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ABSTRACT

Two smple, sensitive, accurate and cost effective spectrophotometric meth-
ods have been devel oped for the determination of Hydral azine Hydrochlo-
ride (HLH) in bulk drug and in pharmaceutical formulations. These two
methods are based on their oxidation of 1-10 Phenanthroline (Method A)
and 2, 2'- Bipyridyl (Method B). The colored complexesformed were mea-
sured at 510 and 523 nm respectively against the reagent blank. Reaction
conditions have been optimized to obtain colored complexes of higher sen-
sitivity. The absorbance was found to increase linearly with increase in
concentration of HLH. The complexes obeyed Beer’s Law in the concentra-
tion range of 0.1-1.0 ug/ml and 0.1-1.5 ug/ml for both the methods. The
molar absorptivity, Sandell’s sensitivity, detection limit, limit of quantifica-
tion and correlation coefficient (r) of themethodswerefound to be 1.723x 104,
0.1141 pg/ml 0.085 pg/ml, 0.2830 pg/ml and 0.9996 for method A and 1.253x10%,
0.01569 pg/ml, 0.082 pug/ml, 0.2730 pg/ml and 0.9994 for method B respec-
tively. The optimum reaction conditions and other analytical conditions
were evaluated. The common excipients and additives did not interfere with
their determinations. The results obtained by the proposed methods were
further ascertained by parallel determination by areference method.
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INTRODUCTION

Hydra azine hydrochloride (HLH) ischemically 1
(2H)-phthal azinone hydrazone, 1-hydrazinophthala
zing, Itisapotent vasodilator that hasbeen used for
many years, chiefly in the treatment of ambulatory pa-
tientswith primary hypertension of moderate severity!2.
In therapeuti c doses, hydralazine hydrochloride pro-
duceslittleeffect on nonvascular smooth muscleor on
the heart. Itspharmacol ogical actionsarelargely con-
fined to vascular smooth muscle and occur predomi-
nantly onthearterid sideof circulations, many hydraa

zinederivativesand their formulationsare officia in
World Health Organization (WHO), British Pharma
copoeia(BP) and Indian Pharmacopoeia (IP)#¢. The
official methodsinvolve potentiometrictitration using
0.05mol/I potassiumiodide asatitrant’™ and High per-
formanceliquid chromatography (HPLC)!®. Thedrug
has been assayed by a variety of methods, such as.
spectrofluorometry!™, oxidimetry'®, polarography™® and
High performanceliquid chromatography (HPLC)™,
However, theliteraturereved ed that many spectropho-
tometric methods'2% have been reported for the de-
termination of HLH. But none of these methodsare
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satisfactory for routine quality assurancefor oneor the
other reasons. Some of these methodshavelow sensi-
tivity*, work out only at higher concentration of the
drug™ or havelessstahility™ or involveextraction4,
Onthebasisof thisbackground, it wasfelt necessary
todevelop arapid, low cogt, accurate, smpleand sen-
Stivespectrophotometric methods, which do not suffer
fromtheabovelimitationsfor thedetermination of HLH
inbulk drugand in pharmaceutical formulations.

1-10 phenanthroline (1-10 PNL) and 2, 2' bipyridyl
(2, 2-BPL) formsacomplex of low tinctoria value
with Fe' whichinturn function asabetter oxidant than
Fe'. Based on itscomplexing tendency and oxidizing
properties, unhydrousferric chloride, 1-10 PNL and
2, 2'-BPL were previously reported to be asensitive
reagent for spectrophotometric determination of acon-
siderable number of amineand other functiond groups
containing medicinal compounds?+2%, The proposed
methods were based on the oxidation of drug, which
reducesferricion (F€") toferrousion (F€') in pres-
enceof 1-10 PNL and 2, 2'-BPL. The colored com-
plexesformed were measured at 510 and 523 nm.

EXPERIMENTAL

Apparatus

A Elico SL model 164 UV-Visible double beam
spectrophotometer with 1 cm matched quartz cell was
used for recording spectraand absorbance measure-
ments.

Reagents

All chemicadsused wereof andytical reegent grade
or chemicdly puregradeand used without further puri-
fication, doubledistilled water wasused for thedilution
of reagents and sampl es. Freshly prepared solutions
were used always. Analytical grade 1-10 PNL, 2, 2'-
BPL, FeCl, and alcohol (S.D Fine Chem.Ltd.,
Mumbai) were used throughout the experiment. HLH
bulk drug was obtained from Sequent Scientific Ltd.,
Mangdore(India). Pharmaceuticd formulationsof HLH
were obtained commercially; these formul ations con-
taining only onedrug and do not exist in combination
with other drugs.

—= Fyll Paper
Sandard drugsolution

Stock solution of HLH (1000 pg/ml) was prepared
by dissolving 100 mg of HLH in distilled water and
dilutingtothemark ina100 ml volumetricflask. The
solution was protected from light beforeuse. Working
standard sol ution (100 ug/ml) was prepared by further
dilution of the above standard stock solution.

1, 10-PNL (0.001 mal/l): First, a0.1 mol/l solution
was prepared by dissolving accurately weighed 1.98 g
of 1,10-PNL inalcohol and dilutingtothemark ina
100 ml volumetricflask. Thiswasagandiluted sepwise
toget 0.001 mol/l of 1,10-PNL.

2,2' - BPL (0.002 mol/l): A 0.2mol/I solution was
first prepared by dissolving 3.12 g of 2,2- BPL inal-
cohol and dilutingto themark ina100 ml volumetric
flask. Thestock solution wasdiluted appropriately to
get 0.002 mal/l of 2,2’-BPL with alcohol.

FeCl, (0.03mal/l): A 0.03mol/l solutionwasdirectly
prepared by dissolving 0.486 mg of ferric chloridein
distilled water and dilutingto themark ina100 ml volu-
metricflask.

Procedure
For bulk drugsample
Spectrophotometry with 1-10 PNL (M ethod A)

Different diquotsof standard drug solution (0.1to
1.0ml) of 100ug/ml (1 mI=100 ug/ml) wereaccurately
measured into aseries of 10 ml volumetric flasks by
meansof amicro burette. To each flask, 0.5ml of 0.03
mol/l ferric chloridesolutionand 2.5 ml of 0.001 mol/I
alcoholic solution of 1-10 PNL solution were added.
Theflaskswere stoppered, contentswere mixed well
and kept inawater bath (50-60+1°C) for 10min. Then
immediatdy cooled to roomtemperature (25+1°C) using
acold water bath. Theflaskswere made up to 10 ml
with distilled water to get final concentration of 1-10
ug/ml. The absorbance of each orange red colored
chromogen formed was measured against areagent
blank at 510 nm after 5 min.

Spectrophotometry with 2, 2'- BPL (M ethod B)

Varying aliquotsof standard drug solution (0.1to
1.5ml) of 100 pg/ml (1 mI=100 pug/ml) were trans-
ferredinto aseriesof 10 ml volumetricflasksand 0.6
ml of 0.03 mol/l of ferric chloridesolution followed by
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2.0ml of 0.002 mol/I alcoholic solution of 2, 2'- BPL
wereadded by meansof micro burette. Theflaskswere
stoppered, contentsweremixed wd | and kept inawater
bath (50-60+1°C) for 15 min, thenimmediately cooled
to room temperature (25+1°C) using acold water bath.
Theflasksweremade upto 10 ml with distilled water
to get afinal concentration of 1-15ug/ml. The absor-
bance of each orangered colored chromogen formed
was measured against areagent blank at 523 nm after
5min.

A calibration graph (for method A and B) was pre-
pared by plotting absorbance versus concentration of
drug and the concentration of the unknown wasread
from the calibration graph or computed from there-
gression equation derived from the Beer’s law data.
The calibration graph wasthen prepared by plotting
the absorbance versus concentration of thedrug.

Assay procedurefor tablets

For analysisof HLH, 20 tabletswereweighed and
ground into afine powder. An accuratel y wel ghed por-
tion of the powder equivalent to 100 mg of HLH was
transferred intoa 100 ml beaker containing small vol-
ume of water then it was shaken thoroughly for about
5-10 min. and filtered through awhatman filter paper
no. 41 to removetheinsoluble matter. Thefilter paper
waswashed with water and thewashings were added
tothefiltrateand thefinal volume (100 ml) wasmade
with doubledistilled water. 1 ml of the abovefiltrate
wastakeninal0 ml volumetric flask and wastreated
as per procedure described in the above determination
of pure HLH. The percentage recovery of drug was
calculated from the corresponding linear regression
equation.

RESULTSAND DISCUSSION

Determination of absor ption maxima

The proposed methods undergo oxidation by Fe'"
presentin 1-10 PNL and 2,2’-BPL. The Fe'" soformed
readily combineswith 1-10 PNL or 2, 2’ BPL to form
aorangered colored complex, having asorption maxi-
mum at 510 and 523 nm. Under the experimental con-
ditions each reagent blank showed anegligible absor-
banceat thecorresponding?., . Theabsorptionmaxima
of colored complexesof both the methods are shown

Hnalytical CHEMISTRY o
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Figurel: Absorption spectraof HLH at 4and 5 ugper 10
ml of concentration for (a) M ethod A and (b) M ethod B with
(c) reagent blank

infigure 1.
Reaction sequence

Ferric chloride play aprominent rolein the spec-
trophotometric determination of many pharmaceutical
drugs??1, Acting asan oxidant, aferricion (Fe'") gets
reduced to ferrousion (F€') and this amount corre-
spondsto drug concentration. Theamount of F€' can
be determined using reagentssuch as 1-10 PNL and 2,
2’- BPL. These properties have been utilized to de-
velop spectrophotometric methodsfor the determina-
tion of HLH. Inthe proposed spectrophotometric meth-
ods, HLH was oxidized with excess of ferric chloride
under specified experimenta condition, theformed fer-
rousiononreactingwith 1-10PNL and 2, 2' -BPL to
form aorangered col ored complex dueto the accep-
tanceof lonepair of eectronsand formssix coordinae
bond with ferrousion, with absorption maximaat 510
nm and 523 nm for both the methods. (Shown in
SCHEME)

Optimization of reaction conditions

The spectrophotometric properties of the colored
complex formed with method A and B wereextensively
studied. Theoptimum conditionsfor theassay proce-
dureshave been established by sudyingthereaction as
afunction of heating time, temperature, concentration
of reagentsand stability of the colored complex.

Effect of heatingtime

To study the effect of heating time for maximum
color development, 0.5 ml and 0.6 ml of 0.03 mol/I
FeCl,, solutionwasmixed with 2.5 ml of 0.001 mol/l
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SCHEME

1-10 PNL and 2.0 ml of 0.002 mol/I 2, 2'- BPL re-
agents (Method A and B). The contentsof the mixture
were heated up to 30 min. for both the methods, ina
water bath at 30-60°C. It isapparent from investiga-
tionsthat the maximum intensity of color wasattained
after 8 min. and remains constant up to 12 min. for
method A. For method B, the maximum intensity of
color was attained at 12 min and remains constant up
to 18 min. Therefore, the optimum heating time was
fixed to 10 and 15 min. for Method A and B respec-
tively throughout theexperiment.

Effect of concentration and volume

FeCl;: Theeffect of ferric chloride concentration was
studied (for method A and B), by using an aliquot of
drug containing 4 pug/ml (100 pug/ml) followed by vary-
ing concentration of ferric chloridein therangeof 0.01
to 0.05mol/l. Ascan beseenfromfigure 2(a), theana
Iytica signd increased with anincreasein reagent con-
centration up to 0.03 mol/l and thereafter decreases
with anincreasein reagent concentration. Thereforethe
concentration of ferric chloridesa ected was0.03mol/l.
Theinfluenceof volumeof ferric chloride (0.03 mol/l)
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Figure2(a): Effect of the FeCl, concentration on the ab-
sorbanceof 4 pg/ml HLH; (b): Effect of thevolumeof FeCl,
(0.03mol/l) on theabsor bance of Sug/ml HLH

was observed during the formation of orangered col-
ored product. To study this, an aliquot of drug contain-
ing 4 ng/ml (100 ug/ml) was used by varying volumes
of ferricchloride (0.1-1.0 ml for mathod A and B) and
2.5ml of 0.001 mol/l 1, 10- PNL (MethodA) and 2.0
ml of 0.002 mol/l, 2, 2-BPL (Method B). It isevident
from figure 2(b) that the highest analytical Sgnd wasat-
tainedwith 0.5ml (MethodA) and 0.6 ml (Method B)
of 0.03moal/l ferric chloride. Abovethisvolume, theana
lytical signa remainsunchanged. Therefore0.5ml and
0.6ml of 0.03moal/l ferricchloridewasusedindl further
measurementsfor method A and method B respectively.
1-10PNL AND 2, 2'-BPL : Theeffect of 1,10- PNL
and 2, 2'- BPL concentration was studied by usingan
aiquot of drug containing4 ug/ml (100 ug/ml). 0.5ml
and 0.6 ml of 0.03 moal/l of ferric chloridewas added to
the drug followed by different concentration of 1-10
PNL and 2, 2- BPL in the range of 0.0005 to 0.004
mol/l. As can be seen from figure 3(a), the analytical
signd increased with an increasein reagent concentra-
tion up to 0.001 mol/l for Method A and 0.002 mol/I
for Method B, abovewhichit remained virtualy con-
stant. Thereforethe concentration selected was 0.001
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Figure3(a): Effect of concentration of 1,10- PNL and 2,2'-
BPL; (b): Effect of theVolumeof 0.001 mol/l 1,10-PNL and
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Figure4(a): Calibration graph for thedeter mination of
HLH under theoptimum conditionsfor method A; (b): Cali-
bration graph for thedeter mination of HLH under theop-
timum conditionsfor method B

mol/l and 0.002 mol/I for method A and method B re-
spectively. Toinvestigatethe effect of volume of 0.001
mol/l 1, 10- PNL and 0.002 mol/l 2, 2' - BPL reagent
for color devel opment, different volumes (0.5-3.5ml

Hnalytical CHEMISTRY o

TABLE 1: Resultsof optimization of theparameters
Concentration

M ethods FeCl; 1,10PNL 2,2?BPL Teomp. Time
0.03 mol/l 0.001 mol/l 0.002 mol/l ("C) (min.)
(ml) (mf) (mf)
A 0.5 25 - 55 10
B 0.6 - 2.0 55 15

for Method A and B) were mixed with 4ug/ml HLH
drug of 100 ug/ml and 0.5 ml of 0.03 mol/l ferricchlo-
ride solution for Method A and 0.6 ml of 0.03 mol/I
ferric chloridesolution for Method B. Theresultsare
presented in figure 3(b) which revea sthat theaddition
of 2.5ml of 1,10- PNL for Method A and 2.0 ml of 2,
2- BPL for Method B gavethehighest andyticd signdl.
Therefore2.5ml of 1,10- PNL and 2.0 ml of 2, 2-BPL
resgentsweresdected for determination of HLH through
out theinvestigation. However, the complexesformed
were stablefor morethan 1 h at room temperature.

Effect of temperature

After optimization of chemica variables, theinflu-
ence of temperature on the colored complexes was
studied at different temperature (30-80°C); it was ob-
served that the obtained col ored complexeswerestable
up to 60°C. However, no considerableimprovements
were occurred above 60°C therefore 55°C was se-
lected as optimum temperature for both themethods.

The optimum chemical conditionsinvestigatedin
reactionaresummarizedin TABLE 1. Thesevauesd-
lowed to obtain good sensitivity and high precision of
HLH determination.

Analytical dataand calibration graphs

Under optimized experimental conditions, linear
calibration curves(figures4(aand b)) were obtained
over the concentration range of 0.1-1.0 and 0.1-1.5
ug/ml HLH with molar absorptivitiesof 1.723x10*and
1.253x10*I/mol/cm for Method A and B respectively.

Thelinear regression equation for both the meth-
ods have been evaluated by | east square treatment of
thecdibraiondata(n=6). TABLE 2 summarizesBeer’s
law limit, linear regression equation, correl ation coeffi-
cient, confidencelimitsand sandard deviationsfor dope
and interceptsat 95% (0.05) confidencelevel and de-
tection limitsfor method A and B.

Ineach method, the corrd ation coefficient washigh,
indicating theexcdllent linearity of boththecalibration
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TABLE 2: Analytical parameters of spectrophotometric
methods

Parameters Method A Method B
Amax (NM) 510 523
Beer’s Law limits (ug/ml) 1-10 1-15
Molar absorptivity (I/mol/cm) 1.723x10* 1.253x10*
Sandell’s sensitivity (ug/ml) 0.1141  0.01569

Regression equation** (Y =bx + )
ﬁ'} fe'?i(e%)t © 0.0853  0.0556
Correlation coefficient (r) 0.0293 0.070
% Relative Standard Deviation 0.9996 0.9994

1.1055 1.9118

(R.SD)*

% Range of error (Confidence)*
0.05 level 0.0074 0.0094
0.01 level 0.0110 0.0139
Limit of Detection (ug/ml) 0.0850 0.0820
Limit of Quantification (ng/ml) 0.2830 0.2730

Stability (h.) 2 2
Color Orange red Orangered

TABLE 3: Deter mination of HLH in phar maceutical formula-
tions

Formulations Labeled Recovery ?+ S.D (%)

———— amount
(Tablets) (mg) Proposed Refer ence®
A Nepresol 25 99.22+0.28 101.03+0.49
B Nepresol 25 98.87+ 0.57101.03+0.49
aAverage of six determinations = S.D.
TABLE 4: Deter mination of HL H2in the presence of excipi-
ents

M ethod

Excipients Amount taken % Recovegy
(mg/ml) +% RSD

Glucose 20 99.5+0.54
Sucrose 20 99.47+0.25
Lactose 25 99.64+0.56
Dextrose 20 100.1+0.21
Talc 25 98.96+0.82
Starch 20 99.20+0.38
Sodium alginate 15 100.25+0.64

310pug/ml HLH were used, "mean value of six determinations

graphs. Thelow vauesof confidenceinterva at 95%
confidencelevel for slope and intercept of theregres-
sion lines pointed towards high reproducibility of the
proposed methods. Graphs of absorbance versus con-
centration showed zero intercept and are described by
theregression equation’Y =bX+c (whereY istheab-
sorbance of 1 cm layer bisthedope, cistheintercept
and X isthe concentration of thedrug in ug/ml) ob-
tained by theleast squares method.

Validation of themethods

—— Fyll Peper

Thevalidity of Method A and B for thedetermina
tion of HLH was examined by determining the preci-
sionand accuracy. These were determined by anayz-
ing Six replicatesof thedrug withinthe Beer’s law lim-
its. Thelow vaueof rdativestandard deviation (RSD)
indicates good precision of themethods. To study the
accuracy of these methods, recovery studieswerecar-
ried out by standard addition method. For this, known
quantitiesof pureHLH weremixed with definiteamounts
of pre-analyzed formulations and the mixtureswere
analyzed asbefore. Thetotal amount of thedrug was
caculaed by difference. Theresultsaregivenin TABLE
3. Theaverage percent recoveriesobtained were quan-
titative (98.87+0.57 t0 99.22+0.28), indicating good
accuracy of themethods.

I nterferencestudies

Theeffect of common additivesand excipientswere
tested for thelr possibleinterferencesinthe determina-
tion of HLH. It was observed that starch, talc, dex-
trose, lactose, sucrose and sodium aginatedid not in-
terfereunder theexperimenta conditionsemployed. To
aknown amount of drug (HLH 10 ug/ml) excipientsin
different concentrationswere added and analyzed us-
ing method A and B. Resultsof therecovery anaysis
werefound intherange of 98.96 to 100.25% and are
presentedin TABLE 4. Theexcipientsup to 10to 25
mg/ml concentrationsdid not interfere. Inaddition re-
coveriesin most caseswere 100% and thelower val-
ues of the RSD indicate the good precision of the
method.

CONCLUSIONS

The proposed methods are simpl e, accurate, and
sdlectiveand offer advantages of reegent avail ability and
stability, lesstime consumption and high sengitivity. Al-
though the col or development at room temperaturere-
quires2 hfor completion, thiscan be shortened to 10
and 15 min by raising thetemperatureto 55°C for both
the methods. The proposed methods are suitable for
determination of HLH in pharmaceutical formulations.
Unlikethe gaschromatography and high performance
liquid chromatography proceduresthe UV-visible spec-
trophotometer ingrument issmpleand not of high cost,
onthe other handintermsof smplicity and expense,
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the method could be considered superior in compari-
sonwith the previoudy reported methods. The proce-
duredo not involve any critical conditionsor tedious
samplepreparation, moreover themethodsarefreefrom
interferences by common additivesand excipients.
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