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CHROM. S6S4 

A SIMPLE AND SENSFfIVE G_4S CKROMATOGRAPKIC METHOD FOR 
THE DETERMINATION OF CLONAZEPAM IN HUMAN PLASMA 

SUMMARY 

A simple gas chromatographic method for the determination of clonazepam 
in human plasma has been developed. After sofverrt extraction, the compound is 
measured by aiz electron capture derector OR an OV-17 column. The electron-capture 
response is linear for 5-120 ng/mI of piasma. There is no interference from other 
commonly used anti-epileptic drugs or endogexms substrates. Preliminary data 
from routine monitoring of epiieptic patients shows a IO-fold variation in their clona- 
zepam pkfsma EeveIs. 

Knowledge of the pharmacokinetic profiles of various compounds and the 
routine monitoring of drug plasma levels have been very useful in the management of 
anti-epileptic therapylA. The pharmacokinetics of cfonazepam, a newly developed 
anticonvufsant agent, has been characterized in volunteers”*“. However, there is little 
kinetic information on epiteptic eatients receiving constant treatment with the drug7-g. 
fn addition it has been shown for other compounds that extrapolation of kinetic da&e 
from volunteers to patients might not be always c~rrect~*~~. One of the factors which 
has partially limited our knowledge of the kinetics of this interesting compound in 
patients has been the lack of suitable, simple, analyticaf procedrrres for the kinetic 
evtiuation and rorrtine determination of clonazepam plasma levels. In the preseti 
paper we describe a gas-liquid chromatographic procedure which, with its specificity, 
rapidity and simplicity and the sma!l amount of plasma required, has a real advantage 
ovet the procedures presently avaifableLL*L’. 

EXFERIMEI’ZTAL 

Cionazepam [S-(chiorophenyl~-I,3-dihydra-(2KE-7--nitro-~,4-benzodiazepin- 
2(l H)-one], 7-aminocfonazepam and 7-acetamidoclonazepam were kin&y supplied 
by Prodotti Roche, Milan, Italy. 2-Aminobenzyf-5chforobenzophenone (_4BCB) 

* To whom reprint requests shortld be addressed. 



(Fluk;r, Bu~hs~ Swi+2erknd) was employed as internal mxker. The folIowing reagents 
we~f: obtained from CarIo Er’ba, Miian, Italy: acetone (R.P.), diethyl ether (R-P.) 

and .disodium bydragzn phaspktfe (R.P.). Diethyt ether RZS distified before use. A 
sclution of the phosphate was made up in dorrbfe-distilled wter. 

A Carlo Erba Fractovzp G-l chromatogrzph eqrripped with a 9.E electron- 
cap:xre detector (ECD) was -wed. The cofumn (glass, 1 m x 4 mm I.D.) ~42s pzcked 
with 3% OV I7 on Chromosorb Q (XKl-LZ~ mesh) @ppIied Science Labs., State 
College, Pa., U.S.JL), and conditioned for I Er at 250” (nitrogen flow-rate, 4Q mrlmin), 
for 4 h at 340” (no nitrogen) and for 24 h zt 275” (nitrogen &xu-rsrte, 40 mf/mln). 
The operating coadtions were: column temperakre, 280”; injectioz~-port temper- 

ature, 230”; detector temper&we, 3CB”; carrier-gzs (nitrogen) fI.ow-rate, 60 mi/min. 
The ECD was used with 2 p&e current at an excitation voltage of 50 Y and 8 pulse 
IntervzS of 30 msec. 

For ITESS spectrometry (MS), a Flnni@n 3100 mass spectrometer combined 

with a Model 9500 gzs chromatoo,%ph and z Model 6W computer were used. The 
conditions were: ekctronic ener,T, 70 eV; efectron beam current, 500~& temper- 

2twe of ion source, loi)“. The coIrrmn (&ss, 2 m x 2 mm I.D.) was pscked with 3 “/, 
OV 17 0s GE+Chrom Q (100-12~ mesh), 2nd operated at 380” with 2 heEium Aow- 

r2;e of 38 ml/tin. 

Miquot portions (Z-80 ng) of a soSntiorz of cionazepam in acetone (2 og/mi) 
were brought to dryness in tripllczte under SL gentle stream of nitrogen on 8 \vateer- 
b&h at 30”. The dry residue was re-dlssolved in 50 ~&cl of a solution of ABCB in acetone 
(5 &mf). 1 ,A of this sofution was injected on to the gas chromatogcaph. The calf 
br&on g~pb, constracted Sy plotting the ratlo of the peak zrez of clonazepzm to that 

of the lirte~~~al marker (ABCQ agdnst clonazepam concentration, was Linear from 
190 pi” to 1.6 ng (l=j=ted .zzmour~~~ x&h an absolute sensitiviQ of 50 pg. Reprodu- 
cibility was excellent wi*-h a t.S-2°/0 variation for samples run in triplicate and on 

d&rent days. Similar &ibr2tior; pphs were consh-~xt2d on adding known amounts 
of donzzepam to 0.2-E ml of pEasma and processing them as described below. 

To 0.5 ml of pksma (in IO-ml @ass- stoppered test-tubes), cont2irk~ d3Zerent 

amo~ints of cIonrzep2m (5-120 IQ& were added I 14 of 0.5 7J lifizHP0, Cpreviousty 

adfxted to pIZ Ir with I N NzWQ, 250 ng ctfABC3 (50;tl of a solrrtfoir in acetone) zts 
internaT marker and 5 nf offres’Xy &stifled dietbylether. The tubes were gently shzken 
in ii hori_zonIaf po~iition for 30 tin a~0 then centrifu@i at 4” for 10 min. 4 ml of the 
ether phase were transferred to a second t2pbL a-cd test-tube and broqht to dryness 

under a gentie stream of nitrogen in 8 water-bath at 40”. The dry residue was then 

Fedissoked in 50 yE of acetone and l-2 ,rrl of this solution WCS injected as before on 
t0 die gas chrom~tog3x~fi. In the case ofsampl2s fiOm pfasma of patients, diqnot 

portions of 0.2-L ml rvere used and an internal calibration graph, involving the addi- 
tion of various .Gorscts (5120 I&I&) of donzzepam to fresh &sma7 was aIwzys 
conrrircted rfong side the determination of the unknown samples. 
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Fig. i _ Gu chrom~togranx of ARCB (L) 2nd clonazepzm (2) obtained before (A) (extend standud) 
acid after the extraction proaxke (I!%] (inten& stzmiard), CC) shows the results for the extrzcted 
pkrna of 8 patient recking clonazepam, tubzmazepke and phenobzrbitzl in combination. FG~ 
cmditiorS, bee text. 

REsuLTs AXD DfSCUSSION 

Typical chromatograms ob’tined with external and internal standards and 
with plasma extract from patients are shown in Fig. 1. Clonazepam has a retention time 
of 3.5 r&x am% ABCB of 2 min. The i&e&w of the peaks wzs checked by gas-liquid 

Fig. 2. CSbiation grap-h~ for CICNI~E~~~II wi& exter& fi) and internal A?ScB standard (2). For 
cmc!ition5, _xe text. 
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chromztography-m2ss spectmmetry (GEE-MS) 2nd the the 
pe2ks mnz intxt cIomzep2m 2nd ABCB. The use of ABCB as internal marker ap- 
pears to be very satisfactory. The c&brz&on giaph for extracted cfonazepaq ob- 
tained on plotting the rat% of the peak zrea of clon2.zep2m to that of the intemai 
mar.!cer against. knowx amounts of clonazepanx, is shown in Fig. 2. The Enearity of 
the x&hod ranges fron 5 to 80 ng/lml of plasnza. ‘Be nininwn detectable amocnt 
with tie dess&ed prccedwes is 4 ng/nl of pIassma_ 

The recovery from hu_rnazl pfas~a was constant irr the range examined with a 
mean of 82.6 & I.1 y! {Table I). No interference from endogenous substaxes was 
noted. Other anticonv&sant drugs such as dipheny&ydarrtoin, carbamazepine, 
phenobarb&W, ethosuximide aoil di-n-propyl ac&tite, added to the internal standard 
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RELATION BETWEEN THE PLASMA LEVELS AND THE DAILY DOSE OF CLONAZEPAM 
IN EPILEEQC FATIE?-ZTS RECEIVING CONSTANT TREATMENT WTEX TKE DRUG 
FOR AT LEAST 4 WEEKS 
PIma sampIes w-ere t&en befoz the morning dose, i.e., 11-12 h after the evening dose. 

Dpiiv dose Husnm Ted Ran..e af 
cmgp:gj * fnsimft *= va_riu f ian 

o.(w 22, 70, 90 4 fold 
0.08 15, 40, 48, 60, 65, 125 g fold 
O.fO 5, 8, 28* 32, 34,&l, 50 10 fold 
0.13 25, 30, 32, 54, 6u 2.5 fold 
0.16 15, 2i,60,1201 132 9 fold 
0.23 34,42, fB5 3 fold 

* Administered in hw or three seepara1e doses. 
=* Each figure represents a patient. 

before the extraction procedure, did not interfere, as expected from their physico- 
chemicaf properties. Similar Gndirgs were obtained with pksma from epi!eptic 
patients receiving the above drugs in combination with cfonazepam. There was also 
no interference in cases in which diazepam or other benzodiazepines were adminis- 
tered simultaneously_ Diazepam, its metabolites, and other benzodiazepine de&- 
&ices, have a shorter retention time than ARCB at the operating conditions we em- 
ployed. Possible interference from cbxnzepam metabofites was also evaluated: 7- 
ZM~~OC~OIIZ~~C~M and 7-acetamidoc~onazepam gave peaks with a retention time of 
4 and 9.5 min, respectively. 7-Aminoclonazepam was very poorly extracted under the 
conditions used as shows in Fig. 3. No interference is expected from these two major 
me’abolites of clonazepam. 

A skilled technician can run through the procedure described for 1 S-20 plasma 
sizmpfes plus c311 internal caiibration graph of four poims in duplicate in a time of 
3.54 h. The method has been applied to the routine determination of clonazepam 
in plasma of epileptic patients receiving constant oraE treatment with the drug, in 
combination with otiier drugs, for at least 3 weeks. Preiiminary data indicate that there 
is no reLzticm between the daily dose (mg/kg) and the plasma levels (ng/mQ obtained 
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Fig. 4. Clonazepam plasma Ieve!.s in three epifeptic patients over a prolonged period af observation 
@U-l8lz days)_ T?I~ administered daiIy doses were O-10 mg/kg for patient A and 0.12 mgjkg for 
patients B and C. PIasma Ia-eIs refer to sxnples wittrdrawn before the morning dose. 
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before the morning dose. As reported in Table 11: there was a OZ. 3-IO-fold variation 
in rhe plasina levtis Eons ptient to pallet for a g%en dose. On the other hand:for 
the same patient, Zn case5~ following constant +&erapy. clorzizepam plasma levels ap- 
peared to be reiativeiy stalk if samples were taken at Fxed intervals of time after 
ingestion of the drug (Fig. 4). Fluctuations of CCL 20-40 0A were observed between the 
prdose morning values and the values ob’&ned ti h afrer drug Sake. 

The tack of a relaxion between plasma IeveIs and the d&j dose over a period 
of constan: drug treatment stresses rhe necessity of routine measureme;rt of clonaze- 
pam plasma concentrations in epiIeptic patients. 

We have developed a~ ailalyticsl me*&od for the determination of clonazepam 
based on a sin@ solvent extraction followed by detect&xx with GLC using an ECD. 
At ~ari211ce with previons!y desctibed procedures, no hydrolysis is necess2Lty, and this 
improves greatEy the specificiVy of the analysis. The rapidity and simpficity of the meth- 
od &ows the determination of20 sampfes in 4 h, and this makes it particirlariy useful 
for routine andysis. The sensitivity (4cgjkrd) 2nd the specificity of the method ax 

compatiiile with pharmacokinetic studies. The sma3 amount of plasma (0.2 ml) re- 
qukd makes thz procedure suit2ble for the determiriation of clonazepam in i&ants 
anal children casing capillary blood sznpies. 
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