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Direct derivative spectrophotometric determination 
of nitrazepam and clonazepam in biological fluids 
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* Departamento de Quimica Analitica, University of Valencia, 50 Dr Moliner St., 46100 Burjassot (Valencia), 
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Abstract: The use of fifth order derivative spectra allows the direct determination of nitrazepam in urine at 388 nm with a 
limit of detection of 1 kg ml-‘. The determination of nitrazepam in blood plasma can be carried out directly by 
measurement at 402 nm in the fourth order derivative spectra with a limit of detection of 1.5 ug ml-‘. Clonazepam can be 
determined directly in urine samples at 384 nm by using sixth order derivative spectra with a limit of detection of 1 pg 
ml-’ and in blood plasma by using fourth order derivative spectra at 384 nm with a limit of detection of 0.5 ppm. 
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Introduction 

Benzodiazepines are one of the most widely 
used group of drugs at present [l]. The 
therapeutic interest in these compounds justi- 
fies research to establish analytical methods for 
their determination in pharmaceutical products 
and for the investigation of physiological 
absorption-elimination processes [2]. In the 
analysis of pharmaceutical products the matrix 
is relatively simple and usually there are no 
sensitivity problems. Also, in cases of benzo- 
diazepine abuse, relatively high concentrations 
of benzodiazepine are found in biological 
samples. However, after administration of 
therapeutic doses concentrations of the drugs 
in biological samples are low and a sensitive 
method must be used. Usually, extractions or 
other separation stages are carried out to avoid 
matrix interferences. 

Methods proposed for the determination of 
benzodiazepines include liquid chromatog- 
raphy [3, 41, polarography [5, 61, atomic 
absorption spectrophotometry [7] and mol- 
ecular spectroscopic techniques such as fluori- 
metry [8, 91, infrared spectroscopy [lo], phos- 
phorimetry [ll] and UV spectrophotometry. 

UV spectrophotometry is not a selective 
method because many benzodiazepines exhibit 
very similar spectra. The simultaneous deter- 
mination of benzodiazepines in mixtures may 

be carried out after a derivatization reaction to 
generate the corresponding benzophenones 
followed by their spectrophotometric determi- 
nation in micellar media [12]. Derivative spec- 
troscopy has been used to determine benzo- 
diazepines in mixtures with benzophenones 
after a rapid acid hydrolysis in a microwave 
oven [13]. 

Theoretical and practical aspects of deriv- 
ative spectroscopy have been discussed by 
several authors [14-N]. Derivatization 
methods improve the selectivity of UV-visible 
spectroscopic measurements, by means of 
spectral deconvolution [19, 201, and they also 
reduce matrix effects [21, 221. Several papers 
have been published on the use of derivative 
spectrophotometry for this purpose but, in 
general, when derivative spectrophotometry 
has been applied to the analysis of substances 
in biological matrices, it is employed after a 
separation or purification step [23, 241. Deriv- 
ative spectroscopy after preliminary separation 
by extraction and chromatography has been 
used to determine benzodiazepines in bio- 
logical fluids [25]. 

In this paper, a method is proposed for the 
direct determination of benzodiazepines in 
biological fluids by derivative spectrophoto- 
metry. This method eliminates the background 
absorption of the matrix and avoids the need 
for a preliminary ciean-up stage. 

t Author to whom correspondence should be addressed. 
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Experimental 

Apparatus 
A Hewlett Packard 8452A diode array spec- 

trophotometer equipped with a Vectra ES/12 
computer was used with a 1 cm quartz cell. The 
system can mathematically generate up to the 
ninth derivative spectrum. 

Reagents 
Aqueous standard solutions containing 2, 4, 

8, 12, 16 and 20 pg ml-’ of nitrazepam or 
clonazepam in 0.1 M sodium hydroxide were 
prepared from 100 pg ml-’ stock solutions in 
0.1 M sodium hydroxide. 

Spiked samples were prepared by adding 
known amounts of nitrazepam or clonazepam 
to diluted urine or blood plasma samples, in 
0.1 M sodium hydroxide. 

Procedure 
Samples and standard spectra were recorded 

over a wavelength range of 226-476 nm with 
an integration time of 5 s. The absorption 
spectra were then mathematically differen- 
tiated to generate the first to the ninth deriv- 
ative spectra. Wavelengths at which the deriv- 
ative spectra of samples and standards with the 
same concentration coincide were selected for 
each derivative order. Concentrations of 
benzodiazepines in the spiked samples were 
determined at the selected wavelengths using 
calibration data obtained from aqueous stan- 
dard solutions containing nitrazepam or clon- 
azepam . Appropriate analytical parameters 
were determined for the analysis of both urine 
and blood plasma samples. 

Results and Discussion 

Determination of nitrazepam 
Figure 1 shows the absorption spectra of 

spiked samples of urine and blood plasma and 
of an aqueous standard solution each contain- 
ing 8 p,g ml-’ of nitrazepam. The strong 
background absorption of the biological 
matrices masks the benzodiazepine spectrum 
and renders a direct determination impossible. 
The first to the ninth derivative spectra were 
recorded for a series of standard solutions and 
also for spiked samples containing known 
concentrations of nitrazepam. Peaks which had 
the same intensity and shape in the spectra of 
the standard and sample solutions with the 
same concentration were selected for each 

F. RANDEZ-GIL et al. 

226 326 426 476 

X(nml 

Figure 1 
Absorption spectra of an aqueous standard solution I. . . . of 
mtrazepam (-), a spoked urine sample (--) and a spiked 
blood plasma sample (- -). The concentration of nitraze- 
pam in each solution was 8 pg ml-‘. 

derivative order. In each case, the degree of 
interference in the analysis of nitrazepam 
arising from the biological matrices was deter- 
mined to establish the most appropriate con- 
ditions for the direct determination of the 
drug. 

Determination of nitrazepam in urine. The 
best results were obtained by using the fifth 
order derivative spectra. Figure 2a shows the 
spectra of a spiked urine sample and an 
aqueous standard solution of nitrazepam both 
containing 8 p_g ml-’ of the benzodiazepine. 
Both derivative spectra were coincident in the 
wavelength range 360-420 nm. The peak at 
388 nm gave percentage recovery values in the 
range 99-106% and relative standard devi- 
ations in the range 3-9% (Table 1). A good 
regression coefficient was obtained for the 
calibration line. The limit of detection, calcu- 
lated by the expression LOD = 3Sblb (where 
Sb is the standard deviation of 10 derivative 
values of the blank solution and b is the slope 
of the calibration line), was 0.4 p,g ml-’ of 
nitrazepam in the final sample solution. Thus, 
for a sample of urine diluted 2:5 (2 + 3), the 
limit of detection was 1 pg ml-‘. 

As some of the spectrophotometers cur- 
rently used in laboratories measure only to the 
fourth derivative order, data for a peak in the 
fourth derivative spectrum, at 384 nm, are also 
given in Table 1. Figure 2b shows the fourth 
derivative spectra of an aqueous standard 
solution of nitrazepam and of a spiked urine 
sample both containing 8 Kg ml-‘. A good 
regression coefficient was obtained for the 



T
ab

le
 

1 
D

er
iv

at
iv

e 
sp

ec
tr

op
ho

to
m

et
ri

c 
an

al
ys

is
 o

f 
ni

tr
az

ep
am

 
in

 u
ri

ne
 

Sa
m

pl
e 

di
lu

tio
n 

le
ve

ls
 

1:
lO

 
15

 
2:

5 
C

on
cn

 
C

on
cn

 
C

on
cn

 
C

on
cn

 
D

er
iv

at
iv

e 
W

av
el

en
gt

h 
ad

de
d 

fo
un

d 
R

ec
ov

er
y 

fo
un

d 
R

ec
ov

er
y 

fo
un

d 
R

ec
ov

er
y 

R
SD

 
C

al
ib

ra
tio

n 
L

O
D

S 
or

de
r 

(n
m

) 
(p

g 
m

l-
‘)

 
kg

 
m

l-
‘)

 
(%

) 
kg

 
m

l-
‘)

 
(%

) 
(c

L
g m

l-
‘)

 
(%

) 
(%

) 
lin

e 
(P

L
B

 m
l-

‘)
 

38
8 

8 
8.

1 
10

1 
8.

2 
10

2 
7.

9 
99

 
* 

16
 

16
.5

 
10

3 
16

.4
 

10
3 

17
.0

 
10

6 
3-

9 
0.

4 

4 
38

4 
8 

8.
5 

10
6 

9.
2 

11
4 

9.
8 

12
2 

16
 

16
.8

 
10

5 
17

.2
 

10
7 

18
.2

 
11

3 
2-

5 
t 

0.
3 

*d
 

=
 8

.6
9 

x 
IO

-‘
C

 
+

 2
.0

5 
x 

lo
-‘

, 
r 

=
 

-0
.9

99
7.

 
td

 
=

 4
.2

9 
x 

lo
-‘

C
 

- 
6.

51
 x

 
10

-s
, 

r 
=

 0
.9

99
8:

 (
2-

20
 

pg
 m

l-
‘)

. 
d 

= 
de

ri
va

tiv
e 

of
 t

he
 a

bs
or

ba
nc

e.
 

C
 =

 c
on

ce
nt

ra
tio

n 
in

 p
g 

m
l-

‘, 
r 

=
 l

in
ea

r 
re

gr
es

si
on

 
co

ef
fi

ci
en

t. 
In

 t
hi

s 
an

d 
th

e 
ot

he
r 

ta
bl

es
: 

*L
im

it 
of

 d
et

ec
tio

n 
(L

O
D

) 
fo

r 
k 

=
 

3 
(P

 
=

 9
5%

).
 

N
 =

 n
um

be
r 

of
 i

nd
ep

en
de

nt
 

sa
m

pl
es

 
an

al
ys

ed
 

(I
O

 m
ea

su
re

m
en

ts
 

on
 e

ac
h)

. 

T
ab

le
 

2 
D

er
iv

at
iv

e 
sp

ec
tr

op
ho

to
m

et
ri

c 
an

al
ys

is
 o

f 
ni

tr
az

ep
am

 
in

 b
lo

od
 

pl
as

m
a Sa

m
pl

e 
di

lu
tio

n 
le

ve
ls

 

1:
lO

 
15

 
2:

5 
C

on
cn

 
C

on
cn

 
C

on
cn

 
C

on
cn

 
D

er
iv

at
iv

e 
W

av
el

en
gt

h 
ad

de
d 

fo
un

d 
R

ec
ov

er
y 

fo
un

d 
R

ec
ov

er
y 

fo
un

d 
R

ec
ov

er
y 

R
SD

 
C

al
ib

ra
tio

n 
L

O
D

 
or

de
r 

(n
m

) 
kg

 
m

l-
‘)

 
(p

g 
m

l-
‘)

 
(%

) 
(p

g 
m

l-
‘)

 
(%

) 
(p

g 
m

l-
‘)

 
(%

) 
(%

) 
lin

e 
(p

g 
m

l-
‘)

 

4 
40

2 
8 

8.
1 

10
1 

7.
7 

97
 

6.
1 

77
 

* 
16

 
16

.4
 

10
2 

16
.0

 
10

0 
19

.6
 

12
3 

3-
9 

0.
3 

*d
 

=
 2

.7
1 

x 
lo

-‘
C

 
- 

1.
76

 x
 

10
-9

, 
r 

=
 0

.9
99

3 
(2

-2
0 

pg
 m

l-
‘)

. 
d 

= 
de

ri
va

tiv
e 

of
 a

bs
or

ba
nc

e,
 

C
 =

 c
on

ce
nt

ra
tio

n 
in

 p
,g

 m
l-

‘, 
r 

=
 l

in
ea

r 
re

gr
es

si
on

 
co

ef
fi

ci
en

t. 



542 F. RANDEZ-GIL et 01. 
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(a) Fifth derivative spectra of an aqueous standard solution 
of nitrazepam (-) and a spiked urine sample (--). The 
concentration of nitrazepam in both solutions was 8 pg 
ml-‘. (b) Fourth derivative spectra of an aqueous standard 
solution of nitrazepam (-) and a spiked urine sample (--). 
The concentration of nitrazepam in both solutions was 
8 tr,g ml- ’ 

calibration line in the fourth order derivative 
and the sensitivity was higher than that ob- 
tained by using the fifth derivative spectrum. 
However, the percentage recovery values 
showed that there was considerable interfer- 
ence from the sample matrix except when a 
dilution factor of 1 + 9 was used. Thus the 
detection limit of 0.3 kg ml-’ in the diluted 
1:lO solution corresponds to a minimum de- 
tectable concentration of 3 kg ml-’ in the 
urine sample. 

Determination of nitrazepam in blood 
plasma. Figure 3 shows the fourth derivative 
spectra of a spiked blood plasma sample and of 
an aqueous solution both containing 8 Fg ml-’ 
of nitrazepam. The data for the peak at 
402 nm, which provides the best results, are 
shown in Table 2. A good regression coef- 
ficient was obtained and the limit of detection, 

276 326 376 426 

A (nm) 

6 

Figure 3 
Fourth derivative spectra of an aqueous standard solution 
of nitrazepam (-) and a spiked blood plasma sample (--). 
The concentration of nitrazepam in both solutions was 
8 pg ml-‘. 

0.3 pg ml-’ in the diluted solution, corre- 
sponds to 1.5 pg ml-’ in the undiluted blood 
sample if a 1:5 dilution is used in the deter- 
mination. 

Determination of clonazepam 
Figure 4 shows the absorption spectra of an 

aqueous standard solution of clonazepam and 
of spiked samples of urine and blood plasma. 
Owing to the extensive matrix interference in 
these spectra, the direct determination of 
clonazepam is not possible. The optimum 
conditions for the determination of clon- 
azepam were determined by examining the 
derivative spectra. 

Determination of clonazepam in urine. 
Figure 5a shows that the sixth derivative 

I i 

A Cnml 

Figure 4 
Absorption spectra of an aqueous standard solution of 
clonazepam (-), a spiked urine sample (--) and a blood 
plasma sample (- -), each containing 8 kg ml-‘. 
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using the sixth derivative spectra as shown by 
the percentage recovery values. 

5110-7 
226 276 326 376 426 

Determination of clonazepam in blood 
plasma. The fourth derivative spectra of an 
aqueous solution of clonazepam and of a 
spiked sample of blood plasma both containing 
8 Kg ml-’ are shown in Fig. 6. At a wavelength 
of 384 nm, percentage errors of less than 10% 
were found when a sample dilution of 2:5 was 
carried out, with RSD values of 2-12% (Table 

4). 
A limit of detection of 0.1 kg ml-’ in the 

diluted (1:5) solution corresponding to 0.5 pg 
ml-’ in the undiluted sample was obtained. 5x10-5- 

-5x10-5, 
726 

Figure 5 

hhml 

1, ,,I 1 

I I I 
276 326 376 426 476 

A (nm) 

(a) Sixth derivative spectra of a standard solution of clon- 
azepam (-) and a spiked urine sample (--) both containing 
8 ug ml-‘. (b) Third order derivative spectra of a standard 
solution of clonazepam (-) and a spiked urine sample (--) 
both containing 8 p,g ml-‘. 

spectra of an aqueous standard solution of 
clonazepam and of a spiked sample of urine, 
both containing 8 pg ml-‘, are concordant 
over the wavelength range 350-420 nm. Table 
3 shows that percentage recoveries of 97-106% 
were obtained with a RSD of 2-12% when a 
wavelength of 384 nm was used. The limit of 
detection was 0.4 pg ml-’ in the diluted (15) 
solution corresponding to 1 kg ml-’ in the 
undiluted sample. 

The possibility of using a lower order deriv- 
ative was investigated. Table 3 shows that data 
obtained at a wavelength of 408 nm in the third 
order derivative spectra (Fig. 5b) provides a 
good regression coefficient of the calibration 
line with a limit of detection of 0.1 pg ml-’ in 
the diluted solution corresponding to 0.25 pg 
ml-’ in the undiluted urine sample if a 2:5 
dilution is used for the determination. How- 
ever errors were higher than those obtained by 

-8x10-6 _ 
226 

Figure 6 

A (nm) 

Fourth order derivative spectra of a standard solution of 
clonazepam (-) and a spiked blood plasma sample (--) 
both containing 8 pg ml- 

Conclusion 

The use of UV derivative spectra allows the 
direct determination of nitrazepam and clon- 
azepam in biological fluids at the kg ml-’ level 
without any extraction or separation step. The 
method avoids the matrix effects that occur at 
wavelength higher than 300 nm. In this region 
the endogenous components of urine and 
blood plasma interfere significantly in the 
fundamental absorption spectra but not in the 
higher order derivative spectra. Appropriate 
wavelengths and derivative orders must be 
used to obtain good accuracy and reproduci- 
bility. The results obtained in the present study 
demonstrate that the proposed method is more 
sensitive and accurate than those previously 
published for the derivative spectrophoto- 
metric determination of benzodiazepine com- 
pounds. However, excessive pigmentation of 
urine samples may result in errors. 



NITRAZEPAM AND CLONAZEPAM IN BIOLOGICAL FLUIDS 545 

References 1131 M. de la Guardia, A. Salvador, M.J. Gomez and 

[51 

PI 

[‘I 

PI 

PI 

WI 

illI 

u21 

J. Marks, Arzneim. -Forsch.lDrug Res. 30(I), 898-901 
(1980). 
H. Schiitz, Benzodiazepines. A Handbook. Springer, 
Berlin (1982). 
A.C. Mehta, Talanra 31, l-8 (1984). 
J.A.F. de Silva and C.V. Puglisi, in Drug Fate and 
Metabolism (E.R. Garrett and J.L. Hirtz, Eds), 
Volume 4, p. 245. Marcel Dekker, New York (1963). 
J. Barret, W.F. Smyth and J.P. Hart, J. Pharm. 
Pharmac. 26, 9 (1974). 
H. Oelschager, Bioelectrochem. Bioenerg. 10, 25-36 
(1983). 
C. Gonzalez-Perez, M.J. Gonzalez-Martin, J. 
Hemandez-Mendez and R. Recio-Robuster, Quim. 
Anal. 5, 420-427 (1986). 
L.A. Gifford, J.N. Miller, J.W. Bridges and D.T. 
Burns, Talanta 24, 273-275 (1977). 
J. Rodriguez Procopio, P. Hernandez-Hernandez and 
L. Hernandez-Hernandez, Analyst 112,79-82 (1983). 
N.F. Taylor and J. Randall, .I. Assoc. Off. Anal. 
Chem. 62, 799 (1979). 
J.P. Huelamo and M. de la Guardia, Analyst, in 
press. 
M. de la Guardia, M.V. Galdu, J. Monzo and A. 
Salvador. Analyst 114, 509-512 (1989). 

Z.A. de Benzo. Anal. Chim. Acta 224. 123-126 
(1989). 

[14] G. Talsky, L. Mayring and H. Kreuzer, Angew. 
Chem. Int. Ed. Enal. 17. 785-799 (1978). 

[15] A.F. Fell, CJVSpe&om. ‘Group. Bill. 8,5-31(1980). 
[16] P. Levillain and D. Fompeydie, Analusis 14, l-20 

(1986). 
1171 F. Sanchez-Roias, C. Bosch-Oieda and J.M. Cano- _ _ 

Pavon, Talanla-35, 753-761 (1988). 
1181 T. Owen. Internat. Lab. 17. 58-64 (1987) 
[19j A.H. Lawrence and J.D. Macneil, ‘Anal: Chem. 54, 

2385-2387 (1982). 
[20] A.H. Lawrence, Anal. Chem. 56, 1731-1734 (1984). 
[21] A. Beetrand, Coxc., P. Foucart and J. Buret, Clin. 

Chim. Acta 123, 121-126 (1982). 
[22] A.A. Fasanmade and A.F. Fell, Analyst 110, 1117- 

1124 (1985). 
[23] A.G. Davidson and H. Elsheikh, Analyst 107, 879- 

884 (1982). 
[24] A.F. Fell, D.R. Jarvie and M.J. Stewart, Clin. Chem. 

27,286-292 (1981). 
[25] D. Martinez and M.P. Gimenez, J. Anal. Toxicol. 5, 

lo-13 (1981). 

[Received for review 2 March 1990; 
revised manuscript received 3 December 19901 


