Available on lineVWw.jOCpr.com

Journal of Chemical and Pharmaceutical Research

and Pha,,
S

2,

J. Chem. Pharm. Res., 2011, 3(2):605-616

oenal ofc/,e

O
D, N\
4oy, say ‘g‘)‘?‘

» >
ISSN No: 0975-7384
CODEN(USA): JCPRC5

A kinetic method for the determination of diazepambased on
ligand-exchange reaction

Snezana S. Mité!, Aleksandra N. Pavlové'’, SneZana B.To&, Emilija T. PeceV, Milan N.
Miti ¢*, RuZica J. Micié®

'Faculty of Sciences and Mathematics, Departme@hefmistry, University of Ni§, Visegradska 33,
P.O.Box 224, 18000 NiS, Serbia
2Faculty of Sciences and Mathematics, Universityrddtina, Lole Ribara 29, 38220 Kosovska Mitrovica

ABSTRACT

New kinetic-spectrophotometric method has beenlogse to determine diazepam (DZP) in pharmaceutical
formulations and human control serum. The methodbased on ligand-exchange reaction. The reactios wa
followed spectrophotometrically by measuring théeraf change of absorbance at 425 nm in ethanadiusn
hydroxide solution. The optimum operating condgisagarding concentration of reagents and tempeeatvere
established. The initial-rate method is adopteddonstructing the calibration curve, which was fduo be linear
over the concentration range 0.28-3.70 pg mLhe optimized conditions yielded a theoreticakdgon limit of
0.14 ug mL* based on the 38riterion. The interference effects of certain dsufpreign ions and amino acids upon
the reaction rate were studied in order to asshesselectivity of the method. The method desciib#ds work was
validated following the analytical performance pareters required by the USP-27/NF-22. Statisticati&nts t-test
and F-test have been used and satisfactory resudts obtained.

Keywords: diazepam; ligand-exchange reaction; Kkinetic spebitometry; validation;
pharmaceutical preparations

INTRODUCTION

Diazepam (DZP), first marketed as Valium by Hoffmdra Roche, is a widely prescribed
benzodiazepemine in the world for the past 40 ydars effective for the symptomatic relief of
tension and states of anxiety as well as for teattnent and prevention of seizures. It may also
be used in some surgical procedures to induce amfigslt is inexpensive, widely available in
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developing countries and effective when given by ititravenous or rectal routes. The acute
toxity of diazepam is a result of its central narsalepressant effect. The drug is notably more
toxic by the intravenous route than by other marfesdministration.

The various analytical methods such as spectropieity [2-5], HPLC [6-13], thin layer
chromatography [14], gas chromatography [15-17faqp@raphy [18-20], fluorimetry [2,21,22],

IR spectrometry [23], solid-phase microextractio®PWME) [24] and capillary zone
electrophoresis (CZE) [25,26] have been reportedhi® determination of DZP. However, as far
we know, there is not any kinetic-spectrophotoroetriethod for the determination of DZP
related in the literature. Spectrophotometry is tbehnique of choice even today due to its
inherent simplicity. It is frequently used in thabbratories of the developing countries to
overcome a variety of analytical problems. Als@ Wide use of diazepam necessitates a rapid,
reliable and sensitive method for its quantitation.

The present work describes a kinetic method for dbermination of DZP in commercial
pharmaceutical preparations and human control seftm method is based on ligand-exchange
reaction. This type of the reactions is quite ré@m has thus been studied less. The procedure
is easier to execute and requires less sample ihgritlan methods currently described in the
literature. Using methods such as HPLC, insoluldi@itaves should be removed to prevent the
columns from becoming blocked. For the GLC methadfemical derivatization is essential.
Fluorimetric methods are simple, accurate and peediut these methods have not been widely
used in practice because the species that cantbetet are limited. Also, with this technique,
fluorescent species should be generated either Heymial heating in acidic solvent,
photochemical degradation, or by derivatizatiorhvphthaldehyde and fluorescamine. All these
methods are time consuming, complex, occasionalffesng from lack of selectivity and
require procedures that may increase the amouttiedfiydrolyzed product during manipulation
of the sample.

EXPERIMENTAL SECTION
Apparatus
The reaction rate was monitored spectrophotomdiriche absorbance of the solution was
measured at the wavelength of 425 nm. The readuegs done on a Perkin-Elmer Lambda 15
UV/Vis spectrophotometer, connected to a thermoutting bath.

A model 1200 Agilent Technologies was used for HPRA@alysis. The analytical column was
Cis (Zorbax, um, 250x4.6 mm).

A Julabo MP-5A model thermostatic bath (operatimgitemperature range 20.00-60.00 £ 0.02
C) was used to control the reaction temperatug® &0 + 0.02C.

The solutions were thermostated at 22.00 + {C0Before the beginning of the reaction.
Reagents
Stock solution (1.810° mol L% of diazepam was prepared in absolute ethanol from

pharmaceutical 99.92 % certified products, kindhpvided by a pharmaceutical laboratory
Galenika, a.d., Belgrade, Serbia. Diazepam solwtias stored at 4°C.
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Sodium hydroxide solution (NaOH, 1.0 mof)Lwas prepared from NaOH (Merck).

1-nitroso-2-naphthol solution (x@0° mol L) (Merck) was prepared by dissolving a known
amount in 5 ml absolute ethanol and diluting ithmitater (total volume 50 mL).

Stock solution of copper(ll) (1x40° mol L) was prepared by dissolving Cu&2H,O (Merck)
in water. A working solution (1:6L0* mol L) was obtained by appropriately diluting the stock
coppersolution with water.

lonic strength was kept constant at 0.1 by addegappropriate amount of NaCl solution (mol
L™

Analytical grade chemicals and deionised water (Med high purity water system, TKA

Wasseraufbereitungssysteme GmbH) were used foptéearation of all solutions. All the

glassware used was washed with aqueous HCI (1d.xren thoroughly rinsed with running,

distilled water, and then finally with deionisedtesa

General Procedure

In order to obtain good mechanical and thermalilgiglthe instruments were run for 10 min

before the first measurement. The reaction wasethaut in the following way. In the reaction -

mixture vessel with four compartments, the solutdri-nitroso-2-naphthol was placed in one
compartment, sodium hydroxide in the second, diazejm the third, copper(ll), electrolyte for

the ionic strength and ethanol (total volume 10 mlLthe fourth compartment.

The vessel was thermostated at 220002 °C and the reaction was initiated by mixing. The
reaction solution was put into a cell, and the dmoce at 425 nm was measured
spectrophotometrically every 30 s over a perio8-6fmin after mixing against the reagent blank
prepared similarly. The rate of the reaction afedént concentrations of each of the reactants
was obtained by measuring the slope of the linear @f the kinetic curves to the absorbance-

time plot (from Beer's la=¢[l[c, dA/dt=¢ll [dc/dt, dc/dt:dA—ildt, slope=dA/dt,
£

rate = dc/dt). The calibration graph was constructed by plgttine slope of the linear part of
the kinetic curve, versus concentration of DZB,{, ug mL™).

Procedure for tablets

A total of ten tablets of each one of the differesed pharmaceutical preparations containing
DZP were weighed and finely powdered using a moataa pestle. An accurately weighed
portion of the resulting powder, equivalent to 2 ofidZP, was dissolved in 25.0 mL of ethanol.
Then it was centrifuged at 3500 rpm for 5 minutd &ltered through a 0.4bm membrane filter
(Millipore) directly in a 50.0 mL volumetric flasknd filled up to a volume with ethanol to
obtain a solution whose expected DZP concentrai@s 40.0Qug mL™.

Into a 50.0 mL volumetric flask, 4 rectal solutiq@appropriate amount of diazepam 20 mg) were
transferred and filled up to a volume with ethafdtlen, 2.50 mL of this solution was transferred
into a 25.0 mL volumetric flask and added ethamobbtain a solution whose expected DZP
concentration was 400y mL™.
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Aliquots of these solutions were transferred inéssels covering the concentration range listed
in Table 4.

In all cases it was assumed that the actual confehe tablet corresponds to that reported by the
manufacturing laboratories.

Serum sample preparation

Human lyophilised control serum (Lyotrol N) was dse&erum sample was spiked at one
concentration level listed in Table 5. To 0.5 mLsefum, the appropriate amount of the stock
solution of DZP (1.0 mg mit) and 25 mL of ethanol was added and after briefexomixing it
was centrifuged for 5 min at 3000 rpm to deposi ttrotein precipitate. The separated
supernatant was collected in a 50.00 mL standadnetric flask and filled up to the mark with
the same solvent. Serum sample was contained 2g0nAL* of DZP. Aliquots of this solution
were transferred into vessels covering the conagotr range listed in Table 5. For kinetic
determination, F& ions were masked by adding the appropriate ammfuftions (x10* g mL

1), For HPLC determination, aliquots of DZP solutiware transferred in a 10.00 mL volumetric
flask, evaporated to dryness in a water bath,eék&lue was reconstituted with mobile phase and
10 uL was transferred into glass vial for automati@atjon into the HPLC system.

Comparative Method

HPLC was used as a parallel method [9]. Diazepam adedected and quantified on a 250x4.6
mm Zorbax Gg(5um) analytical column operating at room temperatlitee mobile phase was a
mix of acetonitrile-water, 30:70 (by vol). The el@avas monitored at 254 nm. Injection of the
samples (2@L) was performed using an autosampler. Flow rate WwenL min'.

RESULTS AND DISCUSSION

Mechanism of the Reaction
Diazepam shows complexing ability with Cu(ll). Tbemplex agrees with the empiric formula

[Cu(DZP)2]2+, [Cu(DZP)Z]X2 (X =CI,Br). The IR and electronic spectroscopy suggest an

octahedral symmetry around metal ions (coordinatiem the nitrogen atoms 1,4 of the
diazepemine ring) [27]. Its chelate copper compigxmore stable than that formed with
R(NO)OH. The reaction moves to the right and DZR watermined by monitoring the rate of
appearance of 1-nitroso-2-naphthol in basic medtdf5 nm.

Cu® +2CI~ +2R(NO)OH - CU[R(NO)O], +2CI"
cuR(NO)O], +2CI~ +2DzP - [cu(DzP),|Cl, + 2R(NO)OH

The plot of the reaction as a function of the dggza concentration is a straight line which can
be used as a calibration graph.

Kinetic studies

A tangent method was used for the processing okithetic data. The rate of the reaction was
obtained by measuring the slope of the linear phathe kinetic curves to the absorbance-time
plot (slope = dA/dt).
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Effect of variables

In order to determine the lowest possible deteabim concentration of diazepam, the
conditions needed to be optimized. Therefore, thgeddence of the rate of reactions on the
concentration of each of the reactants was deteahin

The dependence of the reaction rate on the alkalafithe solution (Fig. 1) shows a maximum
at the concentration of sodium hydroxide of 1.5%iol L™ and this concentration was selected
for further work.

2.5+

slope x 18, min*

2.0—- /\\

1.5 / .\

1.0 1

05 e
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Figure 1. Effect of sodium hydroxide concentratioron the slope of the absorbance-time curve. Initial
concentrations: Ceyoon = 1.0¢10° mol L™, gy, = 1.6x10°mol L™, Cppp= 1.0¢10° mol L™, Cy, = 0.1

mol L%, t = 22.00+ 0.02°C

The effect of the concentration of 1-nitroso-2-riphon the rate of reaction was studied in the
range 0.3-1.5xI®mol L (Fig 2). It can be seen that the reaction rateemses linearly with
increasing of thel-nitroso-2-naphthol concentratfoom 0.3-1.0x10 mol L™ and become
constant at 1.0xI0mol L. Thus, a concentration of 1.2x10nol L' was chosen as the
optimum concentration.

The correlation between slope and the Cu(ll) cotra&on is given on Fig. 3. The influence of
the concentration of Cu(ll) on the rate of reacésamined in the range of 0.6-4.4%1fol L™,
The reaction rate increased with increasing theewomation of Cu(ll) from 0.6-2.5x10mol L*
and becomes constant at higher concentrations 2t&0°> mol L™. Cu(ll) concentration of
3.2x10° mol L, this was recommended for the determination psces
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Figure 2. Effect of 1-nitroso-2-naphthol concentrabn on the slope of the absorbance-time curve. Indl
concentrations: Cy,op = 1.5¢10% mol L™, Cg,y = 1.6x10°mol L™, Cp,p= 1.0¢10°mol L™, Cy,;= 0.1 mol L
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Figure 3. Effect of copper(ll) concentration on theslope of the absorbance-time curve. Initial concérations:
Chaon = 1.5%107 mol L™, Cropon = 1.2¢10° mol L™, Cppp = 1.0x<10°mol L™, €, = 0.1 mol L, t =224

0.02°C
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The effect of temperature on the reaction ratestadied at 19, 22, 25, 28 and@XFig. 4). The
absorbance-time curves obtained at these tempesatuticated the temperature dependence of
the reaction rate. The rate for different conceitns of DZP at each temperature was calculated
and utilized for plotting the calibration curve was found that the calibration graph obtained at
22:C possessed good linearity and is recommendedhbaletermination can be carried out at
22C.

slope x 16, min™

Figure 4. Effect of the temperature on the slope dhe absorbance-time curve. Initial concentrations:Cy oy =
1.5x10° mol L™, Cpuoon = 1.2¢10° mol L™, Cg, ) = 3.2¢10° mol L™, Cpyp = 0.710°mol L™, €y = 0.1
mol L™

For the validation process the following parametesge characterized: linearity and range; limit
of detection; repeatability; percent recoveriegcgion; selectivity [28].

The least squaresquation (y = bx + a, where b and a are slopeirtedcept, respectively) for
the calibration graph and correlation coefficient [29] for the determination of DZP in the
interval 0.28 to 3.70 pg niLunder the optimal reaction conditionSg(e o, =1.2<10° mol L™,

Craon =1.5x10%mol L, ¢, = 3.2¢<10°mol L™, t = 22.00 + 0.02C) were calculated:

tga 10° = 0.53509¢,,,, + 0.37589 r =0.9984

where slope is the slope of the linear part of the kineticvauto the absorbance-time plot
(slope=dA/dt =¢I[l [dc/dt, Beer's law) andc,,, is the diazepam concentration expressed in
pg mLt
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The variance §) of the calibration line was evaluated to be 6@X{ugmL")?. The low value

of variance indicated negligible scattering of #gerimental data points around the line of
regression.Quantitative parameters of the anadysigiven in Table 1.

Table 1 Quantitative parameters of the analysis

Parameters
Calibration range / ug mt. 0.28-370 n =7
Regression equation tga [10° = 0.53509¢,,, + 0.37589
(Slope + SD)x18 0.53509 + 0.00828
(Intercept + SD)x1d 0.37589 +0.019
Correlation coefficient, r r =0.9984
variance S, X10%)?/ (ug mL*? 6.2x10"
Detection limit / pg me: 0.14

The following kinetic equation for the reaction wdeduced on the basis of the graphic
correlations obtained.

rate = k [€y,on [Eozp
k- constant proportional to the rate constant efrémction

The equation is valid for the following concentoais: R(NO)OH (1.0-1.3010° mol L, NaOH
(0.4-1.5x10%mol L, Cu(ll) (2.5-4.4%x10°mol L, DZP 0.28-3.70 pg mt.

The limits of detection (LOD) [30] was evaluatedngsthe following equation:

LOD =33xS,/b

where S; is the residual standard deviation of the calibratline, bis the slope of the
calibration line (analytical sensitivity) and foutwbe 0.14 pug mt

The precision and accuracy of the above system wateidied by performing the experiment 5
times for different concentrations of diazepam. Thsults of accuracy and precision of the
recommended procedure are given in Table 2.

Table 2 Accuracy and precision of the determinatio of DZP

Taken Found RSO ™

HY X% SD, pgmL
0.28 0.30 +£0.01 4,93 7.14
1.99 1.97 £0.06 3.23 -1.01
3.70 3.67 £0.08 2.39 -0.81

?Mean and standard deviation of five determinatiand 95 % confidenc®relative standard deviatioffaccuracy
of the method

The effect of temperature on reaction rate is Wwatbwn and important in understanding the

various activation parameters of the reaction pctgluln order to evaluate the apparent
activation parameters, the reaction rate was siuatid 9, 22, 25, 28 and ‘®lat ¢, ., = 1.5¢10
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2mol L, canoon = 1.2¢10° mol L, ¢y = 3.2¢10° mol LY, ¢y, = 0.7%10° mol L™,

Arrhenius curve was constructed by plotting log é&rsus 1/T and found to be linear with
coefficient of correlation, r = 0.9997. Activati@mergy (Ea) can be calculated from the slope (-
Ea/2.303R) and found to be 99.14 + 0.08 kJ mdhe ability to predict changes in the rate of
the reaction is based on a knowladge of the valu¢h® activation energy. According to
Hammond [31] and Smith [32], most reactions whichvén observable rates at ordinary
temperatures have activation energies of 15-30 kudl" (62.76-125.52 kJ md).A value of
99.14 kJ mdt is in accordance with this postulate, indicatedt the reaction is feasible.

Interference studies

To assess the selectivity of the method, the iaterfce of those species accompanying DZP in
pharmaceuticals was studied. The tolerance lineigpressed as w/w ratio), for the species
studied on the determination of 1.99 ughf DZP were given in Table 3.

Table 3 Tolerance ratio for foreign species in thdetermination of 1.99 pg mL* of diazepam

Tolerance level

Foreign species 12 (%) (ng mL* interferent/
pug mL* DZP)
citric acid 10 - 15 107
fructose, glucose, lactose;, B¢, Bis, F 5-10
mannitol, sorbitol, stearic acid, LiK", C,0,> <5
cd', Mg*, zn** 5-10 10
Met, Tyr, Trp <5
Phe, Asp, Lys 5-10 1
His, Arg, Gly, Ala, Ser interference 1
Fet P interference 1

¥ Interference coefficient, | = {&zp— Gozp) / Cpzp
Cpzrand Gzpare measured concentratiooEDZP without and with the interfering species
®’Masking with Fions

As can be seen, the usual ingredients of powdergsdffructose, glucose, lactose), some of the
amino acids (Phe, Asp, Met, Tyr, Trp, Lys), willtnaterfere with the method, because the
amounts tolerated are much higher than those yspigkent in pharamceuticals. It also should
be noted that a higher tolerance level existségtiesence of vitamins;BBs and By. lons C&",
Mg®*, Zr** interfere when present in approximately 10-fold¢esses. Amino acids (His, Arg,
Ala, Ser, Gly) interfere with the method. More sevintrference was observed for’F®n. No
interference was found when including up to 10@Hmlannitol, sorbitol, stearic acid, citric acid,
F and GO,* anions.
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Applicability of the Proposed Method

The proposed method was applied to the determmaifodiazepam in three pharmaceutical
formulations and human control serum using thectlicalibration curve. They were treated as
described in the Experimental section. As can lem se Table 4, the results obtained by this
method are in accordance with the HPLC method. ,Adsod recovery was observed in the case
of serum sample (Table 5), indicating that the tiarents of the human control serum do not
interfere (F&" ions were masked with' Bnd the protein precipitate was deposited) in\aay
with the detection of diazepam. Therefore, the psad method could be used for the
determination of diazepam in serum samples. Theltseef the proposed method were
statistically compared with those of the HPLC methesing a point hypothesis test [33,34].
Statistical analysis of the results (Tables 4 anshbwed that calculated F- and t- values at 95 %
confidence levels are less than the theoreticals,ooenfirming no significant differences
between the performance of the proposed and theCHRé&thod.

Table 4 Determination of diazepam by the kinetic ad HPLC method

DZP found by the

PP;armacg[ptical TakeLr_1l proposed methdd R?/Da) Recgverﬁ) _ HPLEY ) llz_é” ;[ »
reparation met S o 0 + : valu valu

i H9 X+ SC, pg mL? x+ SD, ug mt

Diazeparfl 1.42 1.39+0.06 4.09 97.89 1.36 + 0.07 1.62 0.730
Bensedifi” 2.56 2.51+0.03 1.21 98.05 2.48 £0.05 2.81 1.129
Diazeparft 3.13 3.09 £0.04 1.30 98.72 3.06 £ 0.06 2.01 0.968

aData are based on the average obtained from fiverdenations
PTheoretical F-value (;=4, v,=4) and t-value {=8) at 95 % confidence level are 6.39 and 2.306pestively
Rectal solution (from Pharmacy Belgrade, Serbia)tamg 5 mg of diazepam in 2.5 mL of solution
YTablets (from Galenika a.d., Belgrade, Serbia) aanihg diazepam 2 mg and excip.
®Tablets (from Panfarma d.o.o., Belgrade, Serbiajtaming diazepam 2 mg and excip

Table 5 Determination of diazepam in human controberum (“Lytorol N", bioMérieux ® sa, France) by
standard addition method

Proposed method

ug mL* : RSDY Recovery ﬂDLCa) F- t-
Added fouﬁ % % X+ SD, ug mc* value’ valug”
x+SD
0.85 0.83 £0.03 3.81 97.65 0.80 £0.02 2.35 1.757

¥Data are based on the average obtained from fiverdénations
PTheoretical F-value (;=4, v,=4) and t-value {=8) at 95 % confidence level are 6.39 and 2.306pestively

CONCLUSION

In conclusion, the proposed kinetic-spectrophotoimenethod for the determination of DZP in
pharmaceutical samples and human control serumrtegpan this work is simple, rapid,
inexpensive, thus being very appropriate for raitjmality control analyses of active drug in the
laboratories of hospitals, pharmaceutical industréad research institutions. Also, is very
suitable for developing countries. Statistical cangpn of the results with the HPLC method
shows good agreement and indicates no signifiaéfietehce in accuracy and precision.
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