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Jlis onpenejieHUsi HUTpa3enaMa HMCIHOJb30BAaJH JABe CleKTpodoToMeTpuyecKkHe MeTOAUKH,
Jaoliue BOCIPOU3BOAUMbBIe pe3yabTaThl. B kauecTBe XpOMOTreHHBIX areHTOB MCIOJIb30BaJIH
(papmaneBTHyecku yucThie f-HaTOT M p-TMMeTHI-aMUHO-0eH3aabAerua. B ocHoBe nmepBoii
METOAUKH JIeKUT PeaKuus IMa30THPOBAHHUS BOCTAHOBJEHHOr0 HUTpa3enama c f-HadTonom
(MeToa A). B ocHOBe BTOpPOii MeTOAMKM — peaKIUsl KOHJAeHCAMU AMHHOTPYINbI BOCTAHOB-
JIECHHOT0 HUTpa3enaMa U apoMaTHYeCcKOro ajbjaeruaa ¢ oopasosanuem ocHoBanusa Hluddpa
(MeTox B). ITpoayKThl BLINIEONMCAHHBIX PeaKUNil HMEIT MAKCUMYMbI NorJjiomenust mpu 500
u 400 HM 1719 MeTo10B A U B cooTBeTcTBeHHO. B cooTBeTCTBHMU ¢ 3aKk0oHOM Bepa B KoHIIeH-
TpanuoHHbIX 00aacTsax 0—40,0 u 0-5,0 mr/mua st MeTtoa0B A U B 3HaueHnst K03 PUIUEHTOB
MOIJIOLIEHHUsI COCTABJSIOT 6,49-103 " 5,13-104 Mosib -eM ! cooTBeTcTBeHHO. CTaTHCTHYECKAS
NMpoBepKa pe3yJbTATOB, MOJy4eHHbIX M0 MeTony CThlofienTa u F-TecTy, moka3ana coBnajaeHue ¢
HMEIOLUMUCS B JJUTepaType 1aHHbIMU. [Ipy HCONb30BAHNN YKA3aHHBIX METOIUK ONpeneaeHus
HHUTpa3enaMa B rOTOBBIX JIEKAPCTBEHHBIX CPeACTBaX B Ta0JeTHPOBaHHOI (opme B3aumoneii-
CTBHS C COAEPKAIMMMCH B HUX BCIOMOraTeJbLHBIMH BelllecTBaMHU He 00Hapy:keHo. Pa3zpaGo-
TaHHbIe METOIMKHU — MPOCThIE, BHICOKOTOYHbIC U HeJOPOrue - MOTYT HAWTH NMpHMeHeHHe IJIs

KOHTPOJIAA Ka4eCTBA INOTOBLIX JJEKAPCTBEHHbIX (l)OpM Ha OCHOB¢ CyﬁCTaHHI/lI/l HHUTpoO3enama.

KuroueBbie ciioBa: duazomuposanue, Humpazenam, ochosanust Llupgpa, cnexkmpogpomome-

mpus, papmayesmuieckas XUMusl.

Nitrazepam, (NTZ), a benzodiazepine class of drug,
which is chemically known as 2-methoxyetyhyl1-methyl-
ethyl 2,6-dimethyl-4-(-3-nitrophenyl)pyridine-3,5-dicar-
boxylate [1], is a hypnotic drug used in the treatment of
insomnia which has sedative and motor impairing prop-
erties [2], as well as anxiolytic, amnestic, anticonvulsant
and skeletal muscle relaxant properties. In humans, ni-
trazepam is metabolized mainly by the reduction of the
nitro group in the hepatic microsomes, followed by acety-
lation. In brain, NTZ acts on benzodiazepine receptors,
which are associated with GABA receptor [3].

Several methods have been reported for the detec-
tion and determination of nitrazepam in pharmaceuticals
or in biological fluids include liquid chromatographic
measurement in plasma [4-5], micellar electrokinetic
capillary chromatography in urine [6], HPLC in plasma
[7-8] and pulse polarography in serum [9]. GC [10],
flow-injection analysis using voltammetric detector [11]
and spectrophotometric methods [12—18] have been uti-

lized to determine NTZ in pharmaceiuticals. Different
manipulation steps are involved in some of these meth-
ods (except spectrpophotometry), which are not simple
for the routine analysis of pharmaceutical formulations.
The reported chromatographic techniques [4-8] require
expensive experimental set-ups and not affordable in ev-
ery laboratory for routine analysis. The polarographic and
voltammetric technique requires sophisticated instrumen-
tation, time consuming and involvement of scrupulous
experimental condition. The reported spectrophotometric
methods [12—18] are less sensitive and time consuming.
Thus, there is a need to develop sensitive, accurate and
cost-effective methods for its determination.

The aim of the present investigation is to develop a
simple, highly sensitive, accurate and precise spectropho-
tometric methods for the analysis of nitrazepam in pure
form and in pharmaceutical samples using B-naphthol
(method A) and p-dimetyl amino benzaldehyde (PDAB)
(method B) as chromogenic agents.



BECTH. MOCK. YH-TA. CEP. 2. XUMUAI. 2012. T. 53. Ne 5

355

Experimental

Apparatus. A Systronics Model 166 digital spec-
trophotometer provided with 1-cm matched quartz cells
were used for recording all absorbance measurements.

Reagents and Standards. All chemicals used were of
Analytical grade. Double distilled water was used for di-
lution and preparation of all reagents. Sodium nitrite, hy-
drochloric acid and sodium hydroxide were obtained from
E. Merck, sulfamic acid (Qualigens), B-naphthol (BDH
chemicals, Poole, England) and p-dimetyl amino benzal-
dehyde (Nice laboratory reagent, India) Nitrazepam pure
drug was obtained from Cipla Ltd., Mumbai (India). NTZ
tablets were purchased from a local market.

Preparation of standard NTZ solution. Pharma-
ceutical grade NTZ was obtained from Cipla Ltd.,
Mumbai (India) as a gift sample. Accurately 10 mg of
NTZ was weighed into a 100 ml beaker and dissolved
in 5 ml acetone. To this, 5 ml 4 N hydrochloric acid
and 1 g of zinc dust were added and shaken thoroughly
for about 15 min and then diluted up to the mark with
water in a 100 ml standard flask (100 pg/ml) (filter
if necessary). Working solutions were prepared as re-
quired by dilution.

Results and Discussion

The method A involves the reaction of reduced NTZ
with nitrous acid to form diazonium ion, and the formed
diazonium ion then couples with B-naphthol in basic
medium to produce orange colored azo-dye with a maxi-
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Fig. 1. Absorption spectra of NTZ using B-naphthol

mum absorption at 500 nm (Fig. 1). The proposed reac-
tion pathway is shown in Scheme 1.

The method B involves the condensation reaction
of primary aromatic amino group of reduced NTZ with
PDAB in methanol to produce yellow colored Schift’s
base with a maximum absorption at 440 nm. The ab-
sorption spectrum of the formed complex is presented in
Fig. 2. The —-NH, group in NTZ donates a lone pair of
electrons to the carbon present in the carbonyl group of
PDAB which results in the formation of imine (Schiff’s
base) and then giving water and proton as by-products.
The proposed reaction pathway is shown in Scheme 2.

Optimization of experimental variables. In order to
achieve maximum sensitivity, various experimental pa-

Schem e 1

Proposed reaction pathway for method A
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Fig. 2. Absorption spectra of NTZ using PDAB

rameters were optimized by varying one parameter at a
time while keeping the others fixed and observing the ef-
fect produced on the absorbance of the colored species.

Method A. The developed method was optimized us-
ing different parameters such as sodium nitrite, hydro-
chloric acid and concentrations of f-naphthol for devel-
opment of maximum color intensity. These experimental
variables were studied with a fixed concentration (10 pg/
ml) of nitrazepam.

The optimum concentration of B-naphthol (1% w/v)
leading to maximum color stability was found to be 1.5
ml, and a volume of 1 ml each of the sodium nitrite (0.1%)

and hydrochloric acid (1 M) were found to be suitable
for stable diazonium ion, and the optimum concentra-
tion of sodium hydroxide leading to stabilize the colored
azo-dye was found to be 2 ml of 4 M to in a 10 ml reac-
tion mixture.

Method B. In order to study the effect of concentration
of PDAB, a different volumes of the reagent (0—3.0 ml) was
added to a fixed concentration (1 pg/ml) of nitrazepam. The
optimum concentration of PDAB (2 %), leading to maxi-
mum color stability was found to be 1.0 ml in a 10 ml reac-
tion mixture.

Stability study of the azo-dye and condensation prod-
uct was carried out by measuring the absorbance values
at time intervals of 10 min and was found to be stable
for more than 1 and 2 h in the methods A and B, respec-
tively.

Method validation. The proposed methods have been
validated for linearity, sensitivity, precision, accuracy, se-
lectivity and recovery.

Linearity and sensitivity. The calibration graphs were
obtained by plotting the absorbance against the concen-
tration of NTZ. Under the optimized experimental condi-
tions, Beer’s law was obeyed in the concentration range
0—-40.0 and 0-5.0 ug/ml with molar absorption coeffi-
cients of 6.49x10° and 5.13x10* 1 mol™' cm ' for methods

Table 1

Optical characteristics and statistical data of the proposed spectrophoto-
metric methods

Parameter Method A Method B
Ky (D) 500 440
Beer’s law range (ug/ml) | 0-40 0-5.0
Molar absorptivity (g), 6.49x10° 5.13x10*
Imol 'em™)

Sandell sensitivity 0.0644 0.0082
(ngem”)

Intercept (a) —-0.0095 —0.0045
Slope (b) 0.0161 0.1282
Correlation coefficient (r) | 0.998 0.999

s, 0.0222 0.0335
S, 0.0006 0.0086
LOQ(pg/ml) 0.4633 0.0133
LOD(pg/ml) 0.1529 0.0044

*y = a+bx, where c is the concentration of NTZ in pg/ml and y is the absor-

bance at the respective A
the standard deviation of the slope.

., S, is the standard deviation of the intercept, S, is
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A an B, respectively. The calibration graph is described
by the equation: Y = a + bx, where y = absorbance, a =
intercept, b = slope and x = concentration, obtained by
the method of least squares. The correlation coefficient
(1), intercept (a) and slope (b) for the calibration data and
sensitivity parameters such as apparent molar absorptiv-
ity and Sandell sensitivity values, the limits of detection
and quantitation calculated as per the current ICH guide-
lines [19] are compiled in Table 1.

Accuracy and Precision. To evaluate the accuracy
and precision of the methods, pure drug solution at three
different levels (within the working limits) was analyzed,
each determination being repeated five times. The rela-
tive error (%) and relative standard deviation (%) were
less than 2.0 and indicate the high accuracy and precision
of the methods (Table 2).

Application to analysis of commercial samples.
In order to check the validity of the proposed meth-
ods, NTZ was determined in some tablet formulations.
The results in the Table 3, shows that the calculated
paired t- and F-values are less than the theoretical ones
confirming no significant difference between the per-

formance of the proposed methods and the reference
method [18] at 95% confidence level with respect to
accuracy and precision .

Procedures for the determination of nitrazepam

Method A-Using p-naphthol. Different aliquots
of standard drug solution ranging from 0-40.0 pg/ml
(NTZ) were transferred into a series of separate 10 ml
standard flasks. To each flask, 1 ml each of sodium ni-
trite (0.1% w/v) and 1 M hydrochloric acid were added.
After 3 min, 0.5 ml of sulfamic acid (3% w/v) was added,
and the contents of the flask were shaken for a minute.
Then, volumes of 1.5 ml B-naphthol (1% w/v) and 2 ml
4 M sodium hydroxide were added. The contents were
made up to the mark with distilled water and mixed well.
The absorbance of the colored azo-dye was measured at
500 nm against the reagent blank prepared similarly omit-
ting the drug content.

Method B-Using PDAB. Aliquots of standard drug
solution ranging from 0-5.0 pg/ml were transferred into
a series of separate 10 ml volumetric flasks. Then to each
flask, 1 ml 2 % PDAB was added. The contents were

Table 2
Evaluation of accuracy and precision
Method NTZ taken | NTZ RE % SD SEM RSD% ROE**%
pg/ml found*
pg/ml
10 9.99 0.11 0.03 0.012 0.32 +0.32
Method A 20 19.89 0.56 0.10 0.039 0.52 +0.52
30 29.92 0.29 0.10 0.039 0.35 +0.35
Method B 1 0.98 2.18 0.01 0.003 0.72 +0.72
2 1.99 0.64 0.01 0.004 0.48 +0.48
4 4.01 —0.18 0.02 0.006 0.41 +0.41

RE. Relative error; SD. Standard deviation; SEM. Standard error of mean; RSD. Relative standard deviation; ROE.
Range of error; * Mean value of five determinations; **At the 95% confidence level for 4 degrees of freedom.

Table 3

Results of the determination of NTZ in tablets and statistical comparison with the reference method

Tablet studied Nominal amount, mg/ Found**(% of nominal amount = SD)
tab
Reference method Method A Method B
[18]
Nitravet” 5.0 101.1£1.3 100.04+0.60 t=0.88, 100.16+0.54 t=0.81,
F=4.68 F=5.77

*Marketed by: (Anglo French); **Mean value of five determinations; Tabulated t and F-values at 95 % confidence level

are 2.77 and 6.39, respectively.
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Table 4
Results of recovery experiments via the standard addition technique
Tablet Method A Method B
brand name
NTZ Pure NTZ | Total Pure NTZ NTZ Pure Total Pure NTZ
tablet added, found pg/ | recovered* % | tabletug/ | NTZ found recovered* %
ug/ml pg/ml ml +SD ml added, ug/ml +SD
pg/ml
Nitravet® 10 5 14.98 99.75+0.60 1 0.5 1.49 99.43+0.81
Smg 10 10 19.96 99.67+0.93 1 1 2.01 100.68+0.25
10 15 25.11 100.7+0.30 1 1.5 2.51 100.38+0.57

made up to the mark with methanol and mixed well. The
absorbance of the yellow colored product (Schiff’s base)
was measured at 440 nm after 15 min against the reagent
blank prepared similarly without the drug content.

Procedure for tablets. Five tablets were weighed ac-
curately and ground into fine powder. A quantity of the
powder equivalent to 10 mg of NTZ was weighed accu-
rately into a 100 ml standard flask and 10 ml acetone was
added to it. Then, 5 ml 4 N hydrochloric acid and 1 g of
zinc dust were also added into 100 ml standard flask and
shaken thoroughly for about 30 min. Then, the volume
was diluted to the mark with water and mixed well and
filtered using a Whatman No.41 filter paper. The filtrate
containing NTZ (100 pg/ml) was subjected to analysis by
the procedures described above.

Recovery study. The accuracy and precision of the
proposed methods were further ascertained by perform-
ing recovery studies. Pre-analyzed tablet powder was
spiked with pure drug at three different concentrations
and the total was found by the proposed methods. Each
determination was repeated three times. The recovery of
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DEVELOPMENT AND VALIDATION OF SPECTROPHOTOMETRIC METHODS
FOR NITRAZEPAM IN PURE AND THE TABLET DOSAGE FORM

H.D. Revanasiddappa*, H.N. Deepakumari, S.M. Mallegowda and K.B. Vinay

(Department of Chemistry, University of Mysore, Manasagangothri, Mysore-570 006, India;e-
mail: hdrevanasiddappa@yahoo.com)

Two simple, sensitive, accurate and reproducible spectrophotometric methods have been
described for the assay of nitrazepam (NTZ) in both pure and in pharmaceutical preparations
using f-naphthol and p-dimethyl amino benzaldehyde (PDAB) as chromogenic agents. The first
method is based on the diazo-coupling reaction of reduced nitrazepam with $-naphthol (Method
A) and the second one is based on the condensation reaction of primary aromatic amine group of
reduced nitrazepam with aromatic aldehyde PDAB to yield yellow colored Schiff’s base (Method
B). The formed products show maximium absorption at 500 and at 440 nm for methods A and
B, respectively. Beer’s law was obeyed in the concentration range of 0—40.0 and 0-5.0 pg/ml for
methods A and B, respectively and the corresponding molar absorptivity values are 6.49x10° and
5.13x10* I mol 'em ™. All variables have been optimized and the results were statistically compared
with those of a literature method by employing the Student’s t-test and F-test. No interference
was observed from excipients normally added to the tablets. The proposed methods are simple,
sensitive, rapid and economical, and could find application as in routine quality control analysis
for nitrazepam.

Key words: diazo-coupling, Schiff s base, spectrophotometry, nitrazepam, pharmaceuticals.
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