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ABSTRACT

A rapid, simple and sensitive spectrophotometric method has been devel -
oped for the determination of ranitidine hydrochloride in pharmaceutical
pure and dosage forms. The method depends on the charge-transfer com-
plex formation between ranitidine bases as n-el ectron donor with chloranil
as-acceptor to give acolored complex that absorbs maximally at 550 nm.
Beer’s law is obeyed in the concentration ranges 2-40ug/mL with molar
absorptivity of 2.510* L mole? cm®. The proposed method is precise, ac-
curate and specific for the quantitative determination of drug in bulk and
dosage forms. The results of analysis of commercial formulations and the
recovery study (standard addition method) of ranitidine suggested that
there isno interference from any excipients, which are present in pharma-
ceutical formulations of ranitidine. Statistical comparison of the results
was performed with regard to accuracy and precision using student’s t-
test and F-ratio at 95% confidencelevel. Thereisno significant difference
between the reported and proposed methods with regard to accuracy and
precision. © 2008 Trade Science Inc. - INDIA
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INTRODUCTION

Ranitidine hydrochloride (RNH), chemically is
N,Ndimethyl-5-[2-(1-methylamine-2-nitrovinyl)-
ethylthiomethyl] furfurylaminehydrochloride. ItisaH2-
receptor antagonist and iswidely used in short term
treatment of duodena ul cer and in the management of
hypersecretory conditions¥. Severd techniquessuch
as proton agneti ¢ resonance spectroscopy?, near in-
frared refl ectance spectrometry™®, scintillation proxim-
ity assay!, flow injectionfluorimetry™, polarography7,
differentid pulsepolarography®, capillary € ectrophore-
sig9, liquid chromatography!'®, and high performance

liquid chromatography!*-*°l, have been used for the
determination of RNH in pharmaceuticas. Thesetech-
niques require sophigticated instrumentsand expensive
reagents, and involve several manipulation stepsand
derivetization reactions.

Useof these methodsisjustified when sample ma-
trix israther complex and the drug concentrationislow,
asisusudly the casewith clinical samplesandinbio-
logical fluids, e.g., human plasma. However, in phar-
maceutica andyss, wherethe samplematrix isusualy
lesscomplex and andyte concentration levelsarefairly
high, themainaimisto developfast, smple, inexpen-
sive methodsthat can readily be adapted for routine
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analysisat relatively low cost tothe different require-
mentsof analytica problems.

Theliterature survey revealed that therearea so
severa spectrophotometric methodsinvolvingtheuse
of cerium (IV) in presence of perchloric acid™, excess
of mercury (1) thiocyanate and iron (I11) nitrate?,
Diphenylcarbazide™®, Perchloric acid-crysta violet9,
Sodium azide and iodine in an agueous sol ution?”,
DDQ2Y, Indigo carmine?3, Alkaline potassium per-
manganate?®!, Hydrogen peroxide®!, TCNQ™, 1, 4
Benzoquinone reagent(?d, Wool fast blug? and 3-me-
thyl-2-benzothiazolinone hydrazone?®!. But thethese
spectrophotometric methods suffer from one or more
disadvantageincluding poor sensitivity, acomplicated
and time-consuming procedure, oxidation that involve
degradation of thedrug, extraction step and somepro-
ceduresare pH dependent and require stringent reac-
tion conditions(TABLE 1).

Theaim of thisstudy wasto develop simple, fadt,
sensitive, accurate and validated spectrophotometric
method that can be used in pharmaceutica quality con-
trol laboratorieswhere modern and expensive appara-
tus, such asthat required for GLC or HPLCisnot aval-
able.

EXPERIMENTAL

Equipment

All spectrophotometric measurementswerecarried
out using a spectrophotometer (U 1100 Hitachi, Ja
pan) withsilicaglasscell of 1 cmthickness. Officidly
calibrated Pyrex glassware was used throughout this

study.
Reagentsand standard solutions

Firgt, 0.5 % (w/v) ranitidine hydrochloride (Indus
pharmaPvt. Ltd., Karachi, Pakistan) inwater, 0.5%
(w/v) chloranil in 1,4-dioxan and 0.1 m aqueous so-
dium bicarbonate was prepared. All chemicasused
wereof Andyticd Reagent Grade. Doubledidtilled water
was used for agueous sol ution preparation.

Preparation of ranitidinebasesolution

A ranitidine base solution was prepared by trans-
ferring 100 mL of 0.5% (w/v) ranitidine hydrochloride
solutioninto a250 mL separating funnel, followed by
25mL 0.1 N sodium bicarbonate solution. The con-
tentsof thesgparating funne weremixedwell and sheken
for two minutes. Thetwo phaseswerealowed to sepa-

TABLE 1: Comparison of existing spectr ophotometric methodswith proposed method

Molar
A max BeCrsrange absor ptivity Reagent Remarks Ref.
(nm) L
pg/m imoL* cm™
Cerium (1V) in presence of perchloric Involves extraction, uses unstable
464 1-20 6.11x10* paci d P reagent and has narrow range of linear 16
response

470 5-7 3.27x10° Excess of n?re(r)(r:]u(rlyi I()I In)i ttrha:t(()ecyanate and Involve heating and stringent conditions 17
540 5-50 3.4 x 10* Diphenylcarbazide Involve heating and stringent conditions 18

i 3 L . Involve heating and require non
570 10-70 2.2x10 Perchloric acid-crystal violet aqueous medium 19

i 4, Sodium azide and iodinein an agueous  Thisiskinetic method and involve
348 4-24 1.55<10 solution degradation of the drug 20
467 20-140 2.43x10° DDQ Involve extraction and less senditive 21

i 4 , : Involve extraction and pure dyes
610 2-12 2.06x10 Indigo carmine required 22
610 8- 40 1.97x10* Alkaline potassium permanganate Involves oxidation and extraction 23
313 2-20 - Hydrogen peroxide Involves oxidation 24
840 1-6 - TCNQ Involve heating 25,
508 20-100 - 1, 4 Benzoquinone reagent at pH 5.6 PH dependent an(_j |_nvolve stringent 26

conditions
600 5.0-30.0 5.26x10° Wool fast blue Involves extraction 27
313 5-18 - 3-methyl-2-benzothiazolinone e heating and stringent conditions
hydrazone 28

560 4-80 1.42x10° Chloranil Highly sensitive, greater molar Present

absorptivity and reaction occur at RT.  work
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Figure 1: Absor ption spectraof ranitidineand chlor anil
complex

rate, and the chloroform layer was dried over anhy-
drous sodium sul phate.

Proposed procedure

Aliquotsof 2-40 ug/ mL of theranitidine base so-
lution were pipetted into aseries of 10 mL standard
volumetric flasks. Then, 2 mL chloranil solutionwas
added to each flask, and the reaction mixtureswere
heated at 60°C in water bath. The volumewas made
up to the mark with chloroform. The absorbancewas
measured within the stability period of 2 hours after
dilution at 550 nm against areagent blank.

Procedur efor deter mination of dosageforms

For tablets. An accurately weighed portion of pow-
dered tabl et equiva ent to 100 mg of ranitidine hydro-
chloridewas stirred well with 20 mL water and | eft
standing for fiveminutes. Theresiduewasfiltered on
Whatman filter no. 42 paper and washed with water.
Thefiltrateand washingswerediluted to thevolumein
50 mL measuring flask with water. Theranitidine hy-
drochloride solution was converted into ranitidine base
following the procedure given under thehead “prepa-
ration of ranitidine base solution”, and subjected to the
recommended procedurefor the determination.

For injections. Fiveampoulesweremixed; avolume
equivaent to 100 mg of ranitidine hydrochloridewas
stirred well with 50 mL distilled water. Theranitidine
hydrochloride solution was converted into ranitidine
base following the procedure given under the head
“preparation of ranitidine base solution”, and subjected
to therecommended procedurefor the determination.

Deter mination of themolar ratio

The Job’s method of continuous variation!® was
employed. Master equimol ar solutionsof thedrug and
chloranil were prepared. The concentration of thedrug

—= Fyll Poper

solution was 20ug/mL. A seriesof 10-mL portions of
themaster solutions of the drugwith chloranil reagent
weremade up comprising different complementary pro-
portions(0:10,1:9,...,9:1,10: 1) in 10-mL
volumetric flasks. After thereaction was allowed to
proceed at room temperature (25+5°C), the absor-
bance of the sol utionswas measured at 550 nm against
thereagent blank.

RESULTSAND DISCUSSION

Many drugs are easy to bedetermined by spectro-
photometric method based on formation of colored
charge-transfer complexesbetween e ectron acceptors,
either 5 or mt acceptors and drugs as el ectron donors
either nor 6 donorg®*-34, Chloranil isar-€electron ac-
ceptor and has been used for determination of amino
acidg™®!, aiphatic and aromatic amines® and tertiary
amines but not their salts®1. Chloranil in
dioxanchloroformexistsinunionizedformand actsasa
n-acceptor inamanner similar to quinonone®, Some
hydrochloride salts of aminesdo not react with ¢ or 7t-
acceptors because they do not possessalone pair of
electrons. Similarly, ranitidine hydrochloride, for the
samereason, isunableto react with chloranil. To de-
termineranitidinehydrochloride, it wasdissolvedinwater
and shaken with chloroformand 0.1 M sodium bicar-
bonate, resultingin theformation of ranitidinebasein
thechloroform layer. Therefore, theaddition of chloranil
to ranitidine base possessing alone pair of electrons
resultsintheformation of acharge-transfer complex of
n-rt typethat show absorption maximum at 550 nm as
showninfigurel.

Effect of solvent

Different solventshavebeentriedinorder toachieve
maximum sensitivity and product stability. Dichloro
methane, acetonitrile, chloroform, carbontetrachloride
and 1 4-dioxanearesuitable solventsfor CT complexes.
However dioxan-chloroformisthebest solvent for com-
plex formation with regard to molar absorptivity and
color stability.

Soichiometricreationship and reaction mechanism

Thecompostion of thecharge-transfer complex was
established by themolar ratio and Job’s method of con-
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TABLE 2: Percent recovery of theranitidinehydrochloride
in the presenceof possibleexcipientsused initsformulation

%

Amount taken

Excipients RecoveryxRSD
(pm/mL) (n =5)
M'KZOCQ’;% 'r;]”;ggr'a‘:'eose 300 10052 0.56
ag o 200 99.58? 0.41
Hypromeiiose 100 101.5? 0.75
Titanium dioxide 80 99.12 0.41
%"i‘ﬂ:sz“c ‘f;'d‘?:r‘:le 200 99.487 0.33
phosphate 200 99.15? 0.72
. . 100 100.3? 0.19
Citric acid
CH3
HBC\N/
0
cl Cl | o)
cl c . '}'O
e} 2 CH
N
Chloranil H; Ranitidine Base
0
cl cl oy
<
Cl Cl A e
o} 2 CH
[O] Y
cl cl |
+ S
cl cl
[O-] N
H

SCHEME1

tinuous variation using equimolar solutionsof thedrug
and reagent. Theresultsobtained areshowninfigure2

and indicate that the composition of charge-transfer
complex was (1:1) drugto reagent. Thisfinding sup-
portsthat theinteraction of the studied drug and the
reagent used takes place at only onesite, which was
themoresterically freetermind basic amino group.

Thecolored complex isformed by thelonepair of
el ectronsdonated by theranitidine base asn-donor and
the chargetransfer reagent (chloranil) asan electron
acceptor. The proposed reaction mechanism between
ranitidine base and chloranil is shown in reaction
SCHEME 1.

I nterferencestudies

Morethan 101.5 % recovery of ranitidine hydro-
chloridewas obtained in the presence of possible ex-
cipientsand other additivesintablet formulationssuch
as microcrystalline cellulose, magnesium stearate,
hypromellose, titanium dioxideand ininjection formu-
lation such as sodium chloride, dibasi ¢ sodium phos-
phate and citric acid. Under the experimental condi-
tionsemployed, to aknown amount of drug (ranitidine
hydrochloride 20ug/mL), excipientsin different con-
centrations were added and analyzed. Results of the
recovery analysisare presentedin TABLE 2. Excipi-
entsup to the concentrations showninthe Table2 do
not interferewith the assay. In addition recoveriesin
most caseswere 100.5 % and thelower values of the
RSD indicatethe good precision of themethod.

Optimization of reaction conditions

To optimize the reaction conditions different
parameters such astemperature, time, reagent concen-
tration, and color stability havebeeninvestigated. It was
observed that completecol or devel opment wasattained
at room temperature. The optimum reactiontimewas
determined by keeping the reaction mixtureat room
temperature, and absorbance measurement wastaken
at differentinterva sof time. It wasnoted that complete
color devel opment wasattainedinfiveminutesat room
temperature (25°C) and remain stable up one hour
whichwas considered sufficient timefor an anayst to
carry out anaysis.

Analytical data, method validation and applications

Optical characteristicsand statistical datafor the
regress on equation of the proposed method aregiven
iInTABLE 3. The proposed method wasfoundto give
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TABLE 3: Spectral data for the reaction of ranitidine with
chloranil

Parameters Values
A max (nmy 550
Beer’s law limits (ng/mL) 2-40
Molar absorptivity (L mole™ cm™) 25x 10*
Detection limit (ug/mL) 101
Quantification limit (ug/mL) 333
Sandle sensitivity (ug cm?) 1.4x 10°
Slope 7.2x 107
I ntercept -4.4x10°
Correlation coefficient 0.9999

TABLE 4: Results of analysis of commercial for mulations
containing ranitidine and statistical comparison with reference
method

Brand name

% Found+SD

and Iélzbﬂ Proposed reference t-test F-test
dosage form method method
Tablets
Acedonil® 150 mg 100.1+3.2 99.98+2.1 1.85 3.11
Anzol® 150 mg 101.5+2.5 100.9+1.8 1.61 2.17
Chass®  150mg 99.6+1.8 99.6+2.1 1.11 4.10
Altd®  150mg 100.8+2.3 100.2+3.2 1.72 113
I njections
Anzol®  25mg/ml 100.4+2.3 101.1+1.9 2.40 3.25
Aspar®  25mg/ml 101.2+1.7 100.8+2.1 0.50 1.48
Ranidin® 25mg/ml 99.8+2.8 100.2+1.3 0.46 2.13

Per cent found isthe mean value of five deter minations M ar keted by, ?Global phar -
maceuticals, °Indus Phrama, °Sharooq Phar maceuticals, “Alson Phar maceuticals,
eStar L abortaries, fFerozsons L abor ataries.

TABLE 5: Resultsof recovery study by standar d addition
method

Formulation Pure Total pure
Cefaclor cefaclor
and dosage . cefaclor  cefaclor
in sample recover ed
form added(mg) found(mg) (%)
Tablets 150mg 10 159.25 99.53
Anzal 150mg 20 170.2 100.11
(150mg)  150mg 30 179.25 99.58
Injections  25mg/ml 5 29.91 99.70
Anzal 25mg/mi 10 35.08 100.22
(25mg/ml) 25mg/ml 15 39.25 98.12
4.0
£ apl ik
'E 2.0 f V_M
é L _.-**'*'*‘.
Ij[l -I"I T T rrrr17Trr1rr1rrr1rrrrT
2 6 10 1418 22 26 30 34 28
Concentration (pg/ml)

Figure3: Beer’slaw verification range

linear cdibration curvesover the concentration ranges
of 2- 40ug/mL with aregression coefficient (r) of

—= Fyll Poper

0.9999, indicating good linearity figure 3. Assayswere
performedintriplicateat different levels. Thiswasre-
peated with asecond i nstrument, standard and sample
preparation on different days. These results of accu-
racy and precision show that the proposed method has
good repeatability and reproducibility. Also the assay
results are unaffected by the presence of excipients,
thisestablish specifity of the method. The proposed
method was applied for the determination of the
ranitidinein commercial preparations. Fivereplicate
determinations were made. Satisfactory resultswere
obtained for al of them (TABLE 4). Moreover, to
check thevalidity of the proposed method, the stan-
dard addition method was applied by adding pure
ranitidinetothe previoudy andyzed tabletsand injec-
tions. Therecovery of drug was cal culated by compar-
ing the concentration obtai ned from the spiked mix-
tureswiththoseof thepuredrug. Theresultsof andysis
of commercia dosageformsand therecovery study
standard addition method) of thecited drugs(TABLE
5) suggested that thereisnointerferencefrom any ex-
cipients, which are present intabletsor capsules. The
resultsof determination of theranitidinein commercia
dosage forms were compared with the reported
method®,

Statistical comparison of theresultswas performed
with regard to accuracy and precision using studentst-
test and F-ratio at 95% confidencelevel (TABLE 4).
Thereisno significant difference between thereported
and proposed method with regard to accuracy and pre-
cson.

CONCLUSIONS

The proposead spectrophotometric method israpid,
smple, precise, accurateandiscomparablein sensitiv-
ity to many of the existing methods andis superior to
many HPL C procedures. The proposed procedureis
freefrom tedious stepslike extraction or heating and
involves|east number of experiment varidbles, whichis
reflected in high precision. An additional advantage of
thismethod isitsspecificity. Sincebasic nitrogenisthe
reaction site, themethod isspecifictoRNH sincenone
of theexcipientsnormally used in dosage forms con-
tainsbasi c nitrogen. Furthermore, al theana ytica re-
agentsareinexpensve, haveexcdlent shelf life, and are
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easlly availablein any analytical laboratory. The pro-
posed method can be appliedinquality control labora
toriesfor theroutineanalysis of theranitidinein raw
meateria sand pharmaceutica formulations.
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