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SUMMARY 

A rapid and highly sensitive method, based on the direct fluorimctric scanning 
of thin-layer chromatograms, is described for the quantitative determination of 
flunitrazepam and its main metabolitcs in human blood or plasma. This method is 
generally applicable to aromatic nitro compounds that are reducible with tin(Il) 
chloride. In particular, it is possible to determine primary amincs in nanogram 
amounts. Fluorescamine is used as a reagent to produce fluorescent derivatives. The 
method is suitable for pharmacokinctic studies of flunitrazepam and its main metab- 
olites in human blood and plasma. 

INTRODUCTION 

For pharmacokinetic studies on flunitrazcpam’, an assay procedure for the 
unchanged substance and its main metabolitcs in body fluids was required. The 
structures of the drug and its main products of biotransformation are shown below. 

There are methods for the determination of flunitrazepam (I) and its 7-nitro- 
desmethyl metabolite (II) by gas chromatography ‘*I, but the ‘I-amino (111) and the 
7-aminodesmethyl mctabolites (IV) cannot bc detected by this technique in the con- 
centrations that occur in human blood after therapeutic doses. 

We therefore developed a thin-layer chromatographic (TLC) method suitable 
for the determination of flunitrazepam and its main metabolitcs, also including the 
amino compounds. The general principle of the method is applicable to other aro- 
matic nitro compounds and also to aromatic and aliphatic primary amines. The pro- 
cedure is rapid and not difficult to perform. The sensitivity of the method lies in the 
region of 1-2 ng/ml in blood or plasma. 

PRlNCIPLE OF THE METHOD 

Flunitrazcpam and its main mctabolitcs arc extracted from human plasma or 
__ _.._ ._ 

l Active principle of the hypnotic prcpslration Rohypnol (Rochc trade marl+ 
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blood into methylenc chloride at a pH of 8.5-9.0. The organic phase is conccntratcd 
and applied to a thin-layer silica gel plate. After development, the nitro compounds 
on the thin-layer plate are reduced with a solution of tin(ll) chloride in dilute acetic 
acid. The plate is then buffcrcd to a pH of 8.4, sprayed with a solution of fluorcscaminc 
and the fluorcsccncc of the spots directly quantitatcd with a suitable scanr,cr, the 
levels being calculated by comparison with standards added to drug-fret plasma or 
blood. 

EXPERIMENTAL 

Lh& ol’ p/f 0. Dissolve 23.5 g of potassium chloride. 19.75 g of sodium 
carbonate and 19.5 g of boric acid in 800 ml of distilled water, adjust the pH to 9.0 
and make the volume up to I I with distilled water. 

131!/,,iJl* r?l’l~N 8.4. Dissolve 3 I g of boric acid in 100 ml of I N sodium hydroxide 
solution and add 800 ml ofdistillcd water. Adjust the pH to 8.4 and make the volume 
up to I I with distilled water. 

Tirt(Jf) cJ~/o/*ick sohrfiuu. Dissolve 4 .g of tin(ll) chloride dihydratc in 100 ml 
of 5(x, acetic acid and add I ml of a 0.5’%, solution of pl~cnolpl~tl~nlein in dioxanc. 

Sociiirrn Il~drositkc~ .wiiction. Prcparc a 2’%; solution of sodium hydroxide in 
distilled water. 

Mc~l~~*kcvrc~ c*hlwih sohrtion_~br c~sfrmriou. Add I ml of analytical-reagent grade 
tolucnc to 100 ml of analytical-reagent pradc mcthylcne chloride. 

~/llo/~c.v~nrllirl~l so/~rric~t~. Dissolve 100 mg of fluorcscaminc (Fluram) in IO0 ml 
of unalytical-rcafcnt grade acctonc. 

Sol~cr~f.~.f~r tlrirl-fcqw c~h,.or~larc),~~.~~~)ll.~~. The Sollowing analytical-reagent grade 
solvents are used : methanol. bcnzcne. methyl acctatc. chloroform. n-hcxanc. tolucnc 
and mcthylene chloride. 
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Slack ,vchliort.v. Dissolve 2 mg of llunitrazepam in 20 ml of nlCthyiCne chloride 
in a calibrated flask. Prcparc corresponding solutions with 2 mg of each of the three 
main metabolitcs II. III and IV. 

Slul~tfrr*tl solirfio~l jbr fhitr-kqw cJll~onicrrr~,~r~~f~~l~~~. It is udvantapcous to USC as 
the standard a mixture of flunitrazcpam and its main tnctabolitcs. Place I ml ofcach 
of the above stock solutions in a 20-ml calibrated flask and mslkc up to the mark with 
mcthylene chloride. Dilute I ml of this solution to 20 ml with mcthylcnc chloride: 
IO lrl of the resulting solution contain 2.5 ng of flwnitrazepum and 2.5 ng of each ot 
tlic main mctabolites. 

P~U.SINI stantkrr~d .soll~fiom. Plucc I ml of each of tllc above stock solutions in a 
20-ml calibrated flask and make up to the mark with methanol. Dilute 5 ml of this 
solution to 25 ml with methanol. Place 0.2 ml of the rcsultinp solution in ;i 20-ml 
calibrated flask und make up to volume with plasma containing no intcrfcring sub- 
stances (this must bc checked very carefully): I ml of this first plasma standard con- 
tains IO ng of flunitrazcpam and of each of the main mctabolitcs. Then 5 ml of this 
plasma standurd is diluted to IO ml with the same plasma: this second standard con- 
tains 5 ng/ml of flunitrazcparn and of each of the main mctabolitcs. 

Mafcrials ./~JI* thin-lqwr- c~/1~o~~tcrfo~I~~j~i~~~ 
Merck (Darrnstudt. G.F.R.) silica gel 60 Fz5., 0.25~mm prc-coutcd thin-luycl 

plates wcrc used. The usual IO-,rrI micropipcttcs can bc used. c.g.. those of Dr. Barro- 
lier. 

The chromatographic tank is shown in Fig. I. A suitable apparatus for con- 
tinuous-clution TLC after TrutcrJ is avuilablc from Shundon Southern Instruments. 

Cover- plate- c 

Vessel of stainless steel or gloss 

-- Thin-layer plate 

- Normol jar for thin-layer 
chromatography 

- Solvent 

Fig. 1 . Jar for continctous dcvclopmcnt of thin-layer plittcs. Three sides 01’ the jar ilrc lined with I_iltcr- 
paper in urtlcr to achicvc vapour saturation rapidly. 

Thcrc arc scvcrul salnncrs for TLC that arc suitable for measuring the tluo- 
rcsccnce of the spots (excitation wavclcngth 405 nm, fiuorescencc wavelength 495 nm). 
but the sensitivity limit dcpcnds strongly on the quality of the instrument. WC used 
;I modified Aminco thin-film chromntograph scanner. 
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Ewwction. Measure into IS-ml stoppered centrifuge tubes 1 ml of the plasma 
to be analyzed or the plasma standards containing 10 or 5 n&ml of the compounds 
in question. 0.5 ml of buffer of pH 9. and 5 ml of methylene chloride extraction solu- 
tion (in the case of blood, add only 0.2 ml of buffer of pH 9). Stopper the tubes and. 
in order to avoid emulsion formation, rotate them mechanically around the horizontal 
axis for 10 min (cn. 60 times per minute). Centrifuge the tubes for 10 min at 700 g. 
Aspirate off as much as possible of the upper phase and measure 4 ml of the organic 
phase into a new 10-I S-ml tube. Place the tubes in a shaking thermostat at 55” and 
shake them until most of the lower-boiling solvent has evaporated and the higher- 
boiling toluene remains (about 40-50,~l); this usually takes IO-15 min. 

Application to the thin-layer piarc. The spots are applied 2 cm from the edges 
of the plate. the distance between the spots being I .5 cm. In order to obtain small 
spots, which is very important for ensuring a high sensitivity, the starting zone of the 
thin-layer plate is heated to about GO” with a heating plate. The residue frdm the 
extraction is transferred quantitatively to the plate with a IO-,uI micropipette. The 
tube is rinsed with 50 ,uI of methylene chloride and the rinsings are also applied to 
the plate. 

Place on the same plate 20 and 40 ~1 of the Stamiard sohrtion *fur thin-layer 
cJtrontatoSra/~/l~~ in portions of IO ,111 (i.e., 5 ng and 10 ng of flunitrazepam and its main 
metabolites, respectively). 

Cllro/~tatog~al~/f~~, The thin-layer plate is placed in the jar designed for con- 
tinuous thir.-layer chromatography. The jar is lined with filter-paper so as to achieve 
vapour saturation. It is recommended that the plate should not be developed for more 
than 12-15 cm (the time required for this is usually about 45 min). Suitable solvents 
and approximative RI2 values are listed in Table 1. It should bc mentioned that a jar 
for continuous TLC is used but that the principle of our procedure corresponds to 
normal TLC with saturation of the jar. Thus we can estimate RF values. In our 
experience. this is the simplest way to separate interfering plasma components from 
the substances to be determined. 

Detccfiw. After development. dry the plate and spray it with the tin( II) chloride 
solution until the layer is uniformly wet. Dry the plate for IO min at 105-I 10” and, 
after cooling, spray it first with 2% sodium hydroxide solution until a faint purple 
colour appears and then with buffer of pH 8.4: again, the plate must bc completely 

TABLE I 

SOLVENTS FOR THIN-LAYER CHROMATOGRAPHY OF FLUNITRAZEPAM AND ITS 
MAIN METABOLITES 

. 
Soh?r1t Approxirwttc~ RI: val~res of 

the .vrhstarrccs 

I- 
..II _ll, Iv 

Bcnzcnc-ncctonc (lo:@ 0:s 0.4 0.3 0.15 
Methyl ncctatc-chlorof~~nn (I : 1) 0.35 0.25 0.15 0.1 
Methyl Rcctatc-chloroform (2:l) 0.45 0.35 0.25 0.15 
Methyl acctr?tc-tolucnc-n-hcxanc (2: I : 1) 0.35 0.3 0.15 0.08 
Mctllyl acctntc-toluenc-mcthylcnc chloride (2: I :I) 0.35 0.25 0.15 0.1 

-_-_. _._ __ ._ ._... . 
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wet. Wait until all of the solution has penetrated into the layer and then spray it 
with 0.2’%; fluorescaminc solution. It is important to vaporize the solution carefully; 
always use an excess of reagent (except for 2’%: sodium hydroxide solution). Dry the 
chromatogram with a stream of warm air (about 70”) and examine it under longwavc 
UV light (366 nm). Amounts of 5 and IO ng of the substances become visible with 
yellow fluorescence. 

Sca~ling. Measure the fluorescence of the spots at the excitation wavelength 
(405 nm) and the fluorescence wavelength (495 nm), and record the curves. 

C’u/~rr/utiort. As the height of the signals is directly proportional to the amount 
applied to the plate, measure the heights of the signals for the 5 and IO ng/ml plasma 
standards, calculate the mean height equivalent to I ng/ml and compare this mean 
value with the heights of the signals for the samples being analyzed. Then. 

- = concentration of substance in plasma (ng/ml) 
NPS 

where Hs = height of signal for the sample and IfPs = height of signal for 5 ng/ml 
plasma standard plus height of signal for IO ng/ml plasma standard divided by 15. 
i.e., mean height corresponding to a concentration of I ng/mI in plasma. 

RESULTS AND DISCUSSION 

The conditions used in the proccdurc dcscribcd (concentrations of reagents, 
temperature, time) were cstablishcd from many experiments and dcpcnding on 
the substances being investigated, they can be modified. The reproducibility of the 
method depends mainly on the uniformity of vaporization. which must bc as homo- 
geneous as possible. 

ln order to check for interfering substances in the plasma. it is advantageous 
to use two or more solvents for the dcvclopmcnt of the thin-layer chromatograms. 

By comparison of the fluorescence of the directly applied substances with the 
fluorcscencc of the substances added to plasma. it is possible to determine the overall 
yield of the procedure. Taking into account the aliquot loss due to proceeding wit11 
only four-fifths of the methylene chloride extract. the yield lies between 70 and 90”/,, 
depending on the substances. The extraction yield is higher, but as there are compo- 
nents of tile plasma, wliicli do not fluoresce but show the same migration as the 
substances being determined, the fluorescence of the latter is decreased. These intcr- 
fering components arc probably lipids. 

LirlearitJ* 
In the region 

lluorescencc signals 
of l-20 ng of flunitrazepam and its metabol itcs, the height of the 
is directly proportional to the amounts on tls thin-layer plate. 

The scllsitivity limit dcpcnds on the substance being examined. It is intcresting 
that the desmethyl metabolites (II and IV) of flunitrazcpam show only half of the 
fluorescence intensities of the corresponding N-methyl compounds (‘I and 111). 
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In gcncral, the following concentrations can bc mcasurcd: substances I and 
111. I ng/ml; substances II and IV. 2 n&ml in blood or plasma. With special care, half 
of these concentrations can bc detected. The sensitivity for the pure substances is 
about 0.5 ng per spot. 

Two technicians analyzed the same plasma samples on di%xent days. The 
results are given in Table II. In this instance. the concentrations of II and IV were 
below the detection limit. 

TAl3LE II 

PLASMA LEVELS(ng/ml)OF FLUNITRAZEPAM AND METABOLITE III AFTER A SINGLE 
ORAL DOSE OF 2mg OF FLUNITRAZEPAM. AS DETERMINED INDEPENDENTLY BY 
TWO TECHNICIANS 
The concentrations of mctabolites II and IV in the plasma wcrc below the dctcction limit of 2 ng/ml. 
A :.= results OF technician A; B :-:y results of technician B, 

NO. No. - 

I 101 
102 
IO3 
104 
IO5 
I06 
107 
IO8 

2 201 
202 
203 
204 
205 
206 
207 
208 

I2 12.5 
10.5 I 0 
IO.5 9.5 
9 8 
7 7.5 
5.5 4.5 
3.5 4 
2 2 

9.5 KS 
I4 14.5 
16 16.5 
12.5 I2 
8 G.5 
0.5 G.5 
4.5 4 
2 2.5 

MCWI 

12.3 
10.3 
IO 
9.5 
7.3 
5 s 
3.x 
2 

9 
14.3 
16.3 
12.3 
7.3 
6.5 
4.3 
2.3 

A 

1.5 
3 
4 
4 
4 
4.5 
5 
2.5 

I .5 
2.5 
3 
4 
3.5 
2.5 
2.5 

B 

2 
3 
3 
4 
4 
5.5 
4.5 
3.5 

1.5 
I.5 
2 
3.5 
3 
3 
3.5 
3 

MlWl 

I.8 
3 
3.5 
4 
4 
5 
4.x 
3 

I.3 
1.5 
2.3 
3.3 
3.5 
3.3 
3 
2.8 

The standard deviations of the determinations wcrc rl:: 0.52 ng/ml for sub- 
stance I and I~: 0.46 ng/ml for substuncc II. For the mean of two dctcrminations. the 
standard deviation (s) is thcrcforc 

and the values of s,,,,;,,, wcrc + 0.37 ng/ml for substance I and _I: 0.33 n&ml ToI 
substance II. j 

The utility of the procedure is illustrated in Fig. 2, which shows the plasma 
level curve of flunitrazcpam for one patient (No. 2) with the corresponding standard 
deviation. 
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Fig. 2. Plasma ICVCIS of tlnchi~ngcd Ilt~nitrazcpnrn nftcr ;I single orill dose of 2 nlg by one pnticnt 
(No. 2). 

Tllc normal components of human plasmu or blood do not usually intcrfcrc. 
Howcvcr, in one study, all of six volunteers showed the same intcrfcring substance 
after a common meal, which probably originated from tllc flesh of animals that had 
been medicated shortly bcforc slaugl~tcring. 

Out of about 20 patients trcatcd with higIl concentrations of otllcr drugs. in 
only one instance could flunitrazcpam and its mctabolitcs not bc dctcrmincd bccslusc 
of an interfering peak. 

Four volunteers received flunitruzepztm labcllcd with carbon-14. Tllc plasma 
samples were analyzed by TLC combined wit11 scintillation counting. and the same 
samples wcrc also analyzed by the described fluorimetric method. Both proccdurcs 
gave identical results within the standard deviation of the methods. which indicates 
that tllc fluorimetric determination leas a high spccilicity. 

Pracricabilit_r 
Prior to its USC for actual investigations. it is ncccssary to practisc the method 

with pure substances and standards added to plasma or blood until the results arc 
reproducible. Once this has been achieved. tllc method presents no problems. The 
main difliculty may conic from interfering compounds prcscnt in food. A well trained 
technician is capable of analyzing. with ease. 20-30 samples of plasma or blood pcl 
day. 

The only apparatus that is usuc\lly not readily available in D clinical laboratory 
is a scanner for the fluorimctric evaluation of tllc thin-layer plates. Nevcrthclcss. WC 
consider tllat in the future, dcnsitometric methods for examining thin-layer plates 
will provide a very powerful means of determining the blood and plasma lcvcls of 
drugs and their metabolitcs, which form the busis of pharmacokinctic invcstigntions. 
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