents. A 
detailed comparison of intactdrug uersus acid hydrolysis techniques for quan- 
titation of nitrazepam, another benzodiazepine derivative, is reported by 
Kallgas [20]. 

Several aspects of the procedure require further mention. An appropriate 
choice of internal standard is critical for reliable and reproducible quantita- 
tion of lorazepam. Howard et al. [S] for example, utilize flunitrazepam as an 
internal standard for analysis of lorazepam, but coefficients of variation for 
identical samples exceed 16%. Our use of desmetbyldiezepam as en internal 
standard for loraxepam analysis also yielded unacceptably large variability. 
Only oxazepam has served as an acceptable internal standard in our expe- 
rience, presumably hecause its characteristics of extraction and of on-column 
rearrangement are similar to those of loraxepam. Other 3-hydroxy benzo- 
diazepines having N-l alkyl substitutions (such as temazepam and 3-hydroxy- 
prazepam) are less suitable than oxazepam since they-do not rearmnge on- 
column [Is]. Addition of isoamyl alcohol to the extracting solvent also 
appears critical, since it greatly reduces problems of inconsistent and Poor 
recovery, and/or adsorption of. the compounds onto glassware. Finally, not 
all brands of disposable plastic syringes are suitable for pharxuacokinetic 

. studies of lorazepam. The rubber plungers contained .in Monoject syringes 
(Sherwood Medical Ind., St. Louis, MO., U.S.A.) are contaminated with a 
large_ and ‘as yet uncharacteriz~ electron-capturing substance having a reten- 
tion time similar to that of oxaxepam. The contamina& is transmitted to all 
biological fluids collected in these syringes, and complicates quentitation of 
detector response to oxazepsm and lorazepam. Syringes produced by Becton 
Dickinson & Co. (E+ther+d, N.J., U.S.A.), contain much smaller quantities 
of this contaminant and are suitable for use in pharmacokinetic studies. 

Our method is readily applicable to studies ~of the pharmacokinetics and 
bioavailability of lorazepam in humans. Consistent with previous reports [3-7, 
12, 21, 221 we observed an elimination half-life of lo+epq in the range 
of 1~15 h. Lorazepam clearance was accomplished mainly by conjugation 
to gh&rcmic~ acid, ‘followed by urinary excretion of loraxepam glucuronide 
[3-7, 12 21, 221. More than -99% of an intravenous dose of lorazepam was 
recovered. in the urine aS the glucuronide metabolit& -Absorption of oral 
lorazepam was rapid and nearly complete; intramuscular lorazepam absor@ion 
was less rapid and slightly less compIete. Further studies are needed‘ to es- 
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tablish within- -and between-subject variability ix-the phkrmacokinetics ani 
bioavailabili~ of lorazepam. -. 

. 
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