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Note 

A simplified quantitative method for the simultaneou~~ determination of 
dtarepam ;pnd its met&dites in serum by thin-layer ehramatography 
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Department of ciinicaf Chemislry, Kantortsspita~ Ziirfch, 8UU6 Zi+ich (Switzerrland) 

(First received February 6131, 1976; revised mzntipt received April 2!st, 1976) 

Diazepam and its mctabolites in serum are usually measured quantitatively 
by gas chromatography (GC) using electron-capture’ or flame-ionization2 detection. 
As an alternative to GC, we have developed a simple and sensitive thin-layer chro- 
matographic (TLC) method. We measure directly from an unstained thin-layer plate 
the diffuse-light reflectance of diazepam and its metabolites at their absorption 
maximum. 

MATERIALS AND METHODS 

A BTL shaker (Baird & Tatlock Ltd., London, Great Britain), a compressed 
air evaporation system, a Hamilton precision syringe (50 pl), a thin-layer chromato- 
graphic tank, screw-capped tubes (230 x 13 mm, Sovirel) and a Vortex-Genie mixer 
were used. A chromatogram-spectrophotometer KM 3 (Carl Zeiss, Oberkochen, 
G.F.R.) was set up for light reflection measurement as follows: hydrogen lamp- 
monochromator-sample-detector. 

The pre-coated silica gel 60 TLC plates (without a fluorescent indicator) had 
dimensions of 20 x 20 cm and a layer thickness of 0.25 mm (Merck)_ 

The following reagent-grade chemicals and solvents were used: toluene, 
diethyl ether, chloroform, n-heptane, absolute ethanol and glycine. All drugs were 
kindly supplied-by Hoffmann-La Roche & Co., Basle, Switzerland. 

Sfo& sran&& solution (25 mg per 100 ml). Amounts of 25 mg each of diaze- 
pam (RO 5-2807), N-desmethyldiazepam (RO- 5-ZISO), 3-hydroxydiazepam (RO 
5-5345) and oxazepam (RO 5-6789) are dissolved in 100 ml of absolute ethanol. This 
solution is stable for at least 6 months at room temperature. 

Working stmdcird solutiqr (2.5 mg per 100 ml). This solution is prepared by 
1 :I0 dilution of the stock standard solution with absoiute ethanol. 

Procedure 
Serum (I ml) is placed in a 130 x 13 mm Sovirel screw-capped tube, 

0.5 ml of 2 A4 glycine bufier (pH 10.5) and 8 ml of toluene are added. The tube is 
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tightly closed and shaken vigorously for 5 m&r with a BTL shaker. The_ tube is then 
ce&rifitged for 20 tin at 140 g. A 7-ml volume of the toluene phase is transferred 
into a conical centrifuge tub-e, placed in a 6Wwater-bath and evaporated to dryness 
by means of a direct air stream. The residue is cooled to room temperature and 
dissolved in 50 ~1 of chloroform. 

The entire soltition obtained is applied to a thin-layer plate with a HamiEton 
syringe to a width of 0.8 cm and 1.5 cm from the bottom. It was found that eight 
samples could be applied oh a 20 x 20 cm thin-layer p!.ate_ fie thin-layer plate is 
then placed in au unlined glass chromatography tank containing IQ0 ml of chloro- 
form-diethyl ether (60:40) and is allowed to develop for a distance of I4 cm at room 
temperature. This procedure transfers interferin= = nati lipophilic compoumis in 
the serum to the solution front. The dried pLate is then developed at room temperature 

in chloroform-n-heptane-absohrte ethanol (50:50:~3’j. A total of 2.5 h is needed for 
the two development steps. 

A standard graph is prepared by adding 5,10,20 and 40 ~1 each of the working 
standard solution to 1 ml of serum free of drugs and extracting with the above 
procedure_ The highest point in this curve corresponds to a concentration of L &mL 
in serum as shown in Fig. 1. 

The thin-kzyer plate is scanned at the wavelength of 230 nm for diffuse reflec- 
tance with the Zeiss chromatogram-spectrophotometer. 
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Fis 1. Stzmdazd graphs for diazepam (-i-j, NOes.methyld&zepam <Cl), 3-h~droxydiazep2nz (&) and 
oxazepam (A) exr.racti from se= 

REXJLI-s ANJD DISCUSSIQN 

One of the advantages of this TLC mefhod qompared with @C methods is 
the simpler extraction of the native medicament and its metabolites from ser&m’;“- 
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Fig. 2. Ultraviolet absorption spectnzm of a thin-layer chromatogram containing diazepam, N- 
desmethyldiazepam, 3-hydroxydiazepam or oxazpam, applied directly to the plate, separated 
chromatographically and measured ir; sift with the Zeiss chromatogram-spectrophotorneter. 

Only one extraction is necessary in the TLC method and the extracted substances 
are chromatogaphed without the need for derivative formation. A major advantage 
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Fig_ 3. Results obtiikd after a scan at 230 mm of the TLC separation of 1 ml of-serum to which 
had been added 0.5 pg/ml each of diazepam and its metabofites. Peaks: 1, oxazepam; 2, CafEeine; 3, 
N-desmethyyldiazepam; 4,3-hydroxydiazepam; 5, diazepam; 6, the solution front containing natural 
Iipophilic wmpocnds. 

Fig. 4. Resdts ob&ed after a sc& at 230 nm of the TLC separation of I ml of senxn from a 
patient Peaks: 1, oxazepam; 2, caffeine; 3, Ndesmethyldiazepm; 4. 3-hydroxydiazqum; 5, 
cikpam; 6, the solution front contsining ~&Ural lipophilic wmpounds. 
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TABLE I 

RECOVERY OF DRUGS FROM SERUM AND REPRODUCI3ILITY OF THE IMETHOD 

Drug 

-_ 

Diazepam N-Desmethyidiuepam 
3-Hy&oxydkzepa~n 
Oxazepzm 

Rkxovery 

E) 

92.7 93.9 
99.0 
86.8 

ReproAcibiIity (30 samples) 

Mean & s.d_ Coeficient 

(LcglmJ) of varlk?t&?n 

(?A) 

0.80 & O.&s 0.47 & 0.02 :; 
0.42 f 0.01 214 
0.51 --I 0.04 8.5 

NO-ES 

of the TLC method over GC methods is the possibility of directly scanning the spots 
on the thin-layer plate over the UV range to obtain the absorption spectrum and then 
comparing this pattern with known absorption spectra for positive identification. 
Diazepam and its metabolites exhibit the absorption spectrum shown in Fig. 2. 

The utilization of time in the TLC method was found to be more efficient than 
in GC methods. There are approximately 2.5 h of free time during the two develop- 
ments of an eight-sample thin-layer plate, compared with 22 min in one GC sepa- 
ration of diazepam and its metabolitcsf. 

The chromatographic separation of the working standard solution added to 
1 ml of serum is shown in Fig. 3. Tie chromatographic separations of serum extracts 
from most of our patients (Fig. 4) exhibited a peak at RF 0.25, which was found to 
be caffeine. 

A survey of 30 serum samples demonstrates the recovery and the reproducibility 
of the method (Table I). 

We conclude that this quantitative TLC method is rapid and precise and the 
results are well within the accepted limits of deviation_ 
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